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General Editor’s Preface

A book now on variations in the biology of human populations is hardly
recognizable as dealing with the “races of man,” asubject matter which his-
torically has been associated with both anthropology and ethnology.
Population genetics has not only been erased from our vocabularies ideal-
type terms for races but also has invited studies of the factors involved in
changing gene frequencies in human populations. The present volume
provides new data from all over the world useful to developing explanatory
theory, by selected authors from different countries attracted to a most
international Congress.

Like most contemporary sciences, anthropology is a product of the
European tradition. Some argue that it is a product of colonialism, with
one small and self-interested part of the species dominating the study of
the whole. If we are to understand the species, our science needs substan-
tial input from scholars who represent a variety of the world’s cultures. It
was a deliberate purpose of the IXth International Congress of Anthro-
pological and Ethnological Sciences to provide impetus in this direction.
The World Anthropology volumes, therefore, offer a first glimpse of a
human science in which members from all societies have played an active
role. Each of the books is designed to be self-contained; each is an
attempt to update its particular sector of scientific knowledge and is
written by specialists from all parts of the world. Each volume should be
read and reviewed individually as a separate volume on its own given
subject. The set as a whole will indicate what changes are in store for
anthropology as scholars from the developing countries join in studying
the species of which we are all a part.

The IXth Congress was planned from the beginning not only to include
as many of the scholars from every part of the world as possible, but also
with a view toward the eventual publication of the papers in high-quality
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volumes. At previous Congresses scholars were invited to bring papers
which were then read out loud. They were necessarily limited in length;
many were only summarized; there was little time for discussion; and the
sparse discussion could only be in one language. The IXth Congress was
an experiment aimed at changing this. Papers were written with the
intention of exchanging them before the Congress, particularly in exten-
sive pre-Congress sessions; they were not intended to be read aloud at the
Congress, that time being devoted to discussions — discussions which
were simultaneously and professionally translated into five languages.
The method for eliciting the papers was structured to make as representa-
tive a sample as was allowable when scholarly creativity—hence self-
selection —was critically important. Scholars were asked both to propose
papers of their own and to suggest topics for sessions of the Congress
which they might edit into volumes. All were then informed of the
suggestions and encouraged to re-think their own papers and the topics.
The process, therefore, was a continuous one of feedback and exchange
and it has continued to be so even after the Congress. The some two
thousand papers comprising World Anthropology certainly then offer a
substantial sample of world anthropology. It has been said that ant-
hropology is at a turning point; if this is so, these volumes will be the
historical direction-markers.

As might have been foreseen in the first post-colonial generation, the
large majority of the Congress papers (82 percent) are the work of
scholars identified with the industrialized world which fathered our tradi-
tional discipline and the institution of the Congress itself: Eastern Europe
(15 percent); Western Europe (16 percent); North America (47 per-
cent); Japan, South Africa, Australia, and New Zealand (4 percent).
Only 18 percent of the papers are from developing areas: Africa (4
percent); Asia-Oceania (9 percent); Latin America (5 percent). Aside
from the substantial representation from the U.S.S.R. and the nations of
Eastern Europe, a significant difference between this corpus of written
material and that of other Congresses is the addition of the large propor-
tion of contributions from Africa, Asia, and Latin America. “Only 18
percent” is two to four times as great a proportion as that of other
Congresses; moreover, 18 percent of 2,000 papers is 360 papers, 10 times
the number of “Third World” papers presented at previous Congresses.
In fact, these 360 papers are more than the total of ALL papers published
after the last International Congress of Anthropological and Ethnologi-
cal Sciences which was held in the United States (Philadelphia, 1956).

The significance of the increase is not simply quantitative. The input of
scholars from areas which have until recently been no more than subject
matter for anthropology represents both feedback and also long-awaited
theoretical contributions from the perspectives of very different cultural,
social, and historical traditions. Many who attended the IXth Congress
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were convinced that anthropology would not be the same in the future.
The fact that the next Congress (India, 1978) will be our first considera-
tion of the present set of books will show how much, and just where and
how, our discipline is being revolutionized.

There are anumber of other books in this series on World Anthropology
also dealing with biological evolution and human variation as well as with
factors effecting cultural and social changes which in turn influence
populations.

Chicago, Illinois SoL Tax
June 19, 1978






Preface

This volume grew out of the original intent of one of us (Charlotte M.
Otten) to organize a session at the IXth ICAES in Chicago on various
aspects and processes relating to human genetic differentiation. Of par-
ticular interest was the relationship of cultural influences and population
dynamics to the functioning of such processes. In order to insure an
adequate coverage of major themes, a number of papers were invited.
Unfortunately, the session was organized and assigned at a date later than
the majority of other sessions, and only a few of the scholars personally
approached found the time arbitrarily allotted for the preparation of
papers to be adequate. To them, apologies are offered for the presump-
tion of asking them to make substantial contributions on very short
notice.

By the time of the convening of the Congress in late August, some fifty
papers had been assigned to the session, including contributions from
Asia, Africa, Europe, and Latin America. Some of the papers arrived too
late to be listed in the Congress programs distributed at that time. It was
soon apparent also that the original plan of circulating all papers to all
participants in advance of the Congress could not be carried out, consid-
ering the distances and time involved and the number of papers to be
edited and reproduced. Those reprints that the Chicago office was able to
distribute were received with interest and added greatly to the success of
the discussions.

To the difficulties involved in the pre-Congress circulation of papers
was added, for us, the more pressing problem of accommodating the
remarks of the numerous participants within the single hour allotted the
session. The majority of registrants had arrived with ideas and questions
to be shared, research to be reported, and the wish to comment upon
papers circulated. In the course of a presession meeting called by the
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organizers, the hour was of necessity divided into four-minute slots in
order to accommodate the largest possible number of scholars wishing to
speak. Many local participants, in their role of hosts, relinquished their
own remarks in order to allow for the expressions of visitors who had
come long distances, often at great effort and expense, in order to
exchange information.

As a result, some dozen aspects of human genetic differentiation were
touched upon summarily under the chairmanship of Dr. R. J. Meier. We,
the editors, would like here to express our apologies to those who were
denied the opportunity to speak, as well as to those whose remarks were
curtailed and abridged of necessity. In spite of the handicaps experienced,
most scholars in attendence expressed their interest in the session, regret-
ting only that general discussion as well as the prepared reports could not
have been more extended.

The large number of papers (totaling almost eighty) relating to the
topic of human differentiation, again offered difficulties, here spatial
rather than temporal. To have included even fifty papers within a single
volume would have required Atlantean efforts from all involved, includ-
ing the editors, publishers, and even librarians responsible for shelving
such a volume. The eventual outcome of lengthy deliberation and
extended correspondence was to create a further volume on blood group
distributions, under the editorship of Alice Brues. Meanwhile, some of
the papers originally assigned to our session were reassigned to Chiarelli
and Schwidetzky’s new collections on the anthropology of Europe. These
several volumes should complement each other and together reflect the
significance and vitality of research being conducted in the area of genetic
differentiation.

ROBERT J. MEIER CHARLOTTE M. OTTEN  FATHI ABDEL-HAMEED
Indiana University  Northern Illinois Northern Illinois
Bloomington, University University

Indiana DeKalb, Hllinois DeKalb, Illinois
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Introduction

ROBERT J. MEIER and CHARLOTTE M. OTTEN

As subsumed under modern synthetic evolutionary theory, the compo-
nent processes of gene frequency change are selection, mutation, gene
flow, and random genetic drift. Although these agencies appear univer-
sally applicable to evolutionary change in nonhuman species, they pro-
vide a decidedly incomplete basis from which to understand and analyze
the excessive complexities involved in the formation of modern human
populations. Some would go so far as to say that Homo sapiens has
virtually escaped the kind of evolutionary programming effected in other
organisms. Some would stress the importance of random, ‘“‘non-
Darwinian” processes. Others are convinced that we have not yet defined
the boundaries of freedom within which we have achieved our biological
identities. Still others, as strict genetic determinists, see most human
differentiation, both intra- and interspecific, as having the same direct
evolutionary and genetic bases as nonhuman organisms, and find men
and women’s apparent freedom in selecting environmental and cultural
parameters to be a romantic self-delusion. A growing number, however,
recognize in culture a manifestation of “group selection,” thus introduc-
ing a new mode and level of evolutionary process. Even though it is impos-
sible at this time to specify adequately those many conditions and forces
shaping our development as a species, nevertheless fruitful ideas and test-
able models bearing upon these controversies and questions are available,
and they constitute a lively concern of physical anthropologists today.

The first part of this volume presents nine papers, all of which treat the
question of human diversity from the standpoint of theoretical model
building. These works provide exploratory approaches by which the
process of diversification may be investigated and interpreted. Actual
accumulations of relevant data are reported in the field studies that
constitute the second section of this collection. This happy balance be-
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tween theory and fieldwork was not planned intentionally in organizing
the session, but rather arose spontaneously from the interests and
activities of the contributors.

The collection is introduced by the paper of Mazess. He approaches the
process of adaptation by clarifying the diversity of environments, referred
to as “domains,” to which human groups have more or less successfully
adapted. Herein, of course, resides one of the fundamental bases for the
explanation of human polytypy, adaptation having proceeded along
specific lines in response to the geographical pressures of climate, hu-
midity, vegetation, nutrition, and so on.

The next four papers consider rather distinct and perhaps uniquely
human aspects of behavioral evolution. Contributions by Hulse and
Armstrong take up the issues of group selection and its role in the
establishment of specifically human traits, such as the extended survival
into a postreproductive period, and “altruism.” Additionally, sexual
selection of preferential mating practices are reviewed by Hulse, who
finds no parallels in nonhuman animal behavior.

In his contribution, C. J. Bajema argues for a consideration of the
interdependence between biological and cultural aspects of human evol-
ution. This concept of mutual interaction as described within a cybernetic
model continues to hold great promise in elucidating the complexities
involved in past and present population systems.

Vandenberg next presents a straightforward survey of the current
status of human behavioral genetics. His contribution is both
methodological and substantive and offers information concerning the
provocative and timely issue of race and intelligence.

The next four papers explore details of evolutionary process at the level
of gene function. The illuminating contribution of Morris and Nute deals
with population differentiation and loss of variation in genetic systems of
macaques through separation and isolation of formerly contiguous
groups. The implications for human population genetics are readily
apparent and, in fact, are realized as field studies proceed in small isolated
communities in North America, Latin America, Africa, and India (see
the papers in the second section of this volume).

Genetic systems are once again examined by Livingstone, here with
direct reference to human selection. He forcefully demonstrates by
means of computer simulation that differentiation between populations
in ABO allelic distributions more likely results from frequency depen-
dent selection than the relationship of blood group immunology to dis-
ease resistance and/or prenatal antigenic incompatibility.

An entirely different outlook is presented by Gluesing and Abdel-
Hameed. They comprehensively review the literature on the controver-
sial issue of “non-Darwinian” evolution, and the existence and implica-
tions of selectively neutral loci to evolutionary transformation in primates.
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These four papers, then, discuss explanatory roles associated with
three of the four traditionally cited agencies of evolutionary change. It is
of interest to note that selection, mutation, and random processes all are
utilized in evolutionary interpretations in various papers, albeit for differ-
ing genetic systems under differing conditions of observation. Gene flow
is not directly covered in the theoretical section, but it is given a most
prominent position in the section on field studies.

In the last offering of this section, Chakraborty fills out our presenta-
tion of evolutionary genetics with a proof (here condensed from a more
lengthy version) of mathematical equilibria in maintaining genetic or
polymorphic variability within a population according to deterministic,
rather than stochastic, considerations.

Studies of preindustrial hunting—gathering or simple agricultural
societies continue to provide a major focus of concern for genetically
oriented anthropologists. This sustained interest probably can be attri-
buted to the urgency necessitated by the preservation of a moment in our
species’ history which is rapidly fading out of existence. As the
hunter-gatherer and primitive agriculturalist move into the modern
Western world, they seal off irrevocably the records of our own past. This
trend can be viewed with regret not only, in many instances, by human-
itarians, but also by researchers as well, since tantalizing questions and
even more tantalizing answers are beginning to emerge. However, an-
thropologists and human biologists must, of necessity, utilize the situation
of change itself as a challenge in developing new problems and new
techniques of investigation. We must also learn to adapt and apply our
methodologies to situations of greater cultural complexity. The past two
decades or so have seen the development and florescence of studies
referred to, perhaps sometimes overambitiously, as multidisciplinary.
This approach is holistic, employing a team of specialists, and has as its
goal the investigation of all possible aspects, especially in terms of
historical, genetic, medical, ecological, and cultural parameters. Such
studies will very likely provide the foundations from which investiga-
tions of more complex biocultural phenomena can be adapted and pur-
sued. The papers included in the second section of the volume exemplify
this multidisciplinary approach, and exhibit its profitable application
to a variety of technologically simple societies in many areas of the
world.

The contribution of Salzano was selected to introduce this section since
he states excellently the rationale for multidisciplinary investigations. He
follows this with a comprehensive review of major studies in this cat-
egory, all of which are accompanied by numerous references to original
data reports. In addition, the Cayapo Indians of Brazil serve as his own
focus, furnishing his major demographic and biological findings. His is
also one of several studies (see also Arendset al., Crawford, Jenkinset al.,
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and Lefevre-Witier and Vergnes) employing biological distance analysis
to problems of assessing evolutionary/historical relationships.

The Venezuelan community of Tapipa provides the setting for the
work of Arends and his colleagues, reported in the second paper. This
study is the first to apply a multidisciplinary approach to unraveling the
evolutionary history of South American blacks. The Tapipas, in spite of
their evident isolation from major cultural influences for the past two
centuries were shown by genetic analysis to have received some gene flow
from Venezuelan aboriginal and Caucasian neighbors.

Crawford, carrying out studies in Mexico, discusses admixture and
genetic distances shown by his data collected from mestizos of the Tlaxca-
lan Valley in the central highlands. This work employs five measures of
admixture, which not only serve to define the trihybrid composition of the
present gene pool, but it suggests possible selective pressures acting on a
blood group polymorphism, namely, the Duffy system.

In a series of two papers, Jenkins, Harpending, and Nurse report their
collaboration in analyzing specific genetic systems in a number of African
populations. Their first paper sets forth basic procedures utilized (a
multivariate statistic called principle components) in ascertaining genetic
distance. Their data involve the distributions of blood group polymorph-
isms in eighteen groups. Their derived information on distance is then
applied in their second paper to problems of historical reconstruction and
evaluating and in some instances, correcting prior interpretations (and
misinterpretations) based upon ethnohistorical and linguistic sources.
The interaction between cultural behavior and biology assumes especial
significance when viewed from the analytical perspective of these three
“ethnologically oriented human biologists™ (p. 253 in this volume).

With some variation, the problem of assessing multigroup distance
is also treated in the paper by Lefevre-Witier and Vergnes. These re-
searchers directed their study toward reconstructing the relationships
between several genetically distinguishable northern Saharan groups
resident in the Valley of Ideles in south-central Algeria. This report is
offered as preliminary to future work which will extend a distance an-
alysis to include cultural and genealogical sources along with genetic
data. _

The next three papers derive their subject-matter from India.
Malhotra, in the first of his two papers, asks whether monogenic or
polygenic traits are more susceptible to evolutionary alterations due to
isolation in groups derived from a common parental stock. He compares
three subgroups of an original Indian caste, the Gavdas, in terms of
serogenic, anthropometric, anthroposcopic, and dermatoglyphic traits.
Since these biological variables are not concordant with regard to their
degrees of divergence, the author raises further questions regarding the
differential operation of evolutionary processes, and the likelihood of
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plasticity responses in altered environments. In brief, the significant
issues exposed make this paper highly interesting.

Malhotra’s second paper also examines evolutionary processes of dif-
ferentiation, although from a somewhat different approach. Here he
observes diversification in four Indian subgroups from the Nandiwallis
caste-cluster. Provisionally, he offers random genetic drift as the most
plausible explanation of divergences, but he cautions that before accept-
ing any final interpretation, one must examine more fully demographic
and anthropological parameters. Like Lefevre-Witier and Vergnes, he
underlines the need for a multidisciplinary approach.

Genetic and morphological characters of a relatively isolated group of
Naga Indianis form the basic data used in the contribution by Seth and
Seth. A point of particular interest arises from their observation that this
group has not differentiated markedly from their indigenous neighbors in
East India. Thus this study differs considerably in its findings from that of
Malhotra, who noted in his population segments substantial diversifica-
tion.

The worldwide survey concludes with Omoto’s contribution to the
racial history of the Ainu of the northern Japanese island of Hokkaido.
After reviewing the available evidence derived from blood group
polymorphisms, he concludes that (a) the Ainu genetically reveal their
clear Mongoloid origins, although (b) they have differentiated from other
Asiatic peoples in some selected traits (for example, hirsutism) as a
consequence of small effective population number coupled with assorta-
tive mating practices. Here, then, is a study illustrating the theoretical
discussions of Hulse and Armstrong.

The final paper, by Schanfield and Fudenberg, contrasts with the
in-depth and multidisciplinary researches on local groups, concentrating
rather upon the immunoglobin variants with regard to their value in
assessing phylogenetic distance between continental populations. The
results of their study lead them to claim for the Gm and Inv polymorph-
isms a high degree of diagnostic accuracy in indicating degree of relation-
ship in distantly related as well as closely related groups.
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Adaptation: A Conceptual Framework

RICHARD B. MAZESS

During the past decade interest has been growing in the topic of adapta-
tion in both cultural and biological anthropology. However, even books
and articles purporting to deal with adaptation contain little or no discus-
sion of the concept itself, nor do the topics dealt with revolve around
some central focus that can be discerned as adaptational. There is talk of
“evolutionary” perspectives and ‘“‘ecological” relationships, but little
systematic distillation of ideas. This appears to reflect the lack of consen-
sus as to the meaning of the term adaptation in both the biological and the
social sciences, a deficiency that has led to considerable imprecision,
made for unwarranted and unseemly speculation, and given rise to suit-
able skepticism and even condemnation. Reproaches are not the aim of
this report; rather, the goal is to outline an encompassing conceptual
framework. This framework has been formulated chiefly to deal with
problems of assessing human biological adaptability, but the possibility of
its extension to wider spheres is obvious.

THE MEANING OF ADAPTATION

The effort to define adaptation is not merely a terminological exercise,
but rather the expression of a conceptual framework. The conventional
“dictionary” definition of adaptation indicates that it is an adjustment to
environmental conditions which enables the organism to survive and
function. Prosser (1958, 1964), in one of the few attempts to deal sys-
tematically with adaptation, has incorporated this common usage in his
definition of “‘physiological adaptation.” He includes as adaptive the idea
of any properties of organisms favoring survival or maintenance of func-
tion in an environment, particularly a stressful or changing environment.
Other scholars (Eagan 1963; Folk 1966), in their examination of adap-
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tive terminology, have supported Prosser and advocated continued use of
adaptation as an all-inclusive term. This use is far less restrictive and
specialized than that of evolutionary biologists and some physical
anthropologists, who deal almost entirely with genetic adaptation from
an evolutionary perspective, yet it is less broad than that of evolutionary
and functionalist anthropologists, who are prone to see any and all
sociocultural characteristics as adaptive. I, too, propose that adaptation
be used as an all-inclusive term, but that it be used in well-defined relation
to environmental adjustments. The essence of that adjustment involves
the notion of properties deemed ‘‘necessary,” or relatively “beneficial.”
Survival, the first aspect of the definition of adaptation, is equivalent to
necessity, while maintenance of function, the other aspect of the conven-
tional definition of adaptation, is considered an example of a relatively
beneficial property. Necessity and relative merit are the sine qua non of
adaptation and constitute the basis of ‘‘adaptive significance.”
Adaptive significance is not a notion peculiarly germane to individual
organisms or groups of organisms, but it may be applied at any level of
organizational complexity — enzyme, organ, or ecosystem; that is, adap-
tation may have different referents. Moreover, degrees of necessity or of
relative benefit or merit must be demonstrated accordingly in detail, and
the criteria vary for different referential levels. The adaptive response of
an enzyme to substrate alterations is evaluated differently than is the
adaptive response of a population to a changing climate. Finally, it is
proposed that the informational value and import of the term adaptation

in a larger context derive from the demonstration of adaptive signifi-
cance across referential levels.

REFERENTS OF ADAPTATION

The referents of adaptation do vary, depending on the field of study, and
the term adaptation can be used in referring to different levels of bio-
logical and social complexity. In the biological sphere there is a fairly
clear-cut organizational hierarchy from the physicochemical level to the
ecosystem. The properties and characteristics at each level are distinctive,
and each level is operationally isolated from other levels for analytic
purposes and has its own language. Each succeeding level of the biologi-
cal hierarchy forms the dominant environmental focus of the preceding
level. Thus the environment of the cell is the organ system and, of the
organ system, it is the organism.

In sociocultural organization the hierarchy of the referential levels is
not as clear as the biological hierarchy, but there is an analogous system
for organizing individual behaviors, group activities, societal functions,
and cultural patterns. Here, as in the biological hierarchy, the “environ-



Adaptation: A Conceptual Framework 11

ment” can be conceived of as the succeeding level of complexity. Thus the
adaptive significance of an individual behavior can be examined in rela-
tion to the groups containing that individual, or the functioning of an
economic system can be viewed in relation to the total cultural pattern.
It is important to specify the referential levels and hierarchical system
one is dealing with when assessing adaptation because the criteria of
adaptive significance vary from level to level. Confusion will result from
not attending to this caveat. For example, if the referent is an enzyme
then the criteria of adaptive significance should be germane to that level,
and the immediate environment of the enzyme must be considered. In
biological anthropology there is often confusion or equivocation between
individual and population adaptation, and the criteria of adaptive signifi-
cance for individuals are assumed to hold as well for populations.

ADAPTIVE SIGNIFICANCE AND ADAPTIVE DOMAINS

Degree of necessity and of relative benefit are concepts that can be
defined specifically in relation to certain areas of life, or “‘adaptive
domains.” These operationally defined domains differ at different levels
of biological and social complexity. In the biological hierarchy the major
emphasis at the physicochemical, cellular, and organ system levels is on
the ability to survive or to maintain homeostasis. For individual organ-
isms several major aspects of living are considered adaptive domains:

Reproduction: survival, reproductive advantage.

Health: morbidity, mortality, disease resistance.

Nutrition: nutrient requirements and utilization.

Nervous system: sensory, motor, and mental functions.

Growth and development: physical and mental progrgssion in rate
and attainment.

6. Resistance and cross-tolerance: generalized stress resistance.

7. Physical performance: exercise and motor abilities and skills.

8. Affective function: happiness, sexuality, tolerance.

9. Intellectual ability: learning, expression.

These domains are the basis for assessing the significance of human
adaptability. At the level of the population the emphasis is placed on
evaluating necessity and benefit in relation to size, density, and distribu-
tion of the population, and in relation to its biological composition and
organization. At the ecosystem level, one considers the interrelations
among populations and the attainment of a steady-state or climax. Total
energy balance and species diversity and persistence are other domains at
this level.
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Evaluation of the adaptive significance of sociocultural phenomena
can be made on the relationship of these phenomena to biological
domains at the individual and population level. For example, one may
examine the effects of a group behavior, such as the institutionalization of
medical treatment, on health. It is also possible that adaptive domains
germane to the sociocultural hierarchy may be delineated, but this has not
been attempted here.

One of the greatest shortcomings of modern research on human adap-
tation has been the failure to consider the adaptive value of putative
advantageous traits. Of course, it is true that the environmental relation-
ship of a characteristic or response must be demonstrated; all too often,
these environmental relationships are imprecise, or based on dubious
correlation as for example the widely touted relationship between the
surface area: weight ratio and environmental temperature, or between
nose dimensions and relative humidity. However, the failure to consider
adaptive significance is at least as debilitating to the establishment of an
adaptive relationship. Thus, even if it could be demonstrated that an
increased surface area:weight ratio were an invariant response of popula-
tions in hot climates it would still be mandatory to demonstrate that this
increase was of some benefit to an adaptive domain. Does it increase
physical performance, decrease morbidity, or perhaps increase affective
tolerance in this climate? These are questions which must be examined, if
not answered; the detailed demonstration of benefit or necessity is essen-
tial. Moreover, the informational impact of such an analysis seems
increased if such a demonstration is possible over several levels of a
hierarchy. A good example of this contention is the widely quoted rela-
tionship of the sickle cell gene to malaria. Here a physicochemical change
modifies a cell’s functioning and provides a demonstrated advantage to
individuals and to the population. Demonstration of advantage over
several levels of the biological hierarchy makes this relationship highly
informative.

NOMENCLATURE

A variety of terms are associated with adaptation; for example, ac-
climation and accommodation. A specialized nomenclature such as
attempted by Folk (1966) and Eagan (1963) is, in fact, necessary, for as
Dubos (1965:56) has pointed out “. . . acclimatization, acclimation,
adaptation, and habituation are often used interchangeably because the
processes these words are supposed to denote usually overlap and
because the fundamental mechanisms involved are poorly understood.”
Such a systematic nomenclature for organismic adaptability has been
developed, but it can be only outlined here. The essence of that system
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lies in the utilization of acclimatization to include all phenotypic adap-
tive responses, and to subdivide acclimatization into categories of struc-
tural (morphological), functional (physiological), and psychobehav-
ioral acclimatization. Habituation here is viewed as a particular kind
(neurological) of functional acclimatization, whereas accommodation is
defined as a particular kind (affective) of psychobehavioral acclimatiza-
tion, Regardless of the category of acclimatizational response, the adap-
tive significance has to be shown to render such an assessment more than
speculative.

THE STUDY OF HUMAN ADAPTABILITY

There are several approaches to the study of human biological adaptabil-
ity. Simple trait analysis, whether of cranial dimensions or gene frequen-
cies, is least likely to provide useful information, since such studies seldom
provide information on environmental relations or on adaptive signifi-
cance. Distributional studies, such as the examination of geographic
gradients or clines, tend to provide only superficial environmental cor-
relations and, again, adaptive significance is not assessed. Population
studies, particularly those from an ecological perspective, tend to yield an
overabundance of often poorly integrated data. Moreover, demonstra-
tion of adaptive significance requires controlled comparisons in order to
demonstrate degree of necessity or benefit, and this is impossible if only a
single population is studied.

The most advantageous approach to date is the examination of
responses to specific deviant environments; that is, a stress-adaptation
approach. Characteristics related to a particular stress, such as cold,
population crowding, or social disorganization, may be discovered by
study of several populations subject to the stress. After an environmental
relationship is demonstrated, its import with regard to adaptive domains
can be examined. It seems likely that a combination of the stress-
adaptation approach with population studies, along a micro-
environmental gradient, would enable clearer and more controlled defi-
nition of environmental relationships and adaptive impact.

Totally distinct from the above approaches, but at least equally impor-
tant, is the effort to establish a coherent set of adaptive criteria through
the study of value systems and their relationship to adaptive domains.
Such definition of adaptive domains is especially needed for the sociocul-
tural hierarchy.

The study of the relationships of environmental responses to adaptive
domains, however established, can lead to generalizations with regard to
adaptability. For example, adaptations may be classified with respect to
strength and duration of stress exposure, age at first exposure and con-
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stancy of exposure, and rate and reversibility of the response. With regard
to human adaptation to climate, it appears that short-term acclimatiza-
tion is most important, long-term and developmental acclimatization is of
secondary import, and genetic adaptation is of little import in providing
adjustment to climatic stresses. Human adaptation to disease stresses
may exhibit a markedly different pattern. It is interesting to note that fora
variety of different stresses, differences among populations in adaptive
responses appear to be chiefly the result of developmental acclimatiza-
tion. Formulations of this type, when thoroughly documented, can serve
for construction of a theory of human adaptability.

VALUES AND ADAPTATION

Modern science has eschewed the value judgment and has operated as if
our observations may be value free. This assumption has always been
questioned by social scientists. The contemporary interest in adaptation
indicates that we are anxious to make value judgments and that the
scientist and the layman alike will do so. If this is the case, then there is an
obvious need for operational precision and accuracy in assessing adapta-
tion, and this brief framework is the preliminary outline for dealing with
the problem.

The theory of adaptation has a noteworthy similarity to ethical theory.
Evaluation of adaptation requires examination of necessity or relative
benefit, while judgments of necessity, or obligation, and of evaluation
constitute the twin bases of ethics (Sesonske 1964). For ethics, however,
the orientation is toward judgments by the individual and these are
considered as absolutes. In contrast, the orientation of adaptation is
toward judgments about which, it is hoped, there is consensus, and these
judgments are used operationally to examine environmental responses
and classes of responses in the biological and sociocultural hierarchies.
The study of adaptation may or may not be ethical, but whatever the case,
if it tends to provide us with a more comprehensive and less confused
picture of environmental responses, and even to make us happier, we
surely can view it as adaptive.
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Group Selection and Sexual Selection
in Human Evolution

FREDERICK S. HULSE

Among the more significant discoveries at the cave called Chou-Ko-Tien,
in northern China, was the fragmentary cranium of a female Sinan-
thropus who, according to Weidenreich (1943), was well past the prime
of life at the time of her death. We do not know how old she was when she
died, for we lack knowledge of how rapidly people grew up and aged
several hundred thousand years ago. Weidenreich placed her age at more
than fifty, well past the age of childbearing. Among the skeletal remains
of our more recent ancestors of the Middle and Upper Paleolithic a few
are also found which bear the stigmata of approaching age. Today we find
that old people, and even really senile individuals, continue to remain
alive frequently enough so that almost all social groups contain a number
of them. Disease or accident remove most members of the population
before the signs of aging become obvious, but some remain alive for many
years after they have ceased childbearing or even child rearing. Among
animals in the wild, in contrast, this is very rarely the case. We may, and
sometimes do, keep a domestic pet, a dog or a cat, alive for quite a while
after its reproductive period is past. But the population structure of a
free-living group almost never includes senile individuals: the utility of a
creature to the survival of its species ends once childbearing has ceased
and its continued life offers the species no selective advantage. Indeed,
the contrary is the case, for such an individual simply consumes resources
which would otherwise be available to more useful members of the
species. Consequently the genetic structure of a well-adapted population
may be expected to ensure the removal of members whose reproductive
period is over. Individual organisms, therefore, are likely to die soon after
such functions have been fulfilled.

We are different, and the archeological evidence suggests that our
genus has been different for a long, long time. The genetic structure of
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human populations is such that individuals will, barring accidents, remain
alive for quite a while after they have ceased to produce offspring. The
mere fact that we find this an enjoyable situation is not an adequate
biological excuse for such an aberrant state of affairs. We must, therefore,
seek a better reason — one which is in accord with biology. There must be
some function, useful to the population, which has led to the prolongation
of life. What can elderly people do that elderly animals cannot do?

Well, for one thing, they can take care of their grandchildren, thus
freeing the parental generation for more active tasks — hunting, collect-
ing, and scavenging no doubt during the first 99 percent of human history.
If we observe the behavior of our close relatives such as the baboon (De
Vore and Hall 1965) or the gorilla (Schaller 1963), we note, among other
things, that the band or troop is very cohesive. Members rarely stray very
far. Among baboons the youngsters form play groups by themselves, to
be sure, but the adults are always nearby. At the first sign of trouble an
adult male baboon rushes in to settle squabbles or drive off predators.
The group moves together from place to place; a sick baboon who cannot
keep up with the others is likely to meet with a fatal disaster. Reckless
adventurers who stray too far by themselves are exposed to similar
hazards. No one goes out to collect and bring food home. No one gives
food to anyone else. Mothers suckle their young, but give them no other
food at all. Adult males and females are equally proficient at collecting
the vegetation which forms almost all of the diet. A small or disabled
animal may be found and eaten from time to time, but baboons do not
engage in intentional hunting. There is nothing useful that an elderly
baboon can do. There is not even a place where such a creature could
remain with the expectation that the band would return in the evening,
because the band may spend each night in a different tree.

Human societies are not like that. A firmly established headquarters is
found in most instances. Food is collected, carried, and shared. Individu-
als in the prime of life usually are able to wander off by themselves, if
necessary, and many enjoy doing so. Small children, even after they cease
to nurse, continue to be dependent for quite a while. Under these circum-
stances it is a boon rather than a hardship for the social group if one or two
members do stay home.

They can keep the home fires burning. We do not know how long ago
our ancestors first maintained and exploited fire, but it may be more than
a coincidence that Sinanthropus did so, and that the evidence strongly
suggests that food was cooked in the cave at Chou-Ko-Tien. Plenty of
game had been brought to the cave, and many bones had been burnt. The
indications are that the group that made its headquarters there hunted
and brought the kills home to be shared. The sort of life made possible by
such habits implies a society quite different from that of other primates. It
involved the use of cutting and piercing tools in the capture and prep-
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aration of food supplies — a dependence upon technology which has
increased continually ever since.

And, of course, even a physically feeble individual can make tools. He
(or she) may be unable to stand the rigors of the chase, but chipping flint
takes skill rather than strength, just as managing a fire does, and if those
who can no longer collect food are able to keep the fire going and provide
tools as well as babysit, the survival of the group is made easier, and its
increase in numbers more probable.

In any competitive situation, other things being equal, a group of early
hominids or even protohominids which contained one or two individuals
who could specialize in this way would have an advantage over groups
that did not. Thus any genes or gene-complexes that tended to promote
longevity would be favored in the struggle for existence. In the long run, it
would be logical to expect that such groups would increase at the expense
of others, so that the frequency in the species of the necessary alleles
would rise.

As we examine the life of vertebrates in general, and of mammals in
particular, we are struck by the evolutionary trend toward greater com-
plexity in social relations and, consequently, in social organization. We
humans are simply carrying this trend further than have any of our
cousins. Internal fertilization is an absolute necessity, of course, for land
vertebrates to produce a new generation. This requires the cooperation,
at least briefly, of adult male and female. Other forms of social behavior
may exist, but this is a must. Among mammals, which suckle their young,
collaboration between mother and baby is equally vital. Among almost
all primates and in quite a few other mammalian species an even greater
number of social relationships are needed to ensure survival. Conse-
quently, selective pressures are and have been at work upon the social or
personality characteristics, as well as upon the anatomy of the species
concerned, for it is the social behavior of the individuals within a group
that leads to success or failure.

The demographic structure of human populations differs from that of
even our closest relatives in that it contains a significant proportion of
elderly people simply because to do so confers an advantage upon the
genus in the ecological zone it has exploited. With the advent and
development of true language as the standard means of communication
among humans, this advantage assumed enormous importance. Feeble
muscles and fading eyesight do not keep the old folks from talking. In
their long lifetimes they have been able to accumulate all sorts of know-
ledge, and this is put to use. The older people have learned the best places
to set traps, to plant crops, to collect flint, to lie in wait for game or
enemies. They have learned all sorts of skills that need to be taught to the
young: when to plant, how to prepare hides, what to do to help the sick.
They can remember the unusual events of the past and how they were
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successfully dealt with. And with speech they can pass this knowledge on
to later generations, so that the band may know how to contend with
difficulties and exploit opportunities, and thus survive.

Even more important, the old people know the myths whereby the
morale, the esprit de corps, of the social group is maintained, so that the
group has the will to live. Their knowledge and their speeches are not
restricted to transmitting matter-of-fact techniques; they tell the young
people how to get along with the supernatural, and why they need to. The
old people can, and do, teach young people how to behave in society and
to appreciate proper standards of beauty and scorn those of the next tribe.
Whatever values a society may cherish can be taught by the old to the
young so that the continuity of the society can be preserved over the
generations. The ideas and myths which are shared by the membership of
a society do not have to be scientifically accurate in order to promote
morale; they just have to be accepted. Indeed, sharing identical unprov-
able assumptions may be especially useful to a group since it promotes a
feeling of identity among its members.

It really takes quite a long time to learn the art of being human, and it
should be noted that the length of the growth period in our species has
been extended to an astonishing degree. In general, large animals grow
more slowly and live longer than small ones. But the human life span is
out of all proportion to our size, and our period of growth is out of all
proportion to our life span. It takes ten years for the human brain to reach
95 percent of its final volume and twice as long for the human body to
complete its growth. By then, between one-third and one-fourth of the
life span has passed. Human females rarely have babies before they are
fifteen or after they are forty-five; their reproductive period is only twice
as long as their pre-reproductive period. How can such a species survive?
A female chimpanzee or gorilla is sexually mature in half the time, a
baboon in a third or less. Their brains have ceased to grow at an even
earlier age. These animals, both close cousins of ours, spend a con-
sierably greater proportion of their life span in reproductive activity.
Obviously, it has become biologically worthwhile for us to spend a long
time in preparation for adulthood; the human population is not dying
out.

It seems clear that learning one’s manners takes longer than learning to
use or even to manufacture tools. However, appropriate social behavior
is facilitated if the members of the group are readily distinguishable from
one another, since this enables youngsters, as they grow up, to learn how
to act in relation to each different individual. Even among lemurs, a far
from intellectual genus, Jolly (1966) noted obvious differences in facial
markings which made each individual easily recognizable. Among our
closer relatives, just as in our own species, minor variations in appearance
serve an obvious social function. It seems clear that during the evolution
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of our ancestors polymorphisms at the genetic loci concerned with visible
anatomical traits have been selected for. They help to ease the social
relations within a group, but they do not seem to serve any other function.
It seems clear that to attain the human condition, learning one’s manners
is more important. Motor coordination develops rapidly among young
apes. But the apes will not learn how to talk. They learn how to respond
emotionally to one another in a manner adequate for their way of life, but
the social skills requisite for participation in human society are beyond
their capacity. In order to acquire such skills many years of practice are
necessary. Submission to teaching by the adults of the group as well as
play and experiment with other children have to be experienced if a
youngster is to function effectively as a human being.

In this respect, too, our species simply carries further a trend already
well established among mammals in general and primates in particular.
All young mammals play, and learn by playing, but in most species the
period of dependence, during which playing is possible, has to be brief:
mother loses interest in caring for her offspring when they are weaned,
and they have to make their own living. Among some hunting animals,
wolves among others, the family tie is not broken upon weaning; and the
same is true among monkeys and apes. Juveniles continue to play, and to
learn their place in society as they do so. Although no longer dependent
upon mother for nourishment, they are often dependent upon her for
protection and comfort. They feed themselves but are bold when she is
nearby and timid otherwise. Such cousins of ours live their whole lives in
social groups, and they are emotionally dependent upon their fellows all
the year round. The protection afforded by the group enables them to
mature more slowly, and at the same time learning to adjust to all the
other members of the group takes a long time. Slow maturation is not a
luxury, in other words; it is a biological necessity. Individuals who grew
up too fast would not fit. Natural selection would be likely to eliminate
them or, if their presence disrupted the stability of the band, to eliminate
the entire band. Thus genetic constitutions promoting behavior of a
socially appropriate sort tend to be favored.

SEX

As an example of how this sort of selection could have affected the course
of primate and of human evolution, Chance and Mead (1953) hypothe-
sized that young males who reached sexual maturity before their physical
prowess was adequate for them to challenge mature males successfully
would be killed or driven away from the band, unless they were able to
control their impulses. More recent field observations Imanishi (1960),
Sade (1965), Schaller (1963) and many others cast grave doubt upon the
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hypothesis as stated. Among baboons, at any rate, dominant males
monopolize the females only during the most fertile days of the oestral
cycle. Younger males may copulate with the females before and after this
time without arousing the jealousy of their betters, and very probably
without fertilizing the females. Among gorillas, very scanty evidence is
available, but what there is does not support the notion of challenge or
jealousy in sexual affairs. Life appears to be very relaxed. What young
primates do learn is that they must not interfere in the affairs of their
superiors, and they seem to learn this during juvenile play. Direct sexual
activity is only one aspect of this and, at least among all those species of
monkeys which have been carefully studied in the field, such activity is
concentrated into a relatively brief rutting season.

Nevertheless, the even greater lengthening of childhood in our species
is certainly related to the requirements of human society; and the fact that
human males and females are sexually arousable throughout the entire
year is an important aspect of human society. Among the manners and
customs which our young have to learn, if a society is to operate efficiently
enough to continue, are the manners and customs concerned with sexual
behavior. All human societies have such manners and customs and, since
we all use language, many of them are verbally stated as specific rules. It
takes a while to learn them. Furthermore, since the.sex drive has to be
strong if a society is to continue, learning to control it is rather more
difficult than learning how to chip a flint into an arrowpoint or when to
plant crops or even how to drive an automobile.

I would not be surprised if the ability to develop what the Freudians
term the “latency period” is the biological consequence of this. Asis well
known, infants and small children normally have an interest in sex before
they have learned any inhibitions. In most cultures, however, this interest
becomes either repressed or submerged for some years, until it bursts
forth once more with the onset of puberty. Meanwhile the youngsters are
busy learning all sorts of things human beings need to know. It seems to
me of some interest to note that, in preliterate societies, puberty comes at
the end of the educational period. Physical growth continues, and adoles-
cents keep on learning by experience, but by the time of sexual maturity
they are expected to be able to fend for themselves. Not uncommonly, an
initiation ceremony signalizes that their elders are now ready to recognize
that the youngsters have learned enough to be real members of society.
Certainly there is survival value, not only for the individuals but for the
society of which they are members, if youngsters can spend some years
relatively undisturbed by sexual impulses while they are learning techni-
cal and social skills. One would expect that genetic constitutions capable
of such a growth rhythm would have been favored in the natural selection
which led to the evolution of human characteristics. We do not have to
cite violent physical conflicts between mature and immature males to see



Group Selection and Sexual Selection in Human Evolution 23

the advantage of a latency period during human childhood or of the
ability to restrain one’s impulses.

It would appear that the social insects, such as ants, termites, and bees,
are equipped with genetic constitutions which insure appropriate social
behavior. This does not appear to be true of mammals. Individuals in this
class have, rather, an astonishing ability to learn from experience and to
modify their behavior, including their social behavior, as a result. The
protection and nourishment afforded by the mother give the opportunity
to learn with some degree of safety. The protection of a whole band or
troop, as among monkeys, gives even greater opportunity. Flexibility of
behavior, the capacity to fit into a variety of social situations, but always
the urge to be in some society, is characteristic of monkeys and apes. They
are not as educable as we, but they do show that selection for the
precursors of human personality traits has long operated among them. It
is not surprising that some ethologists have had the temerity to speak of
baboon culture, although this horrified many orthodox anthropologists.
As more field studies are made, we see more and more clearly that the
social life of anthropoids foreshadows ours (Van Lawick-Goodall 1971).
Their forms of behavior are indeed learned, shared, and transmitted from
one generation to the next. In many instances, even social status is so
transmitted, rather than being won by individual effort. According to the
workers at the Japanese Monkey Center (Imanishi 1960), the son of a
mother who is high in the order of dominance within a band can afford to

be bold, can succeed in overaweing his age-mates as a result, and thus can
become a honcho, too.

BIRTH

The protection afforded by society has even further biological results.
Litters are as rare among monkeys as among humans. It is true of course,
that whales, seals, elephants, cattle, sea otters, and some other mammals
also produce but one offspring at a time. Most of them are large, and most
of them live in social groups. Monkeys are usually much smaller, but the
convenience of having a single baby to care for if one lives in a tree should
be obvious. A low birthrate has definite survival value, largely because it
permits greater attention to the rearing of each individual. The interest-
ing thing is that even among primates which have lived for a long time on
the ground, such as baboons and people, twin births are still rare, and real
litters almost absent. The danger of falling out of the tree has vanished,
but the requirements of training for complex and changeable social
relationships remain. In the earlier stages of human evolution, when
technology was not so well developed as it later became, the problem of
feeding young twins or triplets was probably insuperable, but there is no
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reason to suppose that this is a problem for baboons, chimpanzees, or
gorillas, whose newly weaned young feed themselves.

One might easily suppose that twinning, or at the very least a very high
birthrate, would have become characteristic of the human species during
the scores of thousands of generations since our ancestors left the trees. If
twins, triplets, and the offspring of exceedingly prolific mothers enjoyed
an equal opportunity of growing up and passing on their genetic peculiar-
ities this favoring of multiple births would necessarily have taken place. In
fact, however, the rate of twinning is not much more than 1 percent, and
only a small proportion of human mothers give birth to more than a dozen
babies in any society. The problems involved in rearing, not just feeding,
a “litter” of children are so great that their deathrate during the course of
human evolution must have been disproportionately high. It is obvious
that the necessary genes for multiple births and very high fertility exist in
human populations. Some selective forces must have been in operation to
have kept the frequency of such genes to its present low level. A number
of mechanisms can be hypothesized, and all of them have reference to
aspects of human — and possibly subhuman or protohuman — social
behavior rather than to the technological aspects of human culture.

The first is overt prejudice against multiple births or excessive fertility.
In many societies twins are killed out of hand; their genes vanish from the
local gene pool. In others, parents of unusually large families meet with
social or economic discrimination; the inherent difficulty of providing for
a large family is artificially increased, and few of the offspring reach
maturity and reproduce. A baby, especially a girl baby, who is born while
an elder sibling is still nursing may be killed by the parents. Such prac-
tices, if continued over many generations, are bound to select against
genetic constitutions that lead to extra-high fertility.

A second mechanism if the economy itself. A basic characteristic of
human societies is that food is shared, but shared within a specified group.
A group which contains too large a number of dependent children puts a
strain on the ability of adults to produce food, rear the offspring properly,
and keep from quarreling over diminishing resources. If, on the other
hand, the number of children is small enough so that all can receive
proper training in etiquette and subsistence techniques, the chances of
survival are enhanced, since there will be enough food for all and fewer
reasons for internal dissension and the collapse of esprit de corps.

Still another mechanism is a result of the almost continuous sexual
receptivity of the human female and the almost continuous sexual interest
of the human male, which itself is probably the result of human social
arrangements. Human babies may be born at any time of the year, and
women who conceive easily may become pregnant again very soon.
Death in childbirth has been far more common in our species than in
others, and it exacts an extra toll of those who reproduce most rapidly.
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Women who conceive less easily live longer and are likely, in conse-
quence, to produce more children in the end, although they are inher-
ently less fertile.

The problem of maternal mortality at childbirth has been imposed
upon our genus by the conditions of human life. The human female in
contrast to her nonhuman sisters, is required to do several rather con-
tradictory things all at the same time. The wonder is that she survives at
all, rather than that she is likely to find life difficult at times. In the first
place, she has to stand on her hind legs, instead of going on all fours. The
human style of bipedalism, acquired at least several million years ago,
involves a broadening, twisting, and strengthening of the pelvis so that all
the weight may be supported by legs that are not bent at the knee. This
causes little or no trouble for the human male, and since it frees the hands
for manipulation has proved a very worthwhile adaptation for the genus.
But the size of the pelvic opening and the flexibility of the pelvic girdle are
necessarily restricted, so that ease of childbirth is not promoted. An
obvious solution is to have smaller babies, or at least babies with smaller
heads, since the head is the least flexible part of the baby’s anatomy.
Chimpanzees and orangutans, with larger and more flexible pelvic open-
ings than humans, give birth when the baby’s cranial capacity is less than
200 cubic centimeters and encounter no difficulty. Their brain size more
or less doubles during growth.

In contrast, the human brain quadruples in size during growth. But if
our babies had brain cases as small as those of the great apes at birth, such
a quadrupling would only provide 700-800 cubic centimeters at maturity
— a figure which falls between the mean sizes of Australopithecus and
Pithecanthropus. In fact, adult humans today have brains nearly twice this
size. The demands upon the mental abilities imposed by human society
seem to have led to this astonishing increase. Human babies are born at
an even earlier stage of development than are ape and monkey babies.
They are even more dependent upon maternal care. If they are to become
normal human beings their brains must grow very rapidly during their
earliest youth, and this indeed occurs. But there is a limit. It might be
convenient for mothers if babies were born with brains only one-eighth or
one-tenth of the final size, but this does not happen. It would seem that,
except under hospital conditions, such babies just are not viable. The
contradictory necessities of erect posture and large brain size lead to
troubles which are partly but not fully solved by the quadrupling rather
than the doubling of brain size after birth.

As a result of the added burdens of childbirth and infant care imposed
upon human females, they are not so capable of fending for themselves
during much of their adult life as are female apes or monkeys. If, indeed,
we still made our living as those creatures make theirs, this would be a
minor though, perhaps, still a bothersome problem. If our diet still
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consisted of leaves, roots, grubs, and the like, and if we all lived in parts of
the world where such delicacies were in constant supply year-round,
females could feed themselves easily, as other primate females do. But if
our ancestors basically had remained scroungers, picking up what food
was available in the vicinity, there would have been no selective advan-
tage in erect posture and bipedalism. Our ancestors would not have
needed to free their hands for tool use and tool making, nor to have
increased their mental capacities for tool invention and the management
of complex social relationships. Our primate cousins make a perfectly
good living in their ecological niches, and there is no evidence that they
are evolving in a human direction.

The ecological plateau of the human genus, not just of the present
human species, has been a different one. Archeological evidence assures
us that for hundreds of thousands of years our ancestors were hunters
rather than scroungers, and that a very long time ago they learned how to
kill large meat animals. Erect posture, free hands, and weapons are all
functionally related to each other, and the adaptive scheme which utilized
this trio involved also a rather drastic rearrangement of society. No
division of labor between the sexes is required for the scrounging way of
life followed by apes and monkeys. The only labor performed by mon-
keys is the collection of food, and each individual collects its own. Apes
make nests each night as well but, again, each individual makes its own in
a few minutes. The only food sharing which has been observed has been
among chimpanzees (Teleki 1973) who permit others to join in eating the
carcass of a victim after cooperating in the kill. This may happen as often
as once a month. Food is very rarely carried from one place to another. It
is never carried home to be shared or stored, there is no established home.
Wolves, which hunt in packs, do carry food to the den, especially if a
nursing mother or cubs have been left there; this is a division of labor, and
it adds greatly to the efficiency with which wolves can exploit their ranges.
The basic form of social organization among humans had to become
somewhat wolflike when our ancestors began to depend upon hunting for
their livelihood. But it had to evolve from a primate system and to be
consistent with preexisting primate biological characteristics, such as
producing one offspring at a time, a prolonged growth period, the lack of
proper anatomical equipment for killing large animals, and in some
species a marked degree of sexual dimorphism in body size.

SEXUAL DIMORPHISM

Most tree-dwelling primates lack such a sharp difference in size between
the sexes. Among ground-dwelling primates, such as baboons which are
monkeys and gorillas which are apes, adult males are usually at least twice
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the size of adult females. There are also fewer adult males than adult
females, despite the fact that the sex ratio at birth is nearly even. A few
large males give better protection against predation than would a greater
number of small ones; and predation is a hazard to primates on the
ground. The large males also have especially large canine teeth, which
they are happy to display when annoyed; they rarely have to use them in
combat but can do so most effectively. There are few other overt signs of
sexual dimorphism. Both sexes are equally hairy, females do not have
especially broad hips nor swelling breasts, males do not have especially
broad shoulders. Among some species the male may have a mane or gaily
colored cheeks and rump, or silver hair on the back. But size is the major
difference between the sexes.

In our species the marks of sexual dimorphism are quite different.
Adult males are perhaps 20 percent rather than 100 percent heavier than
adult females. Both sexes have long head hair, but males may grow
beards, moustaches, and hair on the chest, which females lack. Males also
are likely to have hairier arms and legs than females. Men have broader
shoulders, women broader hips as well as swelling breasts and buttocks.
Men have deeper voices, bigger brow ridges, and more knobby joints, but
their canine teeth are no more formidable than those of their mates. And
there are about as many of them as there are of women. Yet we are
ground dwellers. How is it that the sexual distinctions of other ground-
dwelling primates have vanished to be replaced by new ones? The answer
must be sought, I think, in the social function of sexual dimorphism. The
contrasting social roles of human males and females differ from the
contrasting social roles of ape or monkey males and females.

The human male remains the protector of the social group against
enemies, by using weapons rather than by using his teeth. A small man
with a spear can intimidate or if necessary kill a large one who is unarmed.
David, as a youth, slew Goliath. The human male also does the hunting
and carries the meat home. He needs to be stronger than the female, but
not enormously stronger. Wolves of both sexes hunt, but females fre-
quently have to remain at the den with their babies, and food is brought to
them. Human females, even with weapons, are less efficient hunters than
males, simply because the problems of human motherhood are more
exacting than are those of wolf motherhood. The problems imposed by
erect posture have already been mentioned; they account for the
woman’s broad hips. More significant is the fact that human pregnancy is
long and the period of child dependence longer. A mother who is preg-
nant and has one or two children to care for may easily collect vegetation
and even slow game such as snails, beetles, or baby birds, but she would
not be much help in hunting large animals. The division of labor between
the sexes, which we find in all human societies, is far more efficient and
has real survival value for the group.



28 FREDERICK S. HULSE

It is also perfectly plausible to speculate that the practice of hunting
may be related to the lack of a breeding season in our species. Among
animals which have such seasons, births are concentrated in the months
when conditions are most favorable for infant survival, for instance, when
the weather is not too cold, contagion least prevalent, or food most
plentiful. Food is plentiful and the weather equable year-round in the
tropical forest habitats of apes, which lack breeding seasons. But in the
savannahs inhabited by baboons the alternation of wet and dry seasons
appears to regulate the timing of births. Hunting is better in the open
country than in the forest, so it is commonly supposed that our ancestors
were dwellers in open country when they began to hunt. But, although the
supply of fresh vegetation may fail during the drier months, meat may be
obtained throughout the year. As meat grew in importance in our ances-
tors’ diet, selection pressure for concentrating births at one time of year
probably relaxed. It no longer mattered when a baby was born.

MATING HABITS

At the same time the continued social cohesion of a group, as well as its
safety from predation, might be expected to benefit from a spreading out
of the breeding season over a longer period. When a breeding season is
short, the attention of males and females upon one another often
becomes all-absorbing, and they are distracted from the normal everyday
necessities of making a living or even of protecting themselves against
attack. This hazard is worthwhile only if the importance of concentrating
births at a special season is considerable. At the same time, individuals
who go to the extra trouble of bringing food home to be shared may well
feel a greater willingness or a stronger impulse to do so if their reception
at home is an affectionate one. It has been noted that, although mutual
grooming is constantly engaged in by members of a monkey band, this
practice is intensified before and after mating by the male and female
concerned. It appears to give great emotional satisfaction to both
groomer and groomee, and consequently serves as a strong social bond at
all times of the year. Under conditions which require males to be away
from home for a long time — and hunting often does require this — it is
easy to imagine that both sexes may really be pleased to see each other
and to groom each other and even to mate with each other when the
separation is over.

The sexual division of labor may also help to explain the rather even sex
ratio among adults in our species, which contrasts so sharply with the
situation found among other primates. A few adult males suffice to
protect a much larger number of females, and one would suffice to
fertilize them all. Whether two or three could collect enough game for
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eight or ten females and their dependent offspring is more doubtful. The
lengthening of the period of infant dependence for food in our species
makes this problem an even greater one. Baboon or gorillas feed no one
but themselves; a human adult male must do much better than that if the
species is to survive. But even though meat provides much more concen-
trated nourishment than leaves and fruit, there is a limit to what a man
armed with a spear or a stone cleaver can do. The existing sex ratio among
primitive hunters demonstrates that a minimum of one adult male per
adult female is required to avoid starvation.

Such a sex ratio permits, although it does not ensure, a pairing off
between adult males and females. A group mating system is almost
required by the sex ratio found among baboons and gorillas. It is simply
one of the possible alternatives among human beings. Unions between a
single male and a single female which last for a season, a year, or even
several years are found among many species which provide for helpless
young who are kept at a home base. Many birds, for instance, behave in
this manner, and the system operates very efficiently. The individuals
concerned become habituated to each other and work well together, thus
helping their offspring survive (Lorenz 1952). Furthermore, such a sys-
tem of pairing-off helps to inhibit any conflicts that might arise because of
sexual jealousy, and this, too, is useful if the esprit de corps of the larger
social group is to be maintained. It is perfectly true that such sexual
jealousy may not arise in any case, but in fact it often does, and any device
which reduces the occasion for conflict within a group has functional
value for its survival.

And a group, rather than a single mated pair such as we find among
birds, has probably always been the real functional unit of human society
and, therefore, of human evolution. Several hunters in collaboration can
do a better job of obtaining game than one and a far better job of bringing
the meat home. Several mothers at home can do a better job of protecting
the headquarters and the youngsters than could one by herself. Even
more important, they can keep one another from being lonely — a
primate without any company is a sorry creature, and our species seems to
have inherited this personality quirk from its prehuman ancestors. A
group containing several pairs of adult males and females has a competi-
tive advantage over any single pair in exploiting a given territory or range,
and, since living in groups was undoubtedly the primate heritage, there is
little reason to suppose that living in single pairs was ever characteristic of
our early ancestors, although it is found at present.

It is also not unreasonable to suppose that the division of labor between
males who hunted in groups, and females who remained at home in
groups, would have promoted the development of more complex and
efficient signaling systems than the grimaces and barks of our primate
cousins. The model provided by wolves (Mowat 1963) shows that lan-
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guage is not required for cooperative hunting. It is nevertheless more
efficient: plans may be more precisely discussed beforehand, even though
hunters remain silent during the chase. This does not suffice to account
for the origin of articulate symbolic speech, but it is adequate to account
for its spread once a single band had begun to talk. The use of language is
capable of organizing the structure of interpersonal relationships within a
band on a permanent basis no matter what the mode of subsistence may
be, and this, too, helps ensure the survival of such a group over the
generations. In discussing the utility of keeping the old folks alive, I have
already mentioned a number of other ways in which language is useful, so
no further elaboration of this point will be attempted here.

Some results of the use of language upon the further development of
human society are worth pointing out, however, because these further
developments have had a vital impact upon the later biological evolution
of our genus. It has been noted by a number of careful observers (for
instance, Sade 1965) that macaques do not copulate with their mothers:
the personal relations developed between mother and infant inhibit a son
from anything resembling dominance over his mother, and inhibit the
mother from anything resembling submission to her offspring of either
sex. Among these monkeys, a standard signal of relative social position is
for an inferior to salute by presenting its rump to its superior, thus
simulating the posture of the female during mating. It cannot be said that
these monkeys abhor incest or have a taboo against it; the lack of
mother—son mating is just a natural result of the social symbols employed
by the band. Given such a social organization to start with, it is not at all
strange to find that after language began to be used, words would be
found to explain and justify the existing situation, and even to reinforce it
by statements phrased in terms of ethical standards and judgments. If
also, as might well be the case, the mother’s mate viewed the growing
strength and skill of her sons with ambivalent emotions as they
approached maturity while he was approaching senescence, he could be
expected to feel strongly and act vigorously to protect his own interests,
feeling virtuous as he did so.

The extension of the incest taboo to include a prohibition of
brother-sister relationships is another, although a related, matter.
Among those nonhuman primates which have been carefully studied,
brother-sister mating is commonly observed. Indeed, a baboon troop is a
genetic isolate, an almost completely closed system into which genes from
neighboring troops are very rarely introduced. Such groups are not
friendly with one another, and migration between them is most uncom-
mon. Chimpanzees and gorillas are more free and easy in intergroup
relationships, and some males, at any rate, have been observed to wander
from group to group, meeting little or no hostility from their hosts and
hostesses. Quite possibly the habit of seeking romance away from home
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arose in this manner. On the other hand, our early ancestors’ habit of
hunting away from headquarters quite possibly led to encounters be-
tween hunters from different bands. If so, friendly encounters would have
led to fewer deaths than hostile ones, and perhaps to joint hunting and
even mutual visiting. An enlargement of the gene pool is an expectable
consequence of established friendship between neighboring bands, for an
exchange of females can serve to symbolize an alliance. Once language is
in existence, including kinship terms, the extension of the incest taboo to
include siblings as well as parents can be readily imagined, since people
have an urge to seek justification, in words, of their own behavior.

In any case, however it arose, the incest taboo has had an effect upon
the distribution of genes throughout the human species (Hulse 1962).
Such a taboo may prohibit sexual relations with very few kinfolk, or witha
great many. It may be extended to individuals who are not really kinfolk
at all, but simply called by kinship terms, such as sister-in-law or god-
father. It is, in other words, a cultural product, an aspect of the social
structure of the group. Its expression depends entirely upon the use of
language, which is a facet of culture; and its observance upon the degree
to which human behavior is subject to self-restraint — a characteristic
developed by living as a member of society. The incest taboo is a creation
of the human mind, not a biological instinct, but it governs human
behavior. To one degree or another, it is a prohibition found in all human
societies and must, therefore, be of considerable antiquity. Since it is a
cultural universal, it has had worldwide effects. These effects have been
to enhance the extent of gene flow between populations and to promote
heterozygosity within populations.

To the extent that heterozygosity has been promoted, recessive genetic
characteristics which might, at a given moment, be deleterious, if ex-
pressed homozygously and so eliminated by natural selection, have con-
tinued to exist. They thus provided the material for later evolution if the
environment were to change in such a way as to make what was previously
a misfortune become beneficial. This is useful and rather inexpensive
insurance for the species, since environments continually change. There
is much evidence that heterozygosity by itself is in many instances benefi-
cial. The sickle-cell trait in malarial areas is a noted example about which
more will be said later.

To the extent that gene flow between separate populations has been
encouraged, the maintenance of the unity of the human species has been
assisted. In any small community the percentage of kin who are restricted
from mating with one another by the incest taboo often form a large
proportion of the population, and lapses from virtue are known to occur.
It is always less trouble to seek a mate who lives nearby. But the force of
the taboo, though not absolute, is strong, and it impels many who would
otherwise have remained at home to seek partners elsewhere.
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Thus a genetic characteristic arising in one region spreads to others
with greater speed than it would were mating with siblings and first
cousins or fellow clanspeople accepted as proper. Some gene flow would
occur in any case; the horror of incest speeds it up and intensifies it, so
that it becomes a stronger force in our species than in others which have
become widespread. Such gene flow has been a factor of real importance
in human evolution, for it has been among the chief reasons why, all over
the world, the changes that have taken place in our biology have been so
similar. The basic requirements for social life in culture are similar no
matter what society is involved. Consequently, selection might be
expected to have produced similar results, in time, everywhere, as Dob-
zhansky and Ashley Montagu pointed out in 1947. But gene flow from
one population to another reinforces this tendency, and the incest taboo
promotes gene flow.

It has been contended that the purposeful migration of tribes is ade-
quate to account for the degree of unity we find in our species. But migra-
tion without miscegenation between groups newly in contact would not
accomplish this result. The existence of taboos of a contrary nature, such
as those that exist to keep different castes separate, has often kept
neighbors from coming to resemble one another for scores of genera-
tions. Furthermore, extensive migration to distant places, which is com-
mon today, was far less frequent in early times. With horses to ride or
ships to sail, people can move far and fast, but our Paleolithic ancestors
had neither, and it is doubtful whether jogging from Peking to Paris was
part of any ancient physical-fitness program. The habit of seeking one’s
mate from the next settlement or the next tribe is enough to promote the
amount of gene flow that has kept our species one.

It is really remarkable that any single species should have a world wide
distribution, yet Homo sapiens has. We have, to be sure, carried certain
parasitic species, such as rats, lice, and tapeworms with us in our expan-
sion, but we are the only species that has done it on its own and still
remained a single interfertile variety. Other creatures, having had to
adapt to local circumstances in climate, food, and ecological relations in
the food chain, have divided, as they spread, into several species. We have
not. The importance of culture as the major ecological factor to which our
forefathers had to adapt is exemplified by this fact. Our cultural accom-
plishments have by no means abolished our biological necessities or our
biological heritage. They have, however, mediated between what might
be called the raw environment and ourselves. We humans have had to
adapt to circumstances as they become modified by the activities of
earlier generations. During the past few decades many anthropologists
have investigated the results of improving technology upon the course of
human evolution. As a result of their researches it has become obvious
that the invention and use of tools has had a profound effect upon the
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physical characteristics distinctive of mankind. Less attention has been
paid by students of evolution to the nonmaterial aspects of culture, to our
ideologies, our social systems, our prejudices, and our fashions, yet these
govern our behavior, which is what matters in the evolutionary process.

Darwin, more than a century ago, in writing The descent ofman (1871),
stressed the role of sexual selection in the evolution of many of the traits
which distinguish our species and which also distinguish the varied popu-
lations within the species. His ideas on this subject have not met with
favor but they may deserve reexamination. Standards of beauty, aesthetic
ideals, are valid aspects of culture, and people in all societies attempt to
beautify themselves. The notions held by one tribe may be scorned by the
next, but in all cases an approximation to some standard, not uncom-
monly the appearance of respected leaders, is regarded as good. I do not
see how selection on the basis of attractive appearance could account for
the origin of any racial characteristics, but I can see how it might tend to
emphasize them. It is often alleged that, since in most societies everyone
marries, sexual selection could not operate. What counts, however, is
how many children, are reared, not what proportion of adults marry.
Some couples have many children, others have few, and ethnographers
have not yet supplied us with data that could inform us as to whether the
more comely are more or less successful than the ugly.

We do have data from Japan that are highly suggestive. Here, for many
centuries, fair skins have been considered an asset, especially for girls.
Marriage has been under parental control and, other things being equal,
parents seek attractive brides for their sons. As elsewhere, members of
the upper classes tend to be the luckiest. This might be expected to lead to
selection as the generations have gone by. Research which I conducted a
few years ago (Hulse 1967) indicates that this has taken place, for
upper-class high school students have the fairest skins and those of the
lower class the darkest, while middle-class students are intermediate in
pigmentation. Furthermore, data from Greece (Friedl 1962) indicate
that girls who are considered good-looking marry earlier than, and need
not be supplied with as large a dowry as, their less-attractive sisters.
Throughout southern Europe, the upper classes contain a dispro-
portionate number of blondes and near-blondes. Sexual preferences,
though they may be based on social snobbery rather than aesthetic
interest, are capable of shifting allele frequencies in human population.

The fact that caste prejudices have succeeded in keeping gene pools
separate has already been mentioned. Mating between Caucasians and
the American colored is frowned upon in the United States. Enough has
occurred so that the American colored population is, in fact, at least
one-fifth Caucasian in genetic composition (Roberts 1955). Had such
matings received social approval, however, the population identifiable as
largely African in ancestry would be scarcely one-tenth of what it is. In
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India, where there are many castes instead of only two, genetic distinc-
tions found by Sanghvi (1953) are greater in magnitude in every area than
we find in any part of the United States.

SOCIAL STRUCTURE

Caste distinctions are commonly associated with economic circumstances
and, until the most recent times, the more prosperous have always suc-
ceeded in raising a greater number of offspring than have the poorest
elements of the population. In the commercial and industrial societies of
Europe and North America during the past few generations the situation
has been reversed, so we are used to hearing that “the rich get richer and
the poor get children.” But this is the effect of a very unusual sort of
society. Where there is little food and less sanitation the differential
survival rate is in the other direction. Slave populations have often been
kept as such a low subsistence level and been forced to work so hard that
their numbers could be maintained only by continued kidnapping from
the source of supply. At the same time, young upper-class males have, in
many societies, been expected to make contributions to the gene pool of
the lower classes. In other societies those who can afford it acquire wives
as avidly as we acquire household gadgets. Such practices necessarily lead
to a growing proportion of alleles derived from the leaders of the society
at the expense of those derived from the underlings. Social structure has a
definite effect upon demography and, therefore, upon the course and
direction of human evolution.

Direct political action is capable of affecting the relative frequency of
genetic characteristics, too. Quite a few years ago, in making a compari-
son of the biological traits of Cubans and Spaniards, I was surprised to
note a higher frequency of blondness among the Cubans of Spanish
ancestry than among the Spaniards themselves. A bit of research into
history provided the explanation. Spanish law prohibited the migration of
the descendants of Jews and Moors into the American colonies. The law
was not directed against brunettes as such, but in fact the Jewish and
Moorish elements of the Spanish population included an even higher
proportion of persons with dark eyes and hair than did the Castilian,
partly Visigothic, element. In the same way, the United States immi-
gration law with its quota system has operated to exclude people with
dark hair, blood-type B, and Rh-positive people, although that was not its
intention.

The settlement pattern typical of any community is a reflection of social
organization, even though the houses themselves are material objects.
The form of horticulture practised in much of Africa (Livingstone 1958)
required that clearings be made and homes located close together. This
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proved worthwhile, and the habit of living in this manner spread through
much of West Africa. It turned out that malaria-bearing mosquitos found
such clearings excellent breeding places, so malaria spread as well. Now
among Africans, a genetic characteristic known as sicklemia exists. The
data indicate that a lethal anemia is the consequence of inheriting this
trait from both parents, but those who inherit it from only one, so that
they are heterozygous, seem to resist malarial plasmodia more success-
fully than do individuals who lack the trait altogether. Consequently, a
population living where malaria is endemic benefits from the presence of
the trait in the gene pool. Some die of anemia but more survive malarial
attack; the profit is greater than the loss. As horticultural clearings
spread, so did malaria and so did the sickle cell. A different sort of
settlement pattern would have produced a different sort of genetic con-
stitution among people in that part of the world.

Nor can the relative proportions of the genetically distinct populations
of our species be explained on the basis of individual biological selection.
They are clearly the result of group cultural selection, as I have demons-
trated (Hulse 1955). Technological advance, which permits more people
to live within any given area, seems largely responsible for this. Agri-
culture, then metallurgy, next power machinery, and recently scientific
medicine have led to population increase in the areas where these
developments occur. But more efficient social and political organization,
as well as the expansion of human sympathies beyond the kindred or local
band to larger and larger groups (which are also due to culture), have also
contributed to this result. Thus some groups increase in numbers much
more rapidly than others. The effect upon the frequency of genetic
characteristics, although inadvertent, is obvious. There are, for instance,
relatively more blonds and Rh-negatives than there were a thousand
years ago.

Examples of the many ways in which the social and ideological aspects
of human culture affect gene frequencies and, therefore, the continued
evolution of our species are so numerous that one could go on and on
talking about the subject. I shall conclude, however, with a few remarks
upon the manner in which social organization may be expected to influ-
ence the further evolution of human intelligence. Up to the time of the
Neanderthal people, brain size increased as the millennia passed. Since
that time there has been no further increase. It is perfectly possible that
the complexity of the brain increased; fossils cannot tell us. We may, on
the average, be brighter than people were, on the average, 50,000 years
ago. But there is no reason to think so. Our tools are more complicated,
but this is probably irrelevant. Tool making probably imposes fewer
demands upon the mentality than does adjustment to life in human
society. Wisdom and judgment in dealing with other people are required
for living together, whether the society includes millions of people or only
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dozens. Not everyone is equally intelligent, of course. All societies seem
to include some bright and some stupid people. How many need to be
bright in order to insure the survival of the group?

It seems to me that this may depend largely upon the nature of the
social organization. In a tightly organized, well-drilled, caste-structured
society, a few shrewd and forceful operators at the top may suffice to
direct the activities of the rest of the population efficiently. In a more
open society, where individuals are less well indoctrinated to take orders
meekly, a greater proportion of individuals will need the ability to per-
suade and convince others. It is reasonable to expect, then, that the
frequency of alleles leading to higher intelligence would need to be
greater in an open than in a caste society. In a caste society, selection for
brilliance would be weaker since there would be plenty of routine work
for morons to do and we might expect the average intelligence to decline
over the generations. In a less orderly society, selection for brilliance
would be stronger to the extent that there would be fewer routine tasks,
and the average level of intelligence would be maintained by selection. In
either case, the nature of the society concerned is bound to affect the
genetic potential of later generations, and consequently the course of
human evolution. Prehuman, protohuman, and fully human society have
made us into the sorts of creatures we are and will determine the sorts of
creatures our descendants will be.
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Altruism, Group Selection, and Human
Evolution

RICHARD D. ARMSTRONG

The hypothesis that natural selection could occur between breeding
populations has had a checkered history of rejection and acceptance. This
type of evolution, known as group selection, is closely related to a
consideration of how altruistic behaviors might affect natural selection.
In this context, altruistic behaviors are broadly defined as unselfish
behaviors. In the following pages, we shall consider the history of the
group selection hypothesis, offer evidence that it does occur, and consider
how altruistic behaviors can provide advantages for some populations at
the expense of less socially cooperative groups.

Fisher’s brilliant formulations (1930) of population genetics theory
were primarily concerned with the selection of individuals within a breed-
ing population. His highly respected opinion was that group selection
could operate in only a few unique and peculiar situations. Opinions
similar to those of Fisher dominated the work on the theory of natural
selection with little opposition until the early 1960’s. A major force of
support for group selection was presented at that time by Wynne-
Edwards.

Wynne-Edwards (1962) argued that breeding populations have the
ability to maintain themselves at an optimum size at the expense of
individuals. This hypothesis was a rather limited application of group
selection but generated a very worthwhile reconsideration of the whole
question and a considerable addition to population genetics theory.
Wynne-Edwards’s hypothesis has been criticized in general by Williams
(1966, 1971) who has shown that selection of individuals explains the
data as well if not better. Benedict (1972) offers evidence that human
population size does not conform to a theory of optimum numbers.

However, reopening the question has led to the presentation of two
cases of group selection that have been accepted as valid even by most
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traditionalists. The first of these was the case of selection at the ¢ locus in
the house mouse. The second involved group selection for sexuality.

The ¢ allele in the house mouse spreads rapidly in demes replacing the
normal allele by differential spermatogenesis (Lewontin 1962). How-
ever, individuals who are homozygous for the f mutant are either sterile or
nonviable. As the ¢ allele becomes fixed, the population goes to extinc-
tion.

Crow and Kimura (1965) have offered evidence that sexuality does
facilitate long-term evolutionary adaptation at the expense of individuals.
Their basic proposition for viewing sexuality as an adaptation due to
group selection is that sexual individuals contribute only one-half of their
genomes to their offspring. Asexual organisms contribute their entire
genomes. In terms of maximizing the advantage to individuals, the asex-
ual method would be expected. However, sexual reproduction allows for
a much greater evolutionary potential of the group by allowing for the
accumulation of mutants and recombination of genes. These modifi-
cations of genotypes increase the variance of traits in the population and
therefore the opportunity for selection.

Evidence has been accumulating that many more instances of group
selection must have occurred than was believed. This is particularly true
for man and the higher primates. This evidence is given primarily in terms
of population genetics models that deal with interdeme selection based
on extinction probabilities and the evolution of social behaviors. These
models are based on the work of Haldane (1932) and Wright (1945). We
shall first consider Wright’s model of group selection and then examine its
relationship to Haldane’s model for selection of altruism.

Wright (1945), in a book review of G. G. Simpson’s Tempo and mode
in evolution, proposed a model that allowed for natural selection to occur
between breeding populations. Wright pointed out that the maximum
opportunity for evolution of a species occurred when the species popula-
tion was divided into many groups of 100 or fewer individuals. The
effective population size (N,) of a group of 100 would be about thirty-five
and would consist of the members of a group capable of generating
offspring.

Ideally, the overall species size is large enough so that a mutation rate
of 10~® per locus per generation would provide a reasonable supply of
new variability. In addition to this variability, according to Wright, there
is a large source of accumulated unexposed genetic variability present in
populations. This variability can be brought out by modifications of the
environment (Lewontin 1965; Lerner 1954).

If a mutation occurs that is weakly selected against in the species, it may
reach an appreciable frequency in some demes due to the effects of
random drift and migration and/or by conferring an advantage on the
demes which possess the gene although it has a slight disadvantage for
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individual deme members. In this latter case, Wright showed that for a
single additive locus, if the coefficient of group advantage is greater than
2s/(1-4s), the mutant allele will be favored. 2s is the coefficient of
selection against the mutant homozygote. With s on the order of 0.01 or
0.001, group selection could easily occur.

The rate of change for the mutant allele (4g) was found to be 4q =
m(q,—q.,)—sq(1—q)/(1—-2 sq) where g, is the frequency of the mutant in
the migrating population and m is the frequency of migration. Of course,
m must be small. If N, consisted of twenty-five individuals, the approxi-
mate variance in deme gene frequencies due to random drift (Wright’s
F,,) would be 0.09 if m = 0 and g = 0.1. Form = 0.1 however, F,, would
be approximately 0.009. With very little variance between the demes
there would be little opportunity for selection among them.

In his review, Wright advanced the opinion that socially advantageous
traits could not have evolved unless intergroup selection took place.
Haldane (1932) had considered this possibility in particular relation to
the evolution of altruistic traits. Altruistic or unselfish traits are those
which do not maximize the fitness of individuals. Haldane realized that
altruistic traits could spread originally due to random effects of deme
sizes. Small altruistic demes which found themselves in a new advan-
tageous situation would rapidly spread the gene with their high intrinsic
rate of increase. What Haldane failed to point out was that groups
with altruistic traits might have an offsetting selective advantage over
nonaltruistic groups. The altruistic behaviors that can lead to group
advantage of this type have been dealt with in terms of kin selection
(Hamilton 1964, 1971), reciprocal altruism (Trivers 1971) and socia-
bility (Eshel 1972).

Kin selection includes those cases where the cost of the altruistic act is
smaller than the degree of relatedness between the individuals. The
inclusive fitness of altruistic individuals is increased because they have
preserved the alleles they have in common with relatives.

Reciprocal altruism is a more general case in which the altruistic type is
increased if altruistic behaviors are limited to other individuals with
altruistic genotypes. Obviously, the genetic bases of these altruistic
behaviors do not have to be simple, and most are probably multifactorial.
Reciprocal altruistic behaviors are selected for when lifetimes are long,
migration rates are low, mutual dependence is high, parental care is
emphasized, dominance hierarchies are minimized, or aid in combat is
necessary (Trivers 1971). Also, Trivers offers evidence that the human
emotional system has evolved to insure the continuance of altruistic
behaviors. Of particular importance in this regard is the evolution of the
genetic bases for guilt, friendship, and love. These emotions are particu-
larly involved in insuring that human social structures are maintained. As
Trivers points out, cheating can often be so adaptive for individuals that
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selfish traits and altruistic traits may occur as balanced polymorphisms.
This might be particularly true of modern industrial societies.

It seems logical that many reciprocal altruistic systems could have
evolved out of kin selection systems or that one would find these systems
operating cooperatively rather than separately. This latter case is referred
to as general sociability and neighbor effect (Eshel 1972).

Eshel shows, by extending Wright’s model, that if the group has an
advantage due to sociability the genes for sociability will become fixed in
the population provided that the amount of migration is low. If the rate of
migration is greater than the relative fitness of the altruist, the altruistic
type will not become fixed in the group no matter how much of an
advantage it confers on the group. If the fitness of the altruist is only
slightly less than the maximum of 1.0, the population must have almost
complete emigration of altruists in every generation for the selfish type to
be favored. However, in this situation, selection for the altruistic type
proceeds very slowly. In addition, stable polymophisms can be estab-
lished between aitruistic and selfish genes due to spatial effects. This is
consistent with the theory on spatial polymorphism given by Karlin and
McGregor (1972), which shows that differential effects of selection,
migration, drift, and mutation over a geographical area can lead to
balanced polymorphisms within a population composed of a number of
demes.

Similar results are given for cases involving group selection for alleles
that cause dispersion (Van Valen 1971). Specifically, Van Valen shows
that stable polymorphisms at loci with alleles for dispersion are reached in
populations with extinction probabilities from 107¢ to 0.9 per group per
generation. Even with high rates of dispersal and small extinction prob-
abilities on the order of 0.05, stable polymorphisms are maintained
within groups. The results are similar when polygenic systems are con-
sidered. Of course, Van Valen’s system works best for populations struc-
tured into many small groups with high probabilities of extinction and low
rates of migration. As we have seen, this is also the type of population
structure that is ideal for the models advanced previously.

The implications of these genetic models for man’s evolution are
similar to those drawn from other lines of investigation (Lee and De Vore
1968; Campbell 1966; Reynolds 1966). The evidence from the models
indicates that our ancestors must have occurred in a large number of small
breeding populations exhibiting kin selection and selection for recipro-
cal altruism. The amount of genetic migration between demes must
have been similar to that found in groups of higher primates. The
australopithecines were probably subject to substantial selective pres-
sures due to predation, starvation, disease, water shortage, and other
factors. One would expect that these selection pressures must have made
the need for cooperation intense. The australopithecines were probably
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preadapted to make this adjustment because of the cooperative situation
which seems likely to have occurred among their forest fringe ancestors
(Reynolds 1966).

If the australopithecines lived on the savanna with a social structure
involving one-male groups, dominance must have been much less impor-
tant than it is in hamadryas or gelada societies. This conclusion seems
reasonable because most dominance interactions emphasize selfish
behaviors and individual selection.

Since Australopithecus africanus undoubtedly occurred in groups faced
with rather large probabilities of extinction, it seems reasonable to con-
clude that selection for long life span must have been a factor. As
Kummer (1971) points out for the hamadryas, it is advantageous for the
group to have elders who have lived long enough to remember where
scarce resources are in times of food and water shortage. Kummer men-
tions that the old males are still the leaders of the groups even though
their reproductive activities may have long since been turned over to
younger males. One would expect that group selection might be the
principal selective factor in maintaining these hamadryas elders. An
extrapolation to the human line does not seem unreasonable.

From the discussion above, we can conclude that group selection based
on sociability and other features has probably been more important to us
and our close relatives than it has to other phyletic groups. Also, the wide
occurrence of sociability in the higher primates seems to indicate that
selection for this feature antedates the dryopithecines.

Eshel feels that this selection for sociability may have undergone a
recent reversal. This reversal is due to the incredible dispersal ability
acquired in the last few thousand years. As his model shows, if the
dispersal rate is high, the altruistic type who is at a moderate selective
disadvantage cannot be preserved in the population.
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Differential Transmission of Genetic
and Cultural Information About the
Environment: A Cybernetic View of
Genetic and Cultural Evolution in
Animal Species

CARL JAY BAJEMA

Knowledge of the mechanisms by which the process of evolution takes
place is essential not only for understanding past evolution but for under-
standing ongoing evolution, the inescapability of future evolution, and
the role that humankind can and does play in influencing the evolution of
plant and animal species including itself (Bajema 1971a, 1971b; Carson
1972; Dobzhansky 1973; Hardin 1973). Yet there probably is no concept
of biology that is as widely misunderstood as natural selection, the
mechanism by which genetic evolution takes place. The widespread
misunderstanding of evolutionary processes is not restricted to genetic
evolution. The role that culture plays in animal populations (including
those of the human species) and the processes which generate and give
direction to cultural evolution are also probably just as widely misunder-
stood.

The processes by which genetic and cultural evolution take place could
be more clearly and more easily understood by students if scholars and
teachers would utilize cybernetic models to describe evolutionary proces-
ses when they attempt to communicate what these processes are and how
they operate. While cybernetic models describing evolutionary processes
have been developed elsewhere (see Alland 1967, 1970; Dobzhansky
1962; Hardin 1963, 1966; Maruyama 1963; Potter 1971; Schmalhausen
1960; Szarski 1971; and others), they have not been as explicit or
comprehensive as possible. A more explicit and comprehensive use of
cybernetic models to describe evolutionary processescan helplead usto a
better understanding of evolution and can help us better understand the
erroneous basis of such widely held misconceptions as the idea that
genetic evolution is based on the needs of the organism (Lamarckianism),
the idea that natural selection involves differential survival of individual
organisms only, the idea that genetic evolution has ended for all species,
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the idea that cooperation is the opposite of competition, the idea that
cultural evolution has completely replaced genetic evolution in the
human species, and the idea that cultural evolution is restricted to the
human species.

When cybernetic models are utilized to describe evolutionary proces-
ses it becomes readily apparent that many of the widely held definitions of
the components of evolutionary systems and their interactions are too
restrictive and are subjective rather than objective. Such restrictive,
value-laden definitions are a major contributing factor to the widespread
misunderstanding of evolutionary systems and how they operate. The
following value-free definitions of the three most widely misdefined
components of evolutionary systems or their interactions are employed in
this paper:

1. Evolution. Change in the content of information about the environ-
ment contained in a system.

2. Natural selection. Differential transmission of genetic information
about the environment via differential reproduction, involving both
differentials in individual survival and differentials in the production
of offspring among those who survive.!

3. Culture. Nongenetic information about the environment that is
stored, interpreted, utilized, and transmitted via the brain of animal
species.

Evidence was rapidly accumulating during the eighteenth century sup-
porting the idea that the evolution of plant and animal species had
occurred. As more and more scientists began to accept the idea that
evolution had occurred, a few scientists began to ask a question for the
first time in history: What was the mechanism by which genetic evolution
took place? This question can be rephrased in terms of cybernetics and
information theory as follows: What is the information feedback mech-
anism by which the interaction between the individual organism and its
environment? affects the genetic information about the environment car-
ried by individuals in a population of a particular species (see Figure 1).

! The author has since become acutely aware of the fact that this definition includes
genetic drift and that the definition also describes the process of natural selection in terms of
its genetic consequences rather than its ecological causes. Natural selection is more accu-
rately defined as the physical, interspecific and intraspecific environmental forces that bring
about the differential reproduction of individuals and thus differential reproduction of the
genetic information about the environment possessed by individual organisms.

2 The term environment when used in this paper means the total environment including
both the nonliving and living components of the environment. The living component of the
environment of an individual organism includes the other members of its species as well as
members of other species which interact directly or indirectly with the individual organism.
The environment of an individual organism is four-dimensional, varying over time as well as
space.
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Figure 1. Genetic evolution as a cybernetic system: General model

THE LAMARCKIAN MODEL OF GENETIC EVOLUTION

Jean Lamarck, the great French biologist, was the first scientist to pro-
pose a feedback mechanism to explain how the interaction between the
individual organism and its environment affects the genetic information
about the environment carried by individual organisms. The feedback
mechanism that Lamarck (1809) proposed to explain how genetic evolu-
tion occurs was the inheritance of acquired characteristics (see Figure 2).

INHERITANCE OF ACQUIRED CHARACTERISTICS
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—ENVIRONMENT
ORGANISM
GENETIC INFORMAT{ON INTERACTION
ABOUT THE ENVIRONMENT PRODUCING CHANGE IN THE
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Figure 2. Genetic evolution as a cybernetic system: Lamarckian model

Lamarck had observed that some characteristics of organisms could be
enhanced or depressed by the use and disuse of parts. That is to say, if a
part of an organism was used extensively, such a part would enlarge and
become more efficient, and if a structure was not fully employed it would
degenerate and atrophy to a certain extent. Larmarck contended that
such environmentally acquired variations altered the genetic information
carried by the individual organism in such a way that these acquired
characteristics were inherited by the individual’s offspring. Evolutionary
change according to the Lamarckian model takes place within the indi-
vidual in response to the environment, with the acquired changes in
genetic information of the individual organism being transmitted to its
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offspring. However, there is no known biological process which en-
ables the genetic inheritance of characteristics acquired via use and
disuse of parts, the feedback mechanism proposed by Lamarck, to take
place.

THE DARWIN-WALLACE MODEL OF GENETIC
EVOLUTION

Natural selection was proposed by Alfred Wallace (1858) and Charles
Darwin (1858a, 1859) as the feedback mechanism by which genetic
evolution occurs (see Figure 3). Darwin and Wallace had perceived that
populations, not individuals, evolve. Individual organisms die carrying
the same genetic information with which they were born (except for an
occasional mutation in the content of the genetic information that takes
place without regard for the evolutionary needs of the individual organ-
ism). The population is the biological entity that evolves because the
genetic information carried by one generation is differentially transmit-
ted to the next generation.

Charles Darwin realized that natural selection involved both differen-
tial survival and differential reproduction of offspring by those who
survived.? Unfortunately, ‘““Survival of the Fittest,” the phrase that Her-
bert Spencer (1864) coined and that Charles Darwin ultimately adopted
at the urging of Alfred Wallace (1866) to describe natural selection
(Darwin 1869), was vague and helped mislead generations of scientists

and lay people to believe that natural selection operated via differential
survival only.

“SURVIVAL OF THE FITTEST" (NATURAL SELECTION)

GENETIC INFORMATION INDIVIDUAL

ABOUT THE ENVIRONMENT ~ENVIRONMENT

CARRIED BY INDIVIDUALS ORGANISM

IN A POPULATION INTERACTION

/ \
/ \

/ \
VARIATION INPUT VARIATION INPUT
(GENE MUTATIONS) (ENVIRONMENTAL CHANGE)

Figure 3. Genetic evolution as a cybernetic system: Darwin—Wallace model

% Charles Darwin discussed the role that the struggle for existence plays with respect to
natural selection in the first edition of Origin of species (Darwin 1859b) and stated that *I
use the term Struggle for Existence in a large and metaphorical sense, including dependence

of one being on another, and including (which is more important) not only the life of the
individual but success in leaving progeny.”



Differential Transmission of Genetic and Cultural Information 51

THE MUTATIONIST MODEL OF GENETIC EVOLUTION

The rediscovery of the particulate nature of genetic information at the
turn of the century by De Vries, Tschermak, and Correns soon led to a
schism between the adherents of the theory of natural selection and many
workers in the new field of genetics. The nature of mutations, in particu-
lar, was misunderstood by many geneticists. This misunderstanding led
Hugo De Vries, the great Dutch botanist, to propose the mutationist
theory to explain the origin of species. Mutation, according to De Vries
(1901), was a mode, perhaps the mode, by which new species originated.
The mutationist theory did not propose a new information feedback
mechanism by which the individual organism—environment interaction
affected the genetic information about the environment carried by the
population of a species. Rather, the mutationist theory of evolution
contended that most mutations produced such great changes in the gen-
etic information carried by an individual organism that gradual evolution
of new species via natural selection was a virtual impossibility. Natural
selection was viewed by adherents of the mutationist theory as strictly a
negative force capable only of maintaining the genetic status quo in a
species by removing the unfit (Allen 1968, 1969; Provine 1971).

THE NEO-DARWINIAN OR SYNTHETIC MODEL OF
GENETIC EVOLUTION

As geneticists learned more about gene mutations it became apparent
that many mutations produced only minor changes in the genetic infor-
mation — the kind of variation on which the theory of natural selection is
based. The knowledge that most gene mutations were of the general type
postulated by Darwin rather than by De Vries, coupled with the
development of population genetics (Provine 1971), led to a synthesis by
the 1930’s which has since become widely known as the neo-Darwinian
or synthetic theory of evolution.

The neo-Darwinian model of genetic evolution emphasizes that
natural selection is differential reproduction of genetic information about
the environment involving both differentials in individual survival and
differentials in the production of offspring among those individual organ-
isms who survive (see Figure 4). According to the neo-Darwinian model,
the direction and intensity of the selective forces operating with respect to
any population are a function of the environment (both the living and
nonliving components) and thus are as changeable as the environment.
Genetic evolution, then, is viewed as an ongoing process brought about
by constantly changing environments.

The outcome of the individual organism—environment interaction is a
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function of both the environment and the genetic information about the
environment that the individual organism carries. Genetic evolution
occurs because the outcome of the individual organism—environment
interaction changes over time. As this outcome (equilibrium or set-point)
of the individual organism—environment interactions changes over time,
deviation-amplifying (positive) feedback mechanisms operate favoring
changes in the genetic information about the environment carried by an
individual organism. This brings about an increase in the probability that
an individual organism will be successful in transmitting the largest
number of sets of genetic information to future generations in the new
environment (Maruyama 1963; Bielicki 1969; Szarski 1971). The term
directional selection has often been used to describe natural selection

when it is operating as a positive (deviation amplifying) feedback
mechanism.
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Figure 4. Genetic evolution as a cybernetic system: neo-Darwinian or synthetic model

Natural selection operates as a deviation-counteracting (negative)
feedback mechanism when the outcome (set point or equilibrium) of the
individual organism-environment interaction remains constant over time.
The terms stabilizing selection, centripetal selection, and normalizing
selection have often been used to describe natural selection when it is
operating as a negative (deviation-counteracting) feedback mechanism.
All populations have to cope with a continual input of newly mutated
genetic information (genes), many of which are harmful regardless of the
environment with which the individual organism is interacting. The gen-
etic status quo can be maintained in a population only if the number of
new mutant genes added to the population is counterbalanced by an
equal number of mutant genes not being passed on to the next generation,
due to the nonreproduction or decreased reproduction of individuals
carrying mutant genes. Thus the genetic status quo can be maintained in a
population only by perpetual change — the continual elimination of
mutant genetic information via the negative feedback mechanism of
stabilizing natural selection.

The idea that natural selection is strictly a negative force operating
much like a sieve to eliminate certain genes is erroneous, as Dobzhansky
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(1970) has pointed out on numerous occasions. A sieve cannot retain
particles or let them pass depending on what other particles are present in
the sieve. Natural selection can accomplish such a feat because all the
genetic information an individual organism carries is subjected to natural
selection as a block, rather than on a gene by gene basis. Directional
natural selection can be thought of as creative in the sense that it operates
via differential reproduction to increase the frequency of genetic infor-
mation about the environment, thus enhancing the adaptation of the
population to the newly changed environment.

EXTENSION OF THE NEO-DARWINIAN MODEL OF
GENETIC EVOLUTION TO INCLUDE CULTURAL
EVOLUTION

Many animal species possess two systems for processing, interpreting,
utilizing, and transmitting information about their environments to other
members of the same species — a genetic system based on genes (DNA)
and a nongenetic or cultural system based on the brain.

Progress in studying the mechanisms governing the evolution of the
information content of the cultural (nongenetic) system of transmitting
information about the environment to other members of the same
species, and in understanding how the cultural system constantly interacts
with the genetic system of transmitting information in the human species,
has been hampered by a number of factors. First, the persistent desire on
the part of most anthropologists to define culture in such a way that it is
possessed only by the human species has led to vague and virtually
meaningless definitions (see Halloway 1969 for one of the most recent
attempts at such a definition). Second, the vague, incomplete, and often
erroneous definitions of evolution and of natural selection have made it
difficult for most individuals to attain a clear understanding of the
mechanisms governing the processes of genetic and cultural evolution.
Herbert Spencer, the great English social theorist of the nineteenth
century, was a major contributor to this problem by his advocacy of a
value-laden definition of evolution and his use of the vague and mislead-
ing phrase “Survival of the Fittest” to describe natural selection.

The consistent unwillingness of scholars to accept the fact that coopera-
tion is a special case of competition rather than the opposite of competi-
tion (Crook 1971) has been another major factor hindering progress in
understanding the processes which govern genetic and cultural evolution
and the interactions between these two systems for differentially trans-
mitting information about the environment in animal species. The direc-
tion and intensity of natural selection is, in large part, a function of
intraspecific competition occurring among individual organisms of the
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same species. Intraspecific competition occurs not only between indi-
viduals but also between groups of individuals. Intergroup competition
could not take place if it were not for cooperation between individual
members within each group. Cooperative behavior probably evolved and
is evolving because it confers a selective advantage in intraspecific com-
petition. The universal applicability of the theory of natural selection for
the human species becomes apparent when cooperation is viewed as a
special case of competition. The role that cooperative behavior plays in
generating selective forces in genetic and cultural evolution needs to be
carefully studied if the human race is to understand adequately past
evolution, ongoing evolution, and if human populations are to learn how
to direct their own future evolution in a more intelligent way than they are
now doing.

A number of anthropologists, geneticists, and biologists have utilized
cybernetic models to describe the cultural system for differentially trans-
mitting nongenetic information about the environment in the human
species and its interactions with the genetic system from a neo-Darwinian
perspective (see, for example, Alland 1967, 1970; Bajema 1971b, 1972;
Bielicki 1969; Dobzhansky 1962; Potter 1971a, 1971b).

The cultural system for transmitting information about the environ-
ment has the properties essential to a system that is evolving in a changing
environment (Campbell 1969). First, the cultural information can be
preserved, duplicated, and propagated. Second, variation in the infor-
mation content of the cultural system is occurring constantly because
of faulty communication of information between individuals and the
emergence of new information about the environment as the result of the
learning experiences of individual organisms as they interact with the
environment. Third, the cultural information is subject to selection —
selective elimination, propagation, and retention of certain types of
information about the environment. As in genetic evolution, it is the
environment that generates the stabilizing and directional selective feed-
back mechanisms which favor certain information over other information
in cultural evolution. The process of cultural adaptation to the environ-
ment occurs via the differential transmission of ideas that influence how
individuals perceive and interact with the environment. The differential
transmission of ideas occurs because ideas affect the survival and fertility
patterns within and between populations, and because the learning pro-
cess enables individual organisms, especially those of the human species,
to perceive to a certain extent what the probable consequences might be
of utilizing a particular idea when interacting with the environment.

The feedback mechanisms linking the outcome of the organism-envi-
ronment interaction to the information contained in the genetic and
cultural systems produce the same effect — change in the information
about the environment contained in these systems. As pointed out earlier
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in this paper, the status quo in the information content of a system can be
maintained in the face of a continual input of variations (be they gene
mutations or new ideas) only by perpetual change — the continual
elimination of such variant information via stabilizing selection at a rate
equal to the input of such variant information into the system. Thus
feedback mechanisms generating change in the information about the
environment contained within a system are necessary to maintain the
status quo as well as to bring about a systematic change in the information
about the environment which affects the outcome of the organism—-envi-
ronment interaction.

While the processes of genetic and cultural evolution are similar, the
specific mechanisms for storage, retrieval, and propagation of informa-
tion are different. The basic unit of information is the gene in the genetic
system and the idea in the cultural system. A gene carried by a particular
individual organism can be transmitted only to that individual’s biological
offspring, while ideas can be transmitted to other individuals of the same
species regardless of their genetic relationship to the individual transmit-
ting the information. Ideas have to be duplicated each generation via the
transmission of information between individuals in nonhuman animal
species, while the human species can store ideas via such information
storage devices as paintings, photographs, books, and computers as well
as via their brains.

The genetic and cultural systems for transmitting information about
the environment differ also with respect to how variation in information
content is generated. While both systems have to cope with the continual
input of variant information via gene mutations or faulty communication
of cultural information between individuals, some new variant informa-
tion emerges in the cultural system as the result of the learning experi-
ences of individual organisms as they interact with the environment.
Human beings, in particular, are often able to utilize the learning (infor-
mation processing and interpreting) capacities of the brain to produce
changes in the nongenetic information about the environment that are
not random with respect to the effect that these changes have on the
outcome of the organism—environment interaction. A tremendous
amount of selection of information occurs as the individual or group
learns from the outcome of various organism—environment interactions,
so that the specific information selected for incorporation into the cul-
tural information that is utilized as the group or individual interacts with
the environment has a higher probability of better adapting the popula-
tion to that specific environment. These changes in cultural information
appear to be “Lamarckian” in the sense that these changes in the content
of the nongenetic information about the environment are generated in
response to what appear to be the specific needs of human populations.
Some examples of what appears to be cultural evolution based on the
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needs of society are such technological changes as the development of
weapons systems (from the axe to the spear to guns to nuclear weapons),
the human-directed evolution of high yield varieties of domesticated
plant and animal species via selective breeding to increase food produc-
tion, and the development of vaccines against such infectious diseases as
smallpox and measles to decrease morbidity and mortality. The nature of
the learning process increases the probability that variant information
about the environment produced by this process will have a higher
probability of better adapting the population to the environment.

The cultural and genetic systems for transmitting information about
the environment in animal species are not independent of one another
but are rather mutually interacting systems (see Figure 5). The possession
of a cultural (nongenetic) system for transmitting information about the
environment is not a unique attribute of the human species. The unique-
ness of the cultural system possessed by the human species is based on the
tremendous capacity human beings have for transmitting cultural infor-
mation, particularly via symbolic language, and the extent to which
human beings have utilized this mode of transmitting information about
the environment.

DIFFERENTIAL REPRODUCTION OF GENES DIFFERENTIAL TRANSMISSION OF IDEAS

GENETIC INFORMATION CULTURAL INFORMATION
ABOUT THE ENVIARONMENT ENVIRONMENT— INDIVIDUAL ABOUT THE ENVIRONMENT
STORED IN THE GENES OF ORGANISM STORED IN THE BRAINS
INDIVIDUAL ORGANISMS OF INDIVIDUAL ORGANISMS
IN A POPULATION INTERACTION IN A POPULATION

/ | \

|

VARIATION INPUT VARIATION INPUT VARIATION INPUT
{GENE MUTATIONS) (ENVIRONMENTAL CHANGE} {IDEAS)

Figure 5. Transmission of genetic and cultural information about the environment in
animal species

Cultural evolution has not replaced genetic evolution in the human
species. While cultural change is undoubtedly the most important
evolutionary change occurring in the human species today, adaptation to
the environment is continuing to occur via genetic change (Alland 1967,
1970; Bajema 1971a, 1971b, 1972, 1973; Damon 1973; Dobzhansky
1962). The occurrence of one type of change does not preclude the other.
Both cultural and genetic adaptation to the environment are going on
simultaneously and the two systems are constantly interacting as human
populations adapt to their environments (see Figure 6).

Cultural evolution has had such a great effect on genetic evolution in
the human species that the rates of evolution with respect to such human
physical characteristics as brain size (Campbell 1963; Tobias 1971) and
dentition (Bilsborough 1969; Kinzey 1970) are among the more rapid
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rates of evolution calculated from fossil evidence (Kurten 1959), known
among mammals. Thus the data indicates not only that human genetic
evolution has not ceased but that the rate of genetic change for some
human characteristics accelerated as the human species evolved a greater
capacity for transmitting information about the environment via the
symbolic processes of language.

DIFFERENTIAL REPRODUCTION OF GENES DIFFERENTIAL TRANSMISSION OF IDEAS
GENETIC INFORMATION CULTURAL INFORMATION
ABOUT THE ENVIRONMENT INDIVIDUAL ABOUT THE ENVIRONMENT
STORED IN THE GENES OF ENVIRONMENT - HUMAN BEING STORED IN THE BRAINS OF
INDIVIDUAL HUMAN BEINGS INDIVIDUAL HUMAN BEINGS
IN A POPULATION INTERACTION AND STORAGE BANKS
—BOOKS, PICTURES, COMPUTERS

. N Z

/ I !

/ | |
VARIATION INPUT VARIATION INPUT VARIATION INPUT
{GENE MUTATIONS) {ENVIRONMENTAL CHANGE} (IDEAS)

Figure 6. Transmission of genetic and cultural information about the environment in the
human species

Natural selection has not ceased operating to bring about genetic
change in contemporary societies. The direction and/or intensity of
natural selection in relation to human physical health and behavior
patterns have been altered by cultural changes. For example, the direc-
tion and intensity of natural selection in relation to sickle-cell hemoglobin
(Allison 1954a, 1954b, 1964) has been altered by such cultural develop-
ments as specific agricultural practices which increase the carrying ca-
pacity of the environment with respect to the populations of mosquitoes
which serve as vectors for malaria (Wiesenfeld 1967); the development
and use of pesticides to control the populations of mosquitoes which serve
as vectors for malaria; and still more recently by the development of
inexpensive specific medical therapy (urea treatment) which alleviates
the adverse symptoms of sickle-cell anemia (Nalbandian et al. 1971a,
1971b).

As Theodosius Dobzhansky (1964) has pointed out, “. . . it is precisely
because we know that mankind changes so greatly in cultural aspects that
we can be reasonably confident that the human species is changing to
some extent genetically.” There are two conditions necessary for genetic
evolution — a changing environment, and the presence in human popula-
tions of genetic variants, some of which confer upon their carriers a higher
fitness in the newly emerging environments. Cultural evolution has cre-
ated selective pressures that have brought about genetic changes increas-
ing the human capacity for the cultural transmission of information about
the environment. These genetic changes in turn increased the fitness for
and the dependence of their carriers on culture and stimulated further
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cultural developments. The cultural developments in turn initiated still
further genetic changes. Thus a positive feedback relationship has existed
between cultural and genetic evolution in the human species with respect
to what we call intelligent behavior.

When culture is perceived as nongenetic information about the envi-
ronment it becomes obvious that individual human beings vary gen-
etically with respect to their ability to learn about the environment, to
understand cultural information about the environment (for instance,
mathematical equations describing the environment), and with respect to
their ability to communicate such nongenetic information about the
environment to other human beings in a meaningful way.

The great changes that have occurred and that are taking place in the
social structure of human societies affect the direction and/or intensity of
natural selection, particularly with respect to human behavior patterns
(Bajema 1973). Itis interesting to note that the emerging urban industrial
welfare state environments of the United States appear to be environ-
ments which cause natural selection to operate to bring about a very slight
increase in the frequency of those genes in the population which in
interaction with the environment lead to the development of above
average intelligence (as measured by IQ test scores). At least, this is the
case in all three of the primarily urban, native born, white American
populations where the operation of natural selection in relation to indi-
vidual differences in intelligence has been studied (Bajema 1963; Osborn
and Bajema 1972; Waller 1971).

The evidence clearly indicates that the genetic evolution of the human
capacity for culture has greatly expanded the cultural dimension of
human evolution, which in turn has had the effect of accelerating the rate
of genetic evolution for a whole variety of human biochemical, physical,
and behavioral patterns. Thus the genetic and cultural systems for utiliz-
ing and transmitting information about the environment are not inde-
pendent of one another but are so interlocked that a change in the
information content of one system frequently brings about a change in the
information content of the other system.

CONCLUSION

The use of cybernetic models to describe the processes by which differ-
ential transmission of genetic and cultural (nongenetic) information
about the environment occurs in animal species is a scholarly approach
that can help human beings better understand the mechanisms of genetic
and cultural evolution as well as the erroneous basis of many of the widely
held misconceptions concerning these processes. An attempt was made in
this paper to provide a more explicit and comprehensive nonmathemati-
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cal review of genetic and cultural evolutionary processes than has been
done in the past.
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Current Directions in Behavior
Genetics

STEVEN G. VANDENBERG

A survey of current work in behavior genetics might be expected to have a
population genetics orientation, that is to say, to concern itself with gene
frequencies for “‘behavioral” traits in various populations or at least with
the distribution of genotypes. This idea had to be largely abandoned
because such an approach has been missing in behavior genetics. The
reason is not difficult to determine: It is much easier to compare groups
with respect to an all or none phenomenon, such as the frequency of a
certain blood-group allele, than it is to compare the distributions of a
continuous variable in two or more groups. Yet most behavior is too
complicated to fit comfortably into a dichotomous model.

The problem is even more complicated for traits that are influenced by
socioeconomic and cultural factors, so that the effort to select compar-
able samples can become a major undertaking in itself. Even when
abnormality provides a cutting point, such as in mental retardation or
psychopathology, cross-cultural comparisons are difficult because differ-
ent cultures may use different criteria in establishing where to cut abnor-
mal from normal. This difficulty may be exaggerated in a world where
cultural relativism holds sway and where Marxists, Freudians, and Skin-
nerians believe as strongly as they do in the overriding importance of
environmental factors. Only lately are we beginning to learn that the
incidence of schizophrenia or of certain types of severe mental retarda-
tion may be rather similar all over the world.

In what follows we will first review some past studies selected mainly to
emphasize the principal methods used up to now in behavior genetics.
Next we will consider several other methods that have not been used to
any extent so far. Finally, we will return to a population approach. In this
context we will briefly look at three related questions:

1. Are there racial differences in abilities?
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2. Are there socioeconomic differences in intelligence?

3. Is the national level of intelligence declining due to differential

fertility?

In the following review of methods an effort will be made not to let the
length or brevity of the discussion be determined by the number of studies
which have used that model, but rather by the potential importance of the
method.

“MENDELIAN” PEDIGREE ANALYSIS FOR SINGLE GENE
SUBSTITUTIONS

A number of sensory defects have been found to fit this model: the
several types of impaired color vision (protanopia, deuteranopia,
tritanopia and their milder forms protanomaly, deuteranomaly, tritano-
maly); taste blindness for PTC and perhaps for several other substances;
inborn insensitivity to pain (Saldanha, Schmidt, and Leon 1964); and
maybe tone deafness (McKusick 1966). Apparently the milder forms of
color blindness are alleles of the more serious forms, while protanopia
and deuteranopia are closely linked on the X chromosome, and tritanopia
is an autosomal dominant. The precise biochemical reason why one
defective gene in an autosomal system can interfere with the develop-
ment of normal color vision is not yet understood. In fact, the precise
nature of the three pigments responsible for normal sensitivity and the
changes present in the various anomalies are not known. Impaired color
vision occurs in insects as well but has not been studied extensively.

The taste deficiencies are at least partially independent (Kaplan 1968),
but whether there are separate deficiencies in smelling different odors is
not yet clear. Brown, MacLean and Robinette (1968) and Brown, Mac-
Lean, and Callan (1969) found no evidence for this although Amoore’s
(1964) theory would lead us to expect this. The genetics of the absence of
functional pain nerve endings and of tone deafness have not been studied
widely. Kalmus (1948) was unable to fit a single locus model to the latter,
but his results may fit a model requiring only a few loci.

It is no longer clear whether some motoric phenomena such as left-
handedness, tongue curling, ear wiggling, and so on, fit a single gene
model as was once believed. Psychologists have shown little interest in
such traits while most geneticists and anthropologists have lost theirs. The
Swedish psychologist Trankel (1955, 1956) suggested a diallelic single
locus model for handedness with right-handedness dominant and a mod-
est degree of incomplete penetrance which agrees with data published by
three different American investigators. Assuming that his model was
correct, the frequencies for the recessive gene for left-handedness in the
three populations sampled were found to be 0.427, 0.402, and 0.410. To
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obtain this fit he had to assume lack of penetrance for left-handedness in
the following percent of cases for these three studies: 8.03, 3.56, and
5.24. These numbers are surprisingly close and the variation could be due
to different methods of assessing handedness.

A number of errors of metabolism due to single genes cause mental
retardation. Why the same genetic factor can cause a range of effects on
intelligence is not yet understood. There are, for instance, reports of
untreated PKU cases with intelligence well into the normal range (Hsia,
O’Flynn, and Berman 1968; Berman et al. 1969). Perhaps these rep-
resent other genetic conditions.

Schizophrenia and a manic-depressive condition are thought by some
investigators to be due to one or a few mutant genes. All the problems
enumerated above hold here, and the genetic analysis is further con-
founded by the greater subjectivity of diagnosis.

To my knowledge, the only ‘“‘normal” psychological traits proposed so
far by anyone to be under the control of one (or a few) genes are spatial
visualization and schizoid personality.

In summary, the method of Mendelian pedigree analysis appears to
have been used mainly in a somewhat haphazard way so far. The result is
a serious neglect, which is understandable when one considers the practi-
cal difficulties inherent in collecting adequate information on all mem-
bers of a substantial number of families.

There may be a lesson in the fact that PTC tasting fits a single gene
model fairly well even though more detailed test procedures have shown
that the mechanism may be more complicated (Kaplan 1968). Perhaps
there are major gene effects to be detected in some of the special abilities.

With the exception of color blindness there has been no search for
linkage of psychological traits with single gene polymorphisms. This
statement does not apply to X linkage which frequently has been invoked
and implicated especially in height, spatial visualization, and verbal
ability but in contradictory and/or incompletely spelled out ways.

Two reports on linkage between blood groups and personality by
Cattell, Young, and Hundleby (1964) and by Bourdel (1960) only report
phenotypic correlations.

BIOMETRICAL ANALYSIS OF MULTIFACTORIAL TRAITS

There is enormous interest in intelligence and personality which has led
to many attempts to estimate the proportion of the phenotypic variance
due to hereditary factors.

While this idea goes back to Galton (1875), with appropriate methods
worked out in detail by Pearson (1904), Johannsen (1903), Fisher
(1918), Dahlberg (1926), and others, most empirical studies have used
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quite simple models. Unfortunately, even in these studies hereditary and
environmental components were emphasized at the expense of hered-
ity—environment interaction and covariance between environment and
heredity. In addition, dominance and epistasis were generally assumed to
be unimportant, although the fact that heritabilities estimated from par-
ent—offspring data are generally lower than heritabilities estimated from
twin data suggests that this assumption may be wrong.

The major reason why they seem to have been ignored is that they were
assumed to be unimportant because they had not been demonstrated to
be otherwise. But this was of course due to absence of efforts to estimate
their importance. This sort of circular reasoning is not uncommon when
one wants to avoid work.

This caused not just an absence of precision but, much more impor-
tantly, a false, because artificial, dichotomy between heredity and envi-
ronment. People took sides as in a world series or a national election,
while both sides ignored the most interesting and perhaps the most
important aspect.

The method employed almost exclusively was the study of the resem-
blance of relatives with a decided preoccupation with twins. In only a few
studies adopted children were compared with their biological and their
adoptive parents, and half siblings have not been studied to any extent.

Two of the most informative papers on the inheritance of intelligence
are by Erlenmeyer-Kimling and Jarvik (1963) and Honzik (1957).

The former summarized the results of fifty-two studies of correlations
in intelligence between paired individuals of various degrees of genetic
relationship. This summary took the form of the graph shown in Figure 1,
which indicates clearly that with increasing biological relationship there is
an increase in correlation. It would be difficult to make as strong a case for
environmental influences.

The range of values for a certain type of relationship is generally fairly
narrow and may reflect variation between the types of intelligence tests
used. Different tests consist of different mixtures of vocabulary items,
memory tests, and so on. There are suggestions that these different
abilities differ in the degree of genetic determination.

Honzik (1957) summarized the results of a study by Skodak and Skeels
(1949) of the relation between the intelligence of adopted children and
the intelligence, as estimated from the educational level, of their biologi-
cal parents and their adoptive parents. In addition these results were
compared with the correlation for children who remained with their own
parents. The data are summarized in the graphs shown in Figure 2.

Honzik’s paper clearly demonstrated that the parent-offspring correla-
tion is not substantially affected by separation from the parents and by
the environmental effects of being raised in a different home. One sen-
tence in Honzik’s paper has generally been overlooked. “This finding is
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surprising since the average IQ of the adopted children at 13} years was
106 while the average 1Q of their true mothers was reported as only 86”
(Honzik 1957:218). (Sixty-three of the biological mothers were given
actual intelligence tests.) Honzik went on to say that this is more than
regression towards the mean would accomplish, that the mother’s true
intelligence may have been underestimated, and that the foster children
probably all received more than average affection and emotional support,
as well as intellectual stimulation. Honzik’s paper has often been inter-
preted to mean that there was no environmental effect at all. A rise of
twenty points cannot be completely ignored. Figure 3 shows a scatterplot
of this correlation.
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Figure 3. Correlations between intelligence test score of adopted child and biological
mother (Skodak and Skeels 1949)

Jensen (1969) reviewed the evidence for the hereditary component in
intelligence in a paper that has been much discussed. Cancro (1971) has
edited a volume containing,some criticisms of this paper. Jensen con-
cluded that 80 percent of the variance in intelligence is due to hereditary
factors. It has been pointed out that the studies on which this conclusion is
based predominantly used European or North American white subjects.
These studies generally grouped variance due to heredity—environment
interaction and/or correlation with the hereditary variance, so that the 80
percent may be considered an overestimate.
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Since then, Jensen (1970) has reanalyzed the 1Qs of identical twins
reared apart to show that the data from the four largest studies may be
regarded as samples from the same population (Newman, Freeman, and
Holzinger 1937; Burt 1966; Shields 1962; Juel-Nielsen 1965).

Jensen also showed that the overall intraclass correlations is (0.824,
which may be regarded as an upper-bound estimate of the proportion of
the total variance attributable to all genetic variance (i.e., additive and
nonadditive). Finally he found no significant correlation between twin
pair sums and differences which suggest that differential environmental
effects are not systematically related to the intelligence level of the twins.

Finally it is only recently that the effect of consanguinity on intelligence
has been systematically studied, though a negative effect had been
assumed to exist for a long time. Schull and Neel (1965) were able to
analyze the scores of 2,111 children on the eleven subtests of a Japanese
version of the Wechsler intelligence scale for children (WISC), con-
structed by Kodama and Shinagawa (1953). Results were available for
1,854 children in the consanguinity groups shown in Table 1.

Table 1. The number of boys and girls in the various categories of consanguinity

Parents are

Second 14 First
Unrelated cousins cousins cousins
Males 538 88 89 249
Females 451 100 102 237
Totals 989 188 191 486

A first-cousin marriage is between children of siblings. Therefore such
children share, on the average, one pair of genes out of sixteen by common
descent. A marriage of first cousins once removed is between a child of
one sibling and a grandchild of another. Children of such unions will
share, on the average, one pair of genes out of 32 by common descent. A
marriage between second cousins is between grandchildren of siblings.
Children from such marriages will, on the average, have one out of 64
pairs of genes the same by common descent. When one gene from the
father and one from the mother are obtained from a common ancestor,
the result is a homozygous pair of genes. The more pairs of genes, or loci,
that are homozygous, the more inbreeding. Unrelated individuals are
assumed to have no genes in common, so that children from such unions
are taken to be heterozygous for all loci. F, the coefficient of inbreeding,
is the probability that at any given locus, the two genes will be the same by
descent. Some diagrams are shown in Figure 4.

In the study by Schull and Neel (1965), the scores of the consanguinity
groups were compared and the effects of inbreeding estimated by multi-
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Figure 4. Some diagrams and value of F for various types of consanguinity

variate linear regression methods after removing the effects of age and
socioeconomic status (SES). The means and standard deviations for age
inmonths and SES are shown in Table 2. The SES scale used ran from one
to twenty.

Table 2. Means and sigmas for age, socioeconomic status (SES), and inbreeding (F)

Boys Girls
Variable Mean SD Mean SD
Age 102.91 17.83 102.23 18.10
SES 20.88 5.26 21.06 5.15
F 1.31 17 1.41 17

Table 3 shows the effects of an increase in age, in socioeconomic status
and in inbreeding (measured on a percentage scale for F), while Table 4
shows the effect of a 1 percent increase in inbreeding as a percentage of
the outbred mean. The effect on the scores for the Wechsler intelligence
scale for children was among the clearest and strongest of all the
phenomena studied by Schull and Neel, which included physical illnesses,
several anthropometric and dental variables, as well as school grades.
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The fact that inbreeding after correction for socioeconomic status leads
to lower WISC scores, is, perhaps, the most unassailable evidence we have
for hereditary control over intelligence. It is certainly suggestive evidence
for a multifactorial system, not one controlled by only three to eight loci.

Table 3. Comparison of the changes in WISC subtest scores per month of age, per
unit of socioeconomic status (SES) and % inbreeding (F)

WISC subtest Age SES F

Information 0.0418 0.1230 —0.0950
Comprehension 0.0271 0.0832 —0.0742
Arithmetic 0.0332 0.0844 —0.0602
Similarities 0.0347 0.1449 —0.1157
Vocabulary 0.0480 0.1355 —0.1155
Picture completion 0.0138 0.0817 —0.0656
Picture arrangement 0.0264 0.0708 —0.1073
Block design 0.0234 0.0834 —0.0598
Object assembly 0.0030 0.0717 —0.0630
Coding 0.0264 0.0712 —0.0531
Mazes 0.0080 0.0260 —0.0653

Source: Schull and Neel 1965.

Table 4. Effect of inbreeding on intelligence as measured by a Japanese version of
the WISC, N = 2,111

Mean for outbred* Depression

(offspring of of score due to Depression

unrelated parents) 1% increase in F, as % of the

the inbreeding mean for the

WISC subtest Boys Girls coefficient outbred
Information 11.62 11.21 —0.09499 8.1— 8.5
Comprehension 12.39 12.12 —0.07424 6.0— 6.1
Arithmetic 11.84 12.11 —0.06025 50— 5.1
Similarities 11.40 1191 —0.11575 9.7—10.2
Vocabulary 10.35 9.86 —0.11551 11.2—11.7
Picture completion 11.71 10.63 —0.06560 5.6— 6.2
Picture arrangement 11.54 11.27 —0.10728 93— 95
Block design 11.24 10.99 —0.05975 53— 54
Object assembly 10.83 9.94 —0.06298 5.8— 6.3
Coding 11.54 12.27 —0.05314 43— 4.6
Mazes 12.30 12.09 —0.06526 53— 5.4

Source: Schull and Neel 1965.

* Estimated for a child of 120 months of age, a socioeconomic status of twenty, and
after correcting for the confounding effect of socioeconomic status.

It is of some interest to know that the effect of incest (F value 0.25) still
seems to be roughly proportional, as shown in Table 5 which summarizes
the results of a study reported by Adams, Davidson, and Cornell (1967).
It is somewhat difficult to perform a statistical analysis because three
children died before they could be tested. They had many physical
abnormalities. Another two were too retarded to be tested. If these are
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excluded, the mean IQs are 95.85 for children of inbred matings and
102.31 for the controls.

Table 5. 1Q values of children of incestuous matings and of control mothers. The mothers
were matched for intelligence and socioeconomic status.

No. Incest Control
1 Died after 2 mo. 101
2 Died after 15 hr. 100
3 Died after 6 hr. 104
4 Severely retarded 107
5 Severely retarded 93
6 64 100
7 64 133
8 64 109
9 85 103

10 92 (68 later) 81

11 92 108

12 98 108

13 110 91

14 112 105

15 113 91

16 114 85

17 118 121

18 119 95

CONSEQUENCES OF ANEUPLOIDIES FOR BEHAVIORAL
TRAITS

Because the first example in humans of an extra chromosome happened
to be trisomy 21 or mongolism, as it was then known, it was clear from the
start that normal intelligence requires a normal complement of chromo-
somes. Even the loss of a portion of this chromosome 21, as in transloca-
tion, results in lowered intelligence, though apparently the effect is less
severe.

Other aneuploidies seem to affect intelligence to about the same
degree, perhaps related to the proportion of the genome that is missing or
duplicated. There is more information on sex chromosome aneuploidies
and for these it seems clear that the effect is roughly proportional to the
amount of excess material. Whether some of the mildly retarded cases
can be interpreted as severe reductions from an above average family
standard, or whether the effect is a variable one affecting some children
more than others has not yet been investigated. This will also require
collection of information about the intelligence of the unaffected rela-
tives. In fact, for further progress methods of quantitative genetics will
have to be combined with the cytogenetic approach.
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The best summary so far of the effect of sex chromosome aneuploidies
on intelligence is by Moor (1967). Table 6 and Figure 5 were prepared
from data presented in her paper. For comparison Figure 6 taken from
Alter (1965) shows similar trends for total finger ridge counts.

Table 6. Mean IQ for various karyotypes (after Moor, 1967)

(0] Y YY YYY
Q) probably not viable
X 100* 100 76° 80
XX 100 84 58 —
XXX 51 52 48 —
XXXX 40 35 — —
XXXXX very — — —
low

Source: Money (1968).

Some XYY individuals are reported to be abnormally
aggressive. They were frequently at least average in intelligence.
—: Not reported. Individuals with more than five sex
chromosomes are unlikely to occur.
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NEW AND NEGLECTED APPROACHES

To my knowledge, no large-scale data on intelligence or personality have
been collected over three generations. Admittedly this is time consuming
especially if one wants to obtain data on the adult performance of all
subjects. In fact, this may require a longer time perspective than most
investigators possess. However, such data would permit testing more
precise genetic models.

One wonders if there are not some families which already have
recorded information of this kind which could be obtained, verified as
much as possible, and analyzed.

The next possibility consists of studying the offspring of persons who
have been married more than once. Such a study would complement
studies of adopted children or of identical twins raised apart. Again there
will be practical difficulties to challenge the determination and imagi-
nation of the investigator.

As more and more polymorphisms are being detected in the blood, the
possibility of detecting linkage of any of these genetic ‘“markers” with loci
having a detectable effect on quantitative traits increases rapidly. While
this requires fairly complex computer programs, these are already avail-
able (Haseman and Elston 1972; Bock et al. 1970).

It has already been mentioned that further refinement in studies of
cognitive deficits in aneuploidies will require information on the ability
level of parents and unaffected siblings. Even more could be learned if the
height of everyone as well as their fingerprints were also collected
because both of these phenomena seem to be affected in a systematic
way. For these two variables one would also like to know what the
expected midparental value would be so that apparent exceptions, i.e.,
cases within the normal range, could be compared with the family norm.
With such data in hand one could also study whether the effects covary or
whether some children show a more marked effect in mental retardation
or in lower ridge counts or reduced height (for XYY or XXY increased
height).

This method of comparing the intelligence of probands with the results
for parents and siblings has recently been used by Berman and Ford
(1970). The following multiple regression equation was computed for
fifty-one normal siblings:

Intelligence = 18,641 + 0.4894 (mother’s IQ) + 0.06308 (mother’s age)
+ 0.1673 (father’s IQ) - 1.5452 (birth order rank)
— 1.8235 (sex) + 0.04764 (mean IQ of normal sibs).

Father’s age at the time of birth, geographical location, and age of the
child did not contribute significantly. This equation gave a multiple
correlation of 0.70 which accounted for 49 percent of the variance. After
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expected 1Q scores were calculated for the probands, the 1Q loss was
estimated by subtracting the observed IQ scores from these expected
scores. The average IQ loss for PKU cases, even though they had been on
a diet since shortly after birth, was 11.53 points, while for the children
with blood phenylalanine levels below 20 milligrams percent, the so-
called ‘““variants,” the average observed score was 3.24 points higher than
the predicted average. A group of seven children with transient elevated
phenylalanine levels had an average loss of 0.71 points. Analysis of
variance resulted in a P-value smaller than 0.005.

Adequate family data on intelligence would also permit study of sex-
linkage and dominance variance. An answer to the question of whether
distinct special mental abilities, such as spatial visualization, marked
numerical ability; artistic talents, and so on, are in part controlled by
separate sets of genes or whether these all reflect a common ‘‘general”
genetic effect, perhaps merely due to an absence of deleterious genes
lowering intelligence and health could also be obtained.

Now let us turn to the three questions listed in the beginning.

1. Are There Racial Factors in Intelligence?

Of all black families in the United States, 40 percent are ‘“poor”
according to Social Security Administration criteria, whereas the figure
for white families is only 11 percent (Comer 1967). As far as I know, no
studies have been made of the relation between IQ and family size
specifically within the black population. However, I would expect it to be
roughly the same as for whites. For instance Lee and Lee (1952) did find
that fertility rates of blacks were affected in ways very similar to those of
whites of comparable socioeconomic status, education, and urban-rural
residence. Whelpton, Campbell, and Patterson (1966) found that non-
whites desire no more offspring than whites, but do delay using con-
traceptives, or use them inefficiently. Nonwhites who have little educa-
tion or have only ever lived on farms bear atypically large numbers of
children. On the other hand, they found that the fertility of nonwhite
women having either a high-school education or no southern farm back-
ground resembles that of comparable white women. This suggests that
when migration of blacks to the North has passed its present peak, the
black differential birthrate will tend to disappear. Moreover, the condi-
tions in the South that favor migration to the North are beginning to
change, so that urban ghetto formation in the North may not surpass the
existing situation. When considering the effect of the differential fertility
of blacks compared to whites on the distribution of intelligence in the
United States, it would be useful to have some hard facts about the nature
and origin of differences in IQ distribution in the two groups, but such
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information is unfortunately still incomplete. The problem is badly com-
plicated by the simultaneous existence of large economic, educational,
and cultural differences between blacks and whites — the very factors
known to affect present ability measures. A good deal of the research on
this topic of “race differences in ability’” has been of poor quality because
these complications have not been adequately dealt with, which is not to
say that they can be easily controlled. Eliminating the effect of environ-
mental factors, for instance, by matching selected black and white sub-
jects on income and education of the parents and grandparents, would
probably also eliminate a substantial part of the differences in ability
distributions observed in studies in which no matching is used. Yet, such
matching can usually be criticized as inadequate or begging the question.
I will not discuss here the difficulties of defining race. This has been done
admirably by Spuhler and Lindzey (1967), Gottesman (1968), Thoday
(1969), and Vernon (1969).

Evidence from cross-cultural studies in other parts of the world has not
been informative about racial differences. The major findings from such
studies have been that nonacculturated African adults do very poorly on
Western ability measures, mainly because of basic difficulties of motiv-
ation and lack of understanding of the testing situation. But they also
found that African children who have gone to Western-style schools do
about as well as white children. I would like to describe briefly a few
studies that demonstrate why the available studies from Africa cannot
help us at present.

Mundy-Castle (1966) showed Ghanaian children four drawings in
which different cues were used to suggest distance or perspective and
asked them to describe what they saw. Many children failed to see
distance because the Western convention of abstract representation of
distance by converging lines or by depicting distant objects as smaller is
not familiar to them. It would be extremely interesting to repeat a similar
study with photographs or film strips rather than schematic drawings.

This work was a partial replication of a study by Hudson (1960), who
found that Bantu school children and teachers in South Africa did as well
as white children on a test of depth perception, but that adult Bantus of
various low levels of education did not see depth in drawings. A sample of
white laborers also did very poorly.

There have been several studies of the accuracy of size estimation in
different cultures. Winter (1967) summarized unpublished studies of size
constancy by Renning in which the amount of texture in the setting of the
study was varied. African subjects did very well on this task, performing
even better when the terrain varied in texture than when it was bare and
open. Several white and African groups living in similar settings were also
studied. Figure 7 shows a comparison of the average error of each group.
The Bushmen did far better than any other group. There was no meaning-
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ful difference between noneducated and educated Bantus, nor between
the latter group and white members of the National Institute of Personnel
Research (Johannesburg) staff. Yet white optometry students did con-
siderably poorer — perhaps because, due to their training, they were too
aware of possible sources of errors.
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Figure 7. Mean algcbraic error in size constancy for five groups

In many cross-cultural studies the validity for that culture of the
psychological tests was not ascertained. My earlier discussion has shown
that validity in the American culture is no guarantee of validity in another
culture. In recent years investigators have become more aware of this
restriction and have at times started their research program by demon-
strating the validity of their test for the culture under study.

The largest cross-cultural study of psychological variables attempted so
far is reported in a monograph by Segall, Campbell, and Herskovits
(1966). Prompted by an environmentalist hypothesis, they focused
within this framework on ecological factors such as the prevalence of
open vistas compared to dense vegetation in the subject’s habitat and the
frequency of ‘“‘carpentered” (that is rectangular) structures. Ethnic
samples studied came from fourteen locations in Africa (including one
group of European extraction): one sample came from the Philippines,
two from the Australian aborigines, and three from the United States.
For several of the tasks, Europeans were most subject to the illusion,
while some “primitive” cultures performed much more accurately. There
were strong differences among various ethnic groups in their response to
diagrams that evoke visual illusions in Western subjects. In view of these
findings, can we expect that materials even more structured by Western
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cultural traditions, such as conventional intelligence tests, can be
culture-fair? Yet it is possible to obtain interesting results by relating
differences in performance to ecological and cultural differences among
groups.

Perhaps the most thorough study to date of the ecology and culture of a
group of people, conducted in such a way that appropriate psychological
experiments could be performed, is the study in central Liberia by Gay
and Cole (1967). A few of the findings relevant to our topic are reviewed
here.

Kpelle culture was studied intensively to provide a basis for recom-
mendations concerning necessary adaptations of Western educational
curricula. An analysis of the language revealed the absence of some
concepts, without which the customary teaching of arithmetic degrades
to rote learning. For instance, while the Kpelle language does have the
concept of sets, the distinction between countable and uncountable nouns
is less clear than in English. We say ““a house” or “house,” but “water,”
and not ““a water.” In Kpelle such a distinction has to be supplied through
the context.

One experiment demonstrated the Kpelles’ lack of proficiency in clas-
sifying objects into different sets. After adults and children had used one
principle to sort cards with designs differing in color, number, and form,
into two categories, they found it difficult to sort according to another
category and very difficult to do so according to a third principle. Yet no
special preference was shown for any of the three categories; it was the
change of category that produced the difficulty.

Similar findings suggest other problems in teaching arithmetic by con-
ventional methods. Thus, the Kpelle language includes words for one
through ten, for 100, and a borrowed term for one thousand, but only a
few ordinal terms; fractions are described by elaborate construction,
indicating the infrequent nature of their use. Familiarity with arithmetic
is uncommon, and somewhat of a trade secret of merchants. Yet, the
smaller numbers are quite familiar, as was shown by some experiments on
number recognition. Ten piles of stones with from ten to 100 stones were
shown in the same random order to adult Kpelles and to several groups of
Americans. Subjects were asked to estimate the number in each pile. The
Kpelles were more accurate than the Americans. However, after one
group of Yale students was told the number of stones in a pile containing
sixty, their performance improved up to the Kpelle standards.

When a pattern of random dots was briefly exposed, Kpelle and
American children gave very similar results when asked to estimate the
number of dots. However, unlike Americans, Kpelle subjects do not
seem to use patterns of grouping such as 2 X 4, and therefore do less well.
Apparently they are not as familiar with the multiplication tables.

Until recently the Kpelles did not have a money economy; they used a
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system of barter. This means that they are more accustomed to consider-
ing the relative value of various amounts of commodities than to quantify-
ing everything in the way Westerners do. Another experiment demon-
strated this: when Kpelle and American subjects were asked to estimate
the number of cups of rice in several containers, the Kpelles did better.
Kpelle adults also did better at estimating the length of a stick. Lest one
think that these findings are peculiar to Africa, similar conditions exist in
other parts of the world and existed in Europe before general education
became universal. We must conclude for the moment that neither studies
from the United States nor those from other parts of the world provide
useful information about the comparative intelligence of blacks and
whites.

Witty and Jenkins (1936) summarized the results of five studies com-
paring skin color and 1Q in which essentially no correlation was found, as
shown in Table 7.

Table 7. Correlations between IQ and skin color

r N Author

-0.144 115 Herskovits

+0.044 91 Peterson and Lanier
-0.18 49 Peterson and Lanier
+0.09 760 Mathaisen

—-0.096 139 Klineberg

Source: Witty and Jenkins (1936).

Heyns (1963) has used abdominal decompression to reduce lower back
pain and tension in pregnant women and to ease labor during delivery.
This treatment consists of spending up to an hour a day in an iron lung
type of device placed over the stomach. At first it seemed that this raised
the mental development of babies of treated mothers (see Figure 8). A
later study in which treatment was assigned randomly showed no such
effect. The author suggested that the difference found in the earlier study
was probably due to a self-selection factor on the part of mothers opting
for the treatment (Liddicoat 1968). An incidental finding was that there
was no racial difference between whites and Bantus (see Figure §).

Bachman (1970) recently published the results of a large study of high
school students. He found that blacks in integrated schools had almost the
same distribution of intelligence test scores as whites, while southern
segregated blacks had lower scores (see Figure 9).

Lesser, Fifer, and Clark (1965) reported some very interesting find-
ings. They studied the effect of socioeconomic studies on four ability test
scores and quite by accident found parallel profiles for middle- and
lower-class children although the profiles differed between four ethnic
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groups (see Figure 10). Stodolsky and Lesser (1967) have since repli-
cated these profiles in Boston (the original study was done in New York
City). Even more impressive is the fact that Flaugher (1971) has found
similar profiles in eleventh grade students from Los Angeles, even though
several of his ethnic groups were defined somewhat differently. His
results are compared to those of Lesser in Figure 11. The possibility of
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Figure 10, Comparison of test performance of children from middle and lower class and
different ethnic groups. Source: Lesser, Fifer, and Clark 1965
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within-race differences between various abilities is not an entirely new
idea but it has not been systematically studied.

Figure 12 shows some suggestive profiles combined from two separate
papers for this presentation. They suggest that American Indians and
Eskimos may be especially good at spatial visualization.

Figure 13 is an attempt to make more concrete some ideas about
possible environmental influences on the reaction range for intelligence.
A poor environment may affect individuals with a more promising geno-
type less than those with a “poorer” genotype, while A and B show two
possible models for the effect of improving the environment on varying
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Figure 12. Performance of thirty native Alaskan college students and 100 Navaho youths
compared with WAIS norms (Hanna, House, and Salisburg 1968; Howell, Evans, and
Downing 1958)
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genotypes. The average environment may not have a differential effect
on different genotypes. These are just speculations. We have little or no
data which would help us to evaluate these five models. One problem s the
difficulty of determining the genotype independent of the environment.

In the Louisville twin study some black twins were included. When F
ratios between fraternal and identical twins were calculated separately
for the black and white twins, the following distribution of values, shown
in Table 8, were obtained (Vandenberg 1970b). These results are dif-
ficult to interpret, especially since the raw data were not saved, but
perhaps they indicate that the environment of black twins does not lead to
the same increase in fraternal compared to identical within-twin-pair
variance as in whites.

Table 8. Significance of F ratio between DZ and MZ within pair variances for Negro and
white students

F is greater than 1.00 Total
F is less signifi-
than 1.00 ns. P<10 P <05 P <02 P <01 P <005 P <001 cant

Negro 5 9 2 1 3 0 0 0 6
White 2 5 2 2 0 1 1 7 13

Source: Vandenberg 1970.

Recently Scarr-Salapatek (1971) has provided much more massive
evidence for the lack of generality of heritability estimates in her analysis
of test scores of lower- and middle-class black and white twins enrolled in
1968 in the Philadelphia public schools. The analysis was complicated by
the fact that MZ and DZ twin correlations had to be estimated from
correlations of opposite-sexed and same-sexed twins, because zygosity
diagnoses through bloodtyping or other means were not available. This is
now being corrected but no data are available from that analysis at this
time. She reported the heritabilities for lower-class (disadvantaged) blacks
and whites and for middle-class blacks and whites shown in Table 9. The
dashes indicate that the same-sexed and opposite-sexed correlations were
notsufficiently different (in several casesthe latter were higher),so thatthe
heritabilities could not be estimated but were probably close to zero.

Table 9. Heritabilities for verbal and nonverbal test scores of lower-class and middle-
class black’s and whites

Verbal test score Nonverbal test scores

black  white black  white
Lower class 0.309 — — —_
Middle class 0.651 0.436 0.580 0.038

Source: Scarr-Salapatek 1971.
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A different analysis performed by Scarr-Salapatek (1971), based on
the opposite-sexed pairs, permitted estimation of the percentages of
genetic and environinental variances within and between families for the
verbal and nonverbal test scores. The results of this analysis are displayed
graphically in Figures 14 and 15. They do lend some support to the idea
that fraternal within-pair differences are smaller in disadvantaged
families, probably as a result of reduced stimulation.
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Figure 14. Percentages of genetic and environmental variance within families and be-
tween families for nonverbal ability. Source: Scarr-Salapatek 1971

In an interesting investigation of Australian aborigines de Lemos
(1966, 1969) used some of Piaget’s tasks to study the acquisition of the
concept of conservation in children aged eight to fifteen years.! De Lemos

! It would take too much space to describe Piaget’s theories about the emergence of the

basic concepts of conservation of matter, of space, time and so on. However, it has been
shown by many investigators that there is a good deal of cross-cultural comparability of the
sequence of stages that Piaget has observed. In part, this is due to the fact that these stages

represent inherently logical steps, so that succeeding steps require achieving the earlier
ones.
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Figure 15. Percentages of genetic and environmental variances within families and be-
tween families for verbal ability. Source: Scarr-Salapatek 1971

visited two isolated mission stations; one at Hermannsburg, founded in
1877 near Alice Springs in Central Australia, and one at Elcho Island,
founded in 19422 in the northeast of Arnhem Land (see Figure 16). After
much preliminary work in which the culture and the tasks were explored,
she tested eighty children at Hermannsburg and sixty-six at Elcho Island.
Sessions were conducted in English after it had been established that the
terms and concepts could be expressed in the native language, some
protocols were tape-recorded to increase objectivity and comparability in
questioning and scoring. Occasionally the native term was used where the
child appeared to have difficulty understanding the English term.

Figure 17 summarizes her findings for both groups in terms of the
percentage of children of each age that had developed the concept. It is
clear that even by age fifteen many of the children had not yet reached the
stage described by Piaget as crucial in the development of intellectual
schemata necessary for logical operations.

2 Schools have been in operation at Hermannsburg since 1880 and at Elcho Island since
1942.
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Figure 16. Approximate location of Elcho Island and Hermannsburg

It might be objected that these findings can be explained by the poor
health, inadequate environment and absence of motivation of the sub-
jects. However, there is an additional finding.

Of eighty children at Hermannsburg, thirty-eight had some admixture
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Figure 17. Percentage of Australian aboriginal children aged eight to fifteen years who
demonstrated the concept of conservation in six areas (De Lemos)
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of white ancestry. Table 10 shows the percentage of white ancestry of
these thirty-eight children.

Table 10. Distribution of children of mixed ancestry

5/16  4/16  3/16 2/16 1/16

1 8 4 22 3

When the results for thirty-four of these children are compared with those
for thirty-eight® of the children without white admixture, the results
tabulated in Table 11 give evidence that smaller percentages of the pure
aboriginal children had developed the concept than had children of mixed
ancestry. (In an interesting remark in her doctoral dissertation, the
author suggested that admixture of Malay ancestry had the same effect as
admixture of white ancestry.)

The influx of white genes occurred three or four generations ago and
the cultural impact of these brief encounters is thought to have been
minimal, affecting the women in question probably only very little more
than other members of the tribe. For this reason, the conclusion of the
author, that all children had an equal opportunity for exposure at the
mission site to Western influences, seemed amply justified.

However, de Lacey (1970) published a study which suggested that
cultural influences may be important after all. He found that thirty-four
pure aboriginal children who lived in close contact with whites performed
at about the same level on four Piagetian tasks as seventy white children
in a similar low socioeconomic environment. In a followup study de Lacey
(1971a) obtained scores on two of these tests for another forty pure
aboriginals. The combined results could now be compared with those of
the whites. Figure 18 shows comparison of the percentages of operational
answers on the Progressive Matrices and the Nixon test for the two groups
by age. The Nixon test consists of Piagetian tasks. On neither the Matrices
test nor the Nixon test was the difference significant (chi squares were
3.24 and 248, d.f. = 6, P>0.50). De Lacey also found that the second
sample of forty aboriginals did significantly poorer than a separate group
of eighty white children of low socioeconomic status on the Peabody
picture vocabulary test which suggests that problems of verbal com-
prehension may have lowered performance on the other tasks.

In a later study de Lacey (1971b) obtained results that were less clear
cut. They suggested an ethnic difference as well as a cultural contact
factor. In this study de Lacey compared low socioeconomic rural children
of European descent with part-aboriginal children living in town andon a

3 To minimize the influence of age, four eight-year-old full-blood and four fifteen-year-old

part-blood children were excluded.
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reserve. On a Piagetian type classification test the mean percentages of
operational responses were 31.06, 21.79, and 12.12. All three means
differed significantly from one another. (Differences on the Peabody
picture vocabulary test were smaller but also significant.) De Lacey
concluded from this finding that rural part-aboriginals are too
heterogeneous a group to be considered a single population. It does not

Table 11. Comparison of part-blood and full-blood children

1. Younger age group 8-11 yrs

Number showing

Test conservation x: Yates Significance
correction level
Full-blood Part-blood
N =25 N =17
Quantity 2 6 3.279 A* 0.05<P<0.10
Weight 9 11 3.343 0.05<P<0.10
Volume 0 5 5.778 A P<0.05
Length 10 10 1.437 .S.
Area 1 4 2.053 A n.s.
Number 0 4 4,058 A P<0.05
2. Older age group 12-15 yrs
Number showing
Test conservation xt Yates Significance
correction level
Full-blood Part-blood
N =17 N =21
Quantity 2 15 13.527 P<0.01
Weight 7 17 4.793 At P<0.01
Volume 2 4 0.0272 A n.s.
Length 3 13 5.843 A P<0.05
Area 2 8 2.138 A n.s.
Number 3 8 1.045 A n.s.
3. Combined age groups yrs
Number showing
Test conservation x? Yates Significance
correction level
Full-blood Part-blood
N = 38* N = 34
Quantity 4 18 15.214 P<0.01
Weight 16 25 7.227 P<0.01
Volume 2 8 3.595 At 0.05<P<0.10
Length 12 20 5.365 P<0.05
Area 3 10 4.255 A P<0.05
Number 3 9 3.22 A 0.05<P<0.10

A indicates Yates correction applied.

Four eight-year-old full-blood children and four fifteen-year-old part-blood children
excluded. See text for explanation.
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seem that this possibility invalidates the findings of an ethnic difference
between the groups.

Dasen (1972) replicated De Lemos’ study very closely using similar
subjects and some of the same tasks. He confirmed De Lemos’ observa-
tion (1972:76) that there was no detectable difference between full and
part aboriginal children in “living conditions, attention received, educa-
tion, health or any other environmental condition.” Part of his study dealt
with the relative success on conservation of quantity, weight and volume
which does not concern us here. The results that are relevant are summar-
ized in Table 12. On all but one task, there were no significant differ-
ences.
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Figure 18. Performance of white and aboriginal children on two classification tasks.
Source: de Lacey 1971a

Dasen reviewed several possible explanations for the discrepant
results. He rejects differences in sampling, in test materials and tech-
niques, as well as experimenter bias, selective improvements over the five
years between experiments or different abilities between families from
which children were drawn. He concludes that environmental influences
are important. This conclusion was strengthened by a study (Dasen, de
Lacey, and Seagrim (1972) in which aboriginal children adopted or
fostered by European descent families performed at nearly the same level
as middle-class European children.
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Table 12. Comparison of the number of part-aboriginal and full-aboriginal subjects
classified at stage 3

Tests N Full-Abor. Part-Abor. 2 P

(in each

group)
Quantity 31 11 13 0.2718 n.s.
Weight 31 4 8 0.9238* n.s.
Volume 31 6 7 0.0000* n.s.
Length 1 28 14 8 2.6880 n.s.
Length 2 28 5 4 0.0000* n.s.
Length 3 28 4 3 0.0000* n.s.
Seriation 28 14 15 0.0672 n.s.
Orders 15 10 11 0.0000* n.s.
Rotation 28 7 11 0.7336° n.s.
Horizontal 31 8 14 2.5296 0.05<P<0.10

Source: Hermannsburg, reduced sample, matched on age.
* Yates correction for continuity applied.

2. Are There Socioeconomic Differences in Intelligence?

The answer seems to be a clear “yes.” Stewart (1947) reported the mean
(and upper and lower quartile) scores on the Army General Classification
Test for white enlisted men from 227 civilian occupations. There was a
high correlation between the socioeconomic status of their occupations
and the test score. The same findings have been reported from many
other countries such as France, Germany, England, Holland, and Bel-
gium. There are also regional differences in the average intelligence of
children, especially in countries where there is less social mobility. Figure
19 shows the mean scores on a number of tests for children from five
regions of the German-speaking part of Switzerland as well as for chil-
dren whose fathers fall into five socioeconomic groups. It would be
interesting to try to relate the extent of socioeconomic differences in
intelligence to the “openness” of each country’s higher education. Unfor-
tunately truly representative data for these variables may be difficult to
obtain.

As long as we have touched on regional differences, it is interesting to
note the report of Schreider (1969) who found a correlation of —0.52
between the average inbreeding coefficient for each district of France and
the average composite score on a battery of intelligence tests adminis-

tered to all recruits. It might therefore be necessary to control for regional
differences in inbreeding in population studies, such as the one just
suggested.
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Figure 19. Mean — scores on eight mental tests of eleven year olds by regions and father’s
occupation in the German-speaking part of Switzerland. Source: Meili and Steiner 1965

3. Is the National Average IQ Declining?

Shockley (1970) has argued that there may be a considerable genetic
factor in mental ability. He has also expressed concern that the national
intelligence level may be lowered by the higher-than-average reproduc-
tive rate of the poor. Higher birthrates in the lower classes were reported
as early as the seventeenth century, but intelligence test scores have been
available only since about World War I. Anastasi (1956) concluded that
there was no indication that the higher birthrates and lower intelligence
scores of the lower social classes will, in fact, gradually depress the
intelligence of the population.

The empirical evidence that there is no lowering of intelligence is
sparse. The main support comes from a report published in 1949 by the
Scottish Council for Research in Education on a comparison of the 1932
and 1947 surveys of the intelligence of eleven-year-old pupils. Almost
90,000 children were tested in 1932, and almost 71,000 in 1947. They
were given an identical group-administered paper-and-pencil test, and
the average score was 34.5 in 1932 and 36.7 in 1947.

In each survey a subset of children (1,000 in 1932 and 1,200 in 1947)
was also tested individually with a Binet test, making it possible to

calculate regression equations and allowing conversion of the group-test
scores into 1Q estimates. After converting the scores on the group test
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into IQ scores, the results for the two years showed a small increase for
boys (0.62 IQ points) and an almost equal decrease for girls (0.67) over
the period. Anastasi questioned whether this procedure gave any better
understanding than did the original results, but her criticism would not
affect the Scottish investigators’ conclusion that there had been no
decline in intelligence in recent times. This inference certainly seems

warranted, even though the time interval from 1932 to 1947 was a rather
short one.

The report of the Scottish investigators also provided a good illus-
tration of the negative correlation between intelligence test score and the
size of the family in which children are reared. Anastasi pointed out that
the negative correlation between children’s IQ and the number of
brothers and sisters they have may be partly due to the fact that many of
the families included in such studies are incomplete. Some of the high-
scoring children from small families may actually belong in one or
another category of larger families where they would raise the average
IQ. Anastasi also called attention to the fact that, although a negative
relation between the size of sibship and IQ is well established, in all
studies in which parental IQ correlated with number of offspring the
relation was positive. (These studies were usually of small, selected
samples.)

Further evidence of the fact that the relation between the size of sibship
and IQ differs from the relation between the number of offspring and IQ
comes from studies by Higgins, Reed, and Reed (1962), Bajema (1963),
and Gibson and Young (1965). Higgins and his associates found a
bimodal distribution for the number of children born to persons of
different IQ levels, with greater number of offspring for the higher and
the lower IQ levels. Gibson and Young (1965) in Great Britain also
found a bimodal distribution of the number of offspring for different IQ
groups. Bajema (1963) studied the reproductive pattern of 969 whites
born in 1916 or 1917 who were given an intelligence test as sixth graders
in the Kalamazoo (Michigan) public schools. He found no simple nega-
tive correlation but rather a curvilinear relation between the number of
offspring and IQ. The correlation between the IQ of an individual and the
number of offspring was 0.05, even though the relation between IQ and
the size of the family the individual came from was —0.26. To take the
age of death of deceased individuals into account, Bajema (1963) also
calculated the intrinsic rate of natural increase and the relative fitness
of the five IQ groups. (These are two technical indices from population
biology in which a correction is made for the fact that an individual
who dies young may not leave as many children as someone who lives
longer.) These results, presented in Table 13, show even more clearly
that in this population there is a positive relation between 1Q and fer-
tility.
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Table 13. The relation of 1Q to the intrinsic rate of natural increase and relative fitness,
using the average number of offspring as the measure of population growth

Intrinsic rate of Relative
IQrange natural increase fitness
=120 0.008885 1.0000
105-119 0.003890 0.8614
95-104 0.000332 0.7771
80- 94 0.007454 0.9484
69- 79 0.010001 0.5774

Source: Bajema 1963.

In a more recent study Bajema (1971) found a nonsignificant correlation
of 0.04 between completed fertility and intelligence for the 1,533 persons
studied in the Third Harvard Growth Study (see Table 14).

Table 14. Mean number of children and IQ ranges for 1,533 person studied in the Third
Harvard Growth Study

IQrange Number of Mean number
persons of offspring

=120 206 2.17
105-119 421 2.24
95-104 392 2.14
80- 94 420 2.08
79 94 1.87
Total 1,533 2.14

Finally, Waller (1971) found very similar results indicating higher fertil-
ity for the most intelligent and considerably reduced fertility for the
lowest 1Q group in a Minnesota group, consisting of relatives at least
three degrees removed from 1,500 patients in the Minnesota State School
and Hospital, for whom IQ scores were available for both parents and
with the mother born between January 1, 1918 and December 31, 1927
(see Table 15).

Table 15. Intrinsic rate of natural increase (r,) in relation to IQ scores for a Minnesota
cohort born between 1st Jan. 1918 and 31st Dec. 1927.

IQrange N I'm
131-150 17 0.0299
116-130 132 0.0198
101-115 303 0.0213
86-100 200 0.0205
71-85 36 0.0211
56-70 11 0.0188

Source: Waller 1971.
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That there is no real reason to worry about a decline of ability in the
population, even if the so-called upper classes were to fail completely to
reproduce, is shown convincingly by the results of a Belgian study by
Nuttin (1965). The author analyzed the performance on four ability
factors of 1,514 children whose parents were in the following socio-

economic strata: (a) upper-class occupations, most of which require
graduate, professional, or higher technical training; (b) middle-class
occupations generally requiring a completed secondary school education;
(c) lower middle-class occupations requiring only three years of secon-
dary school; (d) skilled manual occupations; and (e) unskilled occupa-
tions. Four abilities — vocabulary, number, perceptual speed, and spatial
visualization — were measured by a Belgian adaptation of Thurstone’s
primary mental abilities scale for the five-to-seven year age range. The
number of children in each of the five strata was 91, 226, 343, 457, and
397. The average scores on the four abilities for each group are shown in
Table 16. (In order to allow a direct comparison, the means have been
converted here to percentages of the possible maximum score, which
varied among the four abilities.)

Table 16. Mean scores for five socioeconomic groups on four abilities, expressed as
percentage of maximum score

Ability

Socioeconomic Number Perceptual Spatial
Group Vocabulary ability speed visualization
1 (Highest) 62.9 52.8 43.7 49.6

2 56.9 44.0 49.7 50.8

3 529 38.8 353 45.8

4 46.9 33.6 23.7 40.0

5 (Lowest) 44.3 30.0 26.0 35.8

Nuttin also calculated the proportion of children from each of the
socioeconomic backgrounds who scored in the top 10 and top 20 percent
of the total distribution (see Figure 20). It is clear that loss of Group 1
would not lead to serious consequences for the distribution of intelli-
gence, because nearly 85 percent of the top-scoring children come from
middle- or lower-class homes. The elimination of the majority of the
upper class during the French and Russian revolution exemplifies this
situation and does not seem to have affected the ability distribution in
these countries.

Further evidence related to social mobility and the presence of over-
lapping ability distributions in offspring of fathers from different
socioeconomic groups comes from a study by Cliquet (1963, 1968) in
which 3,621 Flemish recruits were measured according to seven abilities.
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Figure20. Contribution of five socioeconomic groups (A, Ba, etc.) to the top 10 percent of
children for four ability factors. Source: Nuttin 1965

While there was a clear-cut relation between socioeconomic status and
the scores on the seven ability measures, there was at the same time much
overlap between the abilities of recruits from different socioeconomic
origins (see Figure 21). In fact, for most of the seven abilities those scores
for the lowest group that are one standard deviation above their group-
mean fall above the mean score obtained by all groups of higher
socioeconomic origin. In other words, assuming normal distributions,
one-sixth of the members of the lowest group scored above the mean for
the highest group. Cliquet’s data also permit us to ask whether the
differences in ability among various classes are similar for all seven
abilities or whether some abilities are more affected than others. My
recalculation of Cliquet’s data shows that socioeconomic status affects
vocabulary most and mechanical reasoning least. It seems probable that
these findings may hold true, if perhaps with less clarity, for other coun-
tries besides Belgium, where the class distinction may be greater than in
the United States.

The apparent paradox of a negative correlation between a child’s IQ
and the number of siblings of that child, but a positive correlation be-
tween parental IQ and number of offspring can best be understood as
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being due to a psychological effect. Growing up in a larger family appar-
ently has a tendency to depress intelligence. Several other facts support
this hypothesis. First, we frequently read that the oldest child in a family
tends to have a higher average ability score when compared with children
in the second, third, and later positions. Second, twins have been found to
have slightly lower average IQs just as do closely spaced siblings (Gille
et al. 1954; Tabah and Sutter 1954). This effect is more pronounced on
measures of verbal ability than of nonverbal ability, as shown for twins by
Koch (1966) and for siblings by Scott and Nisbet (1955); these findings
suggest that it is again the lessened opportunity for verbal contact with
adults that is responsible.
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Figure 21. Mean scores (and range of one standard deviation above and below the mean) for

seven ability measures of Flemish recruits from nine socioeconomic levels (after Cliquet
1963)

Geneticists would argue that it may not even be necessary to invoke
such a psychological effect to deny that we need worry about a decline in
intelligence. Penrose (1948, 1950a,b) has shown that a negative correla-
tion between IQ scores and number of children need not lead to a decline
over time in the intellectual level of the population, because some parents
of average or even borderline IQ have children of above average ability.
Intelligence is presumably controlled by so many genes that average and
below-average individuals, will carry a number of genes for high ability
which at times will be transmitted to their offspring. In addition, high
ability may be due to a particular constellation of genes which can be



Current Directions in Behavior Genetics 97

produced just as often by the combination of genes or two low ability
parents as of high ability parents.

In recent years the difference in birthrate between various socio-
economic groups has narrowed in both Great Britain and the United
States (Benjamin 1966). For example, the ratio between the family size
of college graduates and the family size of those who failed to complete
elementary school has decreased from 2.4 to 1.4. A similar trend was
reported for Japan, where the standard deviation of the average family
size classified by father’s occupation dropped from0.90 in 1955 t00.16 in
1960, while the average dropped from 3.0 to 2.3 (Kimura 1966). Perhaps
we may expect increasing industrialization to produce similar trends over
the entire world.

If populations continue to grow, with a differential rate for socio-
economic (and/or intelligence level) groups, the question raised by
Shockley may still become a pressing one. Premiums for not having
children or fines for having retarded children have been proposed but
more subtle methods may have to be devised. What form might these
take? The novelist Anthony Burgess has suggested in his novel The
wanting seed (1964), a future in which homosexuality is officially encour-
aged and in which completely artificial wars are held on special reserva-
tions. Bernard Wolfe (1953) described in his novel Limbo 90, a future in
which young men have their legs amputated to escape service in such
artificial wars. Surely such nightmares must be avoided and we have to
consider alternative options that may be available.
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Effects of Isolation on Genetic
Variability: Macaque Populations as
Model Systems

LAURA NEWELL MORRIS and PETER E. NUTE

INTRODUCTION

In studying the genetics of one or a group of organisms, it is all too easy to
adopt an atomistic point of view, focusing, for example, on a few loci
whose products are readily detected by biochemical means. This
approach is understandable, especially when applied to human popula-
tions, since the investigator is often hampered by lack of time and person-
nel and cannot obtain data relevant to more than a few genetic parame-
ters. In addition, some physical anthropologists and population geneticists
share the attitude, traceable to the early use and overuse of blood groups
as surrogates for anthropometric measurements, that as much informa-
tion can be gained from the study of a few genetic loci as might be
obtained from a more broadly based investigation.

One outgrowth of this restricted approach is the tendency to regard
organisms as simple sums of the discrete effects of genes at unrelated loci.
This view completely disregards the fact that organisms and/or popula-
tions comprise highly complex, well-integrated biological systems.
Although several theorists have stressed the evolutionary importance of
gene interaction and coadapted gene complexes with respect to both
individuals and populations (Birdsell 1972; Mayr 1963), the results of
genetic analyses are seldom couched in holistic terms.

Of great importance to the present analysis is the concept that the
survival value of any particular gene depends not only upon those
environmental conditions external to the organisms in question, but also
upon the compositions of the genomes and gene pools in which the gene
exists. This unifying view implies that all traits are, in a broad sense,

Supported in part by the United States Public Health Service National Institutes of Health
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polygenic, and underlies our assertion that genetically complex and
simple Mendelian traits should share many similarities in their responses
to conditions that alter gene frequencies and generate or restrict varia-
bility in natural populations. Our hypothesis is supported by the consis-
tent results of those few studies in which serological and/or biochemical

analyses were combined with observations of gross morphology (Birdsell
1950; Pollitzer 1958).

Figure 1. The geographical distributions of the mainland and insular macaques discussed

in this paper. Only the two groups of M. fuscata can be specifically located within the range
depicted (inset)

We have chosen several species of the genus Macaca as the subjects of
our study (see Figure 1). Three reasons underlie this choice: (1) a large
body of data derived from comparative genetic studies of different
species, as well as of different populations of the same species, is available
for analysis; (2) macaque populations are well suited to the study of the
effects of isolation on the compositions of gene pools and provide a model
for the analysis of similar effects in human populations; (3) the results of



Effects of Isolation on Genetic Variability 107

these studies provide information of importance to the study of human
evolutionary history.

We shall discuss the extent to which variability generated in part by
gene duplication, variability produced by alleles at single loci, and varia-
bility manifested in a system of morphological traits are differentially
distributed among mainland and insular populations of macaques.

ANALYSIS OF DATA

Macaque Hemoglobins: Correlation of Phenotype with Genotype

The existence of duplicate loci provides a source of genetic variability of a
different nature from that ascribed to multiple alleles at a single locus.
While one can readily infer genotype from phenotype in most cases of
multiple allelism, the introduction of duplicate loci often renders such
correlations difficult. This problem is encountered in the case of the
hemoglobin a chains of several species of Macaca. By first considering the
hemoglobin phenotypes of animals in which duplicate a-chain loci are
known to exist, we shall construct a model whose application permits
assessment of a-chain genotypes according to the hemoglobin pheno-
types found in several species of macaques.

The basic elements of our model are derived from consideration of the
frequencies and kinds of hemoglobin phenotypes in Macaca arctoides (=
speciosa). Kouba and Kitchen (1970) found that each of 150 macaques
(M. arctoides) had electrophoretically fast (Hb F) and slow (Hb S)
hemoglobins which differed in the structures of theira chains. In addition,
Ishimoto et al. (1970) found 189 FS phenotypes among 191 animals of
this species; the remaining two individuals had Hb S alone.

The large proportion of apparent heterozygotes (99.4 percent) among
the total of 341 animals is most readily accounted for by postulating that
the a ¥ gene may exist singly or in close linkage with the af gene, and that
nearly all members of this species are homozygous for the linked genes.
The two animals with Hb S alone are presumed to be homozygous for a
single a® allele. The latter allele must be present at alow frequency among
M. arctoides, but one might expect to find animals heterozygous for the
single a® allele and the linked a5-aF genes among 341 individuals.

How might these heterozygotes be identified when present in a group
of animals, most of which produce both hemoglobins? Presumably,
hemoglobin phenotypes of animals with one af and two a® genes would
differ from animals with two of each type of gene (that is, homozygotes
for the linked genes) according to the relative amounts of Hb F and Hb S
present in their red cells. Of the 150 animals examined by Kouba and
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Kitchen (1970), six (4 percent) had Hb F and Hb S in an approximate
ratio of 30 F: 70 S; the remaining 144 had the hemoglobinsina60F:40 S
ratio. Ishimoto er al. (1970), upon examination of 52 animals of FS
phenotypes, found that all had levels of Hb F between 55 and 75 percent,
with a majority (39) falling between 60 and 70 percent Hb F.

In the absence of any evidence that unstable hemoglobins or f-chain
variants are present, we can assume that the relative amounts of Hb F and
Hb S are proportional to the amounts of a® and af chains present in the
erythrocytes. On this basis, we conclude that the least-common
phenotype, 30 F: 70 S, is produced by heterozygosity for the linked loci
and a single a* allele and that the 60 F: 40 S phenotype is produced by
homozygosity for the linked loci.

It is tempting to assume that both partners in a gene duplication would
govern the synthesis of equal amounts of chains. Were this the case, Hb F
and Hb S would each comprise about 50 percent of the total hemoglobin
in animals homozygous for the duplication. However, quantitative dis-
parities in the amounts of hemoglobin chains produced by duplicate loci
are common among primates (Nute, Buettner-Janusch, and Buettner-
Janusch 1969; Nute and Stamatoyannopoulos 1971a, 1971b; Boyer et
al. 1969; Wade and Barnicot 1971; Huismanet al. 1972; de Jong 1971).

In short, there appear to be pronounced *“position effects” bearing on the
levels of activity of closely linked loci. This observation leads to further

refinement of our model by the introduction of two assumptions, both of
which were initially suggested by Barnicot, Wade, and Cohen (1970).
First, one of a pair of linked a-chain genes governs the synthesis of twice
as much chain as does its partner; second, two a-chain genes, when linked,
govern the synthesis of the same amount of chain as does a single a allele.
Adding these assumptions to the model, we can correlate genotypes with
phenotypes as illustrated in Table 1.

Table 1. Correlation of hemoglobin a-chain phenotype with genotype in Macaca arctoides

Phenotypes observed

(percent of each Hb) 60 F:40 S 30F:70 8 100 S

Genotypes* af al af at as
33 17 33 17 50
af al a’ al
33 17 50 50

Percent af predicted 66 33

Percent a® predicted 34 67 100

Numbers listed beneath the line representing each gene refer to the percentage of
total a chain produced by each gene. It should be noted that the contributions of the loci
residing in each of the two homologous chromosomes add up to 50 percent of the total.
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The Major Hemoglobins of Macaca fascicularis (= irus): Application
of the Model

The hemoglobins of M. fascicularis have been more intensively studied
than have those of any other cercopithecoid. Several major hemoglobins
have been described, all of which differ in the structures of their a chains.
Barnicot, Huchns, and Jolly (1966) and Barnicot, Wade, and Cohen
(1970) designated the various chains a®, a? and a*. Wade, Barnicot, and
Huehns (1970) and Boyer et al. (1972) found that the a® chains from
some animals were heterogeneous; as there are no data available on their
distributions among populations of M. fascicularis, we shall refer to them
jointly as the a* chain.

Table 2. Distribution of hemoglobin phenotypes among insular and mainland Macaca
fascicularis: number of animals of each phenotype*

Phenotype Q AQ A QP AP P AQP References

Insular

Philippines 0 118 0 0 0 0 0 Ishimoto, Toyomasu, and Uemura
1968; Ishimoto et al. 1970

Mainland
Cambodia 0 2111 O 0 0 0 Ishimoto, Toyomasu, and Uemura
1968
Vietnam 2 34 77 2 8 1 O Barnicot, Huehns, and Jolly
1966

Malaysia 0 371 8321 24 1 3 Barnicot, Huehns, and Jolly 1966;
Barnicot, Wade, and Cohen 1970;
Ishimoto et al. 1970
Thailand 1 7513211 32 3 0O Barnicot, Huehns, and Jolly 1966;
Ishimoto et al. 1970
Total
Mainland 3 482 403 34 64 5§ 3

* Only results of studies carried out after Barnicot, Huehns, and Jolly (1966) differentiated
Hb P from Hb Q are included in this analysis. The Hb’s F and S described by Ishimoto,

Toyomasu, and Uemura (1968) and Ishimoto et al. (1970), are equated with Hb Q and Hb
A, respectively.

A summary of the data on the major hemoglobin phenotypes of M.
fascicularis appears in Table 2. The absence of animals homozygous for
Hb A or Hb Q among the Philippine M. fascicularis indicates that,
whenever the a? gene is present, it is linked to the a* gene. Ishimoto et al.
(1970) measured the relative proportions of Hb A and Hb Q in fifty-
seven Philippine M. fascicularis; fifty-one animals had Hb Q in excess of
50 percent, with a mode between 65 and 70 percent. In the remaining six

macaques, Hb Q amounted to only 30 to 40 percent of the total hemo-
globin. According to our model, the two classes of phenotypes found

among Philippine M. fascicularis are produced by homozygosity for the
linked a? and a* genes (65-70 percent Q: 30-35 percent A) and
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heterozygosity for the linked genes and a single a# allele (3040 percent
Q: 60-70 percent A).

Although duplicate genes on a single chromosome are not allelic to a
single gene on the homologous chromosome in the strictest sense, the
duplicate is expected to act as such in gametogensis. Hence, it is possible
to calculate frequencies of duplicate and single genes in the same fashion
as one calculates allelic frequencies. Basing our calculations on the data
of Ishimoto et al. (1970), we find that the frequency of the duplication is
0.95. Philippine M. fascicularis thus appear to be polymorphic for the
linked and single genes, but the frequency of the single a* gene is
sufficiently low (0.05) to identify it as the atypical allele.

A third hemoglobin, Hb P, is found among mainland M. fascicularis.
The distribution of Hb P among the various phenotypes indicates that the
single a* and a® genes are allelic (Wade, Barnicot, and Huehns 1967;
Barnicot, Huehns, and Jolly 1966; Barnicot, Wade, and Cohen 1970).
The highly complex collection of phenotypes found among mainland
populations (see Table 2) might have arisen through a series of events
similar to those depicted in the following scheme:

1. Alleles in ancestral gene pool; a© a*
Duplication
2. Later gene pool contains:  a%a*

3. Contemporary gene pool contains:

Mutation \
a_ Qg4

The linked genes and single alleles segregate, according to the proposed
model, to produce the genotypes and phenotypes listed in Table 3. If all of
the genotypes listed in Table 3 were present in a group of animals, one
would expect the proportion of Hb Q in AQ individuals to vary over a
wide range, with values for Hb Q at or near 33, 50, 66, 83, and 100
percent. Because of possible overlapping of amounts of a? produced by

different genotypes (see Figure 2), calculations of gene frequencies are
subject to error.

Barnicot, Huehns, and Jolly (1966) and Ishimoto et al. (1970) mea-
sured the proportions of Hb Q and Hb A in 157 mainland M. fascicularis
of AQ phenotype. The resultant distribution of Hb Q is essentially
bimodal, with clustering about 35-40 percent and 65-70 percent (see
Figure 2). Phenotypes containing 45-55 percent Hb Q may represent
relatively small numbers of animals heterozygous for the single a* and a@
alleles, while the few animals with Hb Q in excess of 75 percent may

indicate heterozygosity for the linked a* and a? genes and the single a®
allele (see Table 3).
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Table 3. Correlations of phenotypes with proposed genotypes in Macaca fascicularis®

33

17

3 17 33

17

Genotype

33

66 Q/34 A 33Q/67A 83Q/17A 33Q/17A/50 P100 A

Phenotype

Genotype

50 P/50 Q

50Q/50 A 50 A/50P

100 P

100 Q

Phenotype

* See footnote to Table 1
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Figure 2. Percentage of Hb Q in 157 mainland M. fascicularis of AQ phenotype



112 LAURA NEWELL MORRIS, PETER E. NUTE

The large number of AQ phenotypes and the paucity of a? homo-
zygotes among mainland populations indicate that the a? gene is most
frequently found in linkage with the a® gene. Linkage of the ¢? and a#
genes is confirmed by the existence of animals witha*, a9, and aF chains,
given the allelic nature of the a* and a® genes. The proportions of Hb Q
(38 percent) Hb A (22 percent) and Hb P (40 percent) were measured in
one of these animals (Barnicot, Wade, and Cohen 1970) and are in close
agreement with those predicted by the proposed model (33 percentQ, 17
percent A, 50 percent P; see Table 3). It is likely that some Hb P was lost
during isolation of this polymerized component by gel filtration.

There are obvious discrepancies between the frequencies of QP
phenotypes reported among Malaysian M. fascicularis that cannot be
explained by our model. Ishimoto et al. (1970) described 21 QP pheno-
types among 262 animals examined; Barnicot, Huehns, and Jolly (1966),
and Barnicot, Wade, and Cohen (1970) found no QP phenotypes among
241 animals from the Malay Peninsula. It is possible that the difficulties
inherent in distinguishing the QP from the P phenotype might contribute
to misidentification, but this seems unlikely in view of the absence of
animals with Hb Q alone and the near absence of animals with only Hb P
from both Malaysian groups. Until further data derived from more exten-
sive analyses of the QP phenotypes are available, these puzzling observa-
tions can only produce speculation involving additional hemoglobin var-
iants which mimic Hb Q or Hb P in electrophoretic properties, further
duplication producing linked a? and a® genes, or gene introgression

through hybridization between M. fascicularis and neighboring species of
macaques.

Hemoglobin Variation: Insular Versus Mainland M. fascicularis

It is difficult to account for the distributions of the phenotypes found
among various populations of mainland M. fascicularis. First, there are
obvious discrepancies between the gene pools of different mainland
populations. For example, 111 of 113 Cambodian animals were homo-
zygous for the single a* allele, while most (74 percent) Malaysian M.
fascicularis had both Hb Q and Hb A (see Table 2). The frequencies of A
and AQ phenotypes in Thailand and Vietnam appear to bridge the gap
between those found in Malaysia and Cambodia.

However, when the hemoglobin phenotypes of mainland M. fascic-
ularis are compared with those of insular populations, differences in
degree of variability are observed which parallel those described below
for alleles at single loci. High levels of variability characterize that portion
of a species occupying a mainland range; insular populations show a
lesser degree of variability. Among mainland M. fascicularis, a great
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degree of phenotypic variation is produced by various combinations of
the linked a® and a? genes and the single a*, a9, and a® alleles, all of which
exist at polymorphic frequencies (>0.01). It is clear that the insular
(Philippine) M. fascicularis are more uniform than mainland groups with
respect to their hemoglobin genotypes. In some respects, their pheno-
typic identity is complete, since all possess both hemoglobins A and Q.
In this context, it is noteworthy that the hemoglobins of 217 M. fuscata
(from Japan) and 101 M. cyclopis (from Taiwan) showed no signs of
variation,; all yielded a single electrophoretic species of hemoglobin iden-
tical to that of Hb A in M. fascicularis (Ishimoto et al. 1970). However, it
may be premature to describe M. fuscata and M. cyclopis as mono-
morphic at hemoglobin loci, as more elaborate screening procedures may
demonstrate variation. For example, M. nemestrina from the Malay
Peninsula and M. mulatta, once thought to be monomorphic at hemoglo-
bin loci, show a-chain variation similar to that involving the linked and
nonlinked a* and a? genes of M. fascicularis when screened by suffi-
ciently rigorous techniques (Nute and Pataryas 1974; Basch 1972).

Allelic Variability: Insular Versus Mainland Macaque Populations

Of the many allelic systems that have been demonstrated within popula-
tions of macaques, we shall consider only those listed in Table 4. Other
systems were eliminated from consideration because (1) the number of
animals examined was so small that the absence of allelic variation did not
justify the diagnosis of monomorphism, or (2) there were difficulties in
distinguishing between the presence of multiple alleles and/or multiple
loci or in correlating phenotypes (in these cases, patterns produced by
electrophoresis of specific proteins) with genotypes.

Most variants of human proteins differ from their normal counterparts
by single amino acid substitutions whose origins can best be explained by
postulating the past occurrence of point mutations at their respective loci
(Harris 1970). Since the variation described for each type of protein
listed in Table 4 is presumed to reflect corresponding variation at a single
genetic locus, we assume that most, if not all, of the variation arose in this
way.

In general, one views alleles at a single locus as comprising a
polymorphic system if each of their frequencies in a gene pool exceeds
0.01. Electrophoretic variants present at lower frequencies are not
included in Table 4 as they may be isolated, familial abnormalities that
are in no way characteristic of the population in question. Inspection of
Table 4 indicates that mainland populations harbor more genetic variabil-
ity than do insular populations of macaques.

This difference is particularly impressive with respect to the trans-
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ferrins of M. fascicularis. The apparent monomorphism in Philippine
members of this species is striking when contrasted with the high degree
of variability apparent in mainland populations, among which there
are at least nine different transferrin alleles present at polymorphic fre-
quencies. To a lesser extent, the distributions of variant forms of
6-phosphogluconate dehydrogenase, carbonic anhydrase I, carbonic
anhydrase II, and NADH diaphorase fit the pattern exhibited by the
transferrins.

Table 4. Number of alleles present at polymorphic frequencies (>0.01)*

Insular populations Mainland populations
Genetic systems M. M. M. M.
fuscata  fascicularis fascicularis  nemestrina

(Japan) (Philippines)

Transferrin
Ishimoto, Toyomasu, and
Uemura 1967 ................ 1(260) — — —
Prychodko et al. 1969 ........... 2(394) 1(232) 9 (484) 5(274)
Lai 1972 ... ... ..., — — 7 (358) —
6-phosphogluconate dehydrogenase
(6-PGD)
Prychodko et al. 1971 ........... 1(294) 1 (156) 3 (798) 2 (450)
Carbonic anhydrase I (CAI)
Tashianet al. 1971 ............. 2(240) 1(148) 2 (794) 3 (402)°
Carbonic anhydrase II (CAII)
Tashianetal. 1971 ............. 1(186) 2 ( 32) 2 (132) 2( 58)
Methemoglobin reductase
(NADH diaphorase)
Ishimoto 1971 ................. 1(538) 1( 54) 2 (188) 3( 50)

* Numbers of alleles tested (twice the number of animals) appear in parentheses.

® All animals showing the CAI (0) phenotype were excluded from consideration, since it
is not yet known if this phenotype is the result of allelic variation at the CAI locus or of
repression mediated by action at another locus.

Data from other macaque groups not considered in detail here provide
additional evidence for reduced variability in insular populations.
Prychodko et al. (1969) found only two transferrins in sixty-five Taiwan-
ese M. cyclopis; in contrast, they found eleven molecular forms of trans-
ferrin at polymorphic frequencies among 309 mainland M. mulatta.

Dermatoglyphic Analyses: Comparative Uses

Dermatoglyphic analyses have long served as means for comparing
human populations phenotypically (see Biswas 1961). Some investi-
gators have, in fact, suggested that dermatoglyphic comparisons provide
as much information about population affinities as do the more simply
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inherited Mendelian traits (Rife 1954 ; Roberts et al. 1968). Moreover,
this use of dermatoglyphic systems is illustrated by the complementary
results of studies involving combinations of dermatoglyphic analyses with
analyses of other morphological or Mendelian traits from the same popu-
lation(s) (Newman 1960; Chai 1971).

Nonhuman primates possess volar dermatoglyphic patterns that can
be described by standard human dermatoglyphic nomenclature. Midlo
and Cummins (1942) have analyzed in detail the dermatoglyphic
similarities and differences among several primate taxonomic groups
down through the generic level. However, they held that interspecific
differences, if they exist, would be of little use in differentiating species.
Later studies of species within the genera Presbytis, Colobus, Cer-
copithecus, and Macaca (Brehme 1967a, 1967b, 1968 ; Morris and Kerr
1974) have shown that dermatoglyphic differences do exist between
species of the same genus, and that dermatoglyphic comparisons at this
taxonomic level can yield valuable information about the adaptation and
divergence of species. Apart from our present comparisons of the der-
matoglyphic patterns of M. fuscata fuscata and M. f. yakui, there are no
data on which to base comparisons of conspecific populations of non-
human primates.

Dermatoglyphic Pattern Frequencies and MSD

The dermatoglyphic data used here were obtained from three distinct
groups (see Figure 1): 42 M. f. yakui from Y aku Island, Japan; 56 M. f.
fuscata from the Takasakiyama group of Kyushu Island, Japan (Iwamoto
1964); and 79 M. nemestrina from mainland Malaysia (Morris and Kerr
1974). The frequencies of the various pattern types were calculated for
each of the seven configurational areas of the palm. Patterns from the
right and left hands of both sexes were combined, giving a sample number
double the number of animals used. Each of the several pattern types has
been assigned to one of four general categories: open field, loop, double
loop, and whorl. The frequencies at which the four categories of pattern
types appear in each of the seven configurational areas of M. f. yakui, M.
[ fuscata, and M. nemestrina are listed in Table 5. It is obvious that there
are differences among the three groups of animals, although these varia-
tions do not appear vastly different from those that have been reported
for various human populations. However, it is clear that particular con-
figurational areas of M. f. yakui are as different from those of M. f. fuscata
as they are from the corresponding areas of M. nemestrina.

The pattern frequencies offer rough indications of the dermatoglyphic
similarities and dissimilarities among the three macaque groups.
Although we would agree with Birdsell (1972) that no single figure can



116 LAURA NEWELL MORRIS, PETER E. NUTE

‘Anpiqeurea oid£jouayd Jo juswssasse Aue
ur jueltodwi paIopPISUOD JOU 9IB SIDUSIINDO0 J[SUIS YONS SB ‘PIpPN[Oul J0U SI PUBRy 2UO0 UBY) SIOW Ul punoj jou urayed Auy ‘[Ioym = M
‘dooj a1qnop = ( ‘dooy = T ‘proyy uado = QO :sadAy uraned ‘urdned jo Iouasqe sajedipul (—) ‘uonexyy urdljed saesipul (—) A3y

+ - - - Lo — €0 SO0 + - - - 80°0 970 €90 —  vwosnf vivosnf "W
+ - - - 060 — 800 — + - - = 10 SO0 80 @ — myod posnf "W
690 110 610 - 960 — €00 - ¥9°'0 800 6T0 - 8¢°0 910 S¥0 - DULSIUIU "y
M a 1 O M a 1 O M a 1 O M d 1 O
Al I . II I s|endipIajuy
£0°0 — 670 690 €0 0¢0 8v°0 — - — €€0 L90  pwosnf vwosnf ‘W
- - — # - =  + = —  — €80 LU0  mmyod owosnf W
- — 990 60 — LT'0 T80 - — — 900 %60 puLISIWIU Py
M a 1 0] M a 1 (0] M a 1 0]
[eisip IeusypodAy fewnrxoid 1eusyjodAy Ieudy

seale [eUONRINSIJUOD UIAIS JO sapuanbaiy uraned syd4Sojewsaqg ¢ 3qeL



Effects of Isolation on Genetic Variability 117

adequately summarize and measure the extent of biological variability
between populations, calculation of the mean square dermatoglyphic
distance (MSD) as described by Hughes (1967) provides an overall
statement of the differences in pattern frequencies between any two
populations. The mean square distances (MSD) for all configurational
areas are averaged to obtain a total MSD (see Table 6). Again, M. f. yakui
is dermatoglyphically distinct, showing a significantly greater MSD from
M. nemestrina (MSD = 1125) than does M. fuscata (MSD = 485) (see
Figure 3).
Total Dermatoglyphic M.S.D.

M. nemestrina

M. fuscata fuscata

M. fuscata yakur

Figure3. The degree of dermatoglyphic divergence between three groups of macaques, as
measured by the mean square distance (MSD)

A second observation emerges when the dermatoglyphic data are
analyzed in terms of range of phenotypic variability (variability is here
defined as the number of general categories of pattern types exhibited
within a population). The mainland Malaysian M. nemestrina show more
variation of pattern type than do the groups of M. fuscata (see Table 5).
Patterns are fixed in four of the seven configurational areas of M. f. yakui
and in two of the areasin M. f. fuscata; no pattern fixation was observed in
M. nemestrina.

Variability of Growth and Development

In addition to simple frequencies of whorls, loops, and open fields,
dermatoglyphic pattern types reflect the developmental stages through
which volar pads have passed during prenatal life. According to Midlo
and Cummins (1942)

The volar pads are very properly studied in conjunction with the dermatogiyphs
which figure their surfaces. . . . It is probable that the directions of epidermal
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ridges, hence their fashioning of patterns, are conditioned by mechanieal proces-
ses in growth. Irregular reliefs of the volar surfaces owe their existence to
differential growth, and there is every indication that epidermal ridge directions
are but another expression of the same growth processes. Thus, a local pattern of
ridges, such as an apical pattern of a digit, possess a distinctive ridge configuration
owing to the growth of the pad in which it is seated.

If the developmental association between volar pad morphology and
dermal ridge patterning is accepted, then we have in the range and
distribution of dermatoglyphic pattern types within a population a rough
means of assessing the range of variability expressed throughout a part of
prenatal development. For example, M. nemestrina shows developmental
polymorphism at all configurational areas, as expressed by range of
pattern types, whereas M. f. yakui is developmentally more uniform at
the hypothenar proximal, hypothenar distal, and interdigitals II and IV.
Conceivably, all animals in the latter population undergo uniform
development during prenatal life with respect to these particular areas.

DISCUSSION

Several studies have shown that insular populations tend to harbor less
genotypic and phenotypic variability than do related mainland popula-
tions (Dobzhansky 1957; Goodmanet al 1965; Prychodkoet al. 1969). In
addition, these and other studies have demonstrated inverse relationships
between island size and amount of genetic diversity within resident
populations and the degree of genetic differentiation between their popu-
lations (Kramer and Mertens 1938; Lowe 1955). For example, Dob-
zhansky’s investigation (1957) of chromosomal variability in populations
of Drosophila willistoni from Central and South America and the West
Indies showed a decreased average number of heterozygous inversions
per female in island populations (1.78) as compared with mainland
populations (5.25), with the lowest number from the island of St. Kitts
(0.20) and the highest from Santa Marta, Colombia (7.21). In addition,
Dobzhansky correlated insular size and amount of genetic diversity; for
example, females from Cuban populations contain the greatest number
of inversions (2.67) while those from St. Kitts, the smallest island,
approach monomorphism.

Insular and mainland populations of macaques differ in extent of
variability in much the same way as do insular and mainland populations
of D. willistoni. Where multiple alleles exist at single loci, mainland M.
fascicularis far outstrip their Philippine counterparts in the numbers of
different alleles they possess and, hence, the numbers of phenotypes
that can be produced through segregation. For example, the nine
transferrin alleles found by Prychodko et al. (1969) among mainland
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M. fascicularis are potentially capable of combining to produce forty-five
different electrophoretic phenotypes.

By contrast, Philippine members of this species are phenotypically and
genotypically identical. A similar situation is apparent in the case of the
hemoglobin a-chain genes. The three single a-chain alleles, a#,a?, and a¥,
among mainland M. fascicularis, can produce six different a-chain
phenotypes. However, the addition of the tandemly linked pair of genes,
a®a*, introduces an element of quantitative variability without altering
the structural nature of any chain. In this way, the three differenta chains
participate in the production of ten different hemoglobin phenotypes (see
Table 3).

The only phenotypic variation described for the hemoglobins of
Philippine M. fascicularis is of a quantitative nature. More than 90
percent of the animals showed the 65-70 Q: 3540 A phenotype, in-
dicative of homozygosity for the tandemly linked a®a* genes. All other
Philippine M. fascicularis were of the 3040 Q: 60-70 A phenotype.
Thus, although two structurally different a chains exist among the Philip-
pine animals, variability is limited, and these insular macaques are close
to achieving monomorphism for the duplicate genes.

With respect to the palmar dermatoglyphics, insular M. fuscata show
less total pattern variability than do mainland M. nemestrina (see Table
5). Furthermore, M. f. yakui from Yaku Island show less variability than
do M. f. fuscata (Takasakiyama group) from the larger island of Kyushu.
If the developmental hypothesis of dermatoglyphic pattern formation is
accepted, fixation of pattern type as exhibited by the groups of M. fuscata
reflects uniformity of the prenatal growth and development of the palmar
pad.

It is difficult to discuss growth and development in genetic and
evolutionary terms. Developmental polymorphisms have been described
for human populations, but the effects of genetic isolation on growth and
development have not been conclusively documented (Hunt 1966). Yet
as Van Valen (1973) has stated, “A plausible argument could be made
that evolution is the control of development by ecology.” Certainly,
considerations of growth and development as reflected in dermatoglyphic
patterns, single loci, and linked loci lead to the same conclusions: insular
populations tend to exhibit less variability than do mainland populations,
and the manner in which the former have responded to isolation is
reflected at several levels of biological organization.

The question of why related mainland and insular populations differ
has been discussed in detail by Mayr (1963). He rejects genetic drift and
natural selection as insufficient explanations for the evolutionary di-
vergence of insular populations. Mayr’s explanation for the differences
between insular and mainland populations stresses the concept of an
integrated gene pool and its reaction to gene flow. In a polytypic species,
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gene flow has two important consequences. First, opportunities for new
heterozygous genotypes are maximized in populations that continually
receive new alleles from other populations. Second, gene flow acts to
maintain the specific identity of populations by preventing the local
establishment of gene complexes in response to local selective pressures.

When a population becomes isolated from the mainstream of gene flow
the evolutionary pressures on this population change. Generally these
changes are discussed in terms of the founder principle (see Mayr 1963;
Dobzhansky 1957). One can justifiably invoke the founder principle as
an explanation of genetic discontinuities between ancestral and descen-
dant populations when the latter derive from a small number of individu-
als bearing a nonrandom sample of the alleles present in the former.
Many insular populations may owe their uniqueness to an initial founder
effect. However, isolated populations may also be created by the frag-
mentation of a previously continuous range. The direction of divergence
and the rapidity with which it will occur in newly isolated populations are
unpredictable. Fission of the range of a species, as opposed to the opera-
tion of the founder effect, may provide for different rates of evolutionary
change. However, the ultimate fate of isolated populations, whatever
their origin, is the same: heterozygosity, whether measured by complete
fixation of a single gene at a locus or by a reduction in the total number of
alleles at a given locus, will decrease.

The genetic divergence and reduced variability characteristic of insular
macaque populations is probably not a consequence of the founder effect,
but rather the result of subdivision of the range of a polytypic species and
the concurrent removal of these populations from the mainstream of gene
flow. The twelve extant species of Macaca recognized by Napier and
Napier (1967) represent, in Simons’ view (1963), the descendants of a
single species that spanned the Old World as recently as one to three
million years ago. It is noteworthy that M. fascicularis, M. nemestrina, M.
mulatta, and M. arctoides, whether from insular or mainland populations,
all possess duplicate hemoglobin a-chain loci. Similarly, the transferrins,
6-phosphogluconate dehydrogenases, and carbonic anhydrases I and 11
of insular macaques are electrophoretically identical to certain forms of
these proteins found among mainland populations. These observations
strongly suggest a relatively recent genetic communality of insular and
mainland populations of macaques.

An Old World-wide species range would have supported numerous
populations inhabiting diverse environments and differing in the extent
of their isolation from each other. Clearly, such a situation would tend to
favor the establishment of genetic differences between various popula-
tions while permitting the flow of genes from one end of the range to the
other. Under these conditions, one suspects that genotypic (and hence
phenotypic) differences between populations accumulated to the extent
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that the single ancestral species became highly polytypic. However, gene
flow between contiguous populations would have maintained conspecific
identity of these populations throughout the range.

Several macaque populations were isolated as postglacial Pleistocene
elevations of sea level submerged the continental shelves connecting the
present islands of Japan, the Philippines, Indonesia, and Malaysia to the
mainland, thus interrupting gene flow between these areas. Just as gene
flow previously tended to neutralize the effects of selection on various
gene pools, thereby inhibiting evolutionary divergence, so the absence of
gene flow between mainland and newly isolated populations permitted
more rapid divergence of the latter groups from each other and from
mainland populations. In this context, the reduced variability within
insular populations as compared with mainland populations is viewed as a
consequence of the operation of natural selection within a more restricted
geographic range, while the variability characteristic of mainland popula-
tions reflects the continual flow of genes between populations dispersed
over a wider area.

The conclusions drawn from consideration of the data presented above
may be applied to questions concerning the course of human evolution.
Unlike Macaca, Homo has remained a widespread monospecific genus.
In spite of the existence of geographic barriers between human popula-
tions, continual species-wide gene flow has been maintained by cultural
developments that facilitated human mobility and communication.
However, one important question remains unanswered: have any human
populations experienced loss of variability (as distinct from the loss of
heterozygosity attributable to consanguinity) to the extent described for
insular populations of macaques? A satisfactory answer requires that
numerous genetic systems be investigated in several human populations
that have experienced little gene flow for long periods of time.
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Frequency-Dependent Selection and
the ABO Blood Groups

FRANK B. LIVINGSTONE

The causes of the variation in the ABO blood group gene frequencies
among human populations have constituted a major problem for an-
thropology for more than fifty years. Despite the fact that in the 1920’s
some evidence was produced for associations between specific blood
groups and various diseases, the blood group alleles were almost univer-
sally assumed to be neutral or nonadaptive, and their variations were
ascribed to racial origins. Maternal-fetal incompatibility is now generally
accepted as occurring at the ABO locus (Wiener 1970), so that selection
with regard to ABO is now known to exist. However, incompatibility
selection acts against heterozygotes, so that the presence of this type of
selection raises the problem of how a stable equilibrium with more than
one allele present in appreciable frequency could exist for the ABO locus.
The same problem was recognized earlier for the Rh blood group locus,
and Haldane suggested that intermediate frequencies were due to recent
admixtures of populations with only one allele. Thus, the general accep-
tance of an early European ‘““race” which was predominantly Rh-negative
resulted from this interpretation. Later, compensation was considered to
be a possible factor which could lead to stable frequencies, but there is
little evidence for its existence in human populations. In addition, com-
pensation would have to be more complicated and of approximately
equal value in many widespread human populations to maintain the ABO
blood group frequencies.

Although incompatibility occurs at the ABO locus, the precise mea-
surement of its selective effects has been a continuing problem. Most of
the incompatibility selection at the ABO locus occurs between O mothers
and A or B offspring. Early estimates of incompatibility selection aver-
aged about 20 percent, while later ones have been lower, about 10
percent. There is also evidence that conditions of life influence incom-
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patibility selection, with harsher disease and nutritional environments
increasing its effect. In order to bracket the possible values, although
these are minimum estimates, the values of 0.10 and 0.05 have been used
for the incompatibility of A offspring with O mothers, and 0.08 and 0.04
for B offspring of O mothers. Figures 1 and 2 show the decline in the
frequencies of the A and B genes that would occur if incompatibility
selection were the only selection operating at this locus. With the values

1.00

- 0000000

0.75

GENE FREQUENCY
0.50

0.25

ﬁga

R 6
R B
A

B
I . RRpog p_A B A B p — ;
0.00 100.00 200.00 300.00 400.00 500.00
GENERATION

Figure 1. Decrease in A and B alleles with A incompatibility in O mothers 0f0.10 and B
incompatibility in O mothers of 0.08, when A and B alleles are begun at 0.2

0.00

of 0.10 and 0.08 for the A and B incompatibilities, it can be seen that
homozygosity for the O gene occurs in a shorter time (about 200 genera-
tions), but the elimination of both the A and B genes is a certainty with
starting values of 0.2 for these genes. On the other hand, if the A and B
genes are begun at 0.3, so that their sum is greater than the O frequencies,
they replace the O gene, as in Figure 3. Although in parts of Asia the O
gene frequency is below 0.5, it never seems to become the lowest fre-
quency allele in a population.

In order to balance this incompatibility selection, the most likely possi-
bility involves other kinds of selection, since migration or genetic drift
would not seem to account for the remarkable clustering of the world
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frequencies of the ABO genes. The ABO blood groups have been found
significantly associated with many types of disease. Given the evolution-
ary effect of infectious disease it does seem to be the most probable cause
of the balancing selection. As Cavalli-Sforza and Bodmer (1971) have
shown, the effect on fitness of duodenal ulcer is only 10~* or 1073, since it
acts in later life after most reproduction has occurred. Many other dis-
eases, such as stomach cancer, that have been associated with the ABO
blood groups would also have a minimal effect on fitness. On the other
hand, the associations with infectious diseases, such as smallpox and
others, which have been emphasized by Vogel (1970), could apparently
have an effect on fitness sufficient to balance incompatibility selection
and result in stable equilibrium frequencies.

Although the mortality from infectious disease could possibly lead to
sufficient selection to stabilize the ABO frequencies, this effect would
also depend on the manner in which diseases alter the fitness of various
genotypes. All studies which have attempted to estimate the fitness of the
ABO genotypes (Brues 1963; Livingstone 1969; Thoma 1970) have
assumed the heterozygotes to have increased fitness over their
homozygote counterparts. More recently, Cavalli-Sforza and Bodmer
(1971) have stated that some selection effectively favoring heterozygotes
must counterbalance incompatibility selection (p. 213). This paper will
show that this is not necessarily true, and that the physiological evidence
seems to support the alternative suggested here — frequency-dependent
selection.

The general assumption behind many of the associations of the blood
groups with infectious diseases is that the possession of common antigens
result in an inability of the host to develop an immunity to the infecting
organism. Even if this inability were not complete, the common antigeni-
city would at least decrease the resistance of the host. A great many
infectious organisms have been found to have antigens which cross-react
with the ABO antigens. These include pneumonia, plague, smallpox,
Escherichia coli, and many others (summarized in Otten 1967 and
Livingstone 1960). If the possession of a common antigen decreases the
resistance of the genotype to a particular disease, then it follows that
heterozygotes have on the average a fitness lower than that of homozy-
gotes since they have more antigens. Thus, selection against heterozy-
gotes by infectious disease seems to contradict the usual model of selec-
tion at the ABO locus.

If selection is assumed to act against specific antigens, then assigning a
specific selective coefficient to each antigen so that heterozygotes would
have two such selective coefficients would not result in a stable
polymorphic equilibrium. On the other hand, the foregoing is true only if
the antigenic similarities and the selective coefficients were to persist for
several generations. Parasites adapt to their hosts, and many cases of host
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transfer by parasites have been recorded in recent years. The rate of such
adaptive evolution by parasites probably varies with the size of the
parasite — viruses evolve faster than helminths — but in all cases the
parasites evolve much faster than their hosts. The adaptations of parasites
would also vary with the particular tissues of the host they invade. The
HL-A histocompatibility system is now related to several diseases
(Bodmer 1972), and blood parasites are being investigated for common
antigens (Clegg, Smithers, and Terry 1971 on schistosomes). However, a
central problem of this approach is to ascertain the manner in which
parasites acquire the antigens of their hosts.

If the parasite synthesizes its own antigens and these adapt by genetic
change to resemble the host antigens, then the rate of change is limited by
the rate at which genetic substitution could occur in parasites. However, if
parasites acquire antigens from their hosts, then the rate of change could
be much faster. Clegg, Smithers, and Terry (1971) have discussed these
alternatives for schistosomes, and it seems evident that even organisms as
large as these worms can acquire antigens of their hosts. It is also known
that viruses acquire the antigens of the host cells they infect. In both cases
it seems likely that in the transfer of the disease from one host to another,
recipients would be more susceptible if they possessed antigens which
were common in the population. In fact, it follows that with fewer
antigens individuals would have a greater probability of successfully
resisting the infective organism.

In the computer models an attempt has been made to include both
types of parasitic antigens, since it appears that some diseases may be due
to parasites which synthesize their own antigens and some to those which
acquire host antigens. The equations of gene frequency change are given
in Livingstone (1969), but with the following genotype fitnesses:

Genotype and frequency Fitness
AA (1.-DV*AA)*(1.-DA)
AB (1-DV*AB)*(1.-DA)*(1.-DO)
AO (1-DV*A0)*(1.-DA)Y*(1.-DO)
BB (1.-DV*BB)*(1.-DB)
BO (1.-DV*BO)*(1.-DB)*(1.-DO)
00 (1.-DV*00)*(1.-DO)

where DV, DA, DB, and DO are the selection coefficients due to viruses
and antigenically similar parasites. For this model, the selection by vi-
ruses is frequency-dependent, while the antigenically similar parasites
select against specific antigens and hence more against heterozygotes.
Frequency-dependent selection also acts more strongly against heterozy-
gotes, since they are usually more frequent.

Figures 4-11 show various computer runs using different values of
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incompatibility selection and of DV, DA, DB, and DO. Figures 4 and §
show the approach of the A and B frequencies to the average frequen-
cies of Western European populations. Since these frequencies are
approached from both higher and lower frequencies, there appears to be
a stable equilibrium. The fitness of the genotypes varies with their fre-
quency, and with DV = 0.15 the OO genotype, the most frequent at 0.45,
has a fitness of about 0.93. The AO and AA genotypes cannot be
distinguished, but the AO would have a fitness of 0.946 and AA, of
0.989; so that the weighted average would be about 0.954. These mini-
mal differences in fitness could be the major reason that evidence for
selection at the ABO locus has been so difficult to obtain. In addition,
with the gene frequencies changing and the parasites continually adapting
to the host’s antigens, the fitness would be constantly changing.

Figures 6 and 7 show the same approaches to equilibrium with less
incompatibility and parasite selection. The equilibrium still appears to be
stable, although the stable frequencies are somewhat different and
approximate the average for New Guinea populations. I do not mean to
imply that there is less selection in New Guinea, but only that ABO
frequencies which are close to the average for the world can be approxi-
mated by this amount of selection. Figure 8 shows the approach to
equilibrium for A and B frequencies which are close to the highest in the
Old World. It can be seen that with the selection by viruses or DV the
same as the previous value in Figures 4 and 5, then with a change of only
0.002 for the A antigen and 0.025 for the B antigen, the range of ABO
frequencies in the Old World can be generated.

Figures9 and 10 present two runs which attempt to bracket the amount
of selection necessary to maintain the A and B genes in the population.
For incompatibility selection of 0.05 and 0.04 for A and B, and for
antigen selection of about 0.01, the amount of virus selection would have
to be greater than 0.035 for both the A and B gene to remain in the
population. With DV = 0.05, it can be seen that there is an equilibrium
with very low A and B frequencies.

Finally, several runs were made to determine the maximum rate of
increase for a rare allele. Several North American Indian tribes have very
high frequencies of blood group A. If disease is a major factor determin-
ing the frequencies of the ABO alleles, it seems likely that these frequen-
cies are due in part to the epidemics of smallpox and other diseases which
decimated these tribes at contact. With DV = 0.2 and no antigen selec-
tion, it takes about 100 generations for the A allele to increase to
equilibrium, which would be 2,000 years at least. However, as shown on
Figure 12, with DV = 0.5 in fifteen to twenty generations the A gene has
approached 0.5. Although 0.5 is an enormous amount of selection, many
of the accounts of smallpox epidemics seem to show death rates close to
this figure (Stearn and Stearn 1945; Wissler 1936). This interpretation is
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contradictory to the proposed association of smallpox and blood group A
proposed by Vogel, Pettenkofer, and Helmbold (1960), but it would be in
accord with virus selection if smallpox acquired antigens from its host.
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Figure 12. Increase in A with same values as Figure 11 except DV = 0.5
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Despite the admittedly speculative nature of many of the interpreta-
tions in this paper, they do point out what I think is a very likely possibility
for the ABO polymorphism. Perhaps as a result of the sickle cell-malaria
discovery, I think most polymorphisms have been assumed to be main-
tained by heterozygote superiority in fitness, but it has been difficult to
reconcile this interpretation with the ABO associations with disease.
Frequency-dependent selection seems to solve both questions, and it
reflects the changing nature of evolution. The usual practice of assigning
constant fitness values to the expressions of a locus has been very effec-
tive in solving many problems of evolutionary theory, but the ecological
relations between species are constantly changing, so that selection
associated with species interactions has to take into account this variabil-
ity. Clarke (1969) has shown that predator-prey interactions are
frequency-dependent, and this leads to “apostatic’ selection in which a
predator becomes habituated to the most common form of its prey.
Apostatic selection also seems to be an appropriate model for para-
site—host interactions.
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In recent years the histocompatibility system with two presumed loci
and muitiple alleles at each has come to approximate the blood groups
with its three major loci with multiple alleles (Bodmer 1972). These
genetic systems are the major “‘self”” antigens which lead to the rejection
of foreign antigens by the individual. The HL-A histocompatibility genes
are now found to be associated, like blood groups, with various diseases.
Bodmer (1972) mentioned but did not consider likely the possibility of
frequency-dependent selection at the HL-A loci. But it would seem
advantageous for the population to have many antigens, so that the
likelihood of an invasive parasite encountering a foreign antigen would
be increased, However, heterozygosity would be selected against, so
that what is adaptive for the population is not adaptive for the indi-
vidual. Bodmer (1972) considered this possibility for the HL-A histo-
compatibility genes but rejected it because of the ineffectiveness of group
selection. There has been great reluctance in biology to accept the con-
cept of group selection, as is evidenced by the popularity of Williams’s
defense (1966) of individual selection as a total explanation of evolution
and by Hamilton’s interpretation (1964) of altruism by kin selection.
Nevertheless, populations do compete for ecological niches. The entire
theory of population ecology is based on population competition, and this
competition surely has great genetic consequences. It can be shown that
inbreeding is ““bad” for the individual in that it increases the probability
of homozygosity for a deleterious gene, but it is “good” for the popula-
tion since it reduces the frequencies of deleterious genes. Similarly,
altruism or antigenic complexity may be due to comparable genetic
processes, and this paper has attempted to show that a frequency-
dependent model with lower fitnesses for heterozygotes fits reasonably
well with our knowledge of selection at the ABO locus.
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Impact of Neutral Mutations on
Evolution

GEORGE R. GLUESING and FATHI ABDEL-HAMEED

In the last decade molecular evolution has been firmly established as a
subdiscipline in the already swollen ranks of biology. The topic quickly
filled the available journals and stimulated the founding of at least one,
The Journal of Molecular Evolution. The critical factor in its birth,
following Sanger’s initial success with bovine insulin (Sanger and Tuppy
1951a, 1951b, Scnger and Thompson 1953a, 1953b), was the identi-
fication of the amino acid sequences of homologous proteins. In 1965,
in order to integrate and compile all of the known sequences in one
reference, Dayhoff (1971) published the Atlas of protein sequence and
structure. Among the first to attempt the interpretation of the protein
sequence data in terms of evolution were Zuckerkandl and Pauling
(1965). Shortly thereafter Kimura (1968a, 1969) put forth the neutral
allele-random drift theory to explain the evolution of proteins at the
molecular level. Essentially, Dr. Kimura contends that most accepted
point mutations of PAMs (changes in amino acids at specific sites in
proteins) are selectively neutral. More explicitly, this means that they
have an equivalent or nearly equivalent selective character with respect
to the original protein. As a consequence, they will be fixed primarily by
random processes. Strong support was quickly given by King and Jukes
(1969) and Arnheim and Taylor (1969).

King and Jukes (1969) have used the term non- Darwinian to identify
the concept of neutral evolution. This term, however, can be misleading.
As Crow (1972a) has emphasized, such evolution is not a “rival” to
evolution as a result of natural selection. It is, rather, an attempt to
describe the evolution of those molecular changes that are selectively
indistinguishable. Much of the controversy is centered around whether
such mutations constitute a significant fraction of those observed. It is our
opinion that neutral (non-Darwinian) evolution is complementary to the
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synthetic theory of Neo-Darwinism. As with most new theories, it will
become increasingly refined as our perception and knowledge of events
at the molecular level advance. Excellent criticisms have been written by
Clarke (1970), Richmond (1970), and Wills (1973). In addition the
theory of neutral evolution has stimulated further discussion over two
antecedent controversies, those concerned with random drift and genetic
load. Nevertheless we feel that the theory is in principle valid.

RANDOM DRIFT

Random drift is the variation, not due to selection, occurring in gene
frequencies from one generation to the next in a population of limited
size. It occurs simply because the individuals whose offspring will con-
stitute the gene pool of the next generation are drawn from a larger
population, and rarely, if ever, reflects accurately the frequencies of the
parental population. If a hypothetical finite population (see Figure 1)
containing a pair of selectively identical alleles both having frequencies of
0.5 is bred randomly, then in time one of the alleles will be fixed and the

4.0
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Gene frequency

Figure 1. The process of random genetic drift due to small population number in the
absence of systematic forces. The initial gene frequency is 0.5, ¢ is the time in generations,
and N is the effective population number (redrawn from Crow and Kimura 1970)

other lost. Figure 2 indicates the rate of such ‘“decay” with various
selection coefficients operating.

All “real” populations are finite, as Kimura (1968a) has reminded us.
And indeed, with respect to effective breeding populations, they may be
considerably smaller than a census might imply (Ehrlich and Raven 1969;
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Endler 1973). However, studies done on natural populations have for the
most part shown little evidence of random processes, except for instances
of Mayr’s founder principle (1964:237). The possible role of the founder
principle in race formation and speciation of certain plant and animal
groups is illustrated excellently by the effects of catastrophic selection in
Clarkia (Lewis 1962, 1973) and explosive speciation in permissive
habitats of Hawaiian Drosophila species (Carson 1970).
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Figure 2. Frequency distribution of unfixed classes at the state of steady decay for various
values of Ns. The area under each curve is adjusted so that it is unity. Numerals beside the
arrows indicate rates of steady decay (redrawn from Crow and Kimura 1970)

It is necessary to acknowledge our debt to Sewall Wright as the most
significant contributor and defender of the random drift concept (Wright
1931 and numerous later papers). It is impossible to separate completely
the argument over random drift initiated by Wright and R. A. Fisher
(Wright 1948, 1951, 1956; Fisher and Ford 1950) from the debate
over neutral processes in evolution. The emphasis is not on strict neu-
trality so much as on the effectiveness of random drift. There is, however,
a difference in the use of the drift concept between Wright and that of the
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proponents of neutral mutations (that is, Kimura). Wright uses drift as a
means by which a population can move from one adaptive “peak” to
another in his “‘shifting balance theory” of evolution. This ability is
advantageous where there are several peaks with varying adaptive values.
Random drift prevents a population from being irrevocably trapped in
any one particular peak (for further references on adaptive peaks see
Wright 1970; Dobzhansky 1970: 24-28). In the present context, random
drift is the primary mode of fixing neutral alleles.

It was suggested by Kimura and Crow (1964; Kimura 1971) that any
mutation may be considered unique at the molecular level due to the
enormous number of nucleotide pairs found in the genome and the even
larger number of permutations possible. For example, in the cistron
coding for alpha-hemoglobin in mammals alone, there are approximately
10%% allelic alternatives theoretically possible (Kimura 1971). In this
context recurrent mutation becomes a negligible factor. In the case of
neutral or almost neutral mutations, random drift is left to play the
predominant role in their fixation or loss.

EFFECTIVE NEUTRALITY

Neutral mutations can be defined as those that behave as if they were
selectively neutral when observed over an extended period of time. They
may, in fact, have at any given moment a small selection coefficient.
There are three general situations in which this may occur.

The first is in relatively small populations. Inbreeding depression is an
obvious, if perhaps extreme, example. Experiments by Dobzhansky and
Pavlovsky (1957) demonstrated distinct drifting of the frequency of
Pike’s peak chromosomal arrangement in initially small populations of
Drosophila pseudoobscura (see Figures 3 and 4). Large populations,
however, showed the frequency to be under the control of strong selective
forces. According to Kimura (1968b; Kimura and Ohta 1972; Ohta and
Kimura 1971a) the critical quantity is N,s, where N, is the effective
population number, and s is the selection coefficient. If 4N,s is “much
smaller than unity,” then the allele may be considered “nearly neutral.”

The second situation occurs when the selection coefficient is highly
variable (and this is probably the most likely case), fluctuating around the
neutral point. The mutation will then have nearly the same probability of
being fixed as if it were neutral (Crow 1972b; Ohta 1972a). The effect
is the same as reducing the value of N,s. This is in agreement with
Robertson (1962) and Ewens and Thomson (1970) who concluded
that heterotic selection, unless strong, is ineffective in retarding fixa-
tion. Figure 5 shows the probability of a mutation being fixed as a
function of Ns.
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Figure 3. The frequencies (in percent) of PP chromosomes in ten experimental popula-
tions of Drosophila pseudoobscura (redrawn from Dobzhansky and Pavlovsky 1957)

Large populations

40

30

Percent

20

I0 L

Jun. Oct. Nov.
©55 1955

1956

Figure 4. The frequencies (in percent) of PP chromosomes in ten experimental popula-
tions of Drosophila pseudoobscura (redrawn from Dobzhansky and Pavlovsky (1957)
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Thirdly, the presence of truly heterotic loci will cause some neutral loci
to exhibit “apparent selective forces” (Ohta and Kimura 1971b). This
has been called ‘““associative overdominance” by Frydenberg (1963).

Probability of fixation

4Nes

Figure 5. Probability of fixation of a new mutant as a function of the effective population
number N, and the selective advantage s, where N is the actual number of individuals in the
population (redrawn from Crow 1972a, 1972b)

To take the place of recurrent mutation rates as used in classical
genetics, Kimura and Ohta (1972; Ohta and Kimura 1971a) have derived
an expression for the rate of neutral mutation in terms of the selection
coefficient. This is called by them ‘““the effective neutral mutation rate”

and is equal to
4/Ne

2N | u(s)v(s)ds,
—4/Ne

where u(s) is the mutation rate, and v(s) is the fixation probability. Both
are treated as functions of the selection coefficient. N, and N are the
effective population number and real population number, respectively.
The underlying assumption is that the selection coefficient of mutations
forms a cline from slightly adaptive through neutrality to slightly
deleterious. This takes into account all types of mutations that may, for
one reason or another, be referred to as neutral.

GENETIC LOAD

Genetic load and the implied concept of fitness have been the subject of
continuous discussion since Muller (1950) first used the term in warning
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of the dangers of an increased mutation rate in man. In this usage he was
supported by Dobzhansky (1957). When the concept was further
developed for general usage, however, a number of criticisms appeared
(see, for example, Brues 1969). The subject asa whole has been reviewed
excellently by Wallace (1970). Crow (1958) has defined genetic load as
“the proportional amount by which the average fitness of a population is
reduced relative to that of the optimal genotype.” In the present context
we are interested in two elementary forms usually referred to as “‘sub-
stitutional load” (Kimura 1960) and ‘“‘segregational load.”

Haldane (1957, 1960) first introduced the idea of substitutional load as
“the cost of natural selection.” The load, or cost, referred to the number
of selective deaths that would occur in a deteriorating environment
before a new favorable mutant could raise the fitness of the population to
a level compatible with survival. If selection is too intense, then the
population will become dangerously small before individuals with the
adaptive mutations can become sufficiently numerous. Kimura (1968a)
calculated that in mammals the rate of nucleotide substitution has been
one substitution every two years, agreeing with Haldane’s much lower
limit, Kimura concluded that most of the nucleotide substitutions have
been neutral.

However, Smith (1968) criticized this conclusion on two points. First,
Kimura assumed that the whole genome is coded for proteins. Callan
(1967) and Whitehouse (1967) have proposed a “master—slave”
hypothesis which suggests that the total DNA content of the nucleus may
be several times the amount of heritable DNA. In addition, satellite DNA
studies have produced evidence strongly suggesting that heterochromatin
does not generally code for proteins (Yunis and Yasmineh 1971). Sec-
ondly, Smith criticized the validity of Haldane’s limit on the basis that his
assumptions were unrealistic. To allow for the simultaneous selection of
many alleles, Smith proposed a truncated selection model. The essential
characteristic of this model is the idea of a threshold in terms of adaptive
mutations. Selection tends to eliminate only those individuals that have a
number of adaptive mutations below the threshold. This, however, pre-
sumes that there is little or no selective differential between the various
genotypes above the threshold. O’Donald (1969) has argued that this is
also unrealistic, and he proposed the quadrate optimum model which
predicts results closer to Haldane’s estimate.

Intrinsic to much of the criticism of genetic load estimates is the matter
of arbitrary assignment of unity to the optimum genotype, which may be
exceptionally rare in a polymorphic population (see Van Valen 1963;
Brues 1964; Feller 1967). However, as long as one can measure a
difference in fitness, that is, more of type A survive and reproduce than

type B, then the assignment of unity to the optimum genotype is reason-
able.
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The more appropriate question is what constitutes an optimum
genotype? In the case of substitutional load, the stipulation by Haldane
that the old genotype is being selected against makes the assignment of
unity as the fitness value for the new favored genotype unavoidable. The
only necessary condition is that the mutant be the most efficient in
surviving in the new environment. More recently Nei (1971) and Crow
(1970) have referred to substitutional load as the “excess” in fertility or
survival needed by the mutant genotype to maintain a population whose
fitness has been reduced for whatever reason. This definition has the
advantage of not implying that the new adaptive gene decreases the
fitness of the population.

In the case of segregational load, the problem is a good deal less clear.
Due to gene interaction and complementation at the phenotypic level, it
does not follow that the individual with the most heterozygotic loci will be
the most fit. Manwell and Baker (1970:9-34) have reviewed heterotic
selection and questioned several assumptions used by Kimura and Crow
(1964). Among these are the assumptions that loci are selected indepen-
dently of each other, and that heterozygotic loci are invariably superior.
Nevertheless, for those loci or blocks of loci that do act independently,
the calculations of Kimura and Crow (1964) should be a valid approxima-
tion. Kimura and Crow (1964; Kimura 1968b) calculated that if all the
alleles at a locus were subject to heterotic selection, then only a small
fraction of all loci could be polymorphic without an intolerable load
occurring. Nevertheless, in Drosophila pseudoobscura individuals are, on
the average, heterozygous at 12 percent of their loci (Lewontin and
Hubby 1966; Hubby and Lewontin 1966). A dilemma exists when fitness
values are computed using a 10 percent selective disadvantage for each
locus carrying an inferior homozygote. In the case of Drosophila
pseudoobscura the fitness would be reduced to 0.24. Therefore Kimura
(1968b) suggested that many of the alleles may be neutral or nearly
neutral. This may be true, at least in optimal environments. Experiments
by Parsons (1971) on Drosophila pseudoobscura demonstrated that
heterozygote advantage decreases as the environment becomes less
severe. |

However, until more empirical evidence becomes available, the prob-
lem of determining the relative importance of various factors that contri-
bute to genetic load is far from solved. Selection and mutation have
undergone intensive analysis recently, and new catagories have been
proposed to allow more loci to be under selective pressures. Wallace
(1970) has suggested “hard” and “soft” selection, and Clarke (1973) has
described three classes of disadvantageous mutations on the basis of their
effect on the population. Wills (1973) also has catagorized mutations in
several classes according to segregational load, among other factors, but
we question whether or not “‘selected functional polymorphs’ are identi-
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cal to “nearly neutral” mutations with fluctuating selection coefficients.
We must also agree with Clarke (1973) who states that “in order fully to
understand the consequences of mutation we must take into account its
effects on the ecological parameters of populations.”

NUCLEOTIDE SUBSTITUTION

The most basic point mutation is an alteration in a sequence of nucleo-
tides. This usually occurs through the substitution of one nucleotide
for another, but it may also be caused by an insertion, duplication, or
deletion. In the context of protein evolution, however, the primary
emphasis is placed on changes in amino acid sequences. When poly-
morphisms in natural populations are discussed, the allelomorphs in
question are distinguished by electrostatic charge. This, however, may
distinguish only half of the different amino acid substitutions possible
(Lewontin and Hubby 1966). Unfortunately, the lack of electrostatic
difference does not necessarily imply a lack of adaptive difference, and
for this reason some questions remain concerning the validity of conclu-
sions based on this type of investigation. We should, nevertheless, be
concerned with the question of how many different proteins there are for
every electrostatic enzyme variant observed; and for any protein whose
amino acid sequence is known, how many different nucleotide sequences
(true alleles?) are present in a population for the locus in question. In
particular, we are concerned with where and to what degree we should
begin to note adaptive character in the variously observed differences.
Serine (see the codon catalogue, Figure 6), for example, has six alterna-
tive DNA codings. In four of these, UCU, UCC, UCA, and UCG, the
identity of the third nucleotide is spurious, at least with respect to coding
for serine. The degeneracy of the DNA code is not generally thought to
be an accident, and a number of functions have been postulated (Gold-
berg and Wittes 1966; Mitchell 1968). However, at this time not enough
evidence exists to make a definite conclusion concerning the adaptive
character of synonymous codons. Min Jou et al. (1972) have identified
the complete nucleotide sequence in the cistron coding for the coat
protein in the MS2 virus, and it seems possible that the identity of some of
the nucleotides may be preserved for the maintenance of secondary and
tertiary structure of the DNA molecule (North 1972). Bram (1971) has
also suggested that base composition may be important in the secondary
structure of DNA. It remains to be seen, however, how vital a particular
DNA structure is, and, in addition, generalizations from knowledge
based on only a virus genome would be premature.

The work by Cox and Yanofsky (1967; Gibson, Scheppe, and Cox
1970) on the effect of Treffer’s mutator gene in Escherichia coli supports
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the thesis that there is a good deal of flexibility in base composition.
Treffer’s mutator gene increases the normal mutation rate 100-fold at
most of the locion the genome. The changes are easily measured because
the mutations are transversions from adenine-thymine to gaunine-
cytosine. It was found that the resultant increase in GC content had
no effect on the fitness of the bacteria grown in chemostats. In fact,
the bacteria carrying the mutator gene seemed to be even more fit than
the wild type. Presumably, these mutations occurred in the third nu-
cleotide site of synonymous codons or in regions of the chromosome not
subject to selective pressures.

2nd Position
u c A G
PHE | SER | TYR [ CYS | U
y| PHE | SER | TYR [ CYS | C
LEU | SER | CT | CT |A
LEU | SER | CT | TRY | G
LEU | PRO | HIS | ARG | U
c| LEY [ PRO | HIS [ ARG | C|
§ LEU | PRO | GLN | ARG [ A |3
% LEU | PRO | GLN | ARG | G | 4
a ILU | THR | ASN | SER | U |8
B[ | LU | THR | ASN | SER [C [§
ILU | THR | LYS | ARG | A
MET | THR | LYS | ARG [ G
VAL | ALA | ASP | GLY [U
o| VAL [ ALA | ASP [GLY | C
VAL | ALA | GLU [GLY | A
VAL | ALA | 6LU [ 6Ly |6

Figure 6. The codon catalogue.CT designates a chain terminating codon. (redrawn from
Drake 1970)

The neutral mutation-random drift model may have some application
to the evolution of heterochromatin. In recent years highly repetitive
base sequences have been identified as satellite DNA (Hennig, Hennig,
and Stein 1970; Pyeritz, Lee, and Thomas 1971). These sequences have
been shown to be located almost exclusively in heterochromatic regions
of the chromosomes by in situ hybridization of complementary RNA
(Jones and Robertson 1970; Hennig, Hennig, and Stein 1970; Saunders
et al. 1972). The most intriguing characteristic of this type of DNA,
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besides the fact that it consists of such highly repetitive base sequences, is
the great diversity existing between satellite fractions found in closely
related species. Walker (1968) describes “‘grossly” different satellites in
six rodents, and Hennig, Hennig and Stein (1970) found that the numbers
and proportions of satellites in the sibling species Drosophila hydei, D.
neohydei, and D. pseudoneohydei are distinctly different. It has been
suggested that these sequences are useful in proper chromosomal
arrangement, such as pairing and separation during cell division (Walker
1968, 1971; Yunis and Yasmineh 1971). In addition, Mazrimas and
Hatch (1972) have suggested that satellite DNA is useful in recombina-
tion. Nevertheless, less repetitive sequences not found in satellite frac-
tions have been described by Britten and Kohne (1968) as “intermedi-
ate.” These may have evolved by the random mutation of earlier formed,
highly repetitive sequences, but such mutation has not been established.
However, the selective value of these repeated sequences may possibly
become minimal with age as a result of the accumulation of disruptive
mutations coinciding with the formation of new sequences taking over
critical functions. This could result in, at least temporarily, relatively
nonfunctional DNA. If so, then the age of these sequences, and to some
degree the time since species divergence, could be calculated using the
neutral mutation-random drift model and gauging the degree of ran-
domness that has accumulated in the base sequence. Southern (1970)
calculated the age of guinea pig alpha-satellite on this basis and found the
result, fifty million years, to be acceptable. More general studies on base
sequence divergence in rodents have been published by McConaughy
and McCarthy (1970).

Bostock, Prescott, and Hatch (1972) have shown conclusively that
euchromatin has a higher GC content than heterochromatin. In addition,
Comings (1972) demonstrated that euchromatin contains more meth-
ylated cytosine than heterochromatic regions. He suggests that the AT-
rich heterochromatin may have originated through the accumulation of
mC to T mutations in DNA that was no longer subject to selective
pressures. Further increases in the amount of DNA could be due to
subsequent saltatory replication.

MUTATION RATES

The widely varying rates of mutation or amino acid substitution present
the most compelling reason to accept, at least to some degree, the neutral
evolution theory. It is a fundamental assumption that the rate of nu-
cleotide mutation is constant over the whole genome. A large fraction of
these mutations are assumed to be deleterious and are, accordingly,
eliminated. By differences in mutation rates we refer to the number of
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observed mutations. These are detected either by the effect, usually
deleterious, on the organism, or as in protein evolution, by observing
discrepancies in the amino acid sequence of a protein common to differ-
ent species. Sites that fail to show deleterious mutations or sites in
proteins that show a high acceptance rate of amino acid substitution are
amenable to the interpretation given by the neutral evolution theory, that
is, the mutations that occur at these sites are selectively neutral.

In the rIl region of the T4 bacteriophage, proper functioning is neces-
sary for growth in Escherichia coli strain K (Benzer 1961). Deleterious
mutations can be detected by the inability of the phage to grow in the
bacteria. A mutational spectrum (Figure 7) of 1,609 spontaneous muta-
tions (those occurring in the absence of a artificial mutagenic agent) has
been mapped by Benzer (1961). The sites without recorded mutations
were identified by spectra of artificial mutagens. There are 308 sites
identified in the spectrum, but it has been estimated that there may be as
many as 2,000 sites in the rll region (Drake 1970:54). Most of the sites
not yet identified have neither sustained point mutations, nor have the
mutations significantly affected the function of the region. However, if all
the sites are equally susceptible to point mutation, then the latter reason
must be accepted as the most frequent cause. Without question labora-
tory conditions are much less stringent than those found in a natural
environment, and consequently they have biased the results in favor of
neutral mutations. Nevertheless, if 2,000 is not too large an overestimate
of total sites, then there is still opportunity for a large number of these to
be neutral. In addition, approximately 86 percent of the point mutations
detected in the rll region involve changes in the number of nucleotide
base pairs (Freese 1959, as cited in Drake 1970:51). Drake (1970:54)
has calculated that only seventy-one sites of those identified were dis-
covered as the result of a base pair substitution. This is only 4 percent of
the estimated 2,000 sites.

In proteins, high rates of amino acid substitution can be interpreted in
two ways. The sites could be neutral; that is, they will accept the substitu-
tion of almost any amino acid. The alternative interpretation is that those
sites are more responsive to environmental conditions. There is no reason
for these interpretations to be mutually exclusive. From site to site and
from protein to protein, their relative importance is likely to vary widely.
In proteins such as cytochrome c, hemoglobins, and fibrinopeptides,
neutral mutations should play a very significant role in explaining so-
called hypervariable sites. We suggest this because such proteins are
extremely critical in physiological chemistry and, through physiological
homeostasis, are well insulated from the environment, that is, are highly
canalized. Stebbins and Lewontin (1972) have argued for a concept of
evolutionary homeostasis. This predicates that proteins such as histone
and cytochrome c, which are involved in basic metabolic processes, are
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less likely to be functionally variant than those with accessory functions,
such as hemoglobin and fibrinopeptides. Also, as Dickerson (1972) has
pointed out, differences in functional restraints, particularly those due to
molecular structure, can largely explain the difference in the rates of
mutation between histones and fibrinopeptides. Figure 8 shows the aver-
age mutation rates of the proteins mentioned.

140 F

Fibrino-Peptides

(1.1 Million years)
120 |-

Hemoglobin
(5.8 Million years)

100 |-
80 |

Separation of plants and
animals

t 80 Million years
60 |-

v

40 Cytochrome C

(20 Million years)

20

Number of Amino Acid Changes per 100 sites

Histone
‘ (600 Million years)

A 1 A 1

I00 300 500 700 900 10O 1300
Millions of years since divergence

Figure 8. Rates of evolution in proteins. Figures in parenthesis are the length of time
needed to change the protein by 1 percent. (redrawn from Dickerson 1972)

In cytochrome c there are thirty-five amino acid sites that are invariant
and eight sites where there have been six to nine substitutions (Dickerson
1972). In this protein and others, Epstein (1967) has shown that amino
acids with the most similar chemical properties are most likely to be
substituted for one another. In addition, those sections of the molecule
that have the least effect on function sustain the most substitutions (for
example, chains in hemoglobin proteins). The overall suggestion of this
evidence is that the susceptibility to selection of amino acid sites in
proteins froms a cline. Those sites sustaining high rates of substitutions
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suggest that the substitutions have a very low selection coefficient, or
even none at all. The question that cannot be unequivocally answered by
protein evolution studies is whether random drift or selection has been
the predominant factor in the fixation of mutations with a very low
selection coefficient.

RATE CONSTANCY

The proponents of neutral evolution have insistently stated that the rates
of amino acid substitution in protein evolution are constant (Kimura
1968a; Kimura and Ohta 1971a, 1971b, 1972; King and Jukes 1969,
Ohta and Kimura 1971a; Ohta 1972b). The basis for this statement is the
fact that in divergent lines of evolution the number of substitutions
occurring in a given protein are statistically equivalent. In cytochrome ¢
(see Figure 9) the number of amino acids differing from that of wheat in
the fruit fly, tuna, chicken, horse, and human are respectively 42, 40, 38,
38, 35. In hemoglobin alpha (see Figure 10) various mammals differ from
carp in about the same number of substitutions. However, as Stebbins
and Lewontin (1972) have pointed out, the similarity in numbers may be
due to the large amount of time involved. That is to say, after a sufficiently
long time, all the different factors will equal out and the number of
substitutions will converge on an average rate. Other authors (Barnabas,
Goodman, and Moore 1971; Goodman et al. 1971; Uzzell and Corbin
1972) have criticized the neutralists for neglecting patristic differences.
Patristic measurements include changes due to parallel and convergent
evolution and may differ from the frequently used phenetic measure-
ments, such as the number of amino acid differences and minimal
replacement distance. Uzzell and Corbin (1972) have also pointed out
that when differences between mammalian orders are compared, a much
larger variation is observed. Goodman et al. (1971) have proposed a
theory holding that neutral mutations are more prevalent in the early
history of a protein, but they become less frequent as the protein acquires
more functional restraints. Differing with Kimura, they believe that
hemoglobin beta has evolved faster than the alpha chain; both have
slowed down considerably in the line of descent leading to man. The
conclusion that the beta chain evolves faster was suggested earlier by
Ingram (1961) because the alpha chain necessarily associates with several
other hemoglobins in the life of the individual. This suggests greater
functional restraint. At least superficially, the faster rate of substitutions
in mammalian proteins as opposed to the older histone IV or cytochrome
c support the theory of Goodman et al. (1971).
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Figure 9. A phylogenetic tree showing the numbers of amino acid differences between
wheat, silkworm, tuna, and humans. (redrawn from Kimura and Ohta 1971b)
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Figure 10. A phylogenetic tree showing the number of amino acid differences between
carp and some mammals in hemoglobin a. (Redrawn from Kimura and Ohta 1971b)
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NEUTRAL POLYMORPHISMS

Lewontin and Hubby (1966) showed unequivocally that natural popula-
tions of Drosophila are highly polymorphic. We will restate the conclu-
sion of Kimura and Ohta. Originally Kimura (1968a) concluded that the
neutral mutation rate at any locus is high, and that most mutations at
polymorphic loci are neutral. In a later revision, Kimura and Ohta (1972)
state that only a small fraction of the mutations at any given moment are
neutral. Nevertheless, the majority of mutants fixed are neutral. This is
not as unreasonable as it might at first appear. What it states is that the
only mutants fixed by selection are those that are adaptive in the long run.
Others that are adaptive only in the short run due to some particular and
transient environmental condition will be eliminated when conditions
change. Neutral mutations, as defined earlier, will be fixed by random
drift essentially unimpeded by natural selection.

As Crow (1972a) has stated, neutral mutations will be hard to distin-
guish from overdominant types. Besides fluctuating selection coefficients
and associative overdominance, migration between populations will
reduce differences in frequencies that would otherwise arise due to the
random drift of neutral alleles (Kimura and Maruyama 1971; Maruyama
1970). However, the migration rate need be no more than one individual
per generation, a state extremely difficult to detect.

The findings of Ayala (1972) on natural populations of Drosophila are
typical of the results obtained by other workers. Ayala found that in four
out of five loci studied, the frequencies of the alleles converge on a
particular value when artificial populations are allowed to breed. Only
Est-7 showed the effect of either weak selection or neutral alleles. Figures
11 and 12 present his results for the Lap-5 and Est-7 locus respectively. In
the case of the two loci mentioned, there is significant variation in the
frequencies of alleles from different populations. In these studies, alleles
are distinguished electrophoretically with the most common variant given
a designation of 1.00. Other isoalleles are given values according to their
differences in amount of electrostatic charge. At the Lap-5 locus the
frequency of variant 1.03 has a low value of .36 and a high of 0.63. In
Est-7 the limiting values found for variant 1.00 are 0.39 and 0.64, and for
variant 1.02 : 0.14 and 0.30. The other loci studied show much less
variation, with the most frequent allele being well above 0.80. Although
these experiments demonstrate the dominating effect of natural selec-
tion, they are not incompatible with neutral evolution.

The alleles studied represent only a fraction of the different amino acid
sequences possible. Boyer (1972) has brought attention to the high
incidence of electrophoretically ‘“silent” mutants in primate hemo-
globins. The sites where “‘silent” variants differ correlate with the sites
that have accumulated mutations during the evolution of those proteins.
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Figure 11. Changes in the frequency of allele 1.03 at the Lap-5 locus in six experimental
populations of Drosophila willistoni. (redrawn from Ayala 1972)
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CONCLUSION

In his opening address at the 1959 Cold Spring Harbor Symposium, Ernst
Mayr commented on the status of natural selection:

The history of the first one hundred years since the publication of the Origin of
Species is a fascinating one. With its many controversies, its false starts and
converging pathways toward a solution of the open problems, one might say that
we have completed a full circle and that we are closer to Darwin and Darwin’s
original concepts than we have been at any time during the intervening periods.

More recent understanding of neutral mutations and associated stochas-
tic processes has not superceded the validity of this statement. Neutral
evolution was proposed to explain molecular changes in proteins and
DNA that do not affect the biological function of the molecule. We do not
interpret this as an attack on natural selection. Ultimately, it must be
decided whether or not natural selection can act upon all changes at the
molecular level. It is even likely that natural selection can detect many
changes that a biochemist would not expect. Surprises in this area of
research will probably be frequent. However, it is difficult to see how a
mutation occurring in a noncatalytic section of a protein can change
perceptibly the biological function of that protein. In proteins whose
secondary and tertiary structure is highly developed for functional pur-
poses, the number of sites sustaining neutral mutations will be fewer. This
might explain the faster rates of evolution of such proteins as fibrino-
peptides. On the other hand, hemoglobins and cytochrome ¢, which have
a more developed structure, should be less tolerant to amino acid sub-
stitution. Also, it is difficult to explain, solely on the basis of adaptive
advantage, high rates of substitution in proteins whose fluid environment
is strongly protected and maintained by various physiological mechan-
isms against changes in the external environment. Stebbins and Lewontin
(1972) have warned us not to commit the ““fallacy of omniscience.” That
is, we should not presume that a selective advantage does not exist simply
because it cannot be seen or measured. This is a fully justifiable warning.
However, there is no basis for the assumption that natural selection has
unlimited powers of operation.

High rates of substitution due to adaptive response are difficult to
explain in terms of genetic load. Genetic load is a product of selective
forces and is an expression of the fact that some genotypes are less fit than
others. The littering of the geological record with evidence of extinct
species unequivocally says that the cost of natural selection frequently
reaches lethal levels. Although the estimates of Haldane (1957), and
especially those of Kimura and Crow (1964), are higher than the actual
load in a natural population, they underline the severity of natural
selection. Haldane’s estimate for substitutional load is probably not too
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far from actuality. If the future survival of a species is dependent on a few
alleles found in the population at very low frequencies, then either the
environmental change must occur very slowly or the species will be
threatened with extinction. This is one of the strongest arguments for
proposing the substitution by random drift of neutral mutations to
account for the numerous substitutions found in proteins. It should also
be noted that for Haldane (1957) there was no difficulty in accommodat-
ing his estimate to the evolutionary time span. If, as Haldane figured,
closely related species of mammals differ by approximately 1,000 genes,
then the rate of speciation and evolution in mammals, as indicated from
geological- evidence, is in agreement with one substitution every 300
generations. Allowances can be made for more intense periods of selec-
tion. This was, however, before molecular biology had fully exposed the
massive variation existing at the molecular level. Recently Shaw (1970)
estimated that all loci on a genome have undergone substitution.

We do not agree that the rates of substitution are constant for all
proteins. This would assume that in any protein the number of neutral
sites has also remained constant. This reasoning does not allow for
functionally related changes that might alter this number. However, for
those sites that have retained complete tolerance to mutation throughout
the history of the protein, the rates of substitution should be constant.
The same situation should exist in DNA that has become functionless.
This presents the possibility of a precise method of determining the date
of divergence of species or other larger groups of organisms when geo-
logical evidence is sparse or inconclusive.

The significance of neutral mutations in evolution is small when com-
pared to the driving force of natural selection. However, neutral muta-
tions and stochastic processes may prove to be of some value to the
evolving organism; that is, they allow for the absorption of mutations
without any burden to the organism. As Kimura and Ohta (1971a)
suggested, they may allow for the easy accumulation of intermediate
mutations needed to achieve a truly adaptive sequence of amino acids. As
Edwards (1972) has stated, neutral mutations may be ‘“‘of neutral value
only in the sense that a lottery ticket can be said to be valueless because it
is likely to be valueless.” Because they cost nothing in terms of genetic
load, neutral mutations might be compared to free lottery tickets.
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ADDENDUM: PROBLEMS RELATING TO THE USE OF
MOLECULAR DATA IN EVOLUTIONARY STUDIES

Phylogenetic trees based on molecular data have been constructed from
comparisons of the amino acid sequences of homologous proteins, assess-
ing degrees of similarity in immunoglobins, and determining the consis-
tency of DNA codons. Most precise are the trees based on studies of
amino acid sequences. However, for all the precision obtained from these
distinct, unambiguous, “‘building blocks,” evolutionary studies based on
proteins suffer from essentially the same problem that afflicts all other
fields attempting to derive knowledge of past species from existing forms,
that is the reconstruction of the ancestral morph. In protein studies,
allowances must be made for back mutations and parallel evolution. In
addition, synonymous codons add to the difficulty of determining accu-
rately the number of mutations or nucleotide substitutions between one
point and another. The further removed an ancestral sequence is from the
present, the more difficult this problem becomes. Fortunately, in pri-
mates and other mammals enough amino acid sequences have been
determined for hemoglobins and fibrinopeptides to allow for the con-
struction of reasonably accurate trees. In the future, given the analysis of
a wider variety of proteins in a larger number of species, most of the
present ambiguities can be resolved.

It is a general rule (Dayhoff, Park, and McLaughlin 1972; Barnabas,
Goodman, and Moore 1972) that in constructing phylogenetic trees,
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greater accuracy is gained when the mutational distance calculated be-
tween species or between branch points is reduced to the minimum
distance demanded by the observed differences. Use of this principle
reduces reverse mutations to a minimum. Barnabas, Goodman, and
Moore have developed a refined method of constructing trees based on
this principle which they call the Method of Maximum Parsimony. In
elaborate trees with numerous branches this method works well. How-
ever, in lines that are sparsely branched, significant underestimates tend
to develop. For a detailed explanation of the Method of Maximum
Parsimony the reader is referred to Barnabas, Goodman, and Moore
(1972), and Goodman and Lasker (1976).
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Figure 1. Phylogeny of alpha-hemoglobin in primates. (redrawn and adapted from
Goodman et al. 1972) '

We have duplicated the primate section of three phylogenetic trees
constructed by Goodman, Barnabas, and Moore (1972). Figures I and II
are alpha- and beta-like hemoglobins, respectively. The numbers near the
branch segments are the mutational link lengths. More refined estimates
are given in Goodman and Lasker (1976). Figure 11 is the fibrinopeptide
tree. The unbracketed numbers are the link lengths for thirty residue
positions, using the alignment of Dayhoff (1969). The bracketed num-
bers refer to link lengths for twenty-seven residue positions using the
alignment of Wooding and Doolittle (1972).
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Sarich and Wilson (1967, 1973; Sarich 1971) have employed
immunological data to estimate the date of divergence between chimpan-
zee, man, and gorilla at about 5 million years. Uzzell and Pilbeam (1971)
support the more commonly held estimate of 15 million years. Critical to
the validity of Sarich’s estimate is the question of constancy in the evo-
lution of albumins through time. As we have already indicated, most
workers assume that a certain number of sites on a protein will remain
neutral with regard to selection throughout its history. In addition,
immunological differences involve all changes that have occurred in the
protein, including changes due to selective pressures. It seems reasonable
to expect varying amounts of selection to alter differentially rates of
substitution in proteins. Sarich uses the term regularity in reference to the
equivalent degrees of difference between prosimian albumins and man
(123 units), chimpanzee (120 units), rhesus monkey (120 units), and
spider monkey (121 units). The consistency is curious but does not
necessarily imply the regularity needed to justify the recent figure of 5
million years.

The above measurements are based on phenetic differences which can
be deceptive. Uzzell and Pilbeam (1971) have called attention to a
paradox that arises in considering phenetic measurements:

... phenetic comparisons consistently and increasingly underestimate the amount
of evolutionary change at greater distances from the present, since the number of
amino acid positions at which more than a single nucleotide base-pair substitution
has been fixed increases with time. This means that the time estimates for various
more recent branches given by Wilson and Sarich (1969) are themselves too old.
Placing these branches even more recently, as the above analysis would indicate,
leaves one in the curious paradox of attacking the fossil record, especially that of
hominids, not where it is fuzzy and subject to reinterpretation, but where it is firm
and accepted by all paleontologists concerned with Primates.

The amount of credibility given to different kinds of evidence (molecu-
lar versus paleontological) is of critical importance. The rate of albumin
evolution is constant if the divergence of chimpanzee, humans, and
gorilla is approximately 5 million years. It cannot be constant if the date
of divergence is nearer to the 15 million year date accepted by other
workers. Nonmolecular evidence for these respective positions is discus-
sed by Sarich (1971) and Uzzell and Pilbeam (1971). The point we would
like to emphasize is that the accuracy of any estimation of rates of
mutation derived from molecular studies must yield to the firmness of
paleontological data.

Figures IV through VI are given as examples of phylogenetic trees that
include time scales.

Figure IV is a representation of the phylogeny of carbonic anhydrase
isozymes CA, and CA[;. The numbers are the nucleotide substitutions on
the link paths through the network.
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Figure V is the portion of the cladogram presented by Uzzell and
Corbin (1972) dealing with primate relationships. The numbers above
the lines are the estimated number of nucleotide substitutions that occur-
red for 141 alpha-hemoglobin codons. The numbers below the line are
the estimated substitutions for 146 beta-hemoglobin codons. Bracketed
numbers are correction figures derived from a consideration of 139
codons common to both alpha- and beta-hemoglobin cistrons. The length
of the branches are proportional to duration of time estimated from
paleontological evidence. The date of divergence of chimpanzee,
humans, and gorilla is given as 15 million years ago.

Figure VI is the cladogram of Sarich (1971) based on immunological
data. The numbers refer to Index of Dissimilarity (I.D.) units. The
divergence of chimpanzee and humans is placed at 5 million years.

In view of the fact that the majority of anthropologists and mammal-
ogists concerned with primate evolution accept the date of divergence of
chimpanzee, humans, and gorilla at 13 to 15 million years ago or perhaps
longer, we feel that the rate of protein evolution should be calculated with

that figure in mind. There is not yet incontestable evidence that proteins
have evolved at a constant rate, although there is no reason to believe that

such proteins (and such rates) do not exist.

70

60 4

—_———

To various
modern prosimians
for example: Lemur,
Slow Loris, Tarsier, 40
Tree Shrew

45
50 o

30-1

Millions of years

o~

3

(=
[
o
-~

Chimp anZQG
Humans
Glbbo'.,

& & ¢
c 13 c
O (=) [=]
= £ =
n |~ —
L)
2 s £
Q 3
3 o g

Figure V1. Cladogram of some primates. (redrawn and adapted from Lovejoy and

Meindl 1972 and Sarich 1971)



172 GEORGE R. GLUESING, FATHI ABDEL-HAMEED

REFERENCES

BARNABAS, JOHN, MORRIS GOODMAN, G. WILLIAM MOORE
1972 Descent of mammalian alpha globin chain sequences investigated by
the maximum parsimony method. Journal of Molecular Biology
69:249-278.
DAYHOFF, MARGARET 0., editor
1969 Atlas of protein sequence and structure, volume 4. Silver Spring, Md.:
National Biomedical Research Foundation.
DAYHOFF, MARGARET O., C. M. PARK, P. J. MCLAUGHLIN
1972 “Building a phylogenetic tree: cytochrome c,” in Atlas of protein se-
quence and structure, volume 5. Edited by M. O. Dayhoff. Silver Spring,
Md.: National Biomedical Research Foundation.
GOODMAN, MORRIS, JOHN BARNABAS, G. W. MOORE
1972 Man, the conservative and revolutionary mammal. Molecular findings
on this paradox. Journal of Human Evolution 1:663-686.
GOODMAN, MORRIS, GABRIEL W. LASKER
1976 ‘‘Molecular evidence as to man’s place in nature,” in Primate morphol-

ogy, functional morphology and evolution. Edited by Russel H. Tuttle.
The Hague: Mouton.

LOVEJOY, C. O., R. S. MEINDL
1972 Eukaryote mutation and the protein clock. Yearbook of Physical
Anthropology 16:18-30.
SARICH, VINCENT M.
1971 “A molecular approach to the question of human origins,” in Back-
ground for man: readings in physical anthropology. Edited by V. M.
Sarich and P. Dolhinow. Boston:Little, Brown.
SARICH, VINCENT M., ALLEN C. WILSON
1967 Immunological time scale for hominid evolution. Science 158:
1200-1203.
1973 Generation time and genomic evolution in primates. Science 179:
1144-1147
TASHIAN, RICHARD E., ROBERT J. TANIS, ROBERT E. FERRELL et al.
1972 Differential rates of evolution in the carbonic anhydrase isozymes of
catarrhine primates. Journal of Human Evolution 1:545-552.
UZZELL, THOMAS, KENDALL W. CORBIN
1972 Evolutionary rates in cistrons specifying mammalian hemoglobin
alpha- and beta-chains: phenetic versus patristic measurements. Ameri-
can Naturalist 106:555-573.
UZZELL, THOMAS, DAVID PILBEAM
1971 Phyletic divergence dates of hominoid primates: a comparison of fossil
and molecular data. Evolution 25:615-635.
WILSON, ALLEN C., VINCENT M. SARICH
1969 A molecular time scale for human evolution. Proceedings of the
National Academy of Science 63:1088-1093.
WOODING, G. L., R. F. DOOLITTLE
1972 Primate fibrinopeptides: Evolutionary significance. Journal of Human
Evolution 1:553-563.



Mathematical Aspects of Genetic
Equilibrium

RANAJIT CHAKRABORTY

It is well known that polymorphism prevails in nearly all, if not all, natural
populations to some degree. On a phenotypic level, which constitutes the
essential description of a population, this simply means the existence of
more than one morphological or physiological type in the population. On
the genotypic level, this generally means that there exists in the popula-
tion more than one allelomorph at a locus. The persistence of these
alternate states of a gene in a population over a long period constitutes
the study of evolutionary statics (Haldane 1954).

There are many ways in which such population variability can be
maintained. They all depend on some kind of balance between coun-
teracting forces, or else the variability is transient. The same degree of
variability is preserved by a constancy of frequencies of different
allelomorphs over generations. This event is known as genetic equilib-
rium. Thus, the concept of equilibrium can be conceived at three levels
(phenotypic, genotypic, and genic) just as in the case of polymorphism.
The distinctions among these three types are important, although not
sharp enough. A detailed account of their interrelationship can be seen in
Chakraborty (1972).

In this article our aim will be to analyze the mathematical aspects of
equilibrium states insofar as the stability of such states are concerned. In
other words, we attempt a formal classification of equilibrium systems.
Such a study is relevant for the determination of the ultimate fate of a
population in which the balance between the counteracting natural forces
is maintained soon after an initial disturbance. To do that we consider a
model with infinite population so that stochastic elements are not intro-
duced. The generations are assumed to be discrete (that is, each genera-

Research initiated when the author was associated with Indian Statistical Institute, Calcutta.
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tion dies out, being replaced by its progeny). Furthermore, mating is
supposed to take place according to precisely specified laws. With such a
setup, the equilibrium states of a system are obtained by equating the
frequencies of one generation with those in the preceding one; this
essentially reduces to a problem of analyzing the nature of the fixed
points of a first-order recurrence relation of the type (1):

Xnt1 = f(xn)

where fis a function (in the sequel assumed to be a continuous one) from
[0,1]to [0, 1]. Any fixed point of f, if it exists, in [0, 1] is in an equilibrium
state. Classifications of such equilibrium states are known which can be
used to study the convergence of a system initiated atx(0 <x,<1)toa
particular equilibrium point. But most often the classifications are based
purely on geometric arguments which are not made analytical even
though they serve the purpose (Lewontin 1958; Karlin 1968; Cannings
1969a, and others). Cormack (1964), while making an attempt to study
the problem analytically, raised a few interesting points. Before pre-
senting a partial solution to one of his conjectures, we consider the
classification of the equilibrium states.

CLASSIFICATION OF EQUILIBRIUM STATES

To fix our idea we restrict our attention to only those genetic systems in
which the genetic structure in any generation is characterized by only one
parameter. Such a situation is often met in practice (for example, the
systems with two alleles at an autosomal locus in an infinitely large
random mating population). Such a system is said to be in equilibrium
(genic equilibrium in the sense of Chakraborty 1972) if the gene fre-
quency in successive generations remains unaltered. Or, in other words, if
the model is represented by a recurrence relation of type (1), a fixed point
of the function f(x) in [0, 1] determines the equilibrium state. Now, by
analogy to the equilibrium of mass points in physics we have

DEFINITION 1: An equilibrium state, x*, is said to be a locally stable one if
f(x*) = x* and there exists an open interval 1 containing x*, such that for
all xel, the sequence {x, f(x), f{f(x)], - - -, f*(x), - - -} converges to x*.

Note that this means that if there is a small shift away from a stable
equilibrium state, the system eventually returns to the stable state. If x*,
in the above definition, is a boundary point, the interval I is to be
considered as open at one end and closed at the other (for example, if x*
= 1,7 should be of the nature (1 — ¢, 1]). Thus, definition 1 formalizes the
stipulation of “‘slight” disturbance as mentioned by Lewontin (1958).

Other types of equilibrium states are often grouped together as un-
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stable equilibria. But we shall carry the classification further. The equilib-
rium states, which are stable for some displacements and unstable for
others, are termed semistable, and the rest, which are unstable for all
displacements, are termed here unstable. Cormack (1964) thus also
defined neutral equilibrium in case there is a continuum of equilibrium
points.

It is now worthwhile to look at all the initial states satisfying the
property of the points of the interval I. We then have

DEFINITION 2: for each equilibrium x*, the set A defined by
A = {x0, 1] : *(x) — x*}
is called the region of influence of x* (due to Cormack 1964).

It is interesting to note that

1. ICA;

2. Neither I nor A contains any other fixed point of f(x);
3. A is an open set if x* is stable;

and

4. A is the singleton set of x* if x* is unstable.

In the fourth item we make a distinction between semistability and
unstability because a semistable equilibrium point x* can perhaps be
reached from points x < x* (or x > x*, only).

DISPLACEMENTS AND STABILITY

The formal definition of a stable equilibrium enables us to study the
nature of the function f in the neighborhood of a stable equilibrium state.
For this we first prove

THEOREM 1. Let x* be a stable equilibrium state, 0 < x* < 1. Then for
every xel, f(x) > x if < x*.

PROOF. Consider the set T = {t : (¢, x*) C A}. Because x* is stable, T is
nonempty. Hence, T (¢, x*) is an interval. Call it (¢*, x*). Clearly, (¢*,
x*) C A. Hence, the image of (¢*,x*) under fis also contained in A. But
the image of (¢*, x*) f(t*, x*) D(f(t*), fx*)) or (f(x*), f(t*)) according
as flt*) < f(x*), or fx*), < f(t*).

Now if possible, let f(t*) <t*. This implies f(t*) <x*, because t* <x*.
Thisin turn implies (f(t*),x*) = (f(t*), f(x*)) C A. Therefore, f(t*)e T and
hence (f(t*), x* ) C (¢*, x*)). Thus, f(t*) = t*. This shows that f(¢*) must
be greater than or equal to ¢*.
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Lett be any point of (¢*, x*). Because (t*,x*) C A, f(t) # ¢, due to the
fact that A does not contain any equilibrium state other thanx*. Butif f{¢)
<t, there must exist a pointz,¢ (¢*,¢) such that f{t,) =1,, because f(t*) =¢*.
This cannot happen because ty¢ A. Therefore, f(t) > ¢ for all z ¢ (¢*, x*).
The proof is thus complete just by noting that {x e I, x <x*} C (¢*,x*).

A similar argument also shows that for everyx ¢ I, x > x*, f(x) must be
less than x. In other words, in the interval I the graph of f(x) cuts the
diagonal from above to below. In fact, this happens throughout the
largest connected component of A aroundx*. To avoid any confusion, we
note that mathematical implication of Theorem 1 is

daf
dx

<1

X =x*

if x* is a stable equilibrium point. In fact, the necessary and sufficient
condition of stability is a bit stronger (that is

1< 9

< 1).
dx

x = x*

CORMACK'’S CONJECTURE

We now pass on to the discussion on the systems admitting two stable
equilibrium states. Suppose that the two such states are x% and x% with
associated regions of influence A, and A,, respectively. By their defini-
tions, A, and A, do not have any states in common. Without loss of
generality let us assume that x% < x%. Then it is easy to note that the
largest connected component, I, of A, around x* lies entirely on the left
of the largest connected component, I, of A, around x%. Now take x, & I,
and x,¢ I, such thatx; > x% and x, < x%. By theorem 1 we have f(x,) <x,
and f(x,) > x,. Hence there exists a state x, & (x,, x,) such that f(x,) = x,.
Butxge A, or A,. Hence x, (which lies between x% and x%) belongs to a
third set from which no displacement can take the system to x*% or x%.
This is the set which, in Cormack’s terminology (1964), is called the
boundary set, C. In fact it is easy to see that if the system admits only two
stable equilibria throughout in C, the sequence of functional iterates f°(x)
is not uniformly convergent as n — o,

We have, by now, noticed that C contains at least one equilibrium state
(for example, x,). Thus we prove

THEOREM 2. For a system which admits only two stable equilibria,
boundary set C contains at least one equilibrium point.

In fact this in turn allows us to see that in the situation in which we
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characterize the system by only one parameter, in this case the gene
frequency, two stable equilibria are always separated by at least one
equilibrium state and the boundary set of the two regions of influence
(associated with the two stable states) is around the equilibrium state.
This equilibrium state is either semistable or unstable if there are only two
admissible stable states. This proves the conjecture of Cormack in the
case of a single parameter.

DISCUSSION

Stability of an equilibrium state, as defined in this paper, thus appears to
be a stronger concept than convergence. It is necessary to elucidate that a
system may as well converge to a semistable equilibrium from a certain
set of initial points. But for a stable equilibrium point, convergence is
assured in its region of influence. Hence, from the very definition of such
concepts it is clear that necessary and sufficient conditions for stability of
the nondegenerate equilibrium are always also sufficient for convergence
to that equilibrium. Cannings’ observations (Cannings 1967, 1969b) are
thus results of this fact, too. Furthermore, the implications of Theorems 1
and 2 are even more interesting. They can be used to devise an algorithm
to locate the regions of influence explicitly for any stable equilibrium
point. It must be mentioned, at last, that the theory described thus
far is based on strictly deterministic considerations. Under stochastic

models a new approach to the whole concept of stability would be
required.
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FRANCISCO M. SALZANO

THE PHILOSOPHY OF MULTIDISCIPLINARY
INVESTIGATIONS

Human beings are complex animals and have developed very diversified
cultural systems. They live in a wide-ranging environment and are there-
fore subjected to a large variety of stresses to which they must adapt.
These challenges may arise from natural sources, but the sociocultural
structures created can lead to new tensions and can interact in many
subtle ways with the forces of nature.

Adaptation in our species can be cultural or biological. The latter may
involve at least three types of components: genetic, physiological, and
behavioral. The main aims in any adaptability project are first, the
identification of the primary stresses to which a given group is exposed,
and second, the calculation of quantitative estimates of the degree of
adaptation achieved in relation to these factors. This is no easy task;
human biological multidisciplinary studies were organized in an effort to
obtain (if not definitive at least approximate) answers to these questions.

The success of such investigations depends on a series of circumstances.
Clearly, the study of a population from the point of view of several
disciplines will provide important insights only if carefully prepared plans
are made concerning what should be studied, and a thorough integration
of the results obtained by the different specialists is carried out. More
details about the philosophy of these studies can be found in Baker
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(1969) and in the World Health Organization Technical Report Series
numbers 279 (1964) and 387 (1968). A useful guide to field methods is
provided by Weiner and Lourie (1969).

WHY STUDIES ON TRIBAL POPULATIONS?

There are in the world today a number of communities still living in
conditions that may be called “primitive,” in the sense that their subsis-
tence activities (hunting and gathering with simple agriculture) resemble
those prevalent in the early phase of human history. Quite apart from
discussions about what aspects of these communities should be investi-
gated (see Morton 1968), this resemblance and their fast rate of accul-
turation give them a high priority in any program of human biology. By
studying these populations we can, moreover, obtain important informa-
tion that may be gathered only from the following groups.

1. The disease, mortality, and fertility patterns most prevalent in
populations living in this cultural stage and the influence of genetic
factors on them.

2. The relationship between population structure and genetic varia-
bility. (Tribal groups are especially suitable for these investigations
because of their relatively small size and the simplicity of their ecology.)

3. The study of unusual diseases, abnormal frequencies of rare condi-
tions, and new genetic variants or disorders. (Here the point to be
stressed is their relative isolation and high rate of endogamy.) (World
Health Organization 1964, 1968.)

There is no doubt that other groups for whom written records of
morbidity, mortality, and fertility are available may provide more deci-
sive data for the solution of some problems of population genetics. But
their value is quite limited if we want to draw inferences about what
happened during 99 percent of our biological evolution.

RECENT MULTIDISCIPLINARY INVESTIGATIONS IN
TRIBAL AND PEASANT SOCIETIES

In recent years a series of tribal and peasant populations have been
studied by groups of researchers whose aim was to understand their
patterns of adaptation by using data from several disciplines. Two types
of approaches can be visualized here.

1. The community to be studied can be chosen because of unusual
circumstances occurring in it, such as a localized disease, or because it is
located in an environment that provides a very specific type of stress, such
as high altitudes; or
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2. Although the emphasis may still be ecological, the types of primary
stresses may not be so obvious, and several aspects of the relationship
between a given group of persons and their environment must be con-
sidered.

The advantage of the first type of study is that specific hypotheses can
be established a priori to verify the adaptation processes developed by the
different populations to the main challenges posed by their special situa-
tions; the disadvantage is that the findings cannot be easily extrapolated
to groups that are not subjected to these stresses.

An example of investigations of a localized disease is the research on
kuru in the eastern highlands of Australian New Guinea (Gajdusek 1964;
Gajdusek and Alpers 1972), Kuru is a rapidly progressive familial
degenerative disorder of the central nervous system and is responsible for
a high mortality among the Fore, where it has reached an extraordinarily
high incidence. The detailed fieldwork performed in the kuru region, as
well as the extensive laboratory determinations done on material col-
lected there, have clarified important aspects of the etiology and
epidemiology of the disease, as well as the kinds of adaptive mechanisms
developed by these individuals to cope with this situation.

Several multidisciplinary studies of how human groups adapt to a
high-altitude environment have been performed; one of the more exten-
sive is that done among the Quechua of the Andes Mountains (Baker
1971; Baker and Dutt 1972). Populations of this area show distinctive
physiques, as well as many physiological indicators of adaptation. Pat-
terns of growth, fertility, and mortality are quite different from those seen
in the lowlands, but it is not yet clear how much of this is due to genetic
factors, how much to phenotypic plasticity, or how much to an interaction
between the two. Similar questions have been asked by Harrison et al.
(1969) on Ethiopian natives and by Rothhammer and Spielman (1972)
on the Aymara of northern Chile.

More general multidisciplinary investigations, without a focus on
specific stresses, are being performed in different regions of the world. In
southwest New Guinea, for example, Simmons, Gajdusek, and Nicholson
(1967) have tried to correlate the local genetic variation with the eth-
nography and disease patterns of the populations studied. More sophisti-
cated analyses were done by Friedlaender (1971), Friedlaender e al.
(1971) and Howells (1966), on the Melanesians of south-central
Bougainville. The technique of population structure analysis was applied
to blood polymorphic, anthropometric, and demographic data. The first
two sets of results reveal a striking amount of variability. Tree analyses
and distance correlations show that this biological variation is related to
geographic, linguistic, and migrational differences.

Morton and associates (Hussels and Morton 1972; Morton 1972;
Morton and Greene 1972; Morton, Harris et al. 1971; Morton, Roisen-
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berg et al. 1971; Morton et al. 1972) have utilized several methods of
population genetic analysis to investigate the interrelationships of a series
of variables studied among groups living in the Pingelap and Mokil atolls
of Micronesia. They were able to relate a series of demographic and
genetic features of these populations to the effects of a devastating
typhoon that occurred in this area around 1775. One of the most striking
consequences of this event was the increase in frequency of congenital
achromatopsia with myopia, which now has an incidence of 5 percent
among the Pingelapese and 1 percent among the Mokilese.

Extensive investigations were also performed by Cavalli-Sforza and
coworkers among the Babinga pygmies of the Central African Republic,
but the analysis of these data has only started (Benerecetti 1970;
Benerecetti and Modiano 1969; Bodmer and Bodmer 1970; Cavalili-
Sforza and Bodmer 1971; Cavalli-Sforza et al. 1969), being restricted
until now to the description of the distribution of several genetic
polymorphisms, marital distances, and the application of the methods of
phylogenetic trees.

Somewhat different approaches are being used in the Eskimo—Aleut
project (Laughlin 1963, 1972). Here the main emphasis is on archeology
and geology, to search the past for events that could have affected
population size and structure, while human biological studies are per-
formed to identify adaptive processes that could be related to the particu-
lar type of life of these people.

Several American Indian tribes are being subjected to multidis-
ciplinary studies of different orders of magnitude. Research among North
American groups includes that of Niswander and coworkers (Brown and
Johnson 1970; Niswander et al. 1970; Sofaeret al. 1972; Workman and
Niswander 1970) in Southwestern Indian tribes. The genetic differentia-
tion observed among Papago groups was analyzed by the use of y2 tests
and Wright’s F statistics; the geographic distances presently separating
that tribe from the Pima and Zuiii were compared with those obtained
using polymorphic genes and dental morphology.

In South America the most extensive investigations were performed
among the Makiritare (Arends et al. 1970; Gershowitz et al. 1970; Ward
and Neel 1970; Weitkamp and Neel 1970) and Yanomama Indians
(Chagnonet al. 1970; Eveland, Oliver, and Neel 1971 ; Gershowitzet al.
1972; Neel 1971, 1972; Neel et al. 1970, 1972; Neel and Ward 1972;
Spielman et al. 1972; Weitkamp et al. 1972; Weitkamp and Neel 1972).
The Yanomama especially have been subjected to thorough genetic and
ecological studies, the principal objectives being (Neel et al. 1972):
(1) to develop a better understanding of the population structure in
groups of this type; (2) to apply the techniques of distance analysis
based upon defined genetic characteristics to the complex task of unravel-
ing the relationships of Indian tribes and estimating rates of genetic
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divergence; and (3) to attempt to identify and quantify the manner in
which “civilization” introduces the need for genetic adjustments. The
analysis of these data is still going on, but the results available so far have
indicated some important differences in the population structure and
ecological pressures between populations living at this cultural level and
those technologically more developed.

Jantzet al. (1969), Johnstonet al. (1968,1969a, 1969b), and Johnston
and Kensinger (1971) have also performed multidisciplinary investiga-
tions among the Peruvian Cashinahua; unfortunately, the populations
studied were small, precluding safe generalizations.

The researches of our group using this approach started with the
Caingang Indians of the southern Brazilian states of Rio Grande do Sul,
Santa Catarina and Parana (Da Rocha 1971; Harrison and Salzano 1966;
Keiter and Salzano 1963; Roberts, Salzano, and Wilson 1970; Roberts
et al. 1971; Salzano 1961a, 1961b, 1961c, 1961d, 1963, 1964a, 1964b,
1964c, 1964d; Salzano et al. 1962; Salzano and Shreffler 1966; Salzano
and Steinberg 1965 ; Salzano and Sutton 1963, 1965 ; Salzano and Tondo
1968; Tondo and Salzano 1960). The studies involved demographic
variables, morphology (anthropometry, dermatoglyphics, skin color, and
other characteristics), hemoglobin types, blood groups and salivary
secretion, serum proteins, color blindness, some rare genetic conditions,
growth, active sweat-gland distribution, and the effects of consanguine-
ous marriages. The Xavante tribe was then studied, in a joint project with
Neel and coworkers (Gershowitz et al. 1967; Neel et al. 1964, 1968a,
1968b; Neel and Salzano 1967 ; Niswander 1967 ; Niswander, Keiter, and
Neel 1967; Salzano, Neel, and Maybury-Lewis 1967; Shreffler and
Steinberg 1967; Tashianer al. 1967 ; Weinstein, Neel, and Salzano 1967).
Members of our group have also collaborated to a limited extent with the
researches carried out among the Makiritare and Yanomama (Chagnon
et al. 1970; Gershowitz et al. 1970, 1972; Neel et al., 1972; Spielman
et al., 1972). But during the last few years we have been concerned pri-

marily with studies among the Cayapo Indians. A summary of the main
results follows.

THE CAYAPO — A CASE REPORT

The Cayapo Indians speak a Ge language and live at present in eight
semi-independent communities in the Brazilian states of Pard and Mato
Grosso, reaching from latitude 5° to 10° south and from longitude 51° to
54° west. The sizes of their subgroups, their names, the dates when they
first established peaceful contacts with non-Indians, estimates of their
degree of acculturation, and the kinds of research performed among them
are given in Table 1; the articles describing these results in detail are also
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listed there. As can be seen, the whole Cayapo population consists now of
about 1,500 individuals. This figure should be compared to an estimate of
the last century made by H. Coudreau (1897), who calculated a popula-
tion of 5,000 for these Indians. Our demographic studies involved about
half of the estimated present number. Unfortunately, it was not possible
to perform all kinds of observation planned in all subgroups. For most of
the gene markers, however, the number of persons tested also
approached one-half of the total population.

The recent history of the Cayapo can be summarized as follows. They
may have consisted of a single large population at the end of the seven-
teenth century. Some time afterward, however, they split into three
groups: the Pau d’Arco, Xikrin, and Gorotire. The first became extinct;
the Xikrin have remained as a distinct branch ever since, dividing into two
groups around 1956; and the Gorotire have suffered several fissions and
fusions. The first split among the Gorotire occurred around 1905, giving
rise to the Mekranoti subgroup. The latter divided again, with part of the
population going to the Xingu area and the remaining to the Iriri region.
A new fission then occurred in the Xingu population, the result being the
present Txukahamae, while the other faction joined a dissident group
from the Iriri band, remaining with them in that area. What is called the
Bau population is a result of the fusion of the Kararad, who separated
from the Gorotire around 1936, and part of the Mekranoti of the Iriri. A
further subdivision of the Gorotire are the Kuben-Kran-Kegn; this split
also occurred around 1936 when the Gorotire had their first contacts with
neo-Brazilians. A few years later the Ko-Krai-Moro diverged as a sub-
branch of the Kuben-Kran-Kegn.

Information about some selected demographic characteristics of three
Cayapo subgroups is given in Table 2. These are young populations.
About 40 percent of the persons are less than fifteen years old, the mean
age being twenty years; fertility and mortality are moderate. These
values, and those observed for the admixture rates, are in accordance
with previous findings in populations of hunters and gatherers with
incipient agriculture. The reduced age difference between males and
females, and low sex ratios and inbreeding rates are, however, at variance
with previous studies in such groups (see Salzano 1972b for a general
review). On the other hand, there are differences among the three com-
munities studied in relation to age distribution, sex ratio, number of live
births per married female, amount of mortality found, and inbreeding
rates. The most contrasting subgroups are the Txukahamae and the
Kuben-Kran-Kegn, the Mekranoti showing generally intermediate
values. It is interesting that the higher number of live births observed
among the Txukahamae when compared to the Kuben-Kran-Kegn is
compensated by a higher mortality, the average number of surviving
offspring being of the same order of magnitude in the two subgroups. The
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concordant findings observed for the Kuben-Kran-Kegn and Mekranoti
are in accordance with the back stochastic migration matrix obtained for
these three populations (Salzano 1971) which indicated significant
exchange between these two communities.

Table 2. Demographic characteristics of Cayapo subgroups

Cayapo subgroups

Demographic variables Total
Kuben-Kran-
Mekranoti  Kegn Txukahamae

Total sample 172 312 190 674
Percent less than 15 years old 43 35 49 41
Sex ratio 77 87 102 88
Mean age

Males 20 21 18 20

Females 19 22 18 20
Number of live births per

married female 33 2.4 3.8 3.0
Number of surviving

offspring 2.1 2.0 2.6 2.2
Decrease as percent of live births 36 17 32 27
Admixture rate 16 13 17 —_
Inbreeding coefficient (x 107%) 22 3 28 14

Source: Salzano (1971).

Mortality and fertility data can be combined in Crow’s index (1958) of
potential selection. The results obtained among the Cayapo are com-
pared in Table 3 with those of two other tribes that are at about the same
level of technological advance. Because of their relatively low mortality
and small variance in completed family sizes, the former show a very low
index (0.71, as compared to 0.88 obtained for the Yanomama and 0.90
observed among the Xavante).

Births and deaths are, of course, much influenced by the disease
patterns of a given group. Unfortunately, we have been able to make
detailed medical examinations in only one population (the Txukahamae).
Despite some health problems — one of them, tuberculous infection, due
to recent indirect contacts with non-Indians — the general impression
given by these Indians was of a group in good equilibrium with their
environment. The pattern observed is typical of hunting and gathering
groups with incipient agriculture. Chronic and degenerative disorders
were not encountered; all the congenital defects observed were of a very
mild nature ; malnutrition was rare and confined to ill persons who did not
have relatives who could take care of them. There was a complete
absence of hypertensive individuals and the mean number of carious or
missing teeth was low, with malocclusion rare. Their main health prob-
lems were related to the infectious diseases prevalent in their environ-
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ment: malaria, skin parasites, an influenzalike organism responsible for
an epidemic that occurred during our stay there, and the tuberculous
bacilli mentioned above (Ayres and Salzano 1972).

Table 3. Demographic variables and genetic parameters in three tribes of South American
Indians

Demographic variables
and genetic parameters Cayapo  Xavante Yanomama

Completed sibships
Number of live births

x 3.7 4.7 2.6
82 3.8 6.1 3.7

Number of surviving offspring

x 2.7 3.1 22

5* 2.6 4.2 i3

Decrease in the averages 27 34 15
Selection potential

Im 0.34 0.49 0.22

If 0.38 — —

Ifips 0.37 0.41 0.66

{ 0.71 0.90 0.88

Key: 1Im = pd/ps, where pd = premature deaths and ps = proportion surviving or 1 —pd;
If = Vfix*, where Vf = variance in offspring number for completed sibships and ¥ = mean
number of live births per woman who completed her reproduction;

I = Im + Iflps = index of potential selection (Crow 1958).

Sources: Neel and Chagnon (1968); Salzano (1971; Salzano, Neel, and Maybury-Lewis
1967)).

An indirect estimate of problems related to the immune system of these
individuals was obtained while performing the Gm and Inv tests (Salzano,
Steinberg, and Tepfenhart 1973). We found (Table 4) that a surprisingly
large number of the samples studied showed antibody activity against the
red blood cells which, in these determinations, are coated with an incom-
plete anti-Rh. The overall frequency of agglutinators found was 26 per-
cent. The great majority of the individuals tested were adults, but there is
an indication of a decreased prevalence in young children (8 percent in
those less than ten years old, while the corresponding value for persons
above this age was 30 percent). This is just the opposite of what was
observed in the white and black populations of Cleveland, Ohio (Wilson
and Steinberg 1965) and suggests that the antihuman globulins observed
among these Indians are different from those encountered in the
above-mentioned groups. It is interesting, also, that the four Cayapo
populations sampled are heterogeneous, the Mekranoti showing higher
(42 percent) and the Kuben-Kran-Kegn lower (17 percent) prevalences
of agglutinators (X%4, = 16.9; P < 0.001).

The reasons for these findings are still unknown. There were no signs of
rheumatoid arthritis, a frequent cause of agglutination of sensitized red
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blood cells, in the individuals sampled. Appropriate tests showed that
these antibodies are not related to the rheumatoid factor or to the cold
agglutinins detected in high frequencies by Layrisse and Layrisse (1968)
among the Yanomama Indians. Nor are they directed against a specific
Gm antigen. Although racial factors cannot be ruled out, the high preva-
lences of carriers of antihuman globulins among the Cayap may be in
some way related to their ecological conditions. As Neel and Salzano
stressed (1967), the factors that condition the acquisition of antibodies at

this cultural level may differ in important respects from those prevalent in
civilized populations.

Table 4. Prevalence of carriers of antihuman globulins in four populations of Cayapo
Indians

Age and presence of Cayapo subgroups Total
antihuman globulins
Kuben-
Kran-
Xikrin Mekranoti Kegn Txukahamae
Less than ten years old
Agglutinators 0 3 0 3 6
Total 11 19 3 45 78
Ten years old and over
Agglutinators 17 36 23 34 110
Total 48 74 131 109 362
Total sample
Agglutinators
(number) 17 39 23 37 116
(percent) 29 42 17 24 26
Total 59 93 134 154 440

Source: Salzano, Steinberg, and Tepfenhart (1973).

Turning now to other kinds of intratribal comparisons, Table 5 shows
calculations performed to verify how morphologically distinct the
subgroups were. The application of Mahalanobis’s D? coefficient
(Mahalanobis, Majumdar, and Rao 1949) to data from nine measure-
ments yielded for both males and females a much lower value for the
Txukahamae/Kuben-Kran-Kegn comparison, the Mekranoti and Kuben-
Kran-Kegn presenting the most marked amount of morphological
differentiation.

These results are not paralleled by the genetic distances, calculated on
the basis of six polymorphic loci (Table 6). The numbers obtained in all
comparisons are similar, the possible exception being the low
Xikrin/Kuben-Kran-Kegn distance.

The integration of all the intratribal information given on tables 1-6, as
well as in the papers listed there, does not yield any simple picture. On the
basis of the recent history of these groups, the Xikrin should show the
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widest divergence from the other populations, because they were the first
of the present Cayapo groups to separate from the others and are located
at the periphery of the distribution area. They do show some distinct
differences in blood group, serum protein, and dermatoglyphic patterns
when compared to some of the other populations, but as indicated above,
the shortest genetic distance calculated using six loci was the one between
them and the Kuben-Kran-Kegn. The latter were clearly different from
the Txukahamae in demographic features but not in morphology. Other
discrepancies could be indicated, but the point to emphasize, perhaps, is
that the genetic distances calculated for the four Cayapo villages did not
differ much one from another, giving a pattern of some uniformity.

Table 5. Generalized distance (D?) of Mahalanobis obtained from the results of nine
anthropometric measurements performed in persons from three Cayapo populations

Population comparison* D? values in

Males Females
Txukahamae/Mekranoti 3.46 6.38
Txukahamae/Kuben-Kran-Kegn 0.99 3.11
Mekranoti/Kuben-Kran-Kegn 10.14 14.34

* Measurements used: stature, weight, head length, head breadth, height of forehead,
morphological face height, nasal height, nasal breadth, and sitting height.
Source: Da Rocha and Salzano (1972).

Table 6. Genetic distances by pair for four Cayapo villages*

Txukahamae  Mekranoti Kuben-Kran-Kegn
Mekranoti 0.259
Kuben-Kran-Kegn 0.275 0.240
Xikrin 0.271 0.255 0.190

Source: Salzano et al. (1972a, 1972b).

* Based on the Rh, MNSs, Duffy, Kidd, Diego, and haptoglobin loci and computed by the
method of Cavalli-Sforza and Edwards (1967).

In Table 7 these results are compared with those observed among the
Xavante, Yanomama, and Makiritare, as well as with the pattern of
variability presented by twelve Central and South American tribes. As
can be seen, the Xavante and Cayapo villages appear to differ less from
one another than do villages of the Yanomama and Makiritare. The
amount of intratribal genetic differentiation found among the latter
seems to be almost of the same order of magnitude as the one separating
the indicated tribes.

As an example of the fruitfulness of searching for rare genes among
such groups, I may mention that recently a variant of phosphohexose
isomerase was found among the Mekranoti. The discovery was made by
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members of the Department of Human Genetics of the University of
Michigan Medical School, where the characteristics of this new type are
being studied in detail.

Table 7. Intratribal 6-locus genetic distances for four relatively undisturbed Indian tribes,
compared with similar intertribal relationships

Comparison Number of villages Smallest Largest Mean
or tribes distance distance

Intratribal
Cayapo 4 0.190 0.275 0.248
Xavante 3 0.105 0.231 0.178
Yanomama 7 0.144 0.537 0.330
Makiritare 7 0.158 0.588 0.356

Intertribal® 12 0.224 0.660 0.385

Sources: Fitch and Neel (1969); Salzano ez al. (1972b); and Ward and Neel (1970).
* Twelve tribes of Central and South America meeting relatively rigid criteria concerning

absence of admixture with non-Indians, nature of the sampling process, and number
studied.

SUMMARY AND CONCLUSIONS

Truly multidisciplinary studies are a relatively recent feature of human
biological research. We should not expect startling advances immedi-
ately, for the methodology for handling the multiplicity of data obtained
is not yet completely developed. Great emphasis has lately been placed
on the comparison of phylogenetic trees obtained with different sets of
characteristics. Although a priori we should expect a fair amount of
agreement among them, there is no reason why they should all be similar.
The factors that regulate the structure of a population may affect these
traits in different ways, and selection may have acted in opposite direc-
tions for some of them.

To some researchers it may be obvious that the biological factors that
regulate the adaptation of tribal populations differ from those present in
technologically more advanced societies, but only now are we obtaining
the kind of data needed to quantify the degree of such differences. To cite
just one example, the pattern of intratribal variability observed among
the Cayapo (relative uniformity of genetic distances when traits not
subjected to strong selection are compared) is exactly the one expected
under the so-called fission—fusion model of population structure (Neel
and Salzano 1967). The subdivision and later grouping of different
nomadic populations may be of such a nature as to increase the probabil-
ity that new combinations of gene frequencies will be explored, but
because the entire tribe will be the ultimate breeding unit, the effective
population size will usually become such that over a sufficient interval of
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time deterministic rather than nondeterministic genetic events will con-
trol subsequent developments, avoiding excessive drift.

In some cases it is as important to know what kinds of questions should
be asked as to answer some of them. The field studies here reviewed
already indicate that some of the theoretical models used in human
population genetics are too simple and that alternative approaches
should be used. One of them is computer simulation. MacCluer, Neel,
and Chagnon (1971), for instance, used this technique to check the
Yanomama field data for consistency, to indicate areas in which more
data are needed, and to investigate in detail the long-term consequences
of a given demographic structure. It is hoped that by a careful combina-
tion of these theoretical analyses with studies in natural populations. we
may be able to gain insight into the most important aspects of human
evolution.
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Tapipa: A Negroid Venezuelan Isolate

T. ARENDS, M. L. GALLANGO, A. MULLER,
M. GONZALEZ-MARRERO, and O. PEREZ BANDEZ

Although several populations of African origin have remained in relative
isolation in Venezuela (Bobures in Zulia State; Farriar, Aguas Negras,
and Palmarejo in Yaracuy State; Curimagua, Macuquita, and La Chapa
in Falc6n State; Choroni and Ocumare de la Costa in Aragua State; and
Curiepe, Tacarigua, Caucagua, Aragiiita, Rio Chico, Ocumare del Tuy,
Santa Lucia, Santa Teresa, San Francisco de Yare, Naiguata and Tapipa
in Miranda State), only a few studies on particular aspects of these groups
have been made (Layrisse and Arends 1955, 1957a, 1957b; Layrisse,
Arends, and Sisco 1955; Arends and Layrisse 1956; Arends 1961,
1963a, 1963b, 1971; Nufez-Montiel 1963; Acosta Saignes, 1967).
However, a multidisciplinary study which embraces genetic, medical, and
anthropological aspects of these populations has never been carried out.

This report tabulates the preliminary results obtained in a survey of
Tapipa, a Venezuelan Negroid isolate located in Miranda State. The
immediate aims of this study involve medical aspects, including clinical
history, physical examination, hematologic findings, urinalysis, intestinal
parasites present, electrophoretic analysis of serum proteins, and deter-
mination of immunoglobins. In order to reconstruct the genetic history of
the population and construct genealogies of hereditary diseases, studies
of genetic markers (hemoglobin and erythroenzyme variants, blood
group systems, transferrins, haptoglobins, Gc, alloalbumins) and their
possible correlations with physical and social anthropology of the region
were undertaken. With this information we expect to have a more com-

plete knowledge of inhabitants and, if possible, to answer the following
questions:

The authors would like to acknowledge the technical assistance of Nola Montiel, Gilberto
Garlin, Rosario Suinaga, and Trina Arends.
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1. Isthe Tapipa population completely African or, as in the neighboring
populations, is Indian or Caucasoid admixture present?

2. Which genetic markers exist or predominate in this population?

3. Is it possible by their means to determine the racial admixture
present?

ECOLOGY AND HISTORICAL BACKGROUND

Tapipa is the capital of the municipality of Ribas, Acevedo District,
(Miranda State) near the river Tuy, between latitude 10° 13’ north and
longitude 66°18’ west. It is embedded in the lower ridges of the Serrania
del Interior of the Cordillera de la Costa (coastal mountain range) close
to the dip made by the Barlovento Llanos (plains). The altitude is less
than 100 meters above sea level with a yearly rainfall for the area of 2,302
millimeters, one of the highest in Venezuela. The geographical setting of
Tapipa could be considered to belong to the dry tropical rainy zone with
four or five dry months during the year, but with a very high humidity
percentage all year. Its vegetation consists mostly of the remains of a river
forest and large cocoa plantations (see Map 1).

Table 1. Population census of Tapipa and its surroundings

Entity 1950 1961 1971

Acevedo District 28,699 32,861 35,421
Ribas Municipality 4,291 4,884 5,268
Tapipa 532 712 891

Source: Direccion general de estadisticas y censos nacionales (1972).

The core of the settlement has fewer than 1,000 inhabitants (see Table
1). District Acevedo, to which Tapipa belongs, has seventeen inhabitants
per square kilometer, which is one of the lowest for the Miranda State,
surpassed only by the Paéz District which has a population of sixteen
inhabitants per square kilometer. The municipality of Ribas has 1,021
family dwellings, having incorporated in the last ten years only seventeen
new houses. The town has a small waterworks and electric power, but it
lacks a sewage system. Its main streets are paved; it has a rural medical
service and one grammar school. At present it is only a two-hour drive
from Caracas, but it had remained isolated for about 200 years, until
about ten years ago when it was connected to the country’s road system.

The main product of the region is cocoa. Most of the family heads work
in the nearby plantations where they remain five to six days during the
week, returning to town only on the weekends. Their basic foods are beef,
pork, poultry, fish, black beans, plantains, starches, and coffee. The
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limitations imposed by their purchasing power results in a diet somewhat
deficient in protein. Apparently they drink very little milk. The unemploy-
ment rate is high, possibly higher than 5 percent, and the young people
generally migrate to Caracas in search of jobs. The 1971 census (see
Table 1) demonstrated that since 1950 the annual birthrate is 2 percent,
lower than the average for Venezuela, which is 3.6 percent. This might
appear to indicate the existence of family planning. However, this popu-
lation would show a much higher birthrate but for its being disguised by
the continuous migration of the people into industrial areas.

The origin of Tapipa goes back to 1784 when, after a pastoral visit to
Caucagua, Monsignor Mariano Marti decided to organize a village that
assembled the cocoa laborers of the neighboring plantations. On January
20, 1784, which should be taken as the date of its founding, the curate of
Tapipa was founded by decree (Marti 1969:308-312).

The most important neighboring city is Caucagua, twenty kilometers
away. A census of 1784 for the District of Caucagua, including the
population of Tapipa, gave a total of 2,422 persons, divided as follows:
141 whites, 306 mulattoes, 150 free Negroes and Zambos, and 1,691
slave Negroes and mulattoes (Marti 1969:308-312). The origin of the
African population, like that of the rest of the zone, dates back to
expeditions arriving direct from Africa, purchased in the Antilles (mainly
Curagao), and cimarron (runaway) Negroes from the nearby plantations
or from the Negro markets (Curagao and Trinidad). Anthropologically, it
is certain that those African populations that settled in Venezuela consti-
tute a more heterogeneous group than those who arrived in the United
States or Brazil, the latter derived from well-delimited African regions.
We suspected that those who arrived in Venezuela were of Sudanese as
well as of Bantu origin, although the proportion of each group and their
precise origins are uncertain (Arends 1971:83). Archeologically,
Tapipa’s setting has been classified in the pre-Hispanic cultural area of
the Coastal Caribs.

MATERIAL

A total of 246 Tapipa inhabitants were studied; 90 percent were natives
and the rest came from neighboring settlements. The average age was
determined at 18.7 + 12 .4 years with extreme ages of 1 to 70. Those older
than 12 numbered 161. The proportion of sexes was female to male =
1.26:1.

All subjects studied were apparently healthy with the exception of two
who will be described later.
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METHODS

Medical and genetic histories together with physical examinations were
carried out in each subject. Samples of venous and peripheral blood were
drawn for hematologic studies, for both genetic markers and serum
proteins. In addition, urine and feces were examined.

For hematologic information, peripheral blood smears and hemato-
crits were made, and also electrophoretic hemoglobin analyses were
carried out in microzonal chambers (Beckman Instruments, Inc., Palo
Alto, California) using cellulose acetate membranes (Sepraphore III,
Gelman Instruments, Ann Arbor, Michigan). Hemoglobin samples were
prepared with saponine and EDTA according to Giorgio (1970), slightly
modified (Muller and Arends 1971), using discontinuous Tris-borate-
EDTA buffer (103:30.92:1.85 adding water to complete one liter), with
20 milliliters of stock solution plus 150 milliliters water on the positive
side and 20 milliliters of stock solution plus 140 milliliters water on the
negative side. Those samples with quantitative alterations or hemoglobin
variants were washed three times with saline and hemolyzed with carbon
tetrachloride (Lehmann and Huntsman 1968). Hemoglobin fractions
were isolated by means of microzonal electrophoresis in cellulose acetate
(Celagram, Shandon Scientific Co., London) in a chamber model U77
(Shandon) or Deluxe (Gelman). A similar procedure was used for Hb A,
quantification. When needed, peptide “fingerprinting” was performed
by means of high voltage electrophoresis (Savant Instruments Inc., Hicks-
ville, New York) with refrigerated Varsol for insulation and pH 6.4
buffer (pyridine, water, and acetic acid); ascendent chromatography with
isoamylic alcohol, pyridine, and water as solvent; and differential staining
with ninhydrin and stains for histidine, tryptophane, arginine, tyrosine,
and methionine. If the peptide map was compatible with those already
known, it was not considered necessary to continue peptide isolation. In
the case of hemoglobin with Hb S mobility, confirmation was done by the
solubility test, in phosphate buffer 2.24M and 2.58M at 25°C on reduced
hemoglobin (Itano 1953).

The search for G-6-PD and PK deficiencies was made with Beutler’s
screening test (1966, 1971), as modified (Beutler and Mitchell 1968).
Reading was done in a long-wave ultraviolet lamp (Ultraviolet Products
Inc., San Gabriel, California) with the intensity of 720 pW/cm2. AK
phenotypes were determined in hydrolized starch gel electrophoresis
with histidine—citrate discontinuous buffer (pH 7.0) according to the
technique of Fildes and Harris (1966).

Other genetic markers examined were blood group systems, hapto-
globins, transferrins, group specific component (Gc), and alloalbumins.
Haptoglobins (Hp) and transferrins (Tf) were determined by means of
starch gel electrophoresis using Fe® (5 uc/ml.) in order to identify the
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transferrins according to Giblett, Hickman, and Smithies (1959), and
benzidine was used for Hp staining.

Slow transferrins were isolated by means of starch block elec-
trophoresis, after precipitation with rivanol after the technique of Sutton
and Karp (1965), or using column chromatography with dietila-
minoethyl-Sephadex A-50 (Gordon and Louis 1963). The technique of
Wang, Sutton, and Scott (1967) was adapted as a micromethod in order
to obtain a tryptic peptide map of transferrin, with high voltage elec-
trophoresis, ascendent chromatography, and differential peptide identi-
fication. The peptide map for tryptic digestion of Tf D, does not show any
variations with the Tf C map; this characterization permits its differentia-
tion from Tf Dg,;, which is electrophoretically very similar.

The Gc groups were classified by means of agar gel electrophoresis
(Ionagar, Difco) with pH 8.6 buffer following the technique described by
Hirschfeld (1960). ‘

Total serum proteins were determined by means of the biuret tech-
nique (Gornall, Bardawill, and David 1949). The protein fractions were
calculated by microzonal electrophoresis in cellulose acetate using an
R-101 model (Beckman) with barbital buffer pH 8.6, ionic strength
0.075. Ponceau S 0.2 percent in 5 percent trichloracetic acid were used
for staining. The densitometric calculations were made in an Analytrol
RB model adapted with a special scanning attachment (Beckman). The
run was made at room temperature for twenty minutes with 300 volts and
approximately 5 milliamperes. The immunoglobulins (IgG, IgA, IgM,
and IgD) were quantified by the radial immunodiffusion method in agar
plates with the antibody incorporated (Mancini, Carbonara, and Her-
emans 1965). Known controls were included in each experiment. The
calculation was made following the manufacturer’s instructions (Im-
munoplates, Hyland Laboratories, Los Angeles, California; Meloy
Laboratories, Inc., Springfield, Virginia) with several modifications
(temperature, reading time, quantity of serum used, and so on). IgE
determination was made by means of radioimmunoassay, using a com-
mercial kit (Pharmacia, Uppsala, Sweden).

Stool examination was made in the usual manner with saline and iodine
solution. Urinalyses were carried out with commercial indicator strips
(Ames Co., Elkhart, Indiana) for pH, protein, glucose, acetone, bilirubin,
blood, and urobilinogen. Other blood tests included VDRL, using com-
mercial reagents, and determinations of Australia antigen in reactional
electrophoresis, with confirmation of positive cases by immunodiffusion.
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RESULTS!
Clinical History and Physical Examination

Although it was necessary to use for the medical histories a very simple
form that could be adapted to the fast pace of obtaining the samples and
the small number of physicians involved in the project, very important
data still were obtained for evaluation of the health of the subjects
examined. Two factors are common to almost all the population: a history
of intestinal worm expulsion and dental caries, found in more than 95
percent of the inhabitants. Hypertrophic tonsils and cervical micro-
adenopathies were found in almost 50 percent; hepatomegaly, palpable
three to four centimeters below costal margin in 6 percent; keloids in 6
percent; varicose veins in lower limbs, and palpable thyroid and strabis-
mus in 2 percent.

Among the group studied, menarche started at age 12.2 + 1.4, with
extreme ages of 10 and 14, but in six girls with an average age of 12.7 +
1.8 and extreme ages of 11 and 16, menarche had not begun, which might
indicate the variable existence of environmental and/or hereditary factors
present in the population.

Genetic History

Using data from 100 genetical histories, we calculate the average number
of children per mother as 7 + 3 children, with a range of two to sixteen
children. The number of husbands per woman, inferred by the paternity
of the children, is one husband in 67 percent, two husbands in 22 percent
and three to seven in 11 percent. Related to this, a pattern of matrilineal
kinship can be observed in this population, and only the children born of
the same mother are recognized as siblings, whoever the father may be.
On the other hand, the paternal offspring of different mothers are “my
father’s children,” or, at most, ‘‘brothers or sisters on my father’s side.”

The most frequent surnames in the population are Blanco, Diaz,
Flores, Hernandez, Landaeta, Marrero, Moreno, Machado, Palacios,
Pérez, Rodriguez, Salcedo, Urbina, and Verde; first in frequency is
Hernandez. Since this is a small population, isolated for many years,
admixture between kin is frequent. The frequency of twins is one set for
each twenty-five families.

! Only the most important results will be presented herein, for the sake of brevity.
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Hematology Studies

Results obtained in red cell packed volume (hematocrit) determination
are reported in Table 2. In males older than twelve years amean 0f39.5 +
8.7 volumes percent was found, which is lower than the mean (47 = 7
volumes percent) generally accepted for a normal population (Wintrobe
1963) and even below the figure of 44 volumes percent cited as a lower
normal mean (World Health Organization 1972). The analyses of the
values obtained reflected the inclusion of two anemic subjects, one of
them with sickle-cell anemia (homozygous Hb S). After eliminating these
values, a “corrected” figure was obtained of 41.5 + 5.5 volumes percent
which by all standards is low for that age group. In the case of males of
twelve years or less, the correction was made by eliminating one value of
55 volumes percent obtained in a ten-year-old boy. The “corrected”
figure of 39 + 5 volumes percent is likewise low when compared with
similar values obtained in Europe and the United States, but it could be
considered compatible with normal levels. Females older than twelve
years gave a “corrected” figure of 38.7 + 4.9 volumes percent (eliminat-
ing a value of 23 volumes percent of one subject with anemia due to
dysmenorrhea and two values of 55 and 56 volumes percent obtained in a
thirteen-year-old and a twenty-four-year-old, respectively). In females
twelve years or under the correction was made by eliminating one 55
volumes percent value of a twelve-year-old girl.

Table 2. Results of red cell packet volume determination (hematocrit) in Tapipa inhabi-
tants

Total Corrected®
(volume (volume
Sex Age group N percent * s.d.) N percent £s.d.)
Males > 12 years 24 39.5+ 8.7 22 41.5x55
(14-57) (32-57)
< 12 years 30 395 £5.7 29 39 =5
(29-55) (29-48)
Females > 12 years 47 39.1 + 64 44 387+ 49
(23-56) (31-52)
< 12 years 34 39.7x54 33 39247
(30-55) (30-51)

* Values eliminated in order to make the necessary corrections are discussed in Results.

Hemoglobin Variants

Hemoglobin A, levels, determined in twenty-four samples, averaged
2.49 = 0.48, which is comparable to those found in Venezuela (Arends
1961, 1971) as well as those reported in other studies. In three cases Hb
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A, values 0f 3.54 —3.85 percent were found. These figures are compatible
with the g thalassemia minor diagnosis (Weatherall and Clegg 1972:96).

Hemoglobin variants were found in 17.5 percent (one out of each six
subjects) of the populations (see Table 3), the majority being considered
pathologic (Hb S, Hb C and § thalassemia). The finding of hereditary
persistence of Hb F in 3.66 percent of the population is indeed interest-
ing. Fast hemoglobins were not found.

Table 3. Hemoglobin variants found in Tapipa (N = 246)

Hb type Found Percent
Hb AS 25 10.16
Hb AC 2 0.18
Hb A, 3 1.22
Hb SS 1 0.41
HPFH 9 3.66
B thalassemia 3 1.22
Total 29 17.48

Table 4. Frequency of blood group systems observed in Tapipa

System Tested Phenotype frequency Gene frequency

ABO 192 A, 19.27 P, 0.1045
A, 1.56 P, 0.0158
B 15.10 q 0.0815
0 63.64 T 0.7971
A,B 0.52

Rh 125 r(cde) 0.1549
Rh+ 96.00 R'(Cde) 0.0000
Rh- 4.00 R"(cdE) 0.0451

R (cDe)  0.4451
R,(CDe)  0.2366
R,(CDE)  0.0317
R,(cDE)  0.0866

MN 94 M 64.89
MN 22.34 M 0.7606
N 12.77 N 0.2394
Kell 71 K+k- 0.00
K+k+ 2.82 K 0.0141
K+k+ 81.69 k 0.8310
K-k- 15.49 K, 0.1549
K-k+ 81.69 k 0.8310
K-k- 15.49 K, 0.1549
Duffy 7 Fy(a+) 12.68 Fy* 0.066
Fy(a—) 87.32 Fy*+Fy 0.934
Diego 134 Di(a+) 4.48 Di* 0.023

Di(a-)  95.52 Di* 0.977
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Blood Group Systems

Results of blood group studies are reported in Table 4, of which the most
notable are the high frequency of chromosome cDe of the Rh system (at
45 percent), the deficiency of group AB (which coincides with previous
findings in African populations discussed by Mourant (1954:83) and the
presence of the phenotype Di(a+) of the Diego system, which is a
Mongoloid characteristic.

DISCUSSION

The genetic pattern of human populations changes under the pressures of
natural selection and from the effects of gene drift, gene flow, the “fis-
sion—fusion” process, inbreeding, and mutation. In the case of the Afri-
can populations transplanted to the New World since the sixteenth cen-
tury, the elapsed time is entirely too short for observing the effects of
natural selection. However, gene drift had been in action even before
their arrival in America, when blacks were dying of the inhuman condi-
tions in the vessels in which they were transported. Disease, the war of
independence, and the civil wars, especially that of the federation, con-
tinued to decimate the group randomly after their arrival. The founder
effect must have also acted at the time of their settlement in the area,
where they have remained for several hundred years. Since this popula-
tion has been rather sedentary, the “fission—fusion” process probably has
not operated among them, but inbreeding has been intense, along with
gene flow resulting from the pressures of the neighboring mestizo popula-
tions. It is possible that with more detailed multidisciplinary studies rare
mutations will be detected, especially considering the effects that
inbreeding and isolation factors have had on this population.

Genetic Structure of Tapipa

The study of genetic markers in this population allows a more precise
understanding of its anthropologic structure. Judged by its historical
background and physical characteristics, this is a predominantly African
population, confirmed by the frequency of the R (cDe) Rh chromosome,
the large number of hemoglobin variants, especially Hb S, and the de-
ficiency of G-6-PD and the slow-moving Tf D,, all of which constitute
exclusive or characteristic markers of Negroid populations. But consider-
able evidence also exists that this population has Indian as well as
Caucasoid admixture. The frequency of gene K of the Kell blood group
system confirms gene flow from Caucasoids, as the frequency of the
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Diego system is a proof of the contribution of the Venezuela Indian
population (see Table 5).

Table 5. Estimation of the Spanish, West African Negro, and Carib Indian admixture in
the population of Tapipa (after Bernstein’s formula 1931)

Percentage of

Contributing Gene or admixture

population chromosome Q q q: M)

Spaniards K 0.0 5.00 1.67 33.40

West African R, 5.00 55.00 44.51 79.02
Negroes (cDe)

Carib Indians Di* 0.0 16.00 2.30 14.38

Key: q = frequency in the contributing population; Q = frequency in other parent

q: — Q
populations; q, = frequency in Tapipa; M = x 100.

Health in the “Apparently Healthy” Populations

The schoolchildren and adults of Tapipa studied considered themselves
and were thought of as apparently healthy individuals. Nonetheless, the
results obtained in this survey indicate that they suffer from a series of
biochemical alterations and subclinical diseases that should exert some
kind of influence on their physical activity, productivity, morbidity, and
mortality. The mean figure of their hematocrits, suggesting the presence
of anemia; the finding of pathologic hemoglobin variants in a frequency
higher than 10 percent; the deficiency of both G-6-PD and PK, with
somewhat reduced values of serum protein as well as albumin (but with
gamma globulin values higher than those found in the population of
Caracas); and moderately increased levels of IgG, occasionally accom-
panied by IgA, but generally proportionally surpassed by IgE (Merino
and Arends 1973), all constitute evidence of abnormalities tolerated.
Intestinal parasitosis is seen in about 90 percent of the population (see
Table 6). Urinalyses revealed the existence of renal complications in-

Table 6. Frequency of intestinal parasites infections in Tapipa

Parasite Percent
Trichuris trichiura 77
Ascaris lumbricoides 66
Necator americanus 20
Lamblia intestinalis 20
Entamoeba coli 17
Strongyloides stercoralis 4
Endolimax nana 2

Negative findings 11
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volving proteinuria. Finally, Veneral Disease Research Laboratories
(VDRL) tests are positive in about 20 percent of the population,
although only a few individuals have a history of yaws.

These results suggest that this population carries a remarkable
pathologic load and it is alarming to think that this may be common to all
the rural Venezuelan populations and, even, to all of Latin America.

Future Studies

Results obtained in the multidisciplinary study of the Tapipa population
indicate the need to apply this approach to those populations in danger of
disappearing, especially for an initial screening phase, in order to concen-
trate all efforts on the more important aspects.

Although small isolated populations may not reveal the more interest-
ing genetic diseases, exhaustive and careful surveys should offer excellent
opportunities to find unusual frequencies of characters due to the effects
of prolonged inbreeding, as in the case of Tapipa. Environmental studies

should also provide opportunities to clarify the respective roles of nature
and nurture.

SUMMARY

A multidisciplinary study of a Venezuelan Negroid population which has
remained isolated during the past 200 years, was carried out in order to
answer the three questions asked earlier in text (see page 202).
Clinical and genetical histories, physical examinations, hematocrits,
peripheral blood smears, venous blood samples, feces, and urinalyses
were obtained in 246 adults and children with the following results:
hemoglobin variants (Hb S, C, F, A, and increased A,) 16 percent;
G-6-PD deficiency 10 percent; pyruvate kinase deficiency 1 percent;
slow-moving transferrin 10 percent; the AK, phenotype of the adenylate
kinase system alone present. The group-specific component (Gc) and the
haptoglobin systems showed results similar to African populations. ABO
blood group system indicated a distribution resembling that of West
Africa rather than the population of Caracas. The Rh system showed a
frequency of 45 percent of the cDe chromosome; antigen Di®* was found
in 3 percent and Kell in 3 percent. Serum protein electrophoresis demon-
strated an increase of gamma globulin level, and immunoglobulin deter-
mination revealed a significant increase in the IgG, and, occasionally, in
IgM and IgA. However, there was no increase of IgD, but many subjects
had levels of IgE above normal. Almost all fecal samples contained
Ascaris eggs and Trichocephalus and a few carried Necator, Stron-
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gyloides, and Giardia; 20 percent of the subjects had nutritional anemia
and urinalyses demonstrated several renal disorders.

The results of genetic analysis indicate that even though the population
of Tapipa has biochemical characteristics indicative of African origin, it
also carries an appreciable number of Indian and Caucasoid genes.
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Population Dynamics in Tlaxcala,
Mexico: The Effects of Gene Flow,
Selection, and Geography on the
Distribution of Gene Frequencies

M. H. CRAWFORD

The purpose of this paper is fourfold: (1) to quantify the rate of gene
flow from the Spanish into the Mexican Indian gene pools during the
creation of a mestizo population; (2) to estimate the genetic affinities of
the two Mexican populations to the surrounding populations through the
use of various genetic distance measures; (3) to determine whether the
various measures of genetic distance reflect the estimated proportion of
hybridization experienced by the population; (4) to determine whether
the admixture estimates for the mestizo populations can be employed as
indicators of the actions of natural selection on specific loci controlling
the blood groups and proteins of the blood.

The Tlaxcalan Valley was chosen for the study because of the histori-
cally documented low rates of gene flow into the valley. This was partially
the result of a military alliance between the Tlaxcalans and the Spanish,
directed against the Aztecs of the adjoining valley, and partially because
of the cultural integrity of the populations in the valley. While the more
isolated populations within the valley experienced little, if any, intermix-
ture with the Spanish, the administrative towns of the state of Tlaxcala
underwent considerable miscegenation.

Tlaxcala is the smallest state in Mexico with an area slightly over 4,000
square kilometers and a population of more than 400,000 inhabitants. It
occupies the central and northern parts of the Tlaxcalan-Pueblan Valley
in the central Mexican highlands and is surrounded by mountain ranges
that demarcate the political boundaries of the state. The mean altitude of
the valley is 7,600 feet, but settlements are located at 9,500 feet elevation
on the slopes of the volcano La Malinche. Two populations were studied,
San Pablo del Monte (an Indian community located on the slopes of La
Malinche) and the city of Tlaxcala (a mestizo town of approximately
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10,000). A total of 500 subjects from the two populations were inter-

viewed and given medical and dental examinations. Blood samples were
also collected.

HISTORICAL RECONSTRUCTIONS

A census, ordered by the Viceroy Valasco in 1556, revealed that the
population of the valley had undergone considerable diminution in size,
from a precontact level of approximately 300,000 to 196,703 individuals
in the year 1556. The population continued to decrease until it reached its
lowest level of 100,000 at the turn of the seventeenth century.
Documents from the Archives for the State of Tlaxcala revealed that
few Spaniards were in residence within the valley of Tlaxcala at any one
time (Halberstein, Crawford, and Nutini 1973). Their residence was
limited to three administrative centers: Santa Ana Chiautempan,
Huamantla, and the city of Tlaxcala. In 1537 there was a total of 45
Spaniards residing in the three centers, 35 males and 10 females. By 1591
the total Spanish population increased to 388 males and 239 females. The
maximum number of Spaniards who brought their families with them to
Tlaxcala never exceeded 400, with approximately 200 transients found in
the large towns at any one time (Halberstein, Crawford, and Nutini
1973). For purposes of evolutionary interpretations it is important to
note that 1750 marks the final documented date of Spanish settlement

into Tlaxcala, with a subsequent reduction of gene flow into the popula-
tion.

DEMOGRAPHY

A demographic comparison of the mestizo and Indian communities,
based upon information on 3,576 individuals, revealed that the mestizos
are much more mobile, in terms of mate selection and residential pat-
terns; they are less fertile, live longer, and die less often from infectious
diseases than do the Indians (Halberstein and Crawford 1972). The
Indian population suffers extremely high neonatal mortality, with
more than one-third of all infants failing to reach the fourth year of life.
The Indian population also exhibits high variance in fertility, a necess-
ary prerequisite for the rapid action of natural selection. Following
Crow’s method (1958) for calculating the likelihood of the action of
natural selection, with the index for the intensity of selection, the Indian
population exhibits a higher “I” than the mestizo group (2.455 versus
1.142).
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SEROLOGY

Genetic information was obtained on twenty-three different loci, with the
gene frequencies of the mestizos being intermediate between the two
parental populations. The gene frequencies of the Indian population
were characteristically high in the O blood group allele, 0.9459, com-
pared with 0.8469 for the mixed population, and 0.6338 for the Spanish
(Crawford et al. 1974). Both the Indian and the mestizo populations are
in genetic equilibrium at all of the loci tested.

FORMAL ANALYSES
The proportion of Spanish admixture with the Indians was estimated by
five different methods using thirty-nine different alleles. A computer

program, written by Elston, was employed in the analysis (Elston 1968).

Table 1. Estimates of biracial hybridization based upon five different methods

Method Number of Percentage of contribution
alleles*

Spanish Indian
Multiple regression analysis 39 31.49 68.61
Summation of Bernstein’s ‘“‘M”’,

weighted by variance 39 27.32 72.68

Roberts and Hiorns 39 31.56 68.44
True least squares 39 30.92 69.08
Maximum likelihood 39 22.64 77.36

Source: Crawford et al. 1974.

* Hybridization estimates are based upon 15 loci: ABO, Duffy, Kidd, Diego, MNS-CHRM,
MN, Rhesus, Kell, Haptogiobin, Group Specific Component, Phosphoglucomutase, Acid
Phosphatase, Lewis, PTC tasting and Cerumen.

Three of the methods — multiple regression, Roberts and Hiorns
(1965), and true least squares — give the most similar estimates of
hybridization. This is not surprising since the last two methods are based
upon a least-squares solution to the problem of the estimation of parental
contribution using random sets of independently assorting loci. In con-
trast to Elston’s finding (1971), maximum likelihood estimates differ
most significantly from the other methods even when all alleles are used
in the formulation. Significant differences in the estimates of hy-
bridization can result also from the use of particular loci and alleles.
Considering the small numbers of Spaniards in residence in Tlaxcala at
any one time, the gene pool is disproportionately represented by their
genes.

Since some black admixture has been reported by Lisker and his
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colleagues (1969) for the populations along the east coast of Mexico,
and because of the presence of the R allele (an African marker gene),
Spanish, West African, and Tlaxcalan frequences were utilized for a
multiple regression estimate of hybridization. This analysis suggested a
very small African admixture of 6.7 percent, which subtracted from the
estimate of the Caucasian component, but which did not affect the Indian
contribution to the mestizo population.

Table 2. Estimates of triracial hybridization based upon four different methods

Methods Number of Percentage of contribution
alleles*
Spanish Indian African
Roberts and Hiorns 26 0.2443 0.6662 0.0895
Least squares 26 0.2387 0.6727 0.0886
Maximum likelihood 26 0.1593 0.7616 0.0791
Multiple regression 23 0.229 0.704 0.067

Source: Crawford et al. 1974.
* Hybridization estimates are based upon nine loci: ABO, Duffy, Kidd, Diego, MNS-
CHRM, MN, Rhesus, Kell, and Lewis.

The results of triracial analyses, using four different methods, were
fairly consistent, with the exception of the maximum likelihood method
which overestimated the Indian contribution slightly.

One test of the accuracy of each method is the degree of agreement
between the observed and expected values in the hybrid group. This test
is obtained by multiplying the estimated contributions from each parental
population by the frequency of the gene in that population. The sum of
the two products in a biracial hybrid (three in a triracial), which is the
expected frequency of a gene, is then compared with the observed value
of that gene in the hybrid group. A total chi-square value for all genes is
obtained for the method (Pollitzer 1964). There are no significant differ-
ences in the chi-square values between the five methods employed. Table
3, however, does indicate that Duffy, Lewis, and the group-specific
components are the most deviant loci, while Diego and PTC-tasting
observed frequencies are significantly different from the expected values
(at P < 0.05) but of a lower magnitude. Four of the five loci found to be
deviant in dihybrid analysis are also significantly deviant in a trihybrid
model. The PTC locus, which is significantly deviant in the biracial
hybrid, does not deviate from the expected values in the triracial model.
In contrast, the Kidd locus does not deviate in the biracial model, but it
does in the triracial. Most important is that a comparison of the sums of
the chi-square values in the dihybrid model are almost twice the value of
the trihybrid. These differences suggest that the trihybrid models fit
better than the dihybrid.
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Table 3. Biracial analysis: comparison of chi-square values for different methods of
calculating proportions of admixture

Locus Degrees Methods
f
?reedom Roberts
and Least Maximum Multiple X Bernstein’s

Hiorns  squares likelihood regression “M”

ABO 2 2.4580 2.5658 5.3137 2.4720 3.4203
Duffy 1 23.0492% 23.9745* 38.1999*  23.1715* 29.6239*
Kidd 1 1.7398 1.6516 0.7142 1.7242 1.9975
Diego 1 5.6011* 5.4040* 3.2997* 5.5642* 4.3934*
MNS-CHRM 3 1.3992  1.4283  2.0937 1.4023 1.6494
MN 1 0.1102 0.1538 1.4170 0.1168 0.5397
Rhesus 6 6.1570 6.0831 5.2886 6.1390 5.6990
Kell 1 2.7096  2.6193 1.4840 2.6929 2.1170
HP 1 3.4146  3.2981T 19745 3.3929 2.6890
GSC 1 10.0738* 9.9659* 8.6103* 10.0469* 9.3673*
PGM 1 0.6910 0.6834 0.5878 0.6894 0.6411
AP 2 3.0868 3.0347 2.4833 3.0756 2.7576
Lewis 1 20.5930* 20.1450* 14.4676*  20.5017* 17.6495*
PTC 1 5.1078* 4.8329* 19139 5.0590* 3.4158
Cerumen 1 0.9451 1.1101 4.2775* 0.9697 2.2597
Total 24 5.2610 52426  5.4360 5.2527 5.2247

Key: * =P <0.05

Table 4. Triracial analysis: comparison of chi-square values for different methods of
calculating proportions of admixture.

Locus Degrees Methods
of
Roberts
freedom and Least Maximum Multiple
Hiorns squares likelihood regression
ABO 2 0.9859 1.0838 3.2116 1.8315
Duffy 1 10.2739* 10.8486* 22.0033* 17.8481*
Kidd 1 5.8811* 5.7360* 3.1063 3.2596
Diego 1 5.6649* 5.4253* 3.5431 5.0147*
MNS-CHRM 3 2.0678 2.0803 2.2303 1.7677
MN 1 0.0802 0.1222 1.1030 0.2477
Rhesus 6 2.6128 2.5303 1.4930 2.1681
Kell 1 1.1384 1.0394 0.5094 1.5756
HP 1 0.5222 0.4626 0.3418 1.3117
GSC 1 5.7701* 5.6492* 5.5604* 7.3515*
PGM 1 0.6189 0.6104 0.5468 0.6284
AP 2 2.4747 2.4415 2.2016 2.5576
Lewis 1 24.6928* 24.2078* 18.2047* 21.3304*
PTC 1 0.9998 0.8432 0.2244 1.9415
Cerumen 1 0.9106 1.0915 3.7389 1.4888
Total 24 3.5564 3.5212 3.5566 3.7120

Key: * = P <(.05
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GENETIC DISTANCES

Three techniques were used to compute genetic distances between popu-
lations: (1) Sanghvi’s X2 (1953); (2) Cavalli-Sforza and Edwards’s D?
(1967); (3) Mahalanobis’s D2 (1936).

Sanghvi’s X2, distributed as a chi-square statistic, is a simple measure of
distance between populations, developed for discrete characters occur-
ring in multiclass situations. It provides a measure of divergence based on
differences in frequencies over any number of loci, for pairs of popula-
tions. Initially this distance measure was employed by Sanghvi (1953) to
determine the genetic relationships between the social castes of Bombay,
India. However, Pollitzer (1964) has utilized this method to measure the
genetic distance between the hybrid and the parental populations of a
triracial hybrid isolate.

The method suggested by Cavalli-Sforza and Edwards (1967) for
computing distances based on gene frequencies is more complex in that
each distance is proportional to chord lengths between points rep-
resenting populations projected on the surface of a multidimensional
sphere. This method is fully described in a number of publications
(Cavalli-Sforza and Edwards 1967; Edwards and Cavalli-Sforza 1972).
Rothhammer and Spielman (1972) have most recently applied this
method of distance measure to a number of Aymara Indian populations.

Mabhalanobis’s generalized distances are also computed in this study by
means of a method modified to utilize allelic frequency covariance mat-
rices. The modifications in the method of Mahalanobis (1936) are
described by Crawford et al. (1974).

Table 5. Gene frequencies of the Tlaxcalan, Spanish, and African populations used in
the calculation of genetic distances

Group o A B M N Fy* Fy®
San Pablo 0.9460 0.0500 0.0050 0.7821 0.2179 0.7842 0.2158
Tlaxcala 0.8410 0.1150 0.0440 0.6920 0.3080 0.5261 0.4739
Spanish* 0.6400 0.2920 0.0680 0.5256 0.4744 0.3993 0.6007
Africa® 0.7077 0.1780 0.1143 0.5805 0.4195 0.0607 0.9393
Group

(contd) Di* Di® R, R, R, R +r

San Pablo 0.0560 0.9440 0.0400 0.6020 0.3230 0.0350

Tlaxcala 0.0760 0.9240 0.0250 0.5770 0.2650 0.1330

Spanish® 0.0000 1.0000 0.0000 0.4774 0.1128 0.4042

AfricaP 0.0000 1.0000 0.0008 0.4036 0.1670 0.4006

Source: Crawford et al. 1974.
* Spanish frequencies are based upon Mourant (1954).
® African frequencies were compiled by Cavalli-Sforza and Bodmer (1971).
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Gene frequencies of the Tlaxcalan, Spanish, and African populations
used in the calculation of the three distance measures are presented in
Table 5. Thirteen blood group alleles and chromosomal segments were
employed.

There appears to be some discordance between the genetic distances
for Indian, mestizo, African, and Spanish populations computed by the
three commonly used methods — Cavalli-Sforza and Edwards’s D2,
Sanghvi’s X2, and Mahalanobis’s D2. The square roots of these genetic
distances, summarized in Table 6, were employed so as to conform with
Rao’s triangle law of distance (1952). Distances based upon the Cavalli-
Sforza and Edwards method more closely resemble those calculated by
the Mahalanobis method. Sanghvi’s chi-square-based distances are the
most discordant and reflect least the historical and demographic relation-
ships of the populations.

Table 6. Comparison of the different methods of estimating genetic distance

Populations Methods

Cavalli-Sforza Sanghvi’s Mabhalanobis’s

and Edwards’s D X D
Indian-Mestizo 2.57 1.86 8.8
Indian-Spanish 5.59 4.18 20.6
Spanish-Africa 3.21 1.63 7.7
Indian—-Africa 6.98 3.28 22.0
Mestizo—Africa 4.81 1.64 13.5
Mestizo—Spanish 3.61 2.67 12.6

Source: Crawford et al. (1974).

The genetic distances, summarized in Table 7, indicate that a “‘gross”
relationship exists between genetic and geographical distances in Mexi-
can populations. Two exceptions to this purported relationship between
geography and genetics are contained in Table 7. According to the
computed genetic distances, San Pablo shows a close genetic affinity to
the state of Tabasco, despite their geographic locations. In contrast,
genetic distances between Puebla and Chiapas suggest considerable
geographic separation. Deviations from the isolation by distance models
can, in part, be accounted for by considering the varying degrees of
Spanish admixture and the possible action of genetic drift and natural
selection. It is interesting to note that the mestizo (Tlaxcala) popula-
tion has a genetic distance to the Spanish centroid of less than one-
half the distance of the Indian population (San Pablo). These distance
data are in agreement with the admixture estimates which suggest
that approximately 30 percent of the mestizo gene pool is of Spanish
origin.
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Table 7. Genetic distances (D?) from San Pablo del Monte, Tlaxcala, Caucasian and
African populations to centroids of six Mexican states

Populations Populations
Nayarit-
San Pablo  Tlaxcala Jalisco Vera Cruz  Puebla
Tlaxcala 78.705
Nayarit-Jalisco 24.187 178.514
Vera Cruz 11.982 54.485 32.543
Puebla 16.928 137.842 33.499 37.714
Oaxaca 51.015 78.044 94.727 49.549 107.193
Chiapas 15.990 87.869 28.608 13.130 34953
Tabasco 19.532 37.022 41.612 11.618 58.970
Caucasian 394.925 143.496 478.020 342.244 491.271
African 543.636 224.626 606.937 448.569 658.665
Populations Populations
(contd)
Oaxaca Chiapas Tabasco Caucasian
Tlaxcala
Nayarit-Jalisco
Vera Cruz
Puebla
Oaxaca
Chiapas 55.162
Tabasco 22.783 12.903
Caucasian 341.628 400.951 289.539
African 469.249 537.439 407.379 63.263

Source: Crawford et al. (1974).

DISCUSSION

The five methods of estimating admixture indicate that from 23 to 32
percent of the mestizo gene pool is of Spanish origin. The gene flow,
which undoubtedly commenced with Spanish contact in 1519, continued
until 1750 — the latest recorded date for the influx of Spanish adminis-
trators. Spanish gene flow into the mestizo gene pools probably ceased
after 1750, having experienced 230 years or approximately eleven gener-
ations of admixture. Considering the small number of Spanish residents
in the three administrative centers at any one time, it is surprising to note
that close to 30 percent of the mestizo gene pool is of Spanish origin.
Several interrelated demographic factors have been advanced by Hal-
berstein, Crawford, and Nutini (1973) to explain this excessive parental
contribution of the Spanish:

1. The Valley of Tlaxcala underwent considerable depopulation from
approximately 300,000 persons in 1519 to its all-time low of 100,000 in
the year 1600. This rapid depopulation was accompanied by an extensive
segregation of “Spanish” genes.



Population Dynamics in Tlaxcala, Mexico 223

2. According to Snow (1969) the precontact settlements in Tlaxcala
were situated on bluffs and valley walls because of the poor drainage in
the lowlands. The city of Tlaxcala was founded by the Spaniards as an
administrative center after the valley floor was drained. The founding
population of the city of Tlaxcala probably had a high proportion of
“Spanish’ genes.

3. The settlement patterns of the Spanish were highly centralized, with
most of the administrators residing in either the city of Tlaxcala, Santa
Ana Chiautempan, or Huamantla (documents from the Archives of the
State of Tlaxcala). Thus, while most of the valley experienced little or no
admixture with the Spanish, the gene pool of the administrative cities
contained a disproportionate percentage of ‘“Spanish” genes.

4. The Spanish contact with the city of Tlaxcala lasted for 230 years.
During eleven or twelve generations, constant gene flow of low mag-
nitude could account for 30 percent of the estimated admixture.

5. Afifth possible cause for the high incidence of “Spanish” genes in the
mestizo gene pool is assortative mating based upon Spanish morphologi-
cal features. Individuals with Spanish ancestry may have constituted
preferred mates and thus disproportionately contributed genetically.

On the basis of total chi-square values for the blood loci (see Tables 3
and 4), it appears that the triracial hybrid origin of the mestizo gene pool
provides a better fit than does the biracial analysis. The sum of the
chi-square values for the various blood loci, assuming a triracial origin of
the mestizos, are almost one-half the values of the chi-square totals of the
biracial model. These values suggest that the mestizo population received
gene flow from an African component as well as a Spanish parental
population. Historically, the Spanish conquest of Mexico is well
documented; however, there is no evidence for the existence of slave
populations in the highlands of Tlaxcala. The ““ African” genes may have
come into Tlaxcala in one of two ways: (1) They may have come with
the “Spanish” genes, carried by the soldiers of Moorish ancestry;
(2) Since there is no record of African slaves being brought as far inland
as Tlaxcala, the genes may have been introduced into the community by
Indians from the coast whose ancestors had interbred with slaves.

The evidence more strongly supports the first alternative, because
genetically the population is in equilibrium with regard to all twenty-
three loci and second, a fitting of the curve for a trihybrid population
results in a change in the contribution of the Caucasians but not of the
Indians. The demographic data suggest that gene flow from outside the
valley is a recent phenomenon and if the African genes were constantly
flowing into the community then the equilibrium might be disrupted.

Workman (1968) has suggested that admixture studies may be used to
detect the action of natural selection. He computed admixture estimates
“M” (Bernstein 1931) for a number of blood loci in American black
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populations and suggested that selection is operating on the Hb®, Hb®,
Hp!, G-6-PD, and A, alleles. Although the hemoglobin and G-6-Pd
expressions were not determined in this study, since African admixture
was not suspected, the ABO and haptoglobin loci have been investigated
for possible selection. Tables 3 and 4 suggest that selection does not
appear to be acting on these loci in the Tlaxcalan population. However,
the Duffy locus exhibits exceptionally high chi-square values, suggesting
the possible action of natural selection. Reed (1969) has suggested that
the Duffy blood group system Fy® gene, may be the best available marker
for estimating “M”’ in American blacks. Judging from these data, the
Duffy system cannot be recommended for the calculation of “M” in
Mezxican Indian populations.

In sum, there is some discrepancy in the results based upon the various
methods of calculating genetic distances and admixture. These data also
demonstrate that admixture studies are useful indicators as to possible
selection, despite the underlying simplifications. Lastly, it appears that
geographic distance and admixture with the Spanish are the primary
factors involved in determining the distribution of the allelic frequencies
in Mexico.
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Genetic Distances Among Certain
Southern African Populations

TREFOR JENKINS, HENRY HARPENDING, and G. T. NURSE

Any approach to the interrelationships among population groups in
southern Africa has in the first instance to take cognizance of the avail-
able historical data relating to those groups. For the information that we
have, we are indebted to the records, nearly five centuries old, of Por-
tuguese exploration, much of it peripheral and none of it complete; to the
rather more accessible writings of officials and visitors of the Dutch
period and later; to the labors of archeologists; and to the traditions
preserved by the peoples themselves. Some of this information overlaps
and shows piquant contrasts of viewpoint; some of it provides welcome
corroboration of aspects of the rest; and some, by failing to fit together or,
on occasion, by flatly contradicting other evidence, complicates the pic-
ture more considerably than ignorance does. In such instances, so totally
independent a discipline as biology can be of great service in refuting or
confirming historical hypotheses.

Until recently the biological contributions to southern African history
have stressed morphological characters. Southern Africa has in a way
suffered by possessing a wealth of remains not only of Homo sapiens but
also of human and prehuman existence, so that the broad horizons of
paleoanthropology have on occasion been invoked to account for, and
perhaps to confuse, the position with regard to its extant peoples. The
relationships of the San to the Khoikhoi, and of both to the Negro, are
capable of a number of morphological interpretations, some of which
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necessitate assuming the intervention of the human races whose presence
otherwise in Africa would be hard to explain. One can, after all, have
large brow ridges without necessarily being of Australoid descent, as
Broom (1943) suggests for the Koranas, or medial epicanthic folds and a
yellow skin independently of the Mongoloid ancestry postulated for the
San by Dart (1953).

The investigation of morphological traits carries the great advantage
that such markers must represent in their totality a significant proportion
of the genome. Several gene loci may be responsible for each such
character — and the distribution of each, tending as it does toward the
Gaussian, indicates that this is the case. If so, even granted a certain
amount of epistatic interplay, the measurement of a few dimensions and
the calculation from them of indices will provide us with all the informa-
tion obtainable about the action of a number of genes. Their numbers and
the mechanisms of their interactions remain, of course, obscure. This lack
of possible precision is the greatest shortcoming of morphometric
inquiries. The extent of the intercorrelation between such gross traits and
the curious relative independence of head and body measurements
(Barnicot and Brothwell 1959), lead to a summative effect which is
perfectly usable for comparisons; but in the absence of more precise
information about the factors causing the traits, it is difficult to be quite
sure how valuable the comparisons are.

Some monogenic markers — characteristics inherited in a simple Men-
delian fashion — have been known for decades and have been extensively
used in population comparisons. Not very long after Landsteiner (1901)
had established that human individuals varied in their blood type, Hirsz-
feld and Hirszfeld (1919) were applying blood grouping in anthro-
pological studies. Since then each blood group system, almost as it
appeared, has been tested on a series of populations (Landsteiner and
Levine 1929; Wiener, Belkin, and Sonn 1944; Mourant 1947; Sanger
et al. 1949; and numerous others). In addition to the blood groups,
certain other human characteristics such as the ability to taste phenyl-
thiocarbamide or smell hydrocyanic acid, and also many hemoglobin
variants, have been known to have a simple hereditary basis for a long
time. Because these characteristics are comparatively easy to investigate
in large numbers of people they are potentially of value in discriminating
between populations.

During the past twenty years, with the recognition of common enzyme
and serum protein polymorphisms, the range of the monogenic markers
has expanded considerably. It is obvious that the ability to distinguish
between populations increases in sensitivity with the addition of each
extra polymorphism to a comparison. The number of the actual loci
whose effects are explored may amount to only a small proportion of the
total genome, much less than the proportion presumably responsible for
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the morphological characters. The value of the cumulative assessment of
gene frequencies, however, increases exponentially rather than addi-
tively. Certainty about the situation at a comparatively small number of
independent loci is, therefore as information, more revealing than any
broad and imprecise conclusions realizable from an equivalent number of
bodily measurements and the indices derived therefrom.

Once characteristics and their distributions in populations are ex-
pressed quantitatively, they can also be used historically. Measurements,
or gene frequencies, or both, can be converted into genetic ‘““distances.”
These provide comprehensible, if not always scientifically satisfying,
summaries of physical differences, which can be used in heuristic associ-
ation with what is known of history, custom, and language to provide as
comprehensive a picture as possible of the degree and type of relationship
among populations.

There are many measures of genetic distance, all of them reasonable,
all related to one another, and none likely seriously to mislead an inves-
tigator. There ought, however, to be more than anecdotal or ad hoc value
to any measure selected; it should lend itself, for instance, equally well to
the construction of cladograms and of genetic maps, and should also be
adaptable to more than one class of information. Above all, it should be
clearly related to genetic theory.

If the gene frequencies in two populations are similar, the genetic
distance between them should be small. Such similarities can be
accounted for in a number of ways, the most conspicuous of which are the
following:

1. A recent common ancestor.

2. Gene exchange.

3. Size. With large populations, little drift will have occurred since their
separation.

4. Similar selection pressures operating on the loci under investigation.

The effects of population size are often overlooked. Drift of mean gene
frequencies of the moieties of a subdivided group is nearly independent of
mating pattern within the group (Ewens 1969). Taking size into consid-
eration, therefore, makes reasonable the occasional finding that genetic
distances between populations within a linguistic group are as large as
those between linguistic groups. Selection pressures are not usually
explicitly considered in studies of genetic distance, since homogenous
selection over a restricted area or random changes in directional selection
will be indistinguishable in their effects from drift (Cavalli-Sforza et al.
1969).

Genetic drift is described by kinship statistics, and these should be the
basis of measures of genetic distance (Harpending and Jenkins 1972).
The coefficient of kinship between two groups has been described by
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Harpending and Jenkins (1971). There are two interpretations for this
coefficient, and they can be used interchangeably.

1. The coefficient is the probability that a random allele at a specified
locus in one population is identical by descent with a random allele at the
same locus in another population.

2. Where populations are undergoing genetic drift, and either posses-
sed a common gene frequency at a specified locus before drift occurred,
or are being directed by systematic pressure toward a common gene
frequency at that locus, the kinship coefficient is the normalized
covariance between the gene frequencies at the time of investigation.

The second definition suggests that a reasonable measure of genetic
distance is the Euclidean distance between the populations in a hyper-
space whose axes are allelic frequencies, scaled by dividing by the variance
of the original or ultimate gene frequency as a normalizing factor. An
estimate of ultimate gene frequency can be obtained by calculating a
weighted mean gene frequency of any allele in the study array. The
observed or sample coefficient of kinship between the populations is
given by the product of the differences of the frequencies in the popula-
tions from the mean, divided by the variance of the mean. The matrix of
sample kinship coefficients is calculated for each allele, and the matrices
are averaged to yield an overall matrix of sample coefficients. If the same
systematic pressure operates on all the alleles, then they should all give
estimates of the same ‘““true’” sample coefficients, subject only to chance
deviations. On this assumption Harpending and Jenkins (1971) simply
averaged the sample coefficient matrices from all the alleles they studied.
It is probably better to give unequal weight to alleles by weighing esti-
mates from different loci by the degrees of freedom at such loci (Har-
pending and Jenkins 1972).

Whatever method is used to combine information from the various loci,
the resulting matrix of sample-relationship coefficients is amenable to
analysis in several ways. These are described and discussed by Harpend-
ing and Jenkins (1972) and include both the derivation of dendrograms
and the construction of genetic maps. A simple “maximum-linkage”
technique for the production of dendrograms, or trees, is recommended
by Jenkinset al. (1971) as economical of computer time and less prone to
misinterpretation as an apparent cladistic ‘‘reconstruction” of evolution.
It is, in fact, difficult to determine what exactly the meaning of such trees
is or to assess the details of difference which underlie their broad
similarities. A genetic map is simply the result of a principal components
analysis of the kinship matrix.

Principal components analysis is widely used to array measurements of
metric traits in a new space. This is often very satisfactory inasmuch as it
serves to account for most of the variation by a few components such as
size, linearity, and so on. Used in a population-genetic coniext this
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method of analysis gives no reason to expect that a small number of new
variables will account satisfactorily for the relationships among popula-
tions, since under pure drift no locus should be correlated with any other
locus. On the other hand, it should be valuable in identifying clusters of
related groups, as relatedness should be the only factor introducing
correlations among groups. The procedure described by Harpending and
Jenkins (1972) is somewhat shorter than ordinary components analysis
and has the further advantage of yielding a distance matrix and popula-
tion structure statistics in the course of the computation.

THE POPULATIONS

The eighteen populations included in the studies are indicated in Table 1,
and their approximate geographical locations are shown on the map (see
Figure 1).

Table 1. The populations included in the study®
Population Country Comments
Khoisan
San
Dobe !Kung(K4) Botswana
/ai/ai !Kung(KS5) Botswana Speak a northern Bushman language.
/du/da 'Kung(Ké6) Botswana
Kaukau(K8) Botswana Living on farms in Ghanzi district. Speak
a northern Bushman language.
Naron(K9) Botswana Living on farms in Ghanzi district. Speak
a central Bushman language.
Khoikhoi
Sesfontein(K11) South-West Africa Four Khoikhoi grandparents.
Keetmanshoop(K12) South-West Africa  Four Khoikhoi grandparents.
Negro
Damara(K14) South-West Africa Living in Sesfontein. Four grandparents
Damara.
Herero(N2) Botswana Living in the Dobe area.
Tswana(N4) Botswana Goldminers in Johannesburg,.
Sotho A(NS5) Lesotho Living at 7,000 feet (2,100 meters).
Sotho B(N6) Lesotho Living at 5,000 feet (1,500 meters).
Swazi(N18) Swaziland Students at Mbabane technical school.
Pedi(N21) South Africa Rural and urban populations combined.
“Mozambique Southern Several different studies—see Table 2
Negro” Mozambique and text.
Colored (or mixed)
Sesfontein(C1) South-West Africa A Caucasoid/Damara/Khoikhoi hybrid
population.
Johannesburg(C9) South Africa
!Kuboes(C12) South Africa A triracial hybrid population (Khoikhoi/

San/Caucasoid).

* The code designations given after each population, and in Table 2, are those in use in the
Human Sero-Genetics Unit, Johannesburg.
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Representatives of the southern African Khoisan (Bushman and Hot-
tentot), Negro and colored (mixed) populations are included. The five
San (Bushman) groups live in the Kalahari in the western region of
Botswana, and the sample of over 500 Dobe !Kung is made up of virtually
the whole population living in the Dobe, Xangwa, and Xhosi areas. The
smaller /ai/ai and /du/da !Kung samples constitute virtually the whole
populations living in regions approximately thirty and sixty miles south

of Dobe, respectively.
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Figure 1. The geographical location of the eighteen southern African populations
included in the present study

All the 'Kung groups belong to the northern Bushman language family
of Bleek (quoted in Schapera 1930:55-64), called Bush “A” by
Westphal (1963). All of these still follow a hunting—gathering way of life.
The Kaukau are also northern Bush-speakers, but most now live settled
lives on farms in the Ghanzi area. It was on these farms that the present
sample was found.

The Naron San belong to the central Bushman language category of
Bleek (quoted in Schapera 1930:55-64), and the more recent studies of
Westphal (1963) have established that the language is more closely
related to Hottentot than it is to other Bushman languages. He calls this
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category Tshu-khwe. There are a number of other languages spoken by
San peoples which fall in this Tshu-khwe category but, unfortunately,
none of the peoples speaking them has yet been subjected to genetical
studies of the type reported here. Blood samples from the Naron were
collected on various farms in the vicinity of Ghanzi.

The only surviving Khoikhoi (Hottentots) all belong to the Nama
linguistic division. Khoikhoi speaking other Hottentot languages are now
extinct. Two Khoikhoi groups have been sampled. First, there is almost
the whole adult-population of Sesfontein, in the Kaokoveld of South-
West Africa. All individuals included claimed four Khoikhoi grand-
parents. The same criterion was used to ascertain the large sample of
Khoikhoi living in Keetmanshoop, a country town in the southern part of
South-West Africa. In spite of the attempt to include only ‘“‘pure”
Khoikhoi in the samples it is believed that a small number of individuals
with some Caucasoid ancestry were included: the non-African Gamma
globulin (Gm) phenogroup Gm*-%, was found in both Khoikhoi groups. In
the Keetmanshoop population, Gm?* 5 *- 1 was found as well. The acid
phosphatase polymorphism is not included in this study, because only a
few populations have been studied for it. It has been recently employed in
the study of Keetmanshoop Khoikhoi, and out of 150 individuals one was
found who possessed the classical Caucasoid allele P° (Jenkins and Cor-
field 1972).

The enigmatic Damara of South-West Africa have been included even
though the sample size is painfully small. The fifty-two individuals are all
the adults of Sesfontein who would admit to having had four Damara
grandparents. We had felt that the rather high Rhesus r (cde) allele
frequency may have been due to a sampling error; but a more recent
study by Knussmann (1969), and Knussmann and Knussmann (1969) on
over400 Damara living in other parts of South-West Africa has also given
a high r (cde) frequency. To even the most casual observer the physical
differences between the Damara and the Khoikhoi are obvious. The two
groups have lived together for some centuries (the Damara being, in
times past, the slaves of the Khoikhoi) and the Damara have no traces of a
language of their own, but speak the same language, Nama, as their
Khoikhoi neighbors.

The Herero, a Bantu-speaking tribe, are to be found in South-West
Africa and Botswana; the present sample is made up of individuals
resident in the Dobe area. They live in a state of symbiosis with the
little San, their tall stature, heavy build, and dark skin color contrasting
dramatically with the characteristics of the San.

There are four southern Bantu-speaking Negro tribes included in this
study. The Tswana are the most westerly, living in the western Transvaal
region of South Africa and along the eastern margin of Botswana. The
sample is made up of villagers from near Rustenburg and men working on



234 TREFOR JENKINS, HENRY HARPENDING, G. T. NURSE

the gold mines in Johannesburg. Sotho-speaking peoples are to be found
both in South Africa and Lesotho. The two samples included here were
drawn from groups living in different regions of Lesotho: the one living at
an altitude of about 7,000 feet, and the other living in Maseru, which is at
an altitude of 5,000 feet. The blood samples were collected by Dr. B.
Beaumont, and a detailed report of this study is in preparation by
Beaumont and Jenkins. The Pedi tribe or chiefdom is to be found living in
Sekhukhuniland in the northern Transvaal; and the sample consists of
healthy men, subjects of a multidisciplinary study being carried out by the
South African International Biological Programme [Human Adaptabii-
ity] Committee.

Swaziland is now an independent country and is situated to the east of
South Africa, bordering on Mozambique. The sample is predominantly
male and consists of young adults attending a trade school in Mbabane.

Data on the Mozambique Negro are drawn from three sources: red cell
antigen, haptoglobin, and Inv typings were done by Matznetter and
Spielmann (1969); red cell enzyme polymorphisms by Giblett (1969) and
Reys, Manso, and Stamatoyannopoulos (1970); gamma globulin (Gm)
typing by Jenkins, Zoutendyk, and Steinberg (1970). It is realized that
the populations studied by these various workers might not be strictly
comparable, but scrutiny of the available data suggests that the differ-
ences are not very great.

Three colored (that is, mixed) populations are included. The Sesfon-
tein sample consists of all the adult inhabitants who were not Khoikhoi or
Damara by the definitions mentioned above. The Khoikhoi and Damara
contributions to their gene pool were not the only ones. It was ascertained
that significant contributions were made by the Europeans, chiefly of
German origin, because during the early part of this century, when the
territory was a German colony, a fort was built at Sesfontein and gar-
risoned for some years. In addition, Bantu-speaking peoples, like the
Herero, have also settled into the Sesfontein community.

The colored people of Johannesburg number over 80,000, and most
are descendants of immigrants coming to the Witwatersrand from the
Cape Province. Until recent years there was a free movement of these
people between the Cape and the Transvaal. Because of the proximity of
large numbers of Negro peoples, it has been assumed that Johannesburg
coloreds have received more ‘“Negro genes’ into their gene pool than
have, say, those living in the Western Cape, where the Negro population
is small.

'Kuboes is a small settlement in the Richterveld of the north-western
Cape Province. The total population numbers about 400, and the sample
consists of all the adult inhabitants, predominantly female, because the
men spend most of their time away from home, seeking employment. It is
certain that this area was occupied exclusively by Khoikhoi and San until
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the eighteenth century. Then European farmers (Trekboers, mainly
men) moved into the area, intermarried with the indigenous peoples, and
settled in small communities, of which !Kuboes is perhaps the most
isolated today (Carstens 1966).

RESULTS

We have presented in Table 2 the allele frequencies at fourteen distinct
genetic loci in the eighteen populations. In the muitiple allelic systems,
like the ABO and Rhesus blood groups, a maximum likelithood method,
using the computer program MAXIM (Kurszinsky and Steinberg 1967)
was employed. When the exact genotype of a sample could be deduced
from its phenotype, a direct gene-counting method was used for calculat-
ing the allele frequency.

The calculated genetic distances between these populations are shown
in Table 3, and the dendrogram implied by the gene frequencies is
presented as Figure 2. A three-dimensional representation (“collapsed”
from seventeen dimensions) of these distances is given in Figure 3.

DISCUSSION

The application of the genetic distance statistic described here to
serogenetic data on eighteen southern African populations has proved to
be simple and informative. The wider historical implications are discus-
sed in Nurse, Harpending, and Jenkins (this volume). It is sufficient for
the present to point out that this technique appears to give consistent
results which are in accordance with historical probabilities.
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Table 2. The allele frequencies at fourteen loci in eighteen southern African populations
used for the calculation of genetic distances*

Populations
Genetic system,
sample size (N) K4 K5 Ké6 K8 K9 K11 K12 K14
and allele

ABO: N 503 65 102 264 149 42 153 52
P, 0.239 0.247 0.178 0.163 0.141 0.129 0.120 0.039
P, 0.018 0.042 0.006 0.007 0.020 0.028 0.126 0.000
| SO 0.040 0.000 0.024 0.011 0.016 0.000 0.022 0.000
q 0.020 0.016 0.009 0.033 0.013 0.228 0.171 0.168
T 0.684 0.696 0.782 0.785 0.809 0.615 0.561 0.793
MHSs: N 325 65 90 111 125 42 153 52
MS 0.123 0.065 0.039 0.123 0.155 0.099 0.197 0.047
MS 0.425 0512 0305 0.377 0504 0318 0.516 0.251
NS 0.025 0.016 0.018 0.072 0.0001 0.114 0.041 0.076
NS 0.427 0407 0.638 0.428 0.340 0.469 0.247 0.626
Rhesus: N 448 63 102 210 147 42 153 52
R, 0.798 0.929 0966 0.995 0.901 0.786 0.744 0.640
R, 0.046 0.064 0.034 0.021 0.017 0.155 0.118 0.010
R, 0.003 0.008 0.000 0.014 0.007 0.060 0.056 0.010
r 0.154 0.000 0.000 0.069 0.075 0.000 0.081 0.341
rt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Kell: N 387 64 10 165 147 42 153 52
K 0.000 0.000 0.000 0.021 0.007 0.000 0.007 0.000
k 1.000 1.000 1.000 0979 0.993 1.000 0.993 1.000
Duffy: N 385 64 54 185 147 42 153 52
Fy* 0.260 0.293 0.307 0.347 0.276 0.155 0.300 0.010
Fy*+Fy 0.740 0.707 0.693 0.653 0.724 0.845 0.700 0.990
G-6-PD: N 138 138 42 43 28 20 59 25
Gd* 0.030 0.030 0.000 0.023 0.071 0.000 0.000 0.040
Gd*~ 0.015 0.015 0.024 0.000 0.036 0.000 0.000 0.040
Gd*® 0.957 0957 0976 0.977 0.893 1.000 1.000 0.920
6-P-GD: N 328 328 74 82 58 42 118 52
PGD* 1.000 1.000 1.000 0.994 0.991 0988 0996 0.942
PGD¢ 0.000 0.000 0.000 0.006 0.009 0.000 0.004 0.010
PGD*® 0.000 0.000 0.000 0.000 0.000 0.012 0.000 0.048

* The code designations are those in use in the Human Sero-Genetics Unit, Johannesburg.
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Populations
N2 N4 NS N6 N18 N21 C1 C9 C12 Moz.
Negro
62 428 90 91 92 210 82 109 137 596
0.107 0.105 0.190 0.092 0.097 0.085 0.096¢ 0.182 0.109 0.144
0.033 0.116 0.049 0.121 0.075 0.082 0.014 0.040 0.059
0.000 0.014 0.000 0.014 0.013 0.009 0.000 0.012 0.000 0.000
0.130 0.122 0.099 0.170 0.079 0.127 0.235 0.154 0.116 0.108
0.730 0.643 0.662 0.604 0.737 0.698 0.655 0612 0.717 0.748
46 119 89 91 92 143 82 109 137 596
0.040 0.240 0.111 0.182 0.125 0.198 0.167 0.180 0.134 0.098
0.547 0.349 0428 0434 0478 0.315 0.260 0.454 0.461 0.403
0.063 0.025 0.075 0.061 0038 0.082 0.211 0.059 0.089 0.077
0.350 0.387 0.386 0.323 0.359 0.405 0.362 0.308 0.316 0.422
61 119 89 91 77 116 82 109 136 333
0.828 0.736 0.740 0901 0.621 0.772 0.778 0.534 0.604 0.685
0.082 0.067 0.075 0.033 0.047 0.057 0.057 0.220 0.158 0.042
0.090 0.067 0.081 0.066 0.077 0.078 0.041 0.076 0.044 0.098
0.000 0.130 0.105 0.000 0.232 0.093 0.125 0.150 0.194 0.147
0.000 0.000 0.000 0.000 0.024 0.000 0.000 0.000 0.000 0.028
61 119 89 30 92 116 82 109 137 569
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.046 0.011 0.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 0954 0989 1.000
62 204 89 92 92 116 82 109 137 569
0.045 0.042 0.040 0.044 0.056 0.045 0.110 0.276 0.384 0.002
0955 0958 0960 0956 0944 0945 0.890 0.724 0.616 0.998
22 46 18 33 88 116 34 80 22 315
0.182 0.109 0.056 0.061 0.170 0.164 0.029 0.063 0.000 0.170
0.091 0.022 0.056 0.061 0.045 0.043 0.000 0.013 0.000 0.190
0.741 0.869 0.889 0.879 0.794 0.793 0971 0.925 1.000 0.640
39 117 90 92 90 116 82 109 135 138
1.000 0940 0933 0.897 0.939 0927 0976 0917 1.000 0.919
0.000 0.060 0.067 0.103 0.061 0.073 0.000 0.083 0.000 0.091
0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.000 0.000 0.000
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Table 2 (continued). The allele frequencies at fourteen loci in eighteen southern African
populations used for the calculation of genetic distances*

Populations
Genetic system,

sample size (N) K4 K5 K6 K8 K9 K11 K12 K14
and allele

AK:N 328 328 74 82 58 42 118 52
AK! 0976 0976 0.919 0915 0931 0.905 0.962 0.952
AK? 0.024 0.024 0.081 0.085 0.069 0.095 0.038 0.048
PGM;: N 328 328 74 82 58 42 150 52
PGM,! 0.980 0.980 0.993 0.963 0.974 0.857° 0.820° 0.778
PGM,;? 0.020 0.020 0.007 0.037 0.026 0.095* 0.163* 0.222
PGM,;: N 328 328 74 82 58 42 149 52
PGM,! 0974 0974 0.966 0976 0966 1.000 0.996 1.000
PGM,? 0.026 0.026 0.034 0.024 0.035 0.000 0.004 0.000
Hp: N 423 60 101 265 147 42 153 52
Hp! 0.318 0.346 0.276 0.272 0.388 0.726 0.594 0.712
Hp? 0.682 0.654 0.724 0.728 0.612 0.274 0.406 0.278
Tf: N 423 60 101 265 147 42 153 52
Tfe 0.848 0.783 0.752 0913 0918 0988 0990 0.990
Tf®, 0.152 0.217 0.248 0.087 0.082 0.012 0.010 0.010
Gm: N 458 62 100 259 138 42 150 52
Gm?* 3 13. 14 0.288 0.391 0.295 0.296 0.270 0.429 0.387 0.673
Gm! % & 1 0.024 0.000 0.030 0.000 0.050 0.163 0.018 0.096
Gm" % ¢ 0.004 0.016 0.000 0.047 0.015 0.027 0.006 0.231
Gm! ¥ 0.619 0.489 0.555 0459 0.526 0.333 0.309 0.000
Gm?! 0.064 0.105 0.120 0.168 0.134 0.000 0.100 0.000
Gm?! 5 14 0.000 0.000 0.000 0.011 0.000 0.000 0.157 0.000
Gm" 3 0.002 0.000 0.000 0.019 0.005 0.000 0.016 0.000
Gm?* 5 13. 14 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000
Gm" * 5 13, 14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Gm?! ? 0.000 0.000 0.000 0.000 0.000 0.050 0.007 0.000
Inv: N 458 62 100 263 140 42 150 52
Inv? 0.402 0.340 0367 0344 0357 0364 0367 0.562
Inv? 0.598 0.660 0.633 0.656 0.643 0.636 0.633 0.438

* Mozambique Negro data: Matznetter and Spielmann (1969) for red cell antigens Inv* and
Hp; Giblett (1969) and Reyset al. (1970) for red cell enzymes; Jenkinser al. (1970) for Gm.
® PGM,® allele present in these populations.
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Populations
N2 N4 N5 N6 N18 N21 C1 C9 Ci12 Moz.
Negro*
39 121 90 92 91 116 82 109 116 318
0974 0988 0.983 0.978 0.989 0987 0.896 0977 0970 0.997
0.026 0.012 0.017 0.022 0.011 0.013 0.104 0.023 0.030 0.003
39 121 90 92 91 116 82 109 135 318
0.795 0.825 0.861 0.799 0.852 0.737 0.800 0.757 0.848 0.781
0.205 0.174 0.139 0.196 0.143 0.262 0.200 0.243 0.137 0.219
39 121 20 92 91 116 82 109 135 318
0.990 0.972 0961 0973 0962 0978 1.000 0991 1.000 0.989
0.010 0.029 0.039 0.027 0.038 0.022 0.000 0.009 0.000 0.011
62 197 920 92 104 110 81 336 136 551
0.528 0.511 0.529 0.511 0475 0.493 0.743 0.382 0.589 0.556
0.472 0.489 0471 0489 0.525 0.507 0.257 0.618 0.411 0.444
62 197 90 92 104 81 336 136 119
0983 0.962 0.983 0.989 0.986 0.963 0972 0.996 0.979
0017 0.038 0.017 0.011 0.014 0.037 0.028 0.004 0.021
60 119 110 110 126 146 74 112 132 119
0.594 0.565 0.538 0.538 0.608 0.533 0.477 0.231 0.211 0.680
0.063 0.106 0.138 0.138 0.131 0.231 0.147 0.057 0.000 0.036
0.204 0.107 0.097 0.097 0.150 0.075 0.204 0.058 0.000 0.209
0.122 0.222 0.121 0.121 0.106 0.072 0.118 0.150 0.285 0.020
0.017 0.000 0.102 0.102 0.000 0.085 0.014 0.139 0.160 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.107 0.056
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.003 0.003 0.000 0.003 0.041 0.304 0.042 0.000
0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0061 0.196 0.000
62 119 147 147 126 146 77 112 132 119
0.378 0.328 0.309 0.309 0.378 0.159 0.490 0.198 0.207 0.410
0622 0.672 0691 0.691 0.622 0.841 0.510 0.802 0.793 0.590




Table 3. Genetic distances between eighteen southern African populations using alleles at the
14 loci shown in Table 2
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Figure 2. Clustering implied by gene frequencies at fourteen loci in eighteen southern
African populations (the frequencies are shown in Table 2)



Figure 3. Three-dimensional representation (“collapsed” from seventeen dimensions) of
relative genetic distances of eighteen southern African populations from one another (after

Harpending and Jenkins 1972)
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Biology and the History of Southern
African Populations

G. T. NURSE, HENRY HARPENDING, and TREFOR JENKINS

Every man or woman of every society at any level of social organization is
necessarily conscious of himself or herself as a member of a group. Such
awareness is not concerned exclusively with the present. There must be
some generally accepted idea of how and why the group functions as such,
and of how it came into being. To this extent everyone is possessed of a
corpus of historical knowledge, which is generally complete enough and
rational enough to provide a satisfactory explanation for things as they
are. The extent to which the explanation is rational will depend on the
degree of scientific curiosity and sophistication of the group, and the
extent to which it is complete will be a function of the awareness posses-
sed by group members of all the phenomena which have at any time
impinged upon them or their forebears (Vansina 1965).

Itis not always easy to make close distinctions between myth, tradition,
and history. The ordinary member of a politicosocial entity will retain the
version that is most satisfying, that most convincingly places the present
individual in the context of the collective past. History in this
phenomenological sense, existential history as lived and felt (Thomas
1964), often antedates and sometimes supplants the history that can be
derived from records. There may be several reasons for this, not the least
of which is the overall inadequacy of any form of recording. Popular
history may perforce be limited by a low level of common comprehen-
sion, but historical records also are subject to the prejudices and prefer-
ences of those who take them down. Such biases either are, or may
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become, those of the culture from the standpoint of which the records are
made, and thus are liable to merge with and perhaps to reinforce popular
history. Existential history is ultimately a utility — a source of instruction
or enjoyment to a people. For this reason it tends to be nondiachronic, to
magnify personality and incident at the expense of process in an essen-
tially anecdotal fashion and to be particulate, leaving large gaps where
nothing colorful or relevant to what came later took place. It is often also
disposed to reinforce ideology with a pattern of repetition, and the
insertion of myth into concrete happenings. For these reasons it is often
difficult and sometimes impossible to identify a coherent sequence of
events and thereby to provide a time-depth. Even archeology can only
define large tracts of time, and the sparse recollected facts fit into these
with wide margins of confidence.

The people, or effective group, to which a history applies, may be as
small as a kindred or as large as an empire. Aristotle, approaching the
question of human groups from the standpoint of the world’s first articu-
late human biologist, recognized that whatever historical reasons may be
given for the formation of a group, the two prime factors are mutual
advantage and identity of descent. Where history is unwritten the latter
aspect is often stressed at the expense of the former. Fictitious kinship can
come to obscure the exceptions to it and to emphasize bias in favor of the
uniqueness and excellence of the group. Wide kinship, whether real or
fictitious, can accentuate ethnocentricity; and in fact, Aristotle, at a
rather high level of sophistication himself, illustrates this without appar-
ently being aware of it.

Preliterate societies, or those in the early stages of literacy, tend to
emphasize internal kinships and to deal only marginally with neighboring
societies, even when contact with them has been considerable. This is
especially to be noted in Africa, where the widespread prevalence of
ancestor worship is signalized in many communities by a system of
authority, vested in and proceeding from the ancestors, and necessarily
excluding all who are not members of the kin group in easily recognizable
positions in the authority structure. The extent to which awareness of
strangers impinges is directly proportional to the extent to which they can
be assimilated into the system. Alliances, or even rivalries, between
groups, are rationalized by myth, and myths are, wherever possible, given
a biological basis. Tales of common ancestry and of sibship rivalry are
grafted on to traditional history, and the cohesion of the affected groups is
thereby preserved or even enhanced.

The foregoing might appear too trite to merit recapitulation were it not
that the involvement of descent in traditional history means that even at a
popular level the importance and relevance of biological factors is ac-
knowledged by a majority of African societies. Awareness of the ances-
tors resonates through the thoughts and activities of the people. It is
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probably for this reason that African villagers are generally so coopera-
tive toward those engaged in serogenetic investigations. Once it has been
explained that among the objects of the study are the elucidation of the
past and to some extent a reconstruction of certain physical traits of the
ancestors, it is usual to find that people are actually eager to donate blood
specimens. Coupled with interest in the past is the realization that history
as it is known to them is labile and imperfect. The process of change in
oral records is obvious to them. Written records assembled and inter-
preted by foreigners are open to rejection by even the most literate
among them; whereas the opportunity to take part in an inquiry which,
within limits, may come up with some clear-cut results and which can both
exalt the individual participants and help to place them reassuringly
within their groups.

Any mana surrounding the idea of blood does, of course, contribute to
the importance attached by people to this form of investigation, which is
frequently attended with brief, intense, and entirely gratuitous drama. It
is less tedious to both agent and patient than full morphological exam-
ination, the shortcomings of which have been described in another paper
(Jenkins, Harpending, and Nurse, this volume). It is more flexible, amen-
able to a great number of interpretative maneuvers, and, at the same
time, concerned with precise polymorphism at stipulated gene loci. For
this reason the results can generally be presented, both to the subjects of
the study and to interested workers, with some degree of assurance.

The form that that presentation will most advantageously take has
been described in a previous paper. It has been found that genetic
comparisons between populations, employing a number of single-locus
polymorphisms, can most comprehensively be expressed, in a quantita-
tive way, as genetic distances. Of the various measures of genetic distance
so far devised, that of Harpending and Jenkins, which has been described
earlier and which incorporates a principal-components analysis, appears
to give one of the most satisfactory identifications of relatedness among
groups. It can be expressed numerically or graphically with the latter
conveying more information.

The genetic distance can be given precise historical meaning only when
other historical information is considered. Any effective elucidation of
the past of preliterate peoples demands the simultaneous deploymentof a
number of ostensibly unrelated disciplines. Archeology can give us the
dates of major cultural change and their geographical perspective; the
very broad horizons of glottochronology, interacting with archeology,
can provide linguistic evidence of fissions and fusions among peoples; in
the light of both of these, oral tradition can be reinterpreted and related
more precisely to historical time. Biological considerations provide a
further set of checks and balances. They can help to establish whether
cultural exchange has been accompanied by gene exchange, they can
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confirm or refute suggestions of common ancestry, and they can give an
idea of selective pressures which have operated on peoples in the past,
and so indicate their probable provenances.
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Figure 1. Three-dimensional representation of the genetic distances among eighteen

southern African populations, determined by the method of Harpending and Jenkins as
described by Jenkins ef al. in this volume

Applying genetic distance to selected southern African populations
generates a three-dimensional graph (see Figure 1) from which a number
of historically relevant facts emerge. In the first place, the populations
tend to group: the Negro peoples occupy one segment of the graph, the
San another, both quite discrete. Adjacent to the San but at some dis-
tance from them are the Khoikhoi. The three ‘“colored” populations,
known hybrids, do not adjoin one another, do not form a coherent group,
and, in the cases of the Johannesburg and !Kuboes coloreds, plainly
incorporate a genetic element other than those represented in the other
three groups. The !Kuboes coloreds, and those of Sesfontein, show some
affinity with the Khoikhoi, while the Johannesburg sample is placed
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further toward the Negro group, though it is not, indeed, as close as the
Sesfontein one. In fact, it is easier to associate the coloreds of Sesfontein
and !Kuboes with the Khoikhoi of Sesfontein and Keetmanshoop than
with one another; which is understandable enough, as there is and has
been free and frequent intermixture.

What is somewhat more surprising is the separation between the /ai/ai,
/du/da, and Dobe populations. All three of these are members of a single
linguistic and cultural group, the !Kung, and represent the northern
division of the San. Genetically closer to the Dobe !Kung than either of
the other !Kung populations, though linguistically and geographically
more remote, are the Kaukau, also a branch of the northern San, and the
Naron representatives of the central San. These show close genetic
similarity to one another. This might be an example of the situation in
American Indians described by Ewens (1969), who found that genetic
distances between villages could be as large as those between linguistic
groups. Genetic drift obviously operates more considerably on small
isolates than on large populations. We can, therefore, conclude that
despite their geographical closeness to Dobe the !Kung of /du/da and
/ai/ai constitute populations which have been comparatively reproduc-
tively isolated for some time from their parent group, whereas the larger
!Kung population of Dobe has maintained closer contact both with the
Kaukau and with the central San. This is an example of the way in which
historical information which is not otherwise suggested may be provided
by genetic studies.

A more dramatic instance of the same type is furnished by the Damara
of South-West Africa. The Damara are an extremely interesting people.
Morphologically they are Negro; where not associated with other peoples,
they practice, or until recently practiced, a later Stone Age culture;
their language is Nama. When the first literate visitors reached South-
West Africa, and for some time after, the Damara either were held in
servitude by the Nama Khoikhoi or the Herero, or sparsely and elusively
inhabited the neighborhood of the Brandberg (Vedder 1929). It might be
expected that their genetic constitution would reflect their past enslave-
ment, but this is not the case. Though they can be seen to cluster with the
Negroes, and resemble the Herero more closely than the Negroes of
South Africa, Botswana, Lesotho, or Swaziland, their closest resem-
blance, though still a distant one, is to the composite sample of “Mozam-
bique Bantu.” They are more remote from their erstwhile Khoikhoi mas-
ters than the inhabitants of Lesotho are. Yet the fact of their enslavement
is attested both by oral tradition and by written records. In consequence,
it becomes necessary to reconsider the nature of their previous status. It
may have been servile but — and this is a fact which is not mentioned by
any historical source — it could not have involved sexual subjection. This
makes it unlikely that it was, in fact, slavery in the sense in which this is
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traditionally understood in Europe, the Americas, or Asia. It calls to
mind rather the hierarchical situation described by Maquet (1961) in
Rwanda, where the Tutsi exercised hegemony over Hutu and Twa but did
not interbreed with them; where the ethnic inequalities were part of an
elaborate but stable political and religious system and did not reflect a
deliberate economic policy on the part of the dominant group. In fact, the
Hutu clientship was elective; the gift of cattle to a Hutu was what secured
his services and simultaneously conferred on him the protection of a
patron. It is at least possible that a buhake contact of this nature is what
bound Damara to Nama. Could two such systems have arisen indepen-
dently in the same continent, or could both the Nama and Tutsi have
inherited it from the same source? It seems improbable that they are in
any other way “related” to each other; though there have been sugges-
tions (von Luschan 1907; Jeffreys 1968) of a Hamitic or Semitic origin
for the Khoikhoi, they have not been supported by genetic-marker
studies (Jenkins 1972).

The large Sotho-speaking group of Negroes ranges itself in an expect-
able but revealing series. The bases of the columns representing them
form an approximate straight line in the horizontal plane serving as origin
for the graph. The northern Sotho, or Pedi, are at one end of the line, and
the western Sotho, or Tswana, are at the other, with the two populations
of southern Sotho in between. In this instance genetic distance helps to
confirm the finding of the linguists (Doke 1945; Doke and Cole 1962)
who place the southern dialect cluster intermediate between the northern
and the western. Two independent pieces of evidence consequently point
to the primary fission among the Sotho having occurred as divisions of the
western and northern sections from the southern rather than from one
another. That in the diagram the southern Sotho appear to be closer to
the Tswana than to the Pedi does not indicate that fission from the former
has occurred more recently; there is constant intermingling between
Tswana and southern Sotho in the populous upland plain of the Orange
Free State and the propinquity probably reflects recent gene exchange. It
seems likely that a more discriminant selection of samples from among
the many divisions of the Tswana, and the additional investigation of
the various sections of the northern Sotho, might produce an historical
gradient of considerable value.

It will be noticed that the Swazi, members of the Nguni-speaking group
of South African Negroes, are situated relative to the Sotho in much the
same position as they are geographically — that is, between the Tswana
and the “Mozambique Bantu.”” On the other hand, the Pedi lic at some
distance from them on the graph but are geographically neighbors both of
them and of some at least of the ““Mozambique Bantu.” This helps to
correct certain impressions left by traditional history. It is known that
there was a Sotho element, which was absorbed by the Swazi, in Swazi-
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land at the time of its consolidation by the Ngwane (Bryant 1929); it
might be expected on geographical grounds that this would have been
northern rather than southern or western Sotho, but the genetic distances
between the peoples indicate that it was most probably southern. Simi-
larly, among the clans of the Mozambique Tsonga there are several which
claim Pedi origins (Junod 1927), whereas the lack of close serogenetic
resemblance between Pedi and ‘“Mozambique Bantu” shows that the
northern Sotho element was probably rather small.

Genetic distance is not the only biological parameter that can be
historically revealing; individual gene markers can also help to provide a
time-depth, particularly when it comes to dating migrations. The sickle-
cell hemoglobin gene is almost completely absent in all tribes south of the
Limpopo (it occurs at a frequency of 0.4 percent among the Venda) and
assumes only very low frequencies between that river and the Zambesi
(Jenkins 1972). It seems reasonable to suppose that the southernmost
population did not possess the gene when they left the nucleus of Bantu
expansion. The high frequencies found in central Africa, where the gene
confers an advantage due to increased resistance to malaria, could not
have developed except through the operation of natural selection. Had
the gene been present in the forebearers of the South African Negroes,
many of whom were equally exposed to malaria, the same phenomenon
could be expected to have occurred. Splaine, Hayes, and Barclay (1971)
have shown that whereas a rise in frequency in response to selective
pressures occurs comparatively rapidly, withdrawal of such pressures and
the consequent tendency of the gene to act as a lethal recessive with loss
of affected homozygotes leads to an extremely slow fall in frequency.
Presuming that in malarious areas the heterozygous bearer of sickie-cell
hemoglobin has a 25 percent advantage over the person with normal
hemoglobin, it would take only twenty-five generations for the frequency
to rise from 1 percent to the level at which 30 percent of the population
possessed the trait. Removal to a nonmalarious area, where the hetero-
zygote state conferred neither an advantage nor was itself deleterious,
would lead to a loss of the gene such as occurs in the case of any lethal
recessive, but only at such a rate that it would take ten times as long for it
to return to its original frequency. It seems likely that the added fitness of
the heterozygote in central Africa is about 25 percent (Allison 1965); it
must therefore be at least twenty-five generations since the South African
and the central African Negroes diverged. Glottochronological estimates
of divergence of southern African languages (Zulu and southern Sotho)
from central African ones (Bemba, Lamba, Tumbuka) range between
2,400 and 2,800 years. Taking a generation as twenty-five years, it is
probably more than 625 and less than 3,000 years since the divergence.
This range fits in very well with the carbon dating of the earliest Iron Age
site so far found south of the Limpopo, that at Castle Cavern in Swazi-
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land, which seems to have been occupied 1550 + 30 years ago (Beaumont
and Vogel 1972). The date of occurrence of the mutation-produc-
ing sickle-cell hemoglobin would consequently appear to lie some-
where between 1,000 B.c. and A.D. 400; and though this may appear
to be an unconscionably long period, the use of similar methods with
other gene markers will, it is hoped, help to narrow it, and increasingly
enable such markers to be used in adding precision to historical time-
depths.

Two other abnormal hemoglobins in southern Africa also convey
historical information of some interest. In 1955 Brain detected and
Lehmann identified hemoglobin C in the colored community of Cape
Town. Two years later a South African Caucasoid family was also found
to possess the gene and, indeed, to include two members homozygous for
it (Lewis, Anderson, and Baskind 1957). Since then (Botha and van Zyl
1966; Botha, Pritchard, and van Zyl 1967) it has been discovered that it is
of no great rarity in South African Caucasoids and coloreds. The main
point of interest in this is that the arrival at Cape Town of persons bearing
the gene can be dated with reasonable certainty. Hemoglobin C, with its
more circumscribed distribution, probably represents a later mutation
than hemoglobin S and is found in greatest frequency in West Africa,
particularly in northern Ghana and Upper Volta. Trade between Cape
Town, which in the seventeenth and eighteenth centuries was under the
control of the Dutch East India Company, and West Africa, which fell
into the sphere of influence of the Dutch West India Company, was
strictly interdicted [De Kock 1950 (1963)]; but two shiploads of slaves
arrived from West Africa in 1658 (Blommaert 1938). The slaves disem-
barked at Cape Town and spent some time there before a large number
were taken on to Batavia. Intermarriage between whites and slaves was
not uncommon in the eighteenth century and, in contrast to the custom in
North America, the offspring were generally absorbed into the white
community (Heese 1972). The main source of slaves was, in fact, the East
Indies and Bengal, and the presence of hemoglobin E, a characteristically
Southeast Asian hemoglobin, in the colored community, attests and
confirms that the Cape Town coloreds are partly of Asian origin. It is
therefore all the more to be wondered at that hemoglobin C should be
much more common in Caucasoids than is hemoglobin E. Hemoglobin S
is also rather more common in Cape Town coloreds and Caucasoids than
it is in southern African Negroes, but it could have come through slaves
imported from Mozambique or Madagascar, with which there was con-
siderable trade in the eighteenth century. The origins of the West African
slaves are given as “Angola and Guinea” (Blommaert 1938). Hemoglo-
bin C is not found in Angola, and in West Africa it occurs more in the
interior than on the coast. The only coastal area where it attains afrequency
of about 5 percent is the vicinity of Accra, which has been a trading area
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for centuries, and was probably the entrepét for that part of the interior
where the frequency is highest. We can, therefore, be reasonably sure that
some of the slaves in the 1658 shipments came from what is now Ghana.

It can be seen, therefore, that combining the consideration of single
biological markers with the perspectives of genetic distance can furnish in
some instances a more accurate time-depth study than either alone. The
positions of the three colored populations on the graph become more
comprehensible when the implications of the variant hemoglobins are
examined. Had a southern African Caucasoid population been included
in the distance comparison, their positions would have been clearer still.
It also becomes apparent that for biology to make more than a marginal
contribution to history it is necessary that as many interacting populations
as possible be investigated. The number of gene markers 1s less impor-
tant; principal components analysis, as employed in computation of the
distance statistic, ensures that those which are of most significance will
make the largest contributions. This paper and the preceding one cannot
be presented as if they were definitive; in common with much of the work
proceeding at the Human Sero-Genetics Unit of the School of Pathology
of the University of the Witwatersrand, South African Institute for Medi-
cal Research, they are interim explorations of the vast and as yet thinly
populated borderland between history as known to historians and cul-
tural anthropologists and the past as it appears to the eyes of ethno-
logically oriented human biologists.
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PHILIPPE LEFEVRE-WITIER and HENRI VERGNES

For more than ten years, the Hemotypological Center of the National
Center of Scientific Research (CNRS), Toulouse, has been carrying out
an anthropological and ecological study of Saharan populations
(Benabadji, Ruffie, and Lefevre-Witier 1969).

From a first inventory of genetic characteristics of fifteen nomadic and
sedentary populations of western Sahara, it seemed that none of these
marginal populations, living between Maghreb and black Africa, could be
clearly assigned to either the great Caucasoid or Negroid branches. Those
genes classically regarded as markers of these two human stocks are
found on both sides of the desert in rather variable frequencies, and
hybridization alone cannot account for that intermediate genetic condi-
tion. In a humid Sahara, with inadequately defined selected advantages,
survival was probably at the time of group differentiation a matter of
chance. Subsequently, migrations and admixture as well as natural selec-
tion and genetic drift were increased by the spread of desert conditions.
When gene pools are subjected to such strains, they can rarely be
explained by simple diagrams. In order to understand the formation and
evolution of these residual human groups, we considered it necessary to
investigate the basic elements represented by the tribe, the group, or the
village, and whatever functional or mating units are present.

We are indebted to Marceau Gast and Guy Barrere (Laboratoire d’Anthropologie, de
Préhistoire et d’Ethnologie des Pays de la Méditerranée Occidentale, Aix-en-Provence; to
Albert Jacquard (Institut National d’Etudes Démographiques), Marie-Thérése Valat and
Marie-France Landre (Centre de Calcul — CHU Pitié-Salpétriére), in Paris; and to our
collaborators of Center of Hemotypology, U.92, medical computer unit, in Toulouse.

We wish to express our thanks for the assistance, in situ, of Professor M. Benabadji
(National Blood Transfusion Centre, Algiers) and of the local Algerian authorities in
Tamanrasset, and of all the inhabitants of Ideles.
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Ideles, a small village of Ahaggar, was on this account selected in 1967
as the focus of a multidisciplinary study in Twareg country, within the
scope of Multidisciplinary Research Project Number 151 of CNRS.

The purpose of the study was, first, to investigate the family con-
stituents of the village, their geographical origins, their tribal links, and
their lineages, as well as their social structures and local demographic
evolution.

The compilation of these numerous data and the collection of linguis-
tic, historical, and ecological information were carried out by Marceau
Gast, anthropologist, and by Guy Barrere, teacher at Ideles. In the course
of three expeditions, made in 1968, 1969, and 1970, hematological,
serological, and epidemiological investigations were undertaken concur-
rently. The biological and genetic aspects were completed in 1968 with an
anthropometrical study by Dr. Gerard Ignazi of Paris and a medical study
by Dr. Ben Djaballah of Algiers and Dr. Trecolle of Ouargla.

The purpose of the information thus assembled was to enable us to
understand the formation, settlement, and survival conditions of a popu-
lation possessing limited resources in highly inimical surroundings; to
assess the health of the inhabitants of Ideles, their resistance to bacterial
and viral attacks, their eating habits; and, especially, to describe and
explain the frequency and distribution of serological characteristics in
that community, as well as the evolution of such inherited conditions.

In this article, we should like to illustrate our results by certain methods
employed in population genetics (genetic distances, arborescent den-
drogram analysis), and thus ascertain: (1) not only an assessment of the
persistence of genetic heterogeneity in a population formed of different
elements, but also of the degree of heterogeneity resulting from their slow
merging for approximately a century; (2) the determination of the genetic
position of Ideles subgroups with regard to their tribal origins and their
geographical neighbors; and (3) the position of Ideles populations in
relation to all Saharan or African populations.

ECOLOGY OF IDELES
Geographical Situation

(See Figures 1 and 2.) Ideles is a wadi (river bed or valley that is usually
dry) to the north of Atakor, the central elevation in Ahaggar. Wherever
the soil seemed arable, people established settlements. It now forms part
of the Tamanrasset administration area (Daira) and its coordinates are
longitude 6° west, latitude, 24° north, and the mean altitude is 1,500
meters. Ideles wadi opens its dry valley across Manzas, an area of recent
volcanism and of granite outcroppings (Taderaz 1,822 meters at Ideles).
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Subterranean waters flow northward; they meet Tafadjak, Istene, and
Telohat watercourses to form the Igharghar wadi. Thus, Ideles and
southern Manzas are hemmed in between two elevations: Tefedest to the
west and Atakor to the south. The main highway south to Tamanrasset
crosses the village of In Amguel and the Arechoum basin. Adjoining
tracks cross the central mountain range or skirt its eastern flank.
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Figure 1. Map of the Ahaggar-central Sahara. Scource: H. Lhote

Ecological Data

Ideles belongs to a compact mountain mass in a desert region (Rognon
1967). The barrenness of the locality is compensated for by its altitude
and its situation on the north slope. Accordingly, the temperature is not
excessive and thermal fluctuations approximate 15°C which is moderate
for the Sahara. Absolute minimal temperatures reach —10°C during the
short January-February winter season. Although summer lasts very long,
maximum temperatures do not exceed 35°C. (normally 45°C at an
altitude of 500 meters) (see Figure 3).

As is the case everywhere in the Sahara, rainfall is infrequent, sparse,
and quite irregular. Rognon distinguishes two types of rainfall: summer
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rains, produced by the Sudanese monsoon, which are violent and of short
duration, causing swelling of rivers and erosion of arable soils; and long
winter rains, which penetrate the soil and refill the water-bearing stratum.
The underground water-bearing stratum of Ideles wadi has a daily dis-
charge of 1,740 cubic meters through eleven courses (foggaras) and
numerous motor-pump wells. This makes possible the present cultivation
of twenty hectares and the irrigation of 300400 palm trees.

POPULATION AND SOCIAL STRUCTURES

Though the Ideles wadi has a limited habitable area, the creation of the
present village has attracted to that locality individuals and families from
diverse regions of the Sahara. We will review briefly the different strata

Wadi
Ideles

Wadi Ve
Istene

Wadi
Tafadjak

area

Legend "] Granitic ® Ideles
L area seftlements

Figure 2. Ideles population settlement
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forming the population and their native origins (Gast 1971) without
probing the history of their arrival in Ideles. However, we will stress social
structures which explain the characteristics of the community and the
trend of its genetic evolution. The nuclear family forms the foundation of
the village; “legal” polygamy does not exist, but divorces and remarriages
are numerous. Four or five successive marriages are not uncommon for
both men and women.! In 1969, the population of Ideles numbered 521
persons, divided into 125 nuclear families. The most important structures
are the social lineage groups, at which level certain cultural differences as
well as a hierarchy appear. These groups are listed below.

1. The M’Rabtines, forming the most homogeneous community,
Arabic-speaking, practicing Muslims who are leaders in the village.2 They
are the inhabitants of Tidikelt, natives of In Salah, of Tit. The most
influential are descended from patriclans, Ouled (or offspring of) el
Hadj Ouled Belkacem. They observe rather strict marriage customs
(endogamy of tribe with M’Rabtines of Tidikelt, marriage with first
cousins or close relatives).

45
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Figure 3. Average variations of temperatures in Tamanrasset and Ideles Ahaggar-central
Sahara (75 percent of O in¢; + 40, — 40°C)

! This makes the drawing of genealogies very difficult. The study of marriages will be
published after a new expedition in 1973.

2 The village leader is Bou Amama, son of Mohammed Allal of M’Rabtines Ouled el
Had,;.
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2. The M’Rabtines who have, in some cases, allied themselves with
Isseqamarenes, Kel Tefedest, or Kel Amguid Twareg, nomads of the
Hoggar or of the western zone of Tassili n’Ajjer. They have adopted the
language, dress, and matrilineal affiliations of the Twareg, while retaining
a social status higher than that of their nomadic cousins.

3. The Isseqamarene Twareg who more and more are adopting
sedentary habits and village agricultural life while keeping their herds in
neighboring wadis. Part of their family often reside outside Ideles. The
other Twareg live independently of the Isseqamarenes. They are descen-
dants of vassal tribes and are rather isolated by their gardening occupa-
tion. They are socially close to certain hybrids emancipated by their
suzerain Ke Kel Rela® (Ibourelliten). For the sake of convenience,
we have grouped the Isseqamarene Twareg and other Twareg in our
samples.

4. The Harratins, who are traditionally the farmers in numerous
Sahara oases. Ideles has only a few families originating from Saoura or
Tidikelt (Aoulef Chorfa). These are very efficient well-sinkers, rather
proud of their descent. Twareg or M’Rabtines sometimes choose their
brides from the Harratin women.

5. Former prisoners (Iklan) employed as gardeners by nomads com-
prise the bottom rung of the social ladder. They were captured in raids
carried out in rather diverse regions: Niger, Kaouar, Kanem. Unmarried
women, who live with their illegitimate children, are numerous in this
group.

6. Artisans (Enaden) are segregated by their occupations. They are
restricted to a certain caste endogamy confined to their native southern
Sahara (Niger, Adrar des Ifoghas, Air); though in Ideles, they take
Harratin wives.

The village organization is simple. It consists of one village, the Tumu-
lus, where most Arab-speaking M’Rabtines meet and, occasionally, a
Harratin family whose head is a well-read man. Berberophones with
M’Rabtine and Isseqamarene ancestry have settled in Imsaouene, on the
opposite shore of Ideles wadi, near the hut-village Tifokraouine of the
nomads. The very prolific Imsaouene families have spread into micro-
farming communities in Amanselam in Istene. Some of them inhabit
Essaouel, the most ancient Ideles hamlet. Inekrane hamlet is inhabited
only by a Harratin family, while the Twareg and their servants inhabit
Taderaz hamlet. From its founding, the village of Le Bourg has been
inhabited by Twareg, Artisan hybrid M’Rabtine, and Iklan families (see
Figure 4).

Skin color divides the villagers into two groups. Most M’Rabtines and
Twareg are considered ‘““white”” and other villagers ‘““black.” This color

3 Chieftain tribe of Ahaggar.
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differentiation is in fact a social trait inherited via patrilinear or mat-
rilinear ancestry, and some surprising morphological paradoxes are
encountered. Social relations will later be clarified by a study of wife
exchange. The relative sexual freedom which prevails in all oases of the
Sahara should be stressed at once.

Thus, Ideles appears to be a community in the process of fusion,
although there still exist rather clearly defined geographical, cultural, and
social cleavages. The factors making for homogeneity are isolation, re-
ligion, economic solidarity, and poverty and, of late, the social policy of
the Algerian government.
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Figure 4. Ideles: Social structure

METHODOLOGY: BIOLOGICAL

The study of blood genetic characters was undertaken concurrently with
the sociological and demographic investigations in 1968, 1969, and 1970.
A total of 384 individuals were examined in the selection of parameters.
These will be set forth in detail in accordance with the genetic systems
studied. Only a brief reference will be made to laboratory techniques
employed, which are described in articles on Ideles hematologic and
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serologic investigations (Constans and Lefevre-Witier 1973; Mauran-
Sendrail and Lefevre-Witier 1973).

Our examination was confined to the following traits:

1. Blood group polymorphisms: A,, A,, B, H, Cc, D, Ee, MN, Ss
antigens, V¥, P, Kell, Lewis®, Lewis* (for a few individuals), and Fy*.

2. Gm and Inv groups of serum immunoglobulins: Gm (1), (2), (3),
(5), (6), (10), (11), (14), (17), (21), (25), Inv (1, 2) antigens.

3. Enzyme polymorphisms: G-6-PD, 6-PGD, PGM at locus 1, acid
phosphatase (AP), lactate dehydrogenase (LH).

4. Serum polymorphisms: pseudocholinesterase (ACAH) at locus
E,.
5. Haptoglobins: normal, modified, weak or deficient (HpO).

6. Hemoglobins: investigation of the rise of A, or F hemoglobin rate,
and structural mutations (in Ideles only S and C variants were studied).

Our sample produced thirty-four parameters. However, serum
polymorphisms could be detected in only a few individuals, and sample
numbers differ according to the trait studied (see Figure 5). All the
frequencies, absolute as well as relative, phenotypic or genic, relating to
traits have been mentioned in the articles referred to above. The samples
studied comprise 71 percent of the females and 77 percent of the males of
the total population. If one subtracts from the total population the zero-
to five-year-old infants in whom venipuncture was not possible, the
figures become 82 and 84 percent, respectively, of the total population.

Type of enzymes Number of Percent total
individuals tested of sample

G-6P-D 223 58

6-PGD 214 55.7

PGM 1 257 66.9

Acid phosphatases 151 393

LDH 45 11.7
Pseudochol. ACAH 282 73.4

Figure 5. Enzymes in Ideles: types and number of assays

METHODOLOGY: MATHEMATICAL

To begin the study of Ideles genetic structure, we chose to use the notion
of distance applied to frequencies. This refers to “arc-sine” distances of
Cavalli-Sforza (1962) or “chord” and y? distances often used in popula-
tion genetics when it is possible to express measurements in terms of
frequencies or of probabilities. In order to utilize best the information
assembled in the laboratories with regard to the various genetic systems
investigated, the measurements selected are in terms of phenotypic fre-
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quencies, since the genetics of some systems are as yet not precisely
defined. The Gm system of serum immunoglobins forms a special case.
Works of Steinberg (1967), Ropartz et al. (1966), Grubb (1960), and
others make it possible to determine with some certainty the allotype
transmission of Gm factors. Since certain allotypes are associated with
broad human branches: Negroid, Caucasoid, and Mongoloid, we have
placed the observed phenomena in three classes: (1) Gm phenotypes,
solely explained by Negroid allotypes; (2) Gm phenotypes, solely
explained by Caucasoid allotypes; (3) Gm phenotypes, explained by
allotypes common to the two branches. The phenotypic frequencies have
been worked out in each of these classes.

The “arc-sine” and “chord” of Cavalli-Sforza (1962) and y2 distances
are fully described by Jacquard (1973). The principles are briefly pres-
ented here:

1. The Cavalli-Sforza distance is defined by the formula:

Chord (i, ) = 2—;@ [ 1-¢K / Pik Pjk

in which Pi and Pj are the frequencies of k characteristics in the two
populations groups studied. This method is advantageous as it associates
the distance calculation from the phenotype frequencies to the calcula-
tion from gene frequencies. That association is all the better here as
Hardy-Weinberg equilibrium was found in the populations studied. This
would indicate a close correspondence between phenotypic and gene
frequencies. :
2. yx? distance is defined by the formula:

¢ (Pik — Pjk)?
pk

12, j) =

in which & is the characteristic studied and pk its average frequency for
the whole of the samples compared. The term ““‘y2 distance’ should not be
misunderstood. It is a unit of measurement with its own characteristics
and not a proof for the validity of statistical tests.

The different blood genetic systems studied can be treated as indepen-
dent units. This justifies the calculation of a total distance for all the
systems such as

2
D? =g, X,
s

Obviously, the above formula is only an approximation. In fact, the
underlying biological and genetic determinants are still inadequately
known. They are even more poorly understood in their interaction.
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In our study of Ideles, we have selected phenotypic frequencies, and, as
a result, adopted the Cavalli-Sforza “chord.” As the chances of total
panmixia in Ideles community are slight, we resorted also to the y?
distance calculation. The two methods have shown a complete correla-
tion regarding the different population samples examined. The results of
x? distances are given in Figures 8, 11, 14, and 17.

We have used two types of representation of the entities defined by the
above distances: (1) a projection on the principal plane of all the popula-
tion coordinates, which provides a map of the representation and (2) an
entirely different representation, referring to arborescent or dendrogram
analysis of an ascending type, making immediate use of all information
collected from population samples. Two populations can be more legit-
imately regrouped in one class, since the amount of information (= the
variable quality) lost by the regrouping is negligible. Thus, the different
populations can be reclassified in more or less numerous categories,
depending on the initial information which is to be retained. If all infor-
mation is lost, the samples form only one class. The existence of a
structure for all the populations studied is revealed by the reduction of the
number of classes, thus translating simultaneously the interclass proxim-
ity and the interclass distance. The same thing happens when observers
move away from a structure and thus reduce their discrimination, as they
cannot see details but only the main outline of the structure. The part of
the total information thus lost in forming a class is defined as the “‘diame-
ter” of this class. In the tree diagrams (see Figures 6, 9, 12, and 15),
“diameters” are indicated by the X axis (abscissae) and the interpretation
of results can be achieved by fixing the different diameters.

In every series of distances analyzed, we will place along with the
arborescent analysis, the map obtained from the first representation (see
Figures 7, 10, 13, 16).

ANTHROPOLOGICAL METHODS

The study of the Ideles community aims at deriving a genetic reality from
a static classification, along with dynamic considerations. The history of
this village has revealed to us that fairly distinctive human groups have
contributed to its present composition. Accordingly, our problem was to
determine whether these groups, fractions, or families have unique gen-
etic ancestries, making it possible to distinguish them one from the other,
or if, on the contrary, they are present in an already homogenous whole.
Both the socioeconomic and kinship studies show that such homogeneity
is far from a reality. Accordingly, the degree of homogeneity, based on
the genetic data, had to be determined. Characters observed should make
it possible to assign Ideles populations to their original tribes, to other
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Saharan populations, as well as to more widespread categories such as
Melano-African, Mediterranean, or European. This problem is analyzed
below. For this purpose, every inhabitant of Ideles had to be assigned to a
well-defined group. The social structure, worked out by anthropologist
Marceau Gast, looked simple. Unfortunately this model, provided by the
village inhabitants, seemed to us to reflect inadequately the cultural and
geographical origins of the different families. Accordingly, we applied
another distribution model with more attention to family derivations,
which we defined according to the origins of the four grandparents and
the history of the family. This anthropological or genealogical model
produced six fractions, analyzed in this article: (1) M’Rabtines Ouled el
Hadj and Tit; (2) Isseqamarene and other Twareg; (3) M’Rabtines
married to Isseqamarenes; (4) Harratins; (5) Iklan (captives); and (6)
recent hybrids of these various groups.

The distance calculation illustrated in this article was made in Ideles
based, in its first stage, on the entire body of data at our disposal. Next, we
tried to make the same analysis by grouping those genetic systems that
had been studied more recently, that is, the enzymes, the haptoglobin
types, and the Gm system. The number of enzymes tested has further led
us to attempt a limited analysis of these genetic characters. The control
Mediterranean population was a sample from Oriental Pyrenees
(France); the control black African population was a sample from two
Gagoo tribes from the Ivory Coast.

For studying the genetic relationship of Ideles to other Saharan popula-
tion samples (twenty-seven populations; see Figure 18), we employed the
phenotypic frequencies of the following systems: ABO, Rh, P-Tja,
Kell-Cellano, the only ones studied before 1969.

RESULTS AND COMMENTS

Results are given in four series of figures. Each series consists of an
arborescent analysis, a cartographic representation of distances corrected
by the arborescent analysis, and a set of yZ distances.

Series One

This series, see Figures 6, 7, and 8, contains all the genetic information
available to us from Ideles and gives the following structure:

1. A clear picture is revealed in the arborescent analysis (see Figure
6): the merging of M’Rabtine families, of families with M’Rabtine and
Isseqamarene ancestors, and recent hybrids born in Ideles. This group
seems to illustrate well the fusion process between Arabo-Berbers and
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Iklans, Harratins, or Artisans, which had begun in Tidikelt among the
M’Rabtines and had accelerated in Ideles.

2. On the other hand, three groups have kept a distinct genetic
autonomy: Isseqamarenes, Twaregs, and Harratins and Iklans, who
settled later in the village. For a loss of about 40 percent of information,
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the affinity of the Isseqamarenes and Harratins to the village as a whole
is greater, but it is not so with respect to Twareg Kel Kummer who appear
more distinctly connected to the Mediterranean Oriental Pyrenees. The
Iklans compose a black population distinct from the Ivory Coast Gagoos.
At diameter 40, their affinity does not become any closer and they could
never be confused with other Idelesians.

Iss Mri Hid Iid Mid Por Bok Too Tke

Mra 1753 1189 1685 2063 1205 1976 2329 234 2148

Iss 1217 2335 2102 1818 2027 2754 2590 2425
Mri 2039 2072 1366 2131 2517 2394 1953
Hid 2052 1534 2664 2156 2021 2738
Iid 1422 2827 1842 1515 3092
Mid 2645 2001 1823 2409
Por 3307 3216 2445
Bok 1009 3384
Too 3306

Figure 8. Ideles populations: matrix of the x? distances for eleven genetic systems

3. The two Gagoo tribes, which have a common origin, are the first
reunited groups in spite of appreciable differences in their genetic ances-
try. The rapid formation of a unique class at the diameter below 20 proves
the sensitivity of the arborescent analysis.

The cartographic representation (see Figure 7) is not devoid of in-
terest. It reveals better the genetic community of M'Rabtines and of
Isseqamarenes. Furthermore, hybrids appear closer to the Harratins
and the Iklans. The distance between M’Rabtines and Harratins is quite
marked. The broken and continuous lines express the data of arborescent
analysis with regard to diameters 30 and 53, respectively.

Series Two

A limited analysis of enzyme, haptoglobin, and Gm systems discloses
another genetic structure (see Figures 9, 10, and 11). These systems
contain ‘“‘marker genes” whose distributions are strictly defined in the
Caucasoid and Negroid branches. The position of Ideles populations
studied in relation to these two branches will accordingly be revealed
more distinctly here than in the previous analysis. At diameter 30 (see
Figure 9), the position is not changed. However, hybrids of M’Rabtines
and Isseqamarenes mix with their nomad cousins. At diameter 55, new
groups are formed; the Isseqamarenes, Twareg, and their hybrids merge
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with the Oriental Pyrenees sample in a distinctly Mediterranean group.

The other Idelesians constitute an entity to which even the Iklans are

joined. Lastly, Ivorians of black Africa are completely segregated.
Though cartography is less important on a mathematical plane, since it
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implies an important loss of information, it is nevertheless meaningful
(see Figure 10). Afro-Mediterranean Twareg groups remain at a rela-
tively great distance from the Euro-Mediterraneans to whom the South-
west French belong (and yet, the arborescent analysis had regrouped
them). M’Rabtines, Harratins, Artisans, and recent hybrids remain at a
considerable distance from Iklans, whose position is unchanged.

Thus there exist three groups: one distinctly Negroid group (Melano-
African), one intermediate group comprising most of the Idelesian frac-
tion, and a Caucasoid group of Afro- and Euro-Mediterraneans.

Iss Mri Hid Iid Mid Por Bok Too Tke

Mra 1607 1070 1472 1670 907 1754 2039 2248 1839

Iss 998 2157 1809 1646 1746 2502 2486 2149
Mri 1759 1756 1181 1688 2331 2376 1485
Hid 1865 1192 2566 1951 2018 2443
Iid 1247 2402 1809 1669 2549
Mid 2264 1934 1968 1916
Por 2915 2955 2353
Bok 1166 2858

Too 2911

Figure 11. Ideles populations: matrix of the y2 distances for six genetic systems; enzymes,
haptoglobins, Gm system

Series Three

We have previously referred to the variable character of information
yielded by different genetic systems and to the difficulties encountered in
apprehending and translating that variability. This study has made pos-
sible an assessment of the value of enzyme allotypes. Several African
populations have been defined by distance methods applied to enzyme
allotypes with fairly satisfactory results (Jenkins et al. 1971). Accord-
ingly, the diagrams we obtain in this series (see Figures 12,13, and 14) are
not basically different from the preceding series; once again Isse-
gamarenes, M’Rabtines and recent hybrids combine very quickly (com-
pare Figures 6 and 12). Harratins and Iklans retain considerable auton-
omy which is broken only at 55/60 diameter. At that level, a great loss of
information makes possible a confusion of Idelesian with Mediterranean
populations. In spite of the existence of Negroid enzyme variants in the
village ancestry, there exists no connection with the Ivorian group (union
at diameter 85 only). With regard to the Kel Kummer, their isolated
genetic position is shown here. The cartography (see Figure 13) agrees
perfectly with the arborescent analysis (see Figure 12).
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Iss Mri Hid Iid Mid Por Bok Too Tke

Mra 723 700 1112 1321 508 1106 1046 1411 1808

Iss 748 1239 869 356 1209 1292 1262 1783
Mri 1210 1332 531 1245 1427 1499 1360
Hid 1794 1127 1448 1548 1632 2137
Iid 1049 1484 1609 1450 2290
Mid 1105 1257 1309 1650
Por 1749 1815 2107
Bok 1166 2210
Too 2277

Figure 14. Ideles populations: matrix of the y? distances for enzymotypes
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Series Four

No attempt was made in the last analysis to determine the internal genetic
structure of the villages, the aim being rather to locate each fraction with
respect to neighboring populations (see Figures 15, 16, and 17). Those
populations are of three types.
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Figure 15. Ideles and some Saharan populations arborescent analysis for ABO, Rhesus,
MN, P, and Kell systems

CLOSELY RELATED TYPE. This type has produced the Ideles population or
has an origin similar to that of the Idelesian groups. Thus: (1) M’Rabtines
of Ideles are related to Ahl Azzi M’Rabtines from In Salah (Tidikelt)
investigated in 1959 by a member of our team; (2) Isseqamarene Twareg
are Ajjer Twareg; (3) Harratins emigrated from similar groups in
Saoura; and (4) Idelesian Iklans are, in theory, related to those observed
in different nomadic camps (Iklan).
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A REMOTE TYPE. This type is represented by different nomadic or seden-
tary populations originating from diverse Sahara regions. Their anthro-
pological definition is still an unresolved problem.

Northeastern Sahara .................. Sufis of Suf wadi
Achachnas of Rhir wadi
Ouargli of Ouargla
North central Sahara .................. Chaambas
Northwestern Sahara .................. Regueibat
Eastern Sahara ....................... Bejas (Sudan)
Ethiopians
Central Sahara ....................... Hoggar Twareg
Air Twareg
Djanti of Djanet
Southern Sahara ...................... Twareg Kel Kummer (Iwellemeden)

Agadesians from Agadés
Fulani Bororos
REFERENCE TYPES.

European types ................. ... Oriental Pyrenees
NearEast ........... .. .. oo, Saoudian Arabs
Ivorian ........... ... it Gagoo (Tooka and Bokabo)

previously named.
We still study the arborescent analysis with the same diameters as in the
preceding series, that is, 30 and 50, but we will also examine certain
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Figure 16. xZdistances between twenty-seven Mediterranean Saharan and Negro popula-
tions for fire red blood cell antigen loci
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regroupings already existing at diameter 20. Samples studied are
obtained from works already published, or in the process of publication at
the Hemotypological Center, CNRS. The populations of Bejas Ethio-
pians and Saoudite Arabs have been studied by the London Serological
Population Laboratory (Mourant, Kope¢, and Domaniewska-Sboczak
1958).

The regrouping of Regueibat and Oriental Pyrenees (A at diameter 20,
see Figure 15) is suggestive of one Mediterranean association because
Afro- and Euro-Mediterranean origins are here clearly combined.
Another group (B) seems to be quite close to the Mediterranean type, but
with near-Oriental trend. This group consists of Soufis and Chaambas,
who are supposedly of Arab origin, and they very clearly merge with the
Saoudians (B). The Kel Kummer Twareg (C), whom we have seen are
close to Mediterraneans, are still isolated at this diameter, as are Fulani
Bororos (D). Native Ethiopians and Harratin Ethiopians from Saoura
merge (E). At this stage, it is necessary to define “Ethiopian.” Native
Ethiopians already have been the subject of a particular racial classifica-
tion by H. V. Vallois (1959). Their intermediate characters between
blacks and whites secured for them a position in fact applicable to
numerous tribes situated more to the west of the Sahara, tribes whose
mixture with Melano-Africans is still to be proved. A “hybrid” implies an
intermediate genetic expression. However, this is not always the case, as
seen from our investigations into unequal contributions in gene flow. All
the populations in contact between white and black Africa can be labelled
“Ethiopians.” The best representatives, in addition to the inhabitants of
Ethiopia, are the Bejas, the Danakils, the Tebbous, the Ouniangas, the
Kanouris, the Nemadis, the Imraguens, the Fulani Bororos, and, lastly,
certain Twareg tribes. In (F) the Idelesian Harratins are grouped with
the Bejas, the Touggourt and Ouargla Harratins, and the Melanoderm
Twareg of Air.

Four Ideles populations whose proximity already has been seen in
analyses number 1, are grouped with the Twareg fractions with whom
they are associated, Ajjer Twareg and Ahaggar Twareg (G). The Djanti
form a separate group; although they are relatively endogamous in
Djanet, they are quite close to Idelesians (H). It is not at all surprising to
classify in one unique group the Ahl Azzi and Hoggar Harratines, the
Iklans from the Twareg camps, and, from the Ideles settlements, the
Agadesians (). In fact, the Ahl Azzisample collected in 1959 at Tidikelt
was genetically more distinctly Negroid than the Ideles sample. On the
other hand, the Hoggar Harratin samples taken in 1964 in the villages of
the Ahaggar included numerous captives (Iklan) recently promoted to
gardener status. Lastly, the Gagoos are united in a homogenous tribe (/).

At diameter 20, a structure is easily recognized emerging from an
apparently heterogenous group of Saharan populations. Four principal
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branches are distinguished: (1) a Mediterranean branch, grouping north
Mediterranean populations, Maghreb, north Sahara, and Near East
populations; (2) a general Ethiopian branch including Fulani Bororos,
Ethiopians from Ethiopia, Bejas of Sudan, the Twareg of Air, and several
Harratin groups of western Sahara; (3) a local Ethiopian branch, which
regroups all the samples studied in Hoggar and in Tassili n’Ajjer; (4) a
Negroid branch composed of Melano-African groups.

At diameter 42, with increased loss of information, the Ethiopians
form only one group. For an additional loss of the same amount (diameter
53), the Negroids studied merge with the Ethiopians. But the following
two points should be noted: the Negroid samples are far from free of
mixture, and a loss of information in excess of 50 percent is important in
view of the paucity of that information (five blood group systems only).

Cartography (see Figure 16) agrees with the arborescent analysis with
regard to the main groupings: one can see a characteristically Negroid
group from which Fulani Bororos are clearly distinct. Mediterranean and
Near East groups form a more diffuse mixture. The Kel Kummer Twareg
remain autonomous, closer to Saoudian Arabs than to Arabo-Berber
Regueibat. Chaambas and Soufis almost merge with the Ethiopian
groups, which form a dense unit. In this unit the local and general
elements are found without obvious cleavage.

Figure 18 recapitulates the different populations analyzed in this

paper.

1 Reg : Regueibat 15 Aga : Agadesians (Agades : Niger)
2 Cha : Chaamba 16 Peu : Fulani Bororos

3 Sou : Sufi 17 Ikl : Iklan (ex-slaves)

4 Kaz : Kel Azzi or Ahl Azzi 18 Mra : M’Rabtines (Ideles)

§ Taj : Twareg Ajjer 19 Iss : Twareg Isseqamaren (Ideles)
6 Tho : Twareg Ahaggar 20 Mri : M’Rabtines x Isseqamaren
7 Tai : Twareg Air 21 Hid : Harratins Ideles

8 Tke : Twareg Kel Kummer 22 lid : Iklan (Ideles)

9 Bej : Beja 23 Mid : Ideles Recent crossbred

10 Eth : Ethiopians 24 Por : Oriental Pyrenees

11 Rhi : Wadi Rhir : Achachna et Ouargli|{25 Asa : Saoudian Arabs

12 Dja : Djanti (Djanet : Ajjer) 26 Gag : Gagoos (Bokabo and Tooka)
13 Hsa : Harratins Saoura Bok : Bokabo

14 Hho : Harratins Ahaggar 27 Too : Tooka

Figure 18. Ideles and some Saharan populations

CONCLUSIONS

The fusion of groups suggested by the study of local structures, by the
migration of women, and by the local economies is here confirmed in the
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results of calculation of genetic distances, and especially in ascending
arborescent analysis. This fusion process is as yet lightly marked, contrary
to what a superficial observation of the village would lead one to suppose.
Distinct genetic entities endure: Harratins, Twareg Isseqamarenes,
ex-captives (Iklans). This is clear in three analyses, carried out using
different data. The regrouping of Ideles fractions with their original
populations occurs harmoniously and with no important loss of informa-
tion. The Twareg Isseqamarenes merge with Ajjer Twareg at diameter
18, as do the Iklans with their counterparts of the nomad camps. The
Harratins find their Saoudian homologues at diameter 25. Only the
M’Rabtines of Ideles appear very different from their supposed Tidikelt
cousins.

On a more general level, Harratins and Iklans are still distinct in the
village and merge easily in more important groups, corresponding to their
historical origins. Ideles is an original nucleus, determined geographi-
cally, an “Ethiopian” nucleus, but with recent black African admixture,
as demonstrated in many genetic systems.

Subsequent investigations by analytical methods into principal compo-
nents will attempt a comparison of genetic structure representations by
the use of sociological and anthropological models (Langaney 1972a,
1972b) and also by direct parameter study of individuals. It will, lastly,
reconstruct the evolution of each component gene pool of these Ideles
fractions by computing genealogical distances (Jacquard 1972).
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Microevolutionary Dynamics Among
the Gavdas of Goa

K. C. MALHOTRA

The several hundred Mendelian castes and tribes of India provide unique
opportunities to study human variation in its several forms. Nature and
history have provided circumstances of control and variations that, in
many ways, approximate laboratory conditions (Karve 1965:333). India
with its many endogamous groups and its variety of cultural practices —
mating patterns, professions, numerical strength, population density, and
so on — offers an unusually advantageous situation in which to study
problems of population dynamics, for example, founder effect, genetic
drift, and natural selection. The information supplied by archaeological
and historical research, that many groups having different gene pools —
Parsis, Iranis, Tibetans, and so on — have immigrated to India, adds
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another dimension for study, that is, cultural and biological adapta-
tions.

A great deal of data — historical, sociocultural, and biological (mor-
phological and genetic) — is now available on several endogamous castes
and tribes. One of the aspects of the caste system — the origin of different
endogamous groups (castes and subcastes) — has received enormous
attention in the past, yet is still not fully understood. Two models have
been suggested to explain the origin of several subcastes.

According to one model the different endogamous groups having the
same general name or rank are the products of the splitting of a single
parent group. The parent group in anthropological literature is called a
caste and the endogamous groups, subcastes. A brief description of this
fission model would not be out of place.!

All the Hindus, according to this model, are divided into four Varnas:
Brahman, Kshatriya, Vaishya, and Shudra. Each Hindu by birth belongs
to one of the Varnas. These Varnas are arranged in descending order of
ritual status (rank), Brahmans at the top. Under each Varna there are
several castes, and usually each caste belongs in one linguistic area.
Finally, the castes have several subcastes.

Figure 1 is a diagrammatic representation of a classical model of caste
structure. Thus, while Brahman (B) is a Varna, B,, B,, and B; are
Brahman castes found in Maharashtra, Tamilnadu, and Assam, respec-
tively. These Brahman castes, in turn, through a process of fragmenta-
tion, have given rise to several subcastes in each region, for example, B!,,
B2,, and B?, in Maharashtra, B!,, B2,, and B3, in Tamilnadu, and so on.

The salient feature of this model is that it assumes a continuous process
of fragmentation or fission and thus suggests the inherent genetic rela-
tionships between subcastes, castes, and Varnas. For further treatment of
the subject see Malhotra (1972).

The other model of caste structures has been proposed by Karve
(1958a, 1958b, 1958¢, 1961). On the basis of cultural data and physical
measurements it has been shown (Karve 1941, 1948; Karve and Dan-
dekar 1951) that the subcastes are not invariably derived from the caste.
While there are historical cases in which subcastes have split off from a
larger group, many so-called subcastes are independent social realities,
sharing with other subcastes a social status and function but lacking the
biological affinity which would be expected if they were the result of a
splitting.

Such subcastes probably found, or made a place for themselves, in the
caste structure by assuming a caste name to indicate their status. At the
same time the subcaste retains its group character through endogamy.
This process continues to this day (see Karve 1961:62-65; Malhotra and
Karve 1971).

! This is rather a simplified version.
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Figure 2 is a diagrammatic representation of this model. There are two
important aspects of this model: (a) it assumes no fusion of the endoga-
mous groups at any level as contrasted to the classical model; and (b) the
migration seems to be the dynamic source of caste patterning.

According to this model, there were people who evolved from prehis-
toric times in the Indian subcontinent, as evidenced by the existence of
remains of lithic industries found scattered throughout the subcontinent.
It appears that most of the tribes of the Deccan and central India rep-
resent the autochthonous people. The model further focuses attention on
the several migrations that brought culturally and genetically diverse
populations to the subcontinent. Internal migrations of the autoch-
thonous people have also been accounted for. The model, however,
assumes that the origin of most of the migrant groups is obscure, although
many of them seem to have immigrated from central Asia.

The phenomenon of fission now plays an important part. The immi-
grants and the autochthones often dispersed in search of new good areas
and eventually separated from the parent group. Thus, different parts of
the parent group perhaps went to various regions and assumed or were
given different rank or status. For example, B!;, B4,, and K3, are split
groups of a single group, and while the segments B!; and B%, attained
Brahmanhood in Maharashtra and Tamilnadu, respectively, and K3,
found a place in the Kahatriya Varna in Maharashtra. Similarly four split
groups B',, K%, V!,, §%, of an immigrant group went to Assam (B’,),
Maharashtra (K*,), Tamilnadu (V') and Bengal (S2;) and attained the
status of Brahman, Kshatriya, Vaishya, and Shudra, respectively. These
groups, according to the model, wherever they went, maintained their
identity through strict endogamy.

Each region (usually linguistic) thus had several endogamous groups
with different ranks and probably specialized professions. These groups
called castes, as in this model, further made certain clusters usually based
on similarity in economic pursuits. To these groupings, Karve gave the
name caste-clusters? (and castes per the classical model), for example, B,,
B,, B3, and B, representing Brahman caste-cluster in Maharashtra,
Gujarat, Tamilnadu, and Assam, respectively; K, and K, representing
Kshatriya caste-cluster in Maharashtra and Assam, respectively. Simi-
larly, the Vaishya and Shudra caste-clusters were found in different areas.

The four types of caste-clusters, B, ...B,, K, ... K,, V;... V,, and
S, ... S, gave rise to four Varnas: Brahmans (B), Kshatriya (K), Vaishya
(V), and Shudra (S); and all the Hindus by birth conform to one of these
four Varnas.

It may be noted in the diagram that while different endogamous groups
form a cultural fusion, due to certain common attributes within caste-

2 For further details see Karve, 1961.
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clusters, Varnas, etc., they do not intermarry. This is indicated by the
arrows. In the classical model the direction of category formation is
reversed:

Hindus—Varnas—castes—subcastes

each one being the result of fission and thus having genetic affinity with its
predecessor. Thus while Karve’s model takes into account the dynamic
aspects of caste-structure, the classical model emphasizes its rigid aspects.

To examine Karve’s model of caste structure, two population investiga-
tions were undertaken by Malhotra (1966) and Gulati (1968). Both
surveys found Karve’s model very useful in interpreting the biological
variation among the groups studied. The results of Malhotra’s study on
eight endogamous groups of Maharashtrian Brahmans are summarized
below. For further details, see Malhotra (1966, 1967a, 1967b, 1967¢)
and Karve and Malhotra (1968).

1. There appears to be great heterogeneity in both morphological
characters and genetic traits among the eight endogamous Brahman
castes.

2. The analysis reveals that independent origins can be suggested for
six of the eight groups. Two groups could not be distinguished from one
another.

3. Groups Madhyandina and Deshastah Rgvedi were found to be
nearer to Maratha, a non-Brahman caste; similarly, Saraswats showed
close affinities with a non-Brahman group — Chandra Seniya Kayshtha
Prabhu. Gulati (1968) also found similar results. This situation of biolog-
ical interrelationships within the caste cluster and between the castes of
different caste-clusters is expected; for example, B!, (Brahman caste),
K!, (Kshatriya caste), and V!, (Vaishya caste) showed close genetic
similarities as compared to the castes of the same caste-cluster (see Figure
2).

We [Karve and Malhotra] were fortunate to have received critical
comments from eighteen distinguished scholars on our investigation
presented in Current Anthropology. Although most of them agreed on
the details of design, methodology, and statistics applied, Bhalla
(1968:116-117), Hiernaux (1968:118), Hulse (1968:119), Connolly
(1968:118), Sharma (1968:123), and Singh (1969:224) felt that the
heterogeneity observed for morphological and genetic traits among the
eight endogamous groups could be due to genetic drift rather than inde-
pendent racial affiliations.

In the absence of authoritative historical records on these groups, it is
very difficult to answer whether the observed differences are the result of
genetic drift or of different genetic affiliations.

We strongly feel, however, that solutions to these problems could be
found in the following ways:
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1. Through examination of the range of variations of a single charac-
teristic in the various endogamous groups.

2. Through large-scale comparison of a number of castes and sub-
castes, in other words, an analysis of the matrices of distances between all
the pairs.

3. Bystudying the populations of the following types: (a) populations
that showed historical evidence of fission; (b) split groups that shared the
same environment; (¢) split groups that showed no evidence of significant
miscegenation; (d) split groups that did not change their food habits and
in which medical care remained the same for the split groups; (e) split
groups in which isolates intermingled in such a way that the individuals
did not differ from each other in their daily life except in restricting the
selection of mates within one’s own group.

If a population of this type is studied, it may be possible to answer the
question raised above. We were lucky to find the very type of population,
the Gavdas, in the union territory of Goa, who form the basis of the
present investigation. This is thus a follow-up study of Malhotra’s work
(1966) mentioned earlier. With certain limitations, an examination of the
hypothesis on caste origins in India, proposed by I. Karve and others will
be possible. The results will also be discussed from the point of view of
various evolutionary processes, particularly genetic drift, founder effect,
and natural selection. Earlier Karve and Malhotra (1970), Malhotra and
Karve (1971), and Bhanu and Malhotra (1972) reported results of some
characteristics.

THE POPULATION

The Gavdas, who number about 2.4 million are found scattered through-
out the union territory of Goa. Most of them are small farmers. They
speak an Indo-Aryan language called Konkani, held by some scholars to
be a dialect of the Marathi language. Although they eat fish, there is a
taboo on eating chicken and eggs. They drink liquor heavily. Their staple
food is rice and fish.

Around the year A.p. 1620, part of the Gavdas were converted to
Christianity. This conversion gave rise to two endogamous groups from
one breeding population. Interestingly enough, during the period
1926-1932 part of the Christianized Gavda community was reconverted
to Hinduism. This reconverted split group is known as Nav-Hindu Gavda.
The Hindu Gavda as yet do not consider Nav-Hindus as Hindus and
therefore have no marriage reciprocity with the Nav-Hindu Gavdas. The
three groups, namely, Hindu Gavdas, Christian Gavdas, and Nav-
Hindus, thus formed three religious isolates through fission from one
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panmictic population. The present (1969) population?® strength of these
groups is as follows:

Groups Population strength
Hindu Gavdas (H.G.) 1,100,000
Christian Gavdas (C.G.) 700,000
Nav-Hindu Gavdas (N.H.) 600,000
Total 2,400,000

The three split groups maintain strict endogamy and, in 240 marriages
recorded, not a single instance of violation was detected. The marriages
are contracted both within and outside the village. In 10 percent of the
total marriages, the partner was from the same village, whereas in the rest
the distance varied from two to sixty-five kilometers, with an average of a
little over twenty. Considering the length and breadth of the Goa terri-
tory, it seems that the marital alliance system is widely scattered among
the Gavdas.

The Gavdas allow both matrilateral and patrilateral types of cross-
cousin marriage. The incidence of consanguineous marriages is incor-
porated in Table 1. Of all the consanguineous marriages (forty-two, 17.5
percent) 85.7 percent are of the matrilateral type. It is interesting to note
that although the patrilateral type of cross-cousin marriage is theoreti-
cally permitted, the actual incidence is very low. For matrilateral cross-
cousin marriage it is significant to note that the Christian Gavdas have
only 1.3 percent while the Hindu Gavdas and Nav-Hindus have 23.61
percent and 19.78 percent, respectively. We are unable to explain this at
the moment, but our inquiries with the Christian Gavdas showed that
they continue to practice these preferential marriages.

The age at marriage for males varies from eighteen to twenty-five years
with an average of twenty years, and for females it varies between fifteen
and nineteen years, with an average of seventeen years. Although no data
were collected regarding the average age of mothers at the birth of their
children, or the average of all fathers, it can safely be guessed that since
the Gavdas are mostly illiterate and do not employ contraceptives, most
of the married women will get pregnant within twelve to twenty-four
months after marriage. On this assumption, the calculated average age of
mothers at the birth of their children and the average age of all fathers will
be approximately nineteen and twenty-two years, respectively. Thus 20.5
years may be taken as the current span of a generation. Therefore, the
first and the second split in terms of generations took place from about

seventeen to eighteen and two generations ago, respectively.
3 These figures have been obtained from the leader of these groups and are, therefore, at
best very rough popular estimates. There was no other source through which such figures
could be obtained. One thing is certain: Gavdas collectively are the most numerous group in
Goa.
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METHODS AND MATERIALS

A number of males from each of these split groups were studied —
avoiding near blood relations as far as practicable — for morphological
characteristics and genetic traits. For the former, males with no obvious
physical deformity between the ages of twenty and fifty-six were con-
sidered, and for the latter males between eight and fifty-six years were
included. The subjects came from about fifty villages. The number of
subjects studied for each of the traits is shown in Table 2.

Table 2. Number of subjects studied for various characters in three endogamous Gavda
groups

Characteristics Endogamous Groups Total
Hindu Christian Nav-Hindu
Gavda Gavda Gavda
1. Anthropometric
characteristics 100 100 100 300
2. Hairline 98 93 98 289
3. Earlobe attachment 199 193 198 590
4. Darwin’s tubercle 192 191 195 578
5. Cartilagenous lump 100 93 97 290
6. Nasion depression 99 97 99 295
7. Nasion bridge 99 98 100 297
8. Nasion septum 99 100 99 298
9. Chin form 99 100 99 298
10. Cleft chin 198 193 196 587
11. Dental occlusion pattern 189 192 190 571
12. Handedness 194 191 197 582
13. Handclasping 197 192 198 587
14. Arm folding 100 91 98 287
15. ABO blood groups 100 192 102 394
16. MN blood groups 100 186 102 388
17. Rh blood groups 100 100 102 302
18. ABH secretion in saliva 100 100 101 301
19. Color blindness 134 95 116 345
20. Hypertrichosis of the ear 91 98 99 288
21. Tongue pigmentation 109 191 156 456
22. Finger and palmar prints 100 104 98 302

The fieldwork was organized through local officials, leaders, and
friends in both villages and schools. All the data were collected in three
field trips: November-December 1968, November—-December 1969, and
January 1970.

Samples of blood were collected by finger-pricking, preserved in a
thermos flask containing ice, and brought to the Armed Forces Medical
College, Poona, to be tested. A part of the sample was flown to Calcutta
and tested at the Indian Statistical Institute, under the supervision of
Professor S. H. R. Das. All the samples were tested within four days of
collection.
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In all, thirteen somatometric measurements, thirteen visual charac-
teristics, and seven genetic markers were recorded on each subject. In
addition, rolled bilateral finger and palmar prints were recorded for each
subject.

In taking measurements, we have adhered strictly to the techniques
recommended by Martin and Saller (1956). The techniques for blood
grouping were those described by Race and Sanger (1954); for testing
color blindness, that of Ishihara (1959); for identifying hypertrichosis of
the ear, that of Malhotra (1967c¢); and for tongue pigmentation, that of
Rao (1970). The techniques followed for analyzing and collecting finger
prints were those recommended by Cummins and Midlo (1961).* With
regard to ridge counting, the general principles adopted by Holt (1949)
were followed.

CHOICE OF THE CHARACTERS

In the present investigation we sought to test how far genetic drift and
other processes can bring in variations in gene frequencies of the split
groups; therefore, traits with a known simple genetic mechanism, and
also with a complex genetic background, were considered. The former
were selected because genetic drift and selection can operate on these
traits more effectively. On the traits having polygenetic inheritance, the
action of mutation and selection is very slow and in cases of genetic drift,
almost nonexistent.

In this report, results of analysis of thirteen somatometric characteris-
tics, thirteen visual observations and eight genetic traits will be discussed.
The somatometric characteristics are stature, auricular height, head
length, head breadth, minimum frontal breadth, bizygomatic breadth,
nasal breadth, upper facial height, external orbital breadth, interorbital
breadth, orbito-nasal arc, and horizontal circumference of head. The
visual traits to be discussed are hairline, earlobe attachment, Darwin’s
tubercle, cartilagenous lump at the back of the ear, nasion depression,
nasion bridge, nasion septum, chin form, cleft chin, dental occlusion
pattern, handedness, handclasping, and arm folding. The genetic traits
are ABO, MN, Rh blood group systems, ABH saliva secretion, color
blindness, hypertrichosis of the ear, and tongue pigmentation.

The analysis of the finger prints includes basic pattern types, and total
ridge counts (in all, five characteristics), while the palmar dermatoglyphic
incorporates mainline endings, simian crease, prevalence of thenar,
hypothenar, and interdigital areas, Bettman’s figures, atd angle and a-b,
b—c, c—d, and a-d ridge counts (in all, seventeen characteristics).

4 For the classification of the Simian crease, methods advanced by de Lestrange (1969)
and Bhanu (in press) have followed.
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RESULTS

Results and analysis of various characteristics are given in Tables 3 to 28.
It may be mentioned that only relevant basic data have been presented
here. The detailed basic data may, however, be had from the author on
request. Wherever necessary, effects of age have been determined and
found to be negative in all cases. The four sets of data — somatometric,
somatoscopic, genetic, and dermatoglyphic — have been dealt with sep-
arately.

In evaluating the data, it was considered (a) that the three split groups
are in genetic equilibrium and (b) that the consanguineous marriages
observed in the groups do not require any statistical adjustment. For
evaluating intergroup differences ‘““t” test and chi-square statistics have
been applied. The chi-squares were calculated by using the G-tables of
Woolf (1957).

Table 3. Statistical constants of different characters for the three split groups of Gavdas

Character N Mean s.d. Character N Mean s.d.
(groups) cm. cm. (groups) cm. cm.
1. Stature 2. Auricular height
H.G. 96 161.9 55.27 H.G. 96 12.7 3.17
C.G. 99 160.7 48.88 CG. 99 12.1 2.52
N.H. 100 161.5 51.02 N.H. 100 12.9 4.90
3. Head length 4. Head breadth
H.G. 100 18.4 2.38 H.G. 100 14.3 5.10
C.G. 100 18.5 2.64 C.G. 100 14.0 4.79
N.H. 100 18.6 4.50 N.H. 100 14.1 4.24
5. Minimum frontal breadth 6. Bizygomatic breadth
H.G. 100 10.7 3.19 H.G. 100 13.3 1.94
C.G. 100 10.5 3.42 C.G. 100 13.4 1.58
N.H. 100 10.6 3.87 N.H. 100 13.3 1.89
7. Nasal height 8. Nasal breadth
H.G. 100 4.5 1.20 H.G. 100 3.7 2.25
C.G. 100 4.5 2.42 C.G. 100 3.7 2.62
N.H. 100 4.5 1.61 N.H. 100 3.7 1.89
9. Upper facial height 10. Biorbital breadth
H.G. 95 6.29 3.19 H.G. 100 9.4 4.00
C.G. 100 6.35 2.80 C.G. 100 9.2 320
N.H. 98 627 311 N.H. 100 94 2.70
11. Interorbital breadth 12. Orbito-nasal curve
H.G. 100 3.1 1.04 H.G. 100 10.5 3.39
C.G. 100 2.9 2.25 C.G. 100 10.1 3.92
N.H. 100 30 2.00 N.H. 100 10.4 2.25
13. Horizontal circumference of headl
H.G. 100 533 8.30
C.G. 100 52.9 5.23

N.H. 100 53.4 5.95
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Table 4. Distribution of ABO blood groups in three split groups of Gavdas of Goa

Split groups Incidence of phenotypes Allele frequencies
O A B AB p q r

Hindu Gavda
(N = 100)

Number 40 34 21 5

Percent 40.00 34.00 21.00 5.00 0.219938 0.140382 0.639680
Christian Gavda
(N =192)

Number 56 63 54 19

Percent 29.17 32.81 28.12 9.90 0.243588 0.213170 0.543243
Nav-Hindu Gavda
(N = 102)

Number 36 43 18 5

Percent 35.29 42.16 17.65 4.90 0.274240 0.120751 0.605009

Table 5. Distribution of M-N blood groups in three split groups of Gavdas of Goa

Split groups Incidence of phenotypes Allele frequencies
M MN N m n

Hindu Gavda

(N = 100)
Number 46 40 14 0.660000 0.340000
Percent 46.00 40.00 14.00

Christian Gavda

(N = 186)
Number 87 80 19 0.682796 0.317204
Percent 46.77 43.01 10.22

Nav-Hindu Gavda

(N = 102)
Number 51 43 8 0.710784 0.289216
Percent 50.00 42.16 7.84

Table 6. Distribution of Rh-Hr blood groups in three split groups of Gavdas of Goa—
samples tested with anti-C, anti-D, anti-e and anti-c

Split groups Phenotypes
CCDe¢e CcDEe CcDee Ccdee ccDEe cocDEe ccdee
R.R, R.R, R R R.r Ror rr
Hindu Gavda
(N = 100)
Number 53 11 24 0 4 4 4
Percent 53.00 11.00 24.00 0.00 4.00 4.00 4.00
Christian Gavda
(N = 100)
Number 44 12 32 1.00 3. 0 8
Percent 44.00 12.00 32.00 1.00 3.00 0.00 8.00
Nav-Hindu Gavda
(N = 102)
Number 60 10 25 1 1 3 2

Percent 58.82 9.80 24.51 0.98 0.98 2.94 1.96
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Table 7.
of Gavdas of Goa

Incidence of Se-se phenotypes and gene frequencies in the three split groups

Split groups Phenotypes Allele frequencies
SeSe and Sese  Sese Se se
Hindu Gavdas
(N = 100)
Number 80 20 0.85358 0.14142
Percent 80.00 20.00
Christian Gavdas
(N = 100)
Number 72 28 0.83267 0.16733
Percent 72.00 28.00
Nav-Hindu Gavdas
(N =101)
Number 80 21 0.85613 0.14387
Percent 79.21 20.79
Table 8. Incidence of color blindness among the three endogamous Gavda
groups
Split groups Absent Present
Number Percent Number Percent
Hindu Gavda
(N =134) 127 94.78 7 5.22
Christian Gavda
(N = 95) 95 100.00 0 0.00
Nav-Hindu Gavda
(N = 116) 111 95.69 5 4.31
Total
(N = 345) 328 96.52 12 3.48

Table 9. Distribution of hypertrichosis of the ear among three endogamous groups of

Gavdas
Endogamous groups Present Absent
Number Percent Number Percent
Hindu Gavda
(N =91) 32 35.16 59 64.84
Christian Gavda
(N = 98) 41 41.84 57 58.16
Nav-Hindu Gavda
(N = 99) 32 32.32 67 67.68
Total
(N = 288) 105 36.45 183 63.55
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Table 10. Incidence of tongue pigmentation among the three endogamous Gavda
groups

Endogamous groups Present Absent
Number Percent Number Percent

Hindu Gavda

(N =109) 27 24.77 82 75.23
Christian Gavda .
(N = 191) 79 41.36 112 58.64
Nav-Hindu Gavda
(N = 156) 40 25.04 116 74.36
Total
(N = 456) 146 32.01 310 67.99

Table 11. Distribution of three Galton types among the Hindu Gavdas

Radial and
Digits Whorl Radial loop  Ulnar loop Ulnar loop  Arches
1
Number 114 0 82 82 4
Percent 57.00 0.00 i 41.00 41.00 2.00
11
Number 97 18 74 92 11
Percent 48.50 9.00 37.00 46.00 5.50
111
Number 57 2 131 133 10
Percent 28.50 1.00 65.50 66.50 5.00
v
Number 139 2 59 61 0
Percent 69.50 1.00 29.50 30.50 0.00
\"
Number 82 1 117 118 0
Percent 41.00 0.50 58.50 59.00 0.00
Total Number 489 23 463 486 25

Percent 48.90 2.30 46.30 48.60 2.50
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Table 12. Distribution of three Galton types among the Christian Gavdas

Radial and
Digits Whorl Radial loop  Ulnar loop Ulnar loop Arches
I
Number 116 2 87 89 3
Percent 55.77 0.96 41.83 42.79 1.44
11
Number 101 9 79 88 19
Percent 48.55 4.33 37.99 42.32 9.13
II
Number 62 1 139 140 6
Percent 29.80 0.48 66.84 67.32 2.88
v
Number 130 0 76 76 2
Percent 62.50 0.00 36.54 36.54 0.96
v
Number 71 0 137 137 0
Percent 34.13 0.00 65.87 65.87 0.00
Total Number 480 12 518 530 30
Percent 46.15 1.15 49.81 50.96 2.88
Table 13. Distribution of three Galton types among the Nav-Hindu Gavdas
Radial and
Digits Whorl Radial loop  Ulnar loop  Ulnar loop  Arches
I
Number 108 2 81 83 5
Percent 55.10 1.02 41.33 42.35 2.55
11
Number 104 22 53 75 17
Percent 53.06 11.22 27.04 38.26 8.68
111
Number 85 1 107 108 3
Percent 43.37 0.51 54.49 55.10 1.53
I AY
Number 140 0 56 56 0
Percent 71.43 0.00 28.57 28.57 0.00
v
Number 67 0 128 128 1
Percent 34.18 0.00 65.31 65.31 0.51
Total Number 504 25 425 450 26
Percent 51.43 2.55 43.36 45.91 2.65
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Table 14. Frequency of patterns and indices derived out of them in three endogenous

Gavda groups

Endogamous groups Whorls Radial Ulnar Total Arches Pattern Arch- Loop-
loop loop Intensity Whorl Whorl

Index Index Index
Hindu Gavda ...... 489 23 463 486 25 14.61 5.11 100.61
Christian Gavda .... 480 12 518 530 30 14.30 6.25 90.56
Nav-Hindu Gavda .. 504 25 425 450 26 14.83 5.11 112.00
Total ........ 1,473 60 1,406 1,466 81 14.58 5.50 100.48

Table 15. Frequencies of individuals who have patterns of the same type—arches,
whorls, or loops—on all the ten digits among three endogamous Gavda groups

Endogamous groups

Like finger patterns
on all ten digits

Number Percent

Unlike finger patterns
on all ten digits

Number Percent

Hindu Gavdas
(N = 100)
Christian Gavdas
(N = 104)
Nav-Hindu Gavdas
(N =98)

Total (N = 302)

.11 11.00
..13 12.50
.14 14.28
.38 12.58

89 89.00
91 87.50
84 85.72
264 87.42

Table 18. Total mean ridge count among the three endogamous Gavda groups

Endogamous groups Right S.D. Left S. D. Right and Left S. D,
Hindu Gavdas .......... 69.81 0.80 69.30 0.59 139.11 1.35
Christian Gavdas ........ 68.34 0.72 63.45 0.69 131.79 1.27
Nav-Hindu Gavdas ...... 67.74 0.20 67.63 0.19 135.33 3.70
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Table 24. Distribution of Simian crease types among the three Gavda groups

Endogamous groups

Simian crease types

Present Absent

Number Percent Number Percent
Hindu Gavda
(N = 109) 51 46.79 58 53.21
Christian Gavda
(N = 100) 47 47.00 53 53.00
Nav-Hindu Gavda
(N = 98) 43 43.88 55 56.12

Table 25. Distribution of individuals with Bettman’s figure in three Gavda groups

Endogamous groups

Bettman’s figure present

Number Percent

Hindu Gavda

(N = 100) Right 8 8.00
Left 16 16.00
Right and Left 24 12.00

Nav-Hindu Gavda

(N = 96) Right 4 4.17
Left 7 7.29
Right and Left 11 5.01

Christian Gavda

(N = 104) Right 3 2.94
Left 13 12.50
Right and Left 16 7.69

Table 26. Mean atd angle with standard deviation among three Gavda groups

Endogamous group Number atd angle
Mean s.€. s.d. s.e.
Hindu Gavda
Right 99 41.62 ==0.61 599 0.42
Left 99 4232 *0.64 6.37 =0.45
Right and Left 99 83.94 =+0.64 6.37 =045
Nav-Hindu Gavda
Right 98 40.85 +0.54 5.32  +0.38
Left 98 42.07 ==0.54 5.38 +0.38
Right and Left 98 82.92 +0.93 9.25 +0.66
Christian Gavda
Right 103 40.64 +0.58 590 =041
Left 103 4197 =x0.55 5.64 +0.39
Right and Left 103 82.51 #1.10 11.22  +0.78
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Somatometric Characteristics

In Table 3 the mean value and standard deviations of the thirteen
somatometric characteristics studied are incorporated. It is significant to
note that the three split groups showed statistical differences with respect
to none of the characteristics considered, except interorbital breadth.
For this characteristic alone, the Hindu Gavdas differed significantly
from the Christian Gavdas at 5 percent level of probability. The inter-
group “t” values are set out in Table 29.

Table 29. Obtained values of “t” for intergroup comparisons with respect to somato-
metric characteristics

Characteristics H.G. x C.G. C.G. x N.H. H.G. x N.H.
Stature ..................... 0.161 (193)* 0.113 (197) 0.052 (1%94)
Auricular height ............. 0.146 (193)  0.102 (197)  0.339  (194)
Head length ................ 0.295 (198) 0.200 (198) 0.441 (198)
Head breadth ............... 0.429 (198)  0.156 (198) 0381 (198)
Minimum frontal breadth ..... 0.411 (198) 0.188 (198) 0.251  (198)
Bizygomatic breadth . .. ... ... 0.304 (198)  0.618 (198)  0.117 (198)
Nasal height ................ 0 (198) 0 (198) 0 (198)
Nasal breadth ............... 0 (198) 0 (198) 0 (198)
Upper facial height .......... 0.130 (193) 0.025 (196) 0.063  (191)
Biorbital breadth ............ 0.390 (198) 0.487 (198) 0 (198)
Interorbital breadth .......... 2.4351 (198) 1.017 (198) 1.217  (198)
Orbito nasal curve ........... 0.772  (198) 0.652 (198) 0.246 (198)
Horizontal circumference

ofhead .....ooverriii.n.. 0.407 (198)  0.797 (198) 0959 (198)

*Figures in parenthesis indicate degree of freedom.

Statistical significance:

1. Borderline

2. 0.05 > P > 0.02; significant.

3. 0.02 > P > 0.01; fairly significant.
4. 0.01 > P > 0.001; highly significant.

Somatoscopic Characteristics

For want of space, the basic tables for all these characteristics have not
been appended. The intergroup chi-square values with their statistical
significance have been presented in Table 30. The results may be sum-
marized as follows:

1. For observation of earlobe attachment, cartilagenous lump at the
back of the ear, nasion depression, chin form, cleft chin, handedness, and
arm folding, the three split Gavda groups showed homogeneous distribu-
tion.

2. The three groups showed heterogeneous distribution for such
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characteristics as hairline, Darwin’s tubercle, nasal bridge, nasal septum,
dental occlusion pattern, and handclasping. In the case of handclasping,
Darwin’s tubercle, and hairline, the degree of significance is quite high,
while in the rest of the cases, they are significant at a 5 percent level of
probability.

3. The Hindu Gavdas differed from Christian Gavdas in four charac-
teristics, while they differed from Nav-Hindus in only three characteris-
tics, and the Christian Gavdas and Nav-Hindu Gavdas differed in three
characteristics.

Table 30. Values of chi-square for intergroup difference with respect to visual
characteristics

Character Endogamous pair
d.f. HG. x CG. HG. xNH C.G.xNH.

Hairline .................... 2 13.043 3.98 7.66°
Earlobe attachment ........ 1 0.02 2.26 2.06
Darwin’s tubercle ............ 1 8.38% 0.10 10414
Cartilagenous lump at the

back of theear ............ 1 0.45 0.05 0.20
Nasion depression ........... 2 3.56 1.98 0.56
Nasion bridge ............... 2 7.222 8.882 0.11
Nasal septum ............... 2 0.62 8.05% 5.07
Chin form .................. 2 1.86 0.07 2.25
Cleftchin ................... 1 0.09 0.00 0.13
Dental occlusion pattern ... .. 2 8.222 8.88% 5.11
Handedness ................. 1 0.73 0.55 2.53
Handclasping ............... 1 0.08 9.504 7.682
Armfolding ................ 1 1.68 0.33 0.53

Statistical significance:

1. Borderline

2. 0.05 > P > 0.02; significant.

3. 0.02 > P > 0.01; fairly significant.
4. 0.01 > P > 0.001; highly significant.

Genetic Markers

The results of these characteristics are shown in Tables 4 to 10, and the
intergroup chi-square values are presented in Table 31.

The three groups showed homogeneous distribution for ABO, MN and
Rhblood group systems (see Tables 4, 5, and 6). Similarly, no statistically
significant differences have been observed in the trait ABH substances in
saliva (see Table 7). While the three groups showed homogeneous dis-
tribution for the hypertrichoses of the ear, Christian Gavdas differed
from Hindu and Nav-Hindu Gavdas with respect to color blindness (see
Table 9) and tongue pigmentation (see Table 10).



308 K. cC. MALHOTRA

Table 31. X—values for intergroup differences with respect to genetic characters amor
the three Gavda groups

Pair of groups ABO MN Rh Sese Color Tongue Hyper-
blindness pigmenta- trichosi
tion
H.G. x NNH. 5.73 2.00 3.25 0.02 0.11 0.03 0.17
(3)* (2) (5) (1) (1) (1) (1)
H.G. x C.G. 1.48 0.93 9.68 1.76 7.664 8.614 0.89
(3) (2) (5) (1 (1) (1) (1)
C.G. x NH. 7.73 0.56 12.551 1.42 6.08° 9.554 1.91

(3) (2) (%) ¢y (1) ) (1)

*Figures in parenthesis indicate degree of freedom.

Statistical significance (X?):

. Borderline

. 0.05 > P > 0.02; significant.

. 0.02 > P > 0.01; fairly significant.

. 0.01 > P > 0.001; highly significant.

W=

Dermatoglyphics

FINGER DERMATOGLYPHICS. The results of analysis of various traits per-
taining to finger dermatoglyphics are incorporated in Tables 11 to 17, and
the intergroup chi-square and ““t” values are presented in Table 32. It is
very significant to observe that all the five characteristics — three princi-
ple pattern types (whorls, loops, and arches), occurrence of like finger
types, monomorphic hands, patterns of intensity index (PII) and mean
total ridge count (TRC), showed rather homogeneous distribution. As

Table 32. Chi-square and “t” values for intergroup differences with respect to finger
dermatoglyphics

Pair of groups Three Like Mono- PII Total
Galton finger morphic ridge
types types hands count

H.G. x NH. ...... 1.75 0.48 0.99 0.49 0.61
(3)* (1) (1) (196) (196)

HG xCG. ...... 5.12 0.11 0.37 0.52 1.35
(3 (1) (1) (202) (202)

CG.xNH. ...... 5.72 0.14 0.19 0.96 0.28
(3) (1) (1 (200) (200)

*Figures in parenthesis indicate degree of freedom.

Statistical significance:

1. Borderline

2. 0.05 > P > 0.02; significant.

3. 0.02 > P > 0.01; fairly significant.
4. 0.01 > P > 0.001; highly significant.
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observed from Table 32, the intergroup chi-square and “t” values are
very small. The arch-whorl and loop-whorl index also apparently showed
similar distributions, although no statistics have been applied as yet.

PALMAR DERMATOGLYPHICS. In all, seventeen palmar dermatoglyphic fea-
tures were studied. Out of these twelve were qualitative, while the five
remaining were quantitative. The results are tabulated in Tables 19 to 29.
Values of chi-squares and “t” for intergroup differences with respect to
all these features are contained in Table 33.

Striking intergroup differences have been observed in fourteen out of
seventeen palmar dermatoglyphic features. The characteristics which
show statistically nonsignificant values are simian crease, atd angle, and
pattern on interdigital area IV. The Hindu Gavdas differed from both
Nav-Hindus and Christian Gavdas in ten features, while the Christian and
Nav-Hindu Gavdas differed in only six characteristics. As will be noted
from Table 33, in most of the cases the differences are highly significant
(0.01 > P > 0.001).

In short, a comparison between the groups reveals that:

1. Out of the thirteen somatometric characteristics, one characteris-
tic, interorbital breadth, showed a significant difference for only one pair
of groups.

2. Sixout of thirteen somatoscopic characteristics considered showed
differences for at least one pair of split groups.

3. All the five finger dermatoglyphic features showed strikingly
homogeneous distribution.

4. The seventeen quantitative and qualitative features considered for
palmar dermatoglyphics present a very interesting picture, and fourteen
of these showed highly significant values.

The results of a comparison of four sets of data are summarized in
Table 34. It will be noted that in all, fifty-five traits — quantitative and
qualitative — have been studied and compared in order to evaluate the
biological affinities between three split groups of Gavdas. Considering
the individual pairs of groups, maximum differences are noticed among
Hindu Gavdas and Christian Gavdas; they differed in seventeen (30.91
percent) characteristics. The Hindu Gavdas differed in fourteen (25.42
percent) characteristics from the Nav-Hindu Gavdas. The shortest dis-
tance, however, is found among Christian and Nav-Hindu Gavdas; they
differed in twelve characteristics (21.82 percent). Thus of all fifty-five
traits considered, twenty-three (41.82 percent) showed significant differ-
ences; of these, however, seven (30.43 percent) showed differences with
only one pair of groups.

Out of the total variability observed, the palmar dermatoglyphic fea-
tures showed the maximum (24.45 percent) followed by somatoscopic
observations (10.91 percent). Genetic traits (3.64 percent), showed



310 K. cC. MALHOTRA

uedyudis Aly3y (1000 < d < 100 v
“uedyiuds A[rey (10°0 < d < 200 €
uedyudis (700 < d < 00 T
aurpraplog 1

:20updf1udis (pousuvIs

‘wopaaly Jo 22189p ayedipur sisayjuared ur saindi,

(p61) (pL1) (2L1) (P61) (1) (1) (M) () () en) (1) (1 €& @& () ®) ()
v96'T  0E0 06T TTOZIF  $90 91T €99 +€809 SY'I 990 610 LOE +¥007 €L01 126 9€S ‘0D X 'H'N
(961) (081) (9L1) (961) (1) (1) (1) (m @ oy @ (M © @& 6 6 W
W88 S8V 8PP HLT9 09T LST  H8E€l  TET 00T S8TI I¥T 000 o£Lv'S ILE 9LCT1 +¥vT:S891  'OD X 'O'H
(o61) (#91) (991) (981) (1) (1) (M (M a) ) (1) @ (© @ () (8 ()
vSOTT JOEY LTL »TF'S ebSO1 00 28  €1'1 wb8I1  T11°0 8€S 810 #81 60°€T T0TT1 9TSIZLTIT  'H'N X 'OH
Ieudy)
pe p> 95q q®& -odiH Al 11 11 v | o) a
[(endiprajug a1n3y npel
a[due s,uew 9SBIID -
sjunod 23pry suIadlled Ieuay] pie  -119g uelwI§ [RIXY s3uipus aurjuiey sdnoi8 jo neq

soryd4Aj3oreuiap tewied o) 10adsar yum saoualopp dnoidisur 1oy 3, pue arenbs-iys jo sanjeA  "¢¢ aqeL



Microevolutionary Dynamics Among the Gavdas of Goa 311

somatometric characteristics (1.82 percent) and the finger dermato-
glyphic features showed nil.

A breakdown into quantitative and qualitative variables of the total
characteristics considered reveals interesting information. While 25 per-
cent of the quantitative characteristics showed significant differences, the
qualitative traits revealed differences in 51.43 percent of the characteris-
tics studied. This variability is nearly double the one revealed by quantita-
tive traits.

Table 34. Summary of statistical comparisons among the three Gavda groups

Set of characters Number Differ significantly in number of characters
H.G. x NNH. H.G. x C.G. N.H.xC.G.

Anthropometric 13 0 000 1 769 O 0.00
Somatoscopic 13 4 3077 4 30.77 3 23.08
Genetic 7 0 0.00 2 2857 3 42.86
Dermatoglyphics
Finger 5 0 0.00 0 0.00 O 0.00
Palmar 17 10 5882 10 5882 6 35.29
Total 55 14 2545 17 30.91 12 21.82
DISCUSSION

It is now well established that the biological variations among different
populations are caused by processes such as mutation, selection, genetic
drift, founder effect, and hybridization. In the present situation, however,
because the three groups share the same environment, have the same
dietary habits and the same pattern of mating behavior, the effect of
differential selection should be nonexistent. Since these splits took place
only seventeen and two generations ago, variations due to mutation must
be negligible.

Migration is not applicable in the present case and since the groups
maintain strict endogamy, the hybridization factor need not be con-
sidered at all. Then what could be the source of the observed variability?
As the population size of the split religious isolates is so large, and
considering that the time involved is so short, it is difficult to visualize the
role of genetic drift and founder effect. The information collected so far
seems to be inadequate to suggest that the splits took place at random: it
appears more likely that at least the second split, which resulted in
Nav-Hindu Gavdas, was restricted to certain areas.

Although the significance of our findings is not yet fully understood, it
is interesting to note that the groups showed significant difference in traits
controlled by both di-allelic (tongue pigmentation, Darwin’s tubercle)
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and polygenetic traits such as most of the palmar dermatoglyphic features
and somatoscopic observations.

A close scrutiny of the twenty-three characteristics which revealed
intergroup significant differences, however, revealed that for most of the
characteristics — for example, nasal se ptum, dental occlusion pattern and
most of the palmar dermatoglyphic features — the genetic mechanism is
not known, except that they appeared to be polygenetic. Handclasping
seems to have a doubtful genetic background, and characteristics like
hairline types and tongue pigmentation are dependent on age. As shown
earlier, the largest variation is shown by the somatoscopic observations.
Could it be that a certain amount of subjective element has elevated the
observed variability? In this investigation it may be mentioned that the
inter-investigator error is nil because all the observations and measure-
ments were done by the author alone.

It is, however, very significant that all the characteristics with well-
established patterns of inheritance such as ABO, MN, Rh, and ABH
substances in saliva showed homogeneous distribution. In view of this
homogeneity, what is most difficult to explain are the differences seen in
palmar dermatoglyphic features. What could be the source? Are these
due to the methodology adopted or are they more fundamental, having a
genetic basis? If all the palmar characteristics are excluded from the analy-
sis, the total variability reduces from 41.82 percent to 23.63 percent.

When the present results are compared with Malhotra’s findings
(1966), in which dermatoglyphic traits were not studied, the magnitude
of differences in the present study seem very small. In Malhotra’s study
the intergroup differences were above 40 percent, the range being 25.64
percent to 64.10 percent. In addition, the most striking difference be-
tween the observations of these two studies is that, while Malhotra’s work
showed a great deal of heterogeneity in ABO, MN, Rh blood groups, the
present study records remarkable similarity.

From the foregoing discussion it appears, therefore, that considering
the time when the two splits took place and the population strength of
Gavda groups, the three split groups should have shown homogeneous
distribution in the absence of the play of various mechanisms causing
microevolution. Part of the variability could perhaps be attributed to
techniques utilized, including subjective error. The rest may be due to the
nonrandomness of the conversions, or else to some mechanism whose
role has not been emphasized as yet.

This investigation as it now appears seems to suggest that even when a
large enough group splits, a certain amount of biological difference,
which could be of microevolutionary significance, can be expected. To
that extent, the observations made by several scholars (mentioned
earlier) in Current Anthropology seem to be justified, though the pro-
cesses need not be genetic drift or founder effect.
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Pending further research, the present findings do not add much light to
Karve’s hypothesis of caste origins, except that the differences shown by
these split groups are much smaller when compared to many castes of the
same caste-cluster (for example, Malhotra’s study). It appears that both
the processes of fission and lack of fission have contributed to the genetic
and morphological heterogeneity depicted by several hundred Indian
castes and tribes.
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Founder Effect, Gene Drift, and
Natural Selection Among Four
Nomadic Mendelian Isolates

K. C. MALHOTRA

In recent years the interest of anthropologists and human geneticists has
shifted from large, widely scattered populations to small, unacculturated
groups since ““... the parameters of these populations come closest to
reflecting the circumstances under which the vast amount of variability
now known to be present in human populations arose. Such populations
will not long be available for study” (Neel 1972:255). This trend is clearly
reflected in a number of other studies (Basu 1969; Basu 1972; Neel
1972; Roberts 1956; Salzano 1961; and others). Demographic-genetic
and anthropological analysis of these small Mendelian isolates can help us
to understand particularly the controversial phenomenon of random
genetic drift and can further elucidate the founder effect.

The late Professor (Mrs.) Irawati Karve initiated in 1969, in collabora-
tion with the Indian Statistical Institute, Calcutta, a multidisciplinary
project among the Nandiwallas — a nomadic migrant caste-cluster in
Maharashtra. In August-September 1969, general ethnographic
material was gathered, while in July-September 1972, in collaboration
with Professor G. S. Mutalik and his associates of Byrum Jeejibhoy
Medical College, Poona, India, a detailed demographic-genetic, physical
anthropological, and clinical genetic survey was conducted among these
people. The main objectives of the biological survey were (a) to investi-
gate the incidence of various population markers: anthroposcopic, metri-
cal, serological, and biochemical; (b) to identify the role of genetic drift
and founder effect (because of their small population size) and natural
selection, particularly on G-6-PD and hemoglobin variants; (c) to make
use of high consanguinity rates to discover ‘“new’ recessively inherited
diseases and to further elucidate the “old” ones; (d) to test the Post—
Pickford hypothesis of incidence of color blindness; and (e) to deter-
mine the sociological and biological factors responsible for the increase
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in numbers of these groups in spite of their small effective population
size.

Earlier Malhotra (1971, 1972, 1973a, 1974) reported on the ethno-
graphic details of these people. Elsewhere, Malhotra (1974b) Malhotra
et al. (1973, 1974a, 1974b) and Mutalik, Kate, and Malhotra (1973a)
and Mutalik et al. 1973b reported details on some of the biological traits
summarized here.

The present paper summarizes the results of some of the characteristics
already analyzed and reported; discusses the findings in the light of the
genetic structure of the Nandiwallas; and spells out the implications and
significance of present findings in terms of evolutionary dynamics, par-
ticularly the possible role of random gene drift, founder effect, and
natural selection in maintaining the observed gene frequencies. The data
includes A, A,B,O,M,N, and Rh blood groups; Hp and Tf serum proteins,
G-6-PD deficiency, hemoglobin variants, color blindness, earlobe
attachment, and finger dermatoglyphics.

The Nandiwallas, numbering around 2,500, are divided into four
strictly endogamous groups: Patils, Chougules, Komtis, and Daundiwal-
las, arranged in a clear-cut social hierarchy, Patils at the top and Daun-
diwallas at the bottom. Their traditional occupation is to travel from
village to village with their sacred bull (nandi), the vehicle of God Shiva,
collecting donations from the spectators. Once in three years they as-
semble at the village of Wadapuri in the Indapur Taluka of the Poona
District. The family structure among these people is patrilineal and
patrilocal. Monogamy is the most prevalent marriage form, with some
incidence of polygynous marriages. Widow marriage is permitted but
divorce is not possible. They permit both matrilateral and patrilateral
cross-cousin marriages, as well as uncle-niece marriage.

RESULTS
The salient features of the findings are given below.

ABO sysTEM. The three groups considered are characterized by a very
low frequency of the allele P — 0.02603. The incidence of phenotype
A(A; + A,;) is more than 20 percent in most Indian populations. The
lowest frequency so far recorded is 10.6 percent among the Marias of
Baster (Negi 1963). Paniyan of Kerala seem to possess the highest —
62.4 percent. The Nandiwallas thus record the lowest incidence of
phenotype A, (3.75 percent) among reported Indian populations. The
phenotype A, and allele P, are conspicuous by their absence among the
Nandiwallas; we are not aware of any other Indian population wherein
this allele is completely absent.
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MN SYSTEM. The results of the MN system are in agreement with other

Indian populations, the frequency of allele N being somewhat low
(0.35835).

Ru-NEGATIVE. The incidence of Rh-negative appears to be elevated,
being 15 percent for the pooled series. Compared to several Indian
populations, 15 percent Rh-negative among the Nandiwallas is very high;
its incidence in India is often 3 to 4 percent.

Hpr SYSTEM. The results of the Hp system testing are very interesting.
The most predominant phenotype is Hp?~2, the incidence of which is
96.67 percent among the Patils and 100 percent among the Komtis and
Daundiwallas. The frequency of allele Hp! (0.0125) is the lowest
recorded in the world so far. The earlier lowest recorded was among the
Irulas (0.07) of South India (Kirk and Lai 1961). The allele Hp? has not
been detected in our sample.

TRANSFERRINS. All the eighty subjects tested for this serum protein
conformed to the type Tf*. Thus Tf appears not polymorphic in this
population.

G-6-PD DEFICIENCY. Out of the 126 Nandiwallas tested for this enzyme,
five (3.97 percent) were found to be deficient.

HEMOGLOBINS. Three individuals, all belonging to the Chougules, were
found to possess hemoglobin variants, two of the A + F type and one with
increased A, pattern.

COLOR BLINDNESS. A total of 1,150 Nandiwallas were examined for
color blindness. Only one individual from Chougule was found to be
abnormal, deuteronope type. The incidence thus works out to be 0.3
percent (only Chogule males were considered). The three isolates, Patils,
Komtis, and Daundiwallas, completely lack this allele. In addition, 110
families with 334 children were also studied for this trait. All the matings
were of the type normal X normal, except one, abnormal (father) x
normal (mother), resulting in all normal children.

EARLOBE ATTACHMENT. All the 1,367 subjects (682 males and 685
females) examined for earlobe attachment, revealed free earlobes. The
complete absence of attached earlobes among the Nandiwallas is a
unique finding. No other reported population in the world has shown
absence of this phenotype. A total of 140 families of the mating free X
free produced 545 children, all with free lobes. This seems to be the first
empirical evidence that could be detected of gene loss with respect to a
polygenic trait.
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DERMATOGLYPHIC TRAITS. The three groups are characterized by a high
frequency of loops. The maximum loops are found among the Komtis —
62.91 percent (males and females) followed by Daundiwallas and Patils,
and the series average is 56.95 percent. The series whorl-loop ratio is
35.85:58.80. In most of the Indian populations this ratio is about 45:50.
There is a marked increase in ulnar loops among the Nandiwallas, and the
value of the ratio radial-ulnar loop amounts to 3.95:96.55. The arches
also show relatively high incidence; 8.42 percent among the Patils seems
to be the highest recorded in any Indian population.

DISCUSSION

The foregoing description of various traits brings home one very impor-
tant point: the four Mendelian isolates considered here are characterized
by unique frequencies. They differ from virtually all the other popula-
tions of western and other regions of India from which comparative data
are available. How are these unusual frequencies explained? Do the
Nandiwallas represent a different racial affiliation? If so, to which race do
they belong? Or s it that their demographic structure and nomadic way of
life has resulted in these gene frequencies? We shall now examine the
various possible processes and see which one (or more) best explains the
situation.

The anthropometric characters and anthroposcopic observations
(detailed reports are yet to be published) of stature, cephalic index, facial
index, skin color, hair color, eye color, and so on suggest beyond doubt
that the Nandiwallas belong to the racial complex called ‘“Mediter-
ranean.” It may be noted here that this Mediterranean element is most
predominantly found in the Cental and South India (Guha 1935). In
short, the peculiarities depicted by the Nandiwallas cannot be attributed
to a different racial origin.

More detailed interpretation of the present data will be possible only
after analyses of other demographic—genetic, dermatoglyphic, and
sociocultural data are completed. For now, we shall briefly discuss the
genetic composition of the Nandiwallas with regard to the genetic struc-
ture of these groups, in order to see whether it explains the genetic
composition. While composition refers to the actual genes which are
present in a population, the term structure refers to the way in which the
genes are assembled into genotypes (Harrison 1970).

The demographic factors which determine the genetic composition
and structure of a population are (a) the size, density, and spatial distribu-
tion; (b) the amount of movement (immigration and emigration); (c) the
nature of mate selection within the population, including marriage dis-
tance; and (d) differential fertility and viability. The nondemographic
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factors usually considered are geography, geology, climate, disease, and
SO on.

At the outset it may be pointed out that the four groups of Nandiwallas
are completely endogamous and thus constitute strict Mendelian popu-
lations. Not a single example of marriage has been observed either
between the inter-Nandiwalla groups or between Nandiwallas and non-
Nandiwallas. Therefore, the role of admixture in the observed gene
frequencies need not be considered.

The distribution of the population is very interesting but possesses
certain difficulties. Once in three years, everyone assembles at Wadapuri
village for four months, from July to October. During the rest of the
period they move within a set of hereditary villages in a very wide
territory comprising three linguistic states — Maharashtra, Mysore, and
Andhara. Each family moves within a separate territory, thus those
whose hereditary villages (vatan) are in the Satara District of Maharashtra
State will not operate in the Ratnagiri District of the same state. Accord-
ingly, depending upon the vatans, some people move very short distances
(say within 100 kilometers), others have to travel 1,000 kilometers.
However, since the marriages are performed only when they assemble
once triennially, the effects of horizontal spread in choice of mate (mar-
riage distance) is absent. These isolates thus present the island model
situation of population distribution (Wright 1943) insofar as mate selec-
tion is concerned. On the other hand, since members of each of the four
isolates move (with families) in areas that differ so markedly in ecological
details, for example, coastal Maharashtra and Deccan plateau, they are
exposed to different kinds of selection pressures. In this way the isolates
present the situation in which a population is widespread. An understand-
ing of these aspects, as will be shown later, seems crucial in elucidating
our data.

The population size of these groups is very small — Patil 8,000,
Chougules 1,150, Komtis 460, and Daundiwallas 55 — for a total of
2,465. The effective population sizes, yet to be calculated, will work out
to be much smaller. If 30 percent of the total population is considered as
the effective size, as suggested by the works of Salzano and Freire-Maia
(1970), the value of this parameter among Patils, Chougules, Komtis, and
Daundiwallasis calculated as 240, 345, 138, and 16, respectively. Among
the Kotas, a tribal population of Nilgiri Hills (India), Basu (1972)
reports 26.2 percent of the total population as effective size, which is
well within the range of 30 percent, as suggested by Salzano and Freire-
Maia.

The small effective size has two implications. First, the individuals
inevitably tend to be related to each other, with this high level of inbreed-
ing tending to produce homozygosity, which will affect the intensity of
selection (Crow 1958). In this connection it may be pointed out that one
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family with three albino children among the Komtis and a few cases of
clinodactyly, syndactyly, cleft lip, and so on have been detected (Mutalik
et al. 1973b). In addition, among the Chougules a large pedigree of
inherited ‘“Mongol-like” faces through three generations involving
twenty affected individuals was studied (Malhotra et al. 1974b).

Second, the phenomenon of random genetic drift operates at its
optimum in small populations. It is therefore certain that genetic drift
must have played a very important role among these isolates. In this
connection it is worth mentioning that in the case of populations with
effective sizes of up to 259 the rate of random gene drift per generation
for a gene with a frequency of 0.5 has been found to vary from 2.2 to 7.4
percent (Lasker 1954).

Another important aspect of the social structure of these groups is the
relative age of the spouses. Many instances are recorded in which boys six
to eight years old are married to girls sixteen to eighteen years old, adult
males of twenty-one to twenty-five are married to infants of three to five
years, and several males ages forty-five have yet to find spouses. This
disparity between the ages of the spouses and instances of forced
bachelorhood tend to reduce the reproductive performance in terms of
number of children produced, and it consequently affects the variance in
number of gametes contributed to the next generation, thus enhancing
the probability of genetic drift.

Unfortunately, census records of the Nandiwallas are hopelessly scanty
and, therefore, nothing can be said about the population increase of these
people. Our inquiries of the elders of the Wadapuri village, however,
reveal that in the past fifty years or so Nandiwallas have increased in
number substantially. This is further corroborated by the Nandiwallas
themselves, who point out that formerly they occupied only a small
territory when they camped at Wadapuri, compared to the present. It is,
therefore, not unlikely that part of the genetic peculiarities may be due to
the founder members, particularly among the Komtis and Daundiwallas.
It might be recalled here that all four isolates originally migrated from
Andhara Pradesh and that they have been in Maharashtra for the last 800
years. We have also located the parent group in Andhara Pradesh and we
plan to conduct detailed studies among these people, which will further
help us to understand the genetic composition of the Nandiwallas. Until
then, it might be said safely that since the number of people who migrated
and founded these groups must have been small, and since the population
has subsequently increased, the founder effect should be present.

It appears therefore that the absence of alleles P,, Hp®, the genes for
attachment of earlobe, the rather low values of allele P, and Hp?, the
rather high incidence of gene d, and low values of whorls on the fingers,

are due largely to genetic drift, although the role of founder effect cannot
be excluded entirely.
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The incidences of G-6-PD deficiency and hemoglobin variants among
these isolates are most interesting. In this connection it is noteworthy that
the Nandiwallas operate in a terrain which was (and to a large extent still
is) highly infested by endemic malaria. It has been suggested that G-6-PD
deficiency and Hb variants in heterozygote form afford protection against
malaria (Livingstone 1971). In the maintenance of G-6-PD deficiency
and Hb variants it seems that natural selection has played a decisive role.

Interestingly enough, the incidence of color blindness among the Nan-
diwallas supports the Post (1962) and Pickford (1963) hypothesis that
natural selection would tend to eliminate color blindness in those popula-
tions that are most closely dependent on hunting and food-gathering
economies. Although the Nandiwallas are not exclusively hunters and
food gatherers, their patterns of living can easily be identified as such.
Malhotra et al. (1974a) demonstrated that the pattern of life led by the
people provides optimum opportunities for natural selection to operate
on disadvantageous genes.

Our preliminary findings among the four inbred isolates thus empha-
size that the demographic features of a population are crucial in maintain-
ing the genetic structure, and that an intimate knowledge of various
customs, especially those related to the process of shuffling of the genes in
each generation, is absolutely necessary for a fuller interpretation of the
data. Finally, our study stresses the need to conduct demographic, gen-
etic, and cultural surveys among relatively unacculturated groups, since
they provide extraordinary promise for unfolding the mysteries of evo-
lution in general and human evolution in particular (Malhotra 1973; see
also Neel 1972).
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Physical Anthropology of the Angami
Nagas (Nagaland, India)

PRAVEEN KUMAR SETH and SWADESH SETH

Urgency for the study of changing human groups has long been empha-
sized because the disappearance of considerable somatic and genetic
variability among tribal peoples can be foreseen in the near future.
Accounts of the border area groups allow us to reconstruct the situation
with regard to genetical variation that once existed and they provide basic
data for new types of analyses. They also facilitate the study of the
interaction of cultural and random agencies involved in changing gene
frequencies, thereby aiding our understanding of the variations among
currently observed populations. In this paper, an attempt has been made
to summarize our studies on the physical anthropology of the Angami
Nagas, an Indo-Mongoloid group living in the northeastern hills of India
(state of Nagaland). They represent an isolate with no significant genetic
admixture with the non-Naga populations.

Study of the border area of Nagaland, inhabited mainly by the Nagas,

assumes urgency because (a) it affords an opportunity to observe somatic
and genetic variation across barriers of gene flow and effects of consan-

guinity within various endogamous groups of Nagas living in the same
environments, and (b) it allows an investigation of human physical vari-
ation among the Nagas of Kohima and between adjacent groups with
different degrees of interbreeding between them. Angamis — tall, power-
ful and beautifully built — are the most culturally advanced members of
the Naga tribes, and they are numerically the largest group. They also
occupy the largest area (see Map 1). Nagaland (the sixteenth state of the
Indian Union) has a bracing climate which is neither extremely hot nor
cold with only moderately heavy rainfall.

This study was supported by University Grants Commission (Government of India)
research grant (14-4[2007)/69/F/SCH]) to Dr. P. K. Seth and research grant (F.14.2/70
SCH) to Mrs. Swadesh Seth.
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Map 1. Map of Nagaland

MATERIAL AND METHODS

Data on 155 Angami Nagas, of both sexes, ranging in age from nine to
forty-one years, were collected for the following parameters:

Blood groups — Tests set up according to standard techniques were
performed on all blood samples for the antigens in the systems
A,A,BO, (Rh)D, and MN. Calculations of the ABO and MN gene
frequencies have been made following the formulas of Mourant
(1954) and Li (1961).

ABH secretion — The single tube method of Dunsford and Bowley

(1956) was followed for the determination of ABH secretion.
Anti-H prepared from Ulex europaeus was used for the detection of

“H”’specific substance in persons of blood group O.

PTC taste sensitivity — The serial dilution-sorting technique of Harris
and Kalmus (1949) with a slight variation (Seth 1961) was employed
for PTC taste threshold distributions.

Glucose-6-phosphate dehydrogenase — Deficiency of G-6-PD was
determined by performing the M. R. test (Moutulsky and Campbell-
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Kraut 1961) on blood freshly collected in ACD solution within six
hours of its collection.

Color blindness — Presence of this recessive sex-linked character was
determined by use of Ishihara’s charts (1960) for color blindness.

RESULTS AND DISCUSSION

Blood Groups

The gene frequencies of the Angami Nagas are in no way remarkable, but
they do serve to provide additional data on the distribution of certain
alleles in indigenous East Indian populations with little or no non-Indian
admixture. These data are in themselves valuable in view of the increas-
ingly rapid disappearance of “‘isolates” such as this (see Table 1).

Table 1. Distribution of the various blood groups,
ABH secretion and taste sensitivity to PTC in
Angami Nagas

Number Gene
System observed frequencies
O 76 0.7071
A, 43 0.1790
A, 2 0.0123
B 22 0.1016
A;B 6 —
A,B 1 —
M 32
MN 49 m = 0.5433
N 23 n = 0.4567
Secretor 134 Se = 0.6734
Nonsecretor 16 se = 0.3266
Taster 141 T =0.7551
Nontaster 9 t =0

2449

Rh* percent = 98.00
D= 85.86

Anagami Nagas bear a close similarity to a series of Zeliang Nagas
(Chakraborty 1965), their immediate neighbors in the Naga hills, in their
ABO distributions. The ABO gene frequency pattern in the Angamis
also does not deviate from the corresponding distributions observed in
Konyaks (British Research Association 1939) and Nocte of NEFA
(Bhattacharjee 1957), nor from the general pattern of Mongoloid groups
summarized by Simmons, Graydon, and Barnes (1945) in Fijians, by
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Gupta (1958) in Rankhal of Tripura, by MacFarlane (1937) in Tibetans,
and by Simmons, Graydon, and Semple (1953) in Paluans.

An examination of the MN system reveals marked similarities between
the Angami Nagas and Filipines (Simmons and Graydon 1945), Muruts
of Borneo (Graydon et al. 1952), Japanese (Graydon et al. 1945) and
Maoris (Simmons et al. 1951).

Rh gene frequencies of the Angamis do not deviate from those of
Mongoloid groups. Because of the irregular supply of electricity in the
field camp and other field limitations, only the Rh(D) system was deter-
mined for the present investigations.

ABH Secretion

It is noteworthy that with regard to the distribution of ABH group-
specific substances (see Table 1) the Angamis show closer affinities with
Nocte (Bhattacharjee 1957), Galong Abors (Kumar 1954), Noatia
(Buchi 1954), Tibetans (MacFarlane 1937), and Kedayans of Borneo
(Graydon et al. 1952).

PTC Taste Sensitivity

Similiarity taste sensitivity to PTC amongst Angamis reveals marked
similarities with Mongoloid groups except for Burmese immigrants of
Andamanese Islands (Agrawal 1966). This latter deviation may be due to
miscegenation with people living in the area.

Color Blindness

No color-blind individuals were observed in the entire series of Angami
Nagas studied, thereby suggesting that the selection against defective
color vision is more intense among the Nagas, who live in a relatively
isolated environment in the northeastern border hills in Nagaland

State, than among the plains people (Dronamraju and Meera Khan
1963).

G-6-PD

Glucose-6-phosphate dehydrogenase deficiency has been observed in
twenty-three males and ten females. It seems that most of these variant
females may be heterozygous carriers of the gene for G-6-PD deficiency
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or it may be that in a large proportion of these females the X-chromosome
bearing the normal gene tends to be inactivated (Seth and Seth 1971).

Skin Color

Angami Nagas show an overall increase in the reflectance along the scale
directly proportional to the wavelength (see Table 2). The skin color
exhibits maximum reflectance in both the Angami males and females at
wave length 685 um compared with the reflectance at the same
wavelength by a perfectly white block of magnesium carbonate. Contrary
to expectations, an equally high reflectance of the skin is observed at the
forehead compared to that at the medial aspect of the upper arm. This
may be explained easily because of the hair style prevalent among the
Angami youth of allowing the hair to fall forwards to cover the forehead.

Angami Nagas exhibit sexual dimorphism with respect to skin reflec-
tance: the males have a lower mean reflectance than the females at all
wavelengths and at all three different sites of measurement — for
example the medial aspect of the upper arm, flexer surface of the fore-
arm, and at a point in the middle of the forehead.

Between the ages of nine and twenty years, no evidence of statistically
significant effects of age in skin reflectance values were obtained at either
the medial aspect of the upper arm, flexer surface of the forearm, or the
forehead in the entire present series. Although slight fluctuations in the
reflectance values from skin of these body sites for the various age groups
were noted, they appear not significant enough for evaluating the differ-

ences therein. Similar observations are reported by Lasker (1954) in his
studies on Mexican populations.

Marked and consistent sex differences have been shown in all popula-
tions studied (Weiner and Lourie 1969), and according to Huizinga
(1965) there is also evidence for increased darkening of the skin with age,
this aging effect being greater on the forearm than on the upper arm. The
observations in the present series of Angami Nagas indicate, that the
melanocyte content of the skin or the pigmentation is practically constant
in the three body sites investigated. This could be easily accounted for by
the bracing climate of Nagaland. Walsh (1964), Kalla (1969), Tobias
(1961), and Garn, Selby, and Crawford (1956) report a slight lightening
of the unexposed arm and a darkening of the forehead with increase in
age. On the other hand, it seems that the skin as well as the eye color alter
little after the first few months of life (Harrison 1961).
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Blood Protein Polymorphisms and the
Problem of Genetic Affinities of the
Ainu

KEIICHI OMOTO

The history of the anthropological study of the Ainu provides an example
of the change from typological to population thinking which constituted a
milestone in the progress of modern biological science. Some of the
characteristics of earlier Ainu studies (see Kodama 1970:263-281),
which aimed mainly at ascertaining the origin of the Ainu were (1) use of
only a few anthropological characters, chosen because they had been
thought to reinforce a certain theory; (2) predominant use of somato-
scopic characters; (3) emphasis on the differences rather than the
similarities between the Ainu and the Japanese; and (4) the typological
“pure race’ concept. Thus only characters showing differences have been
emphasized, to the neglect of other characteristics common to the Ainu
and the Japanese. The variation in characteristics observed among Ainu

individuals has often been considered a reflection of admixture with the
Japanese.

Contrary to these early efforts, recent studies of various genetic traits,
which make use of statistical analyses, indicate that although there are a
number of traits showing unique frequencies the Ainu population is,
genetically speaking, more similar to the Japanese and other East Asiatic
Mongoloid groups than to any other major racial groups (see Omoto
1972 for references).

This paper reviews the data obtained by our studies of genetic marker
traits (Omoto 1970, 1972; Omoto and Harada 1972) and attempts to
focus attention on the factors that may have relevance to the problem of
the origins of the Ainu.
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DISTRIBUTION OF GENETIC MARKERS IN THE AINU

Our survey, which was a part of the Japanese International Biological
Program (IBP) project, has been carried out during 1966-1970 in the
district of Hidaka, Hokkaido, where the majority of the Ainu population
is now to be found. A total of about 500 Ainu were the subjects of the

study. More than 1,000 subjects of the Wajin, the Japanese living in the
same area, have also been examined as controls (see Omoto and Harada

Table 1. Summary of gene frequency data*
Frequencies
Systems Alleles Ainu Japaneset
ABO A, 0.25 0.27
B 0.16 0.17
(0] 0.59 0.56
MNS MS 0.06 0.04
Ms 0.40 0.46
NS 0.10 0.02
Ns 0.44 0.47
Rh CDe 0.59 0.65
c¢DE 0.20 0.26
CDE 0.01 0.00
cDe+cde 0.03 0.05
cdE 0.17 0.03
Lewis Le* 0.53 0.47
Q Q 0.15 0.17
Duffy Fy* 0.90 0.90
Kell K 0.00 0.00
Kidd Jk* 0.33 0.38
Diego Di* 0.04 0.03
Ag Ag* 0.70 0.73
Gm Gm! 0.82 0.Mm
Gm!? 0.09 0.16
Gm!? 0.04 0.13
Gm?® 0.00 0.00
Gm? 0.05 0.00
Inv Inv! 0.22 0.29
AcP p* 0.25 0.21
pe 0.75 0.79
) 0.00 0.00
PGM, PGM,' 0.86 0.78
6-PGD PGD¢ 0.06 0.09
AK AK? 0.00 0.00
ADA ADA? 0.03 0.03
Hp Hp! 0.16 0.26
Tf Dai 0.015 0.01
Gce Ge? 0.25 0.24
Pi PiM 0.98 0.98
Pif 0.02 0.01
ChE, EY 0.00 0.00
ChE, (Cs+) 5.6(%) 8.4(%)

* See text for references.
1 Average values taken from published data.
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1972) for details of the study. Since most Ainu individuals are more or
less mixed at the present time, particularly the younger generation,
attempts have been made to ascertain the overall rate of the non-Ainu
admixture in the present sample group. Through investigations of offical
family records and with the aid of Ainu informants, the rate of admixture
in the present sample has been estimated at about 40 percent. Since the
information used in this estimation covered a range of only three to four
generations, or roughly 100 years, the above rate of admixture should be
regarded as a recent one. Unfortunately, we cannot ascertain the rate of
the older admixture, which certainly may not be zero. According to
history, however, the rate of admixture appears to have increased very
rapidly during the last 100 years. Therefore, the Ainu population charac-
terized by those frequencies of polymorphic genes which have been
corrected on the basis of a 40 percent overall admixture will be referred to
as a hypothetical ancestral Ainu population of this district, with some
reservations.

Among a total of fifteen red cell enzyme and six serum protein systems,
examined mostly by means of starch gel electrophoresis, nine were found
to be polymorphic (Omoto 1972; Omoto and Harada 1972). Red cell
antigen systems (Misawa and Hayashida 1968, 1970, 1972), serum Ag
antigen type (Misawa, Hayashida, and Okochi 1971) and Gm and Inv
types (Matsumoto and Miyazaki 1972) have been examined on the same
material by other members of the team. The summaries of gene frequen-
cies of the polymorphic systems obtained are shown in Table 1.

The usefulness of such gene frequency data in the study of genetic
affinities seems to be twofold. First, the genetic distances calculated from
data of a number of polymorphic loci provide measures, given certain
assumptions, of genetic similarities by descent among different popula-
tions. Second, presence or absence of certain alleles, which have been
known to occur almost exclusively in particular geographical groups, will
be informative in ascertaining the possible phylogenetic relationship.
Since such racial marker genes are usually relatively rare (for example,
AK? and TfPchi), they are not expected to make a significant contribution
in the genetic distance analysis.

In our study, genetic distances were calculated by the method of
Cavalli-Sforza and Edwards (1967). The pairwise distances calculated
using the data of thirteendoci (ABO, MNSs, Rh, Fy, Di, AcP, PGM,,
PGM,, 6PGD, AK, Hp, Tf, Gc) between the hypothetical ancestral Ainu
and several other population groups are given in Table 2. It is found that
while distances from the Ainu to Japanese, Chinese, and Thai are rela-
tively small, those to the other populations are much larger. So far as
these polymorphic loci are concerned, therefore, the classic theories of
Caucasoid or Australoid origins of the Ainu seem to be difficult to sup-
port. Cluster analyses carried out by the minimum evolution method
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(Cavalli-Sforza and Edwards 1967) have also shown that the Ainu may
belong to the basic cluster of the mongoloid group (Omoto 1972). An

example of the phylogenetic tree constructed on the basis of the above
data is shown in Figure 1.

Table 2. Genetic distances (gene substitutions) between
the hypothetical ancestral Ainu and several other
population groups calculated on the basis of data of
thirteen polymorphic loci

Population Genetic
group distance
Present Ainu 0.2561
Japanese 0.4057
Chinese 0.4997
Thai 0.4249
Malayan 0.6647
Eskimo 0.6171
North Amerindian 0.7126
South Amerindian 0.8042
New Guinean 0.7720
Micronesian 0.6287
Australian

Aborigines 0.6976
English 0.7491
German 0.8242
Italian 0.8718
Indian 0.7089
Bantu 1.1809

-

Findings of the presence or absence of racial marker genes confirm the
results of the genetic distance analysis. Absence, or extreme rarity, of the
blood group A,, K and r(cde), red cell enzyme P¢ (acid phosphatase) and
AK?, serum cholinesterase E*;, Hp!F and Gm® may be taken as evidence

against the Caucasoid origin theory. While the absence of such infrequent
alleles may not provide convincing evidence for a phylogenetic relation-

ship, since they may have been lost through random processes in such a
relatively isolated population as the Ainu, the presence of two mongoloid
marker alleles, the blood group Di® and serum protein TiPCh, in the
present Ainu sample may be taken as evidence for a phylogenetic rela-
tionship between the Ainu and the Mongoloid groups, including the
American Indians. The possibility that these alleles have been introduced
by gene flow from the Japanese population is rather small, since both
alleles have been found in the Ainu sample in frequencies higher than the
values usually reported among the Japanese.

The results of investigations of three polymorphic traits other than
those in the blood were also interesting (Omoto 1970). Red—green
deficient color vision was virtually nonexistent among the Ainu; phenyl-
thiocarbamide (PTC) nontasters were very infrequent (approximately 5
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percent); although the incidence of wet cerumen is much higher than in
the Japanese, itis likely that the dry-type cerumen was already present at

considerable frequency among the hypothetical ancestral Ainu popula-
tion, indicating a situation similar to that of the two Mongoloid marker

genes mentioned above.

Furthermore, the isonicotinic acid hydrazid (INH) metabolic type has
been studied among the Ainu by Sunahara and others (1963). A rela-
tively low incidence of the slow inactivator type was found, a usual
expectation among Mongoloid populations.
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Figure 1. A phylogenetic tree constructed by the minimum evolution method of Cavalli-
Sforza and Edwards using data of thirteen loci

EXPLANATION OF APPARENT DISCREPANCY BETWEEN
RESULTS OF SOMATOSCOPIC AND GENETIC STUDIES

It has been shown that the present Ainu population of Hidaka may
possess a genetic composition basically similar to that of the Japanese and
certain other Mongoloid groups, despite the well-known dissimilarity in
morphological characteristics.
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The explanation that a similarity in the distribution of genetic traits
may be ascribed to long-lasting gene flow into the Ainu from the sur-
rounding Mongoloid populations cannot be supported for the following
reasons. First, since gene flow must affect every genetic locus it is unlikely
that certain polymorphic loci alone would show effects of gene flow.
Second, although Japanese cultural influence may date back well into
protohistoric times, the actual rate of gene flow may have been quite low
before 1868, when Hokkaido came under Japanese rule. Before that

time, intermarriage between the two populations may have been limited
due to cultural and behavioral barriers. Thus, while the estimate of 40

percent for the accumulated gene flow may be an underestimate, it is
unlikely that the hypothetical non-Mongoloid character in the original
gene pool would by now have completely disappeared. Moreover, there
are a number of loci showing gene frequencies unique to the Ainu
population: high frequencies of NS and r' ' (cdE), low frequency of Hp?,
and occurrence of Gm?2! phenogroup. These may indicate indirectly that
the present Ainu population retains a considerable part of the ancestral
gene pool.

A more plausible interpretation may be that the genetic similarity of
the Ainu to the Mongoloid groups has a real phylogenetic background:
the Ainu and the east Asiatic Mongoloid groups including the Japanese
both may be derived from a common basic stock that later differentiated
under different population histories, the two being differently affected by
various evolutionary factors.

This interpretation is consistent with the results of recent multivariate
analyses of the Ainu crania (Howells 1966; Yamaguchi 1967). The
conclusions seem to indicate that the Ainu are a survival population out
of a series of Upper Paleolithic or Mesolithic populations of East Asia,
probably including the Jomon people of Japan.

It should be pointed out, however, that certain properties of the mor-
phological characters make them inadequate for use in studies of
phylogenetic relationship between populations. The genetic bases are
obscure for most anthropometric characters, and many of them are
known to be subject to secular change; they may show a significant
difference in two populations common by descent but different in the way
of life, or in cultural stage. Those characteristics of the Ainu such as the
ruggedness of the face, the tendency toward dolichocephaly, rather
well-developed supraorbital arch, the edge-to-edge bite, and so on, are
generalized characteristics probably possessed by most populations of the
world at a certain stage of human evolution. Therefore, the occurrence of
such characters in a population cannot be a definite clue to a link by
descent with any of the present human races. The concept of “Cro-
Magnon-like” appearance of the skull is misleading.

A second problem of morphological characters that may be relevant to
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this discussion lies in the visible nature of most somatoscopic characters.
A marked dissimilarity in visible characters, on the one hand, tends to
become a reproductive barrier between human populations, as does
language. On the other hand, it is through visible characters that assorta-
tive mating mostly takes place. Therefore, particularly in a small popula-
tion such as the Ainu, a certain complex of somatoscopic characteristics
could have attained a predominant incidence through inbreeding and
assortative mating.

Probably this will explain some of the predominant somatoscopic
features of the Ainu, such as hairiness. Descriptions of the Ainu as a
strange, hairy people were found in the oldest Japanese documents,
including a picture drawn as early as the fourteenth century. While
hairiness must have played a role in promoting isolation, hence inbreed-
ing, it may also have served as a basis for assortative mating. It is well
known that Ainu men used to be very proud of their rich beards (Kodama
1970:89).

FACTORS AFFECTING MICROEVOLUTION OF THE AINU
AND OTHER EAST ASIAN MONGOLOID GROUPS

If the Ainu are descended from the Upper Paleolithic population of East
Asia which also gave birth to the Mongoloid groups with well-known
specialized morphological features, what were the microevolutionary
factors responsible for the differentiation of the two population groups?

As the hypothesis by Coon, Garn, and Birdsell (1950) postulates, the
specialized morphological characteristics of the Mongoloid group, which
may be called for simplicity’s sake the later Mongoloid, may have been
formed as the result of selection by the extremely arid and cold climatic
conditions somewhere in Northeast Asia during the last glacial period.
During the postglacial period, and probably especially after the Neolithic
revolution, this population began to grow rapidly in size and spread
through almost the whole of Asia, absorbing aboriginal populations. New
selective forces arising from the newly formed environments must have
affected the genetic composition of the later Mongoloid populations.

The Ainu, on the other hand, probably remained relatively unaffected
by the later Mongoloid populations because of their geographically
peripheral position and probably also because of barriers mentioned
above. Since their subsistencs economy probably underwent only a slight
change since Mesolithic times, generalized morphological features were
preserved.

Limited gene flow as well as small population size may have decreased
the variability and promoted the uniqueness of the Ainu both in genetic
and nongenetic characteristics including their culture. The effect of ran-
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dom genetic drift must have been strong, since the Ainu community used
to be small. According to the earliest record, the Ainu in Hokkaido in
1807 numbered 21,697. They inhabited all of the island except the most
mountainous interior. They lived in small settlements called kotan which
were made up of twenty or fewer households (see Watanabe 1964:
83-100 for references). Also, a “bottleneck” effect on population size
may have been a common phenomenon. A drastic decrease in the Ainu
population number was recorded during the period 1822-1855. In the
western half of Hokkaido the reduction was by almost 50 percent. A
number of the Ainu settlements were thereby annihilated. Epidemic
diseases such as smallpox, measles, tuberculosis, and Asiatic cholera
introduced from the Japanese population were probably the main causes
of this population decrease (Kodama 1970:38-39).

The blood group study carried out before World War II has shown
marked local differences of ABO blood group gene frequencies among
the Ainu of different districts of Hokkaido (see Tanaka 1959 for detailed
data). Unfortunately, such a study cannot be made at the present time,
since it is almost impossible to obtain samples of adequate size in districts
other than Hidaka. In the absence of evidence for the operation of
selective factors, it is safe to consider that the unique frequencies found in
a number of loci of the Ainu population mentioned above may be
accounted for by random genetic drift.

Our aim is to gain a better understanding of the process of genetic
differentiation of human populations, rather than to classify races. The
problem of the genetic origins of the Ainu, however, poses interesting
questions not only in methodological aspects but also in elucidating the
factors affecting microevolution of small populations.
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The Anthropological Usefulness of the
IgA Allotypic Markers

M. S. SCHANFIELD and H. H. FUDENBERG

The Gm allotypic markers on the heavy chains of human IgG have been
very useful anthropologically because of the presence of either unique
haplotypes in different populations or marked differences in the frequen-
cies of the haplotypes. The Inv allotypic markers on the Kappa light
chains of human immunoglobulin are not as useful because of the smaller
number of alleles present; however, they can be used to discriminate
between populations. The discovery of a polymorphic allotypic marker
on the IgA, subclass of human IgA allowed additional information to be
gained (Kunkel et al. 1969; Vyas and Fudenberg 1970), but the major
gain in information came with the verification that the IgA, allotypic
marker was genetically linked to the Gm allotypic marker, creating a
large Gm—Am haplotype (van Loghem, Natvig, and Matsumoto 1970).
The ability to discriminate populations was further enhanced by the
recent discovery of a second allotypic marker at the IgA, locus which
appears to be allelic to the first (van Loghem, Wang, and Shuster 1973).
To allow for a single, unified nomenclature, the allotypic markerson IgA,
will be referred to as A,m(1) and A,m(2), after the suggested nomen-
clature of van Loghem, Wang, and Shuster (1973). In this paper we
report the distribution of the Gm—-A,m haplotypes in the major races of
man and the unique information presented by the Gm—A,m haplotypes in

answering questions that could not be answered by means of the Gm
haplotypes alone.
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METHODS AND MATERIALS

Immunoglobulin allotyping for Gm and A,m allotypic markers was
carried out in microtiter plates, using a standard three-drop technique
(Schanfield 1971). Gm typing was done with red blood cells coated with
incomplete Rh antibodies of defined specificities or with myeloma pro-
teins coated onto red blood cells by means of chromic chloride. Chromic
chloride was also used to coat [gA myeloma proteins onto red blood cells.
Chromic chloride coating was done using a modification of the method of
Vyas et al. (1968), with all proteins coated at a concentration of 1
milligram/milliliter and using 0.05 percent chromic chloride, while the
special TAP diluent of the original method was replaced by 0.85 percent
saline. All samples were tested at a dilution of 1/10 or 1/20 with the
reagents listed in Table 1.

Table. 1. Reagents used for immunoglobulin allotyping

Specificity Agglutinator Coat
Original WHO
Gm a 1 Hel Dwi
X 2 Dev Yap
z 17 Pon- Dwi
b2, £ 3,4 Sta Dan
b0 11 Har Hun
b! 5 Ble Hun
b? 13 F841* Hun
b3 13 Ams* Hun
b 13 Log* Hun
b’ 10 Ste* Hun
c? 6 And Bor* or Ada
c® 24 Hod Bor* or Ada
g 21 B755* Sul
g 21 Gha* Sul
g 21 Leh Sul
) 15 Gai 3068*or Puh
t 16 Ros 3068*or Puh
Ray — Ray Sul
n 23* K9547°® Jas
A,m 1 Far Her
2 Tay* For

Not all sample types with this reagent.
Supplied by E. van Loghem.

Supplied by S. Litwin.

Supplied by J. Shuster.

LI

A total of 1,694 samples was tested for Gm (a,x, z, f, b, ¢, c3, g, s, t, and
Ray) and A,m (1) and (2). Many of these samples were also tested for
Gm(n). Included in these samples were 630 Caucasians, S8 Chinese, 53
Japanese, 587 Papuans, 207 Melanesians, 112 Afro-Americans, and 65
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Mexican Indians of selected phenotypes. In addition, 119 nonhuman
primates, including 59 chimpanzees, 19 orangutans, 6 gibbons, 15

baboons, 16 assorted macaques, and 4 patas monkeys, were tested for
A,m (1) and (2).

RESULTS

The approximate haplotype frequencies for the major human popula-
tions studied are presented in Tables 2, 3, 4, and 6, with the racial
distribution summarized in Table 7. None of the 119 nonhuman primates
were positive for either A,m (1) or (2). Thus far, twenty-seven different
haplotypes have been found; of these, twenty-two are found in a single
racial group or in populations derived from or admixed with that racial
group. Seven of the twenty-two racially unique haplotypes are rare, with
frequencies less than 1 percent. The haplotypes presented in Tables 2, 3,
4,5, 6, and 7 include the specificity (Gm(Pa), which was not tested for but
is presumed to be present from the known distribution of this marker (van
Loghem and Grobbelaar 1971).

Table 2. Gm-A,m haplotypes in Caucasians

Gm-A,m haplotypes Approximate
frequency
Common haplotypes
Gm (- b! Pab® Rayb® b% f—— n) A,m (1) 0.484
(- b* Pab® Ray b? b%; f——; - (1) 0.292
(g- Pa- Ray- -;za—;-) (1) 0.175
(g- Pa- Ray- -;zax;-) (1) 0.045
Uncommon haplotypes
(g- Pa- Ray- —;za—;-) 2) 0.005
(g- Pa- Ray- -;zax;- (2) 0.005
(- b Pab® Ray b® b% f-—; n) 2) 0.005
(-b'Pab®*Ray b® b% za—; - 1) 0.002
(2) 0.003
(-- st b®* Rayb*b% za—;-) (1) 0.003
(2) 0.008
(g- Pa- Ray- —;f-—;n) (1) 0.005
(-b*Pab® Ray b® b% f-x; ?) (1) 0.002
DISCUSSION

The simplest way to discuss the anthropology of the IgG, IgA allotypic
markers is by population. Thus far, thirteen Gm—-A,m haplotypes have
been observed in Caucasians, but only four of these have a frequency
greater than 1 percent (Table 2). In contrast to its frequency among
Negroes and Orientals, A,m(2) appears to be very infrequent in
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Caucasians. Only 1.1 percent of 612 Caucasians with Caucasian
phenotypes were A,m(2) positive, however, 61.1 percent of 18
Caucasians with non-Caucasian phenotypes were A,m(2) positive, sup-
porting the observation originally put forth by van Loghem, Wang, and
Shuster (1973) that A,m(2) was not present originally in Caucasians. The
presence of A,m(2) in Caucasians appears to be associated with either the
Oriental Gm****, A,m? haplotypes or the Negro Gm***, A,m* haplotype.
The most common one in the Central European populations studied is
the Gm***, A,m? haplotype. In general, the presence of A,m(2) in
Caucasians appears to be due to admixture with Orientals and Negroes. It
is possible that the presence of A,m(2) on the Caucasian Gm*", A,m?
haplotype may be due to recombination between a non-Caucasian hap-
lotype in the population and the very common Gm®*®* haplotype.

Data are available thus far only on Negro populations from the
Americas. In the present study, fifty-six Afro-American families from the
United States were studied, while van Loghem, Wang, and Shuster
(1973) studied thirty-one families from Surinam. It is evident that the
Surinam Afro-Americans have less Caucasian admixture than the sample
from the United States as indicated by the absence of Caucasian hap-
lotypes in their study (Table 3). Nine haplotypes appear to be indigenous
to Negroid populations, of which seven appear to exist in pure Negro
populations in frequencies greater than 1 percent. The majority of hap-
lotypes present in Afro-Americans are A,m(2) positive (64.2 percent
United States and 76.8 percent Surinam). This is in distinction to the
Papuans (Table 4), who also show a high frequency of Gm®**® haplotypes.
The differences are that the Papuan Gm®*® haplotype is usually Gm(n)
positive, while the Negro one is Gm(n) negative, and the Papuan hap-
lotype is almost always A,m(1) positive, while the Negro haplotype is
usually A,m(2) positive. Thus, even without the use of Gm(n), it is
possible to differentiate the Gm®**® haplotypes found in Papuan and
Negro populations by means of the A,m allotypic markers.

Papua New Guinea consists of many genetically heterogeneous popu-
lations. Further marked differences in the distribution of Gm haplotypes
have been observed by some investigators between the speakers of
Papuan languages and those speaking Melanesian languages (Giles,
Ogan, and Steinberg 1965; Steinberg 1967; Curtainet al. 1971; Curtain
et al. 1972; Schanfield 1971). These differences are magnified by the
addition of the A,m allotypic markers. It is evident that a certain amount
of gene flow has existed between the two populations, and the marked
differences may not be visible in the samples of Papuans and Melanesians
presented here because they represent the pooled results of several
different Papuan and Melanesian populations. The dichotomy is easily
seen by looking at a subset of Melanesians from insular New Guinea who
are characterized by the high frequency of the haplotype Gm*!*", A,m?,
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Table 3. Gm-A,m haplotypes in Afro-Americans
Texas Surinam*
Gm-A,m haplotypes N =112 N =62
Gm (- b! Pa b® Ray b® b% za—; -) A,m (1) 0.134 0.137
2) 0.455 0.476
(-b'Pa- ¢ cAb%za—-) (1) 0.036 0.040
2 0.143 0.234
(-b'Pab®*Rayc® b%za—;-) 8 - 0.024
(--s b*Rayb?®b%za-—;-) 1) 0.009 0.024
(2) 0.027 0.057
g— E: ;a ll:: lliay g: g:, zax; —; 8; 8883 0.008
g a ay ;za— — . -
(- b* Pa b® Ray b® b°; f — —; n) 1) 0.107 -
2) 0.004 -
(- b'Pab® Ray b3 b®; f——; — (1) 0.018 -
(g- Pa- Ray- —;za—- 1) 0.022 -
(g- Pa- Ray- —-;zax;-) 1) 0.027 -
2) 0.004 -
* Taken from van Loghem, Wang, and Shuster (1973).
Table 4. Gm-A,m haplotypes in Papua New Guinea
Papuans Melanesians
Gm-A,m haplotypes N = 587 N =207
Gm (- b! Pa b® Ray b® b?%; fa —; n) A,m (1) 0.020 0.162
2) 0.084 0.403
(-b'Pab® Ray b*b% fa—; ) 1) 0.009 0.048
2) 0.005 0.017
(- b! Pa b® Ray b3 b% za—; n) ) 0.384 0.126
(2) 0.003 0.010
(-b'Pab®* Rayb®b% za—; -) 1) 0.025 0.027
(g- Pa- Ray- ~-;za—;-) 1) 0.411 0.171
2) 0.031 0.027
(g- Pa—- Ray- —;za—;n) 1) 0.001 -
(g- Pa- Ray- —;zax;-) 1) 0.027 0.010
Table 5. Comparison of selected Melanesians and Papuans
Papuans Melanesians
Gm-A,m haplotypes N =189 N =129
Gm(g- Pa- Ray- -;za—;-) A;m (1) 0.205 0.108
(2) - 0.023
(g- Pa- Ray- -;zax;-) 1) 0.011 0.008
(- b* Pab® Ray b® b%, za—; n) 1) 0.681 0.070
2 - 0.015
(-b*Pab® Ray b?b% za—;-) gl; 0.03 0.012
(-b'Pab’® Ray b® b% fa—; n) (1) - 0.190
. 2) - 0.535
(-b'Pab® Ray b3 b’ fa—;-) ) - 0.023
) - 0.015
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while Papuans from the Fly River area are almost exclusively Gm**®",
A,m!. The former haplotype is found predominantly in southern Asiatics,
as reflected by the small sample of Chinese studied (Table 6). The
marked differences between Papuans and Melanesians originally ob-
served by Giles, Ogan, and Steinberg (1965) and magnified by Steinberg
(1967) are further delineated through the use of the A,m markers.

Table 6. Gm-A,m haplotypes in Orientals

Chinese  Japanese Japanese®

Gm-A,m haplotypes N= 58 N=53 N=98
Gm (- b! Pab® Ray b® b% fa—; n) A;m (1) 0.112 0.028 0.010
(2) 0.672 0.151 0.141
(-- st b®* Rayb?b% za—;-) (1) - - 0.047
2) 0.026 0.226 0.214
(g- Pa~ Ray- —-;za—;-) 1) 0.121 0.349 0.349
2) - 0.047 0.057
(g- Pa~ Ray- —;zax;-) (1) 0.069 0.160 0.125
(2) - 0.038 0.026

* Taken from van Loghem, Wang, and Shuster (1973).

In contrast to the random variation seen with Papuan populations, the
heterogeneity observed in Oriental populations is present as a marked
cline in the distribution of the Gm haplotypes in eastern Asia (Schanfield
and Gershowitz 1973). To demonstrate the two extremes of this cline,
A,m typing was carried out on samples of southern Chinese and Japanese
(Table 6). The Chinese are characterized by a high frequency of Gm*!>",
A,m?, which is found among the peoples of Southeast Asia and the South
Pacific, while the Japanese are characterized by high frequencies of
Gm**¢ A,m!, Gm***® A,m!, and Gm**** A,m?, which are found com-
monly in the Indian populations of the New World. The differences

between the Chinese and Japanese are also reflected on the basis of the
A,m haplotypes: the Chinese are 30 percent A;m* and 70 percent A,m?

while the Japanese are 64 percent A,m' and 36 percent A;m?. Again,
even without the use of the highly informative Gm allotypic markers,
these two groups of Orientals can be differentiated by means of the A,m
allotypic markers. When the Gm allotypic markers are added, the differ-
ences are more pronounced.

In an attempt to resolve several questions relating to the presence of
different Gm haplotypes in American Indian populations, sixty-five
Mexican Indians selected for their Gm phenotypes were tested for
A,m(1) and (2). This was done in an attempt to shed some light on the
controversy as to whether the southern Oriental haplotype Gm*® exists
in American Indian populations. This is discussed extensively in a paper
by Szathmary et al. (1947). Because it has been shown that the vast
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majority of Gm*"® haplotypes are also A,m(2) positive, while the
Caucasian Gm*® haplotype is almost exclusively A,m(1) positive, it
would be expected that individuals who are Gm(f,b) positive and carry-
ing the Gm*!"® haplotype would be A,m(2) positive, while those carrying
Gm!* would be A,m(1) positive. Among thirty-seven Indians who were
either Gm (a, z, g, f, b) or Gm (a, x, z, g, f, b) only three were positive for
A,m(2). These three are explained by the presence of the infrequent
Oriental haplotype Gm*®¢ A,m?, which was also found. Four individuals
of the phenotype Gm(f,b) were negative for A,m(2) as expected. In
contrast, out of sixteen individuals positive for Gm(st), only one was
negative for A,m(2), indicating that the majority of the Indians studied
had the Gm**** A,m? haplotype. In addition, seven of ten Gm®**® hap-
lotypes were Apm?2, which is consistent with the distribution of A,m(1)
and (2) among Negro Gm**® haplotypes. Thus, again the A,m allotypic

Table 7. Gm-A,m haplotypes in the different populations studied

Gm-A,m haplotypes Populations
Gm (- b' Pa b® Ray b® b f——; n) A,m (1) Caucasians
(2) Caucasians (rare)
(-b'Pab® Ray b3 b% f-—-) 1) Caucasians
(-b'Pab® Ray b® b% f-x; ?) (1) Caucasians (rare)
(g- Pa- Ray- -;za—;—; 1) All but pure Negroes
2) Orientals, Papuans,
Melanesians, Caucasians
(rare)
(g—- Pa- Ray- —;za—;n) (1) Papuans (rare)
(g- Pa- Ray- —-;zax;-) 1) All but pure Negroes
2) Only common in Orientals
(- b' Pab® Ray b® b% za—;n) (1) Papuans, Melanesians
(2) Papuans (rare),
Melanesians (rare)
(-b*Pab® Rayb® b% za—; ) 1) Negroes, Caucasians (rare),
Papuans (rare) ,
2) Negroes, Caucasians (rare)
(-b'Pa-c® cb%za-—;-) (1) Negroes
(2) Negroes
(-b'Pab® Rayc® b%za—;— 1) Negroes
(-- s b*Rayb*b%za-;- (1) Negroes
2) Negroes
(-b'Pab® Ray b® b’ zax; - (1) Negroes (rare)
{(gbtPab® Ray b® b% za—;-) 2) Negroes (rare)
(- b*Pab® Ray b® b% fa—; n) (9] Orientals, Melanesians,
Papuans
2) Orientals, Melanesians,
Papuans
(-b'Pab® Ray b*b% fa—;-) (1) Melanesians, Papuans (rare)
@) Melanesians, Papuans (rare)
(-- st b*Rayb*b®% za—;-) )] Orientals
2) Orientals

(g— Pa- Ray- —;f-—n) (1) Caucasians (rare)
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markers give us additional information on the indigenous haplotypes
present and the introduced haplotypes. In this case, the Indians appear to
have Gm**¢ A,m!, Gm**® A,m?, Gm**8 A,m!, Gm*® A,m? and
Gm*>* A,m?! with the introduced Caucasian haplotype Gm'® A,m! and
the Negro haplotypes Gm**® A,m! and Gm**® A,m>.

CONCLUSIONS

The allelic allotypic markers of the A,m system are quite informative in
their own right and contribute substantially to the differentiation of
human populations. However, when used in conjunction with the closely
linked Gm allotypic markers, the amount of information gained is for-
midable. The number of racially exclusive Gm-A,m haplotypes may
possibly exceed the number of racially unique haplotypes of the HL-A
system. If true, this would make the combined Gm-A,m haplotypes the
most polymorphic system in man. Though comparisons have not been
made with regard to the increase in the amount of genetic distance gained
by the new haplotypes generated by the Gm-A,m system, it should be
substantial when compared with Gm haplotypes alone. It has been previ-
ously demonstrated that the contribution of the Gm haplotypes to genetic
distance measurement is significantly more than the contribution of the
ABO, Inv, MN, and Rh systems (Schanfield and Gershowitz 1971).
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wallas, 316, 317, 321

Gorilla, 167, 168, 169, 170, 171

Group selection, 17-37, 39—47; aged mem-
bers and, 17-20; altruistic behavior in,
39,4142, 43; birth and, 23-26; cultural,
35; fertility and, 24; Fisher’s theory of,
39; Haldane’s model of, 41; juveniles
and, 21; latency period and, 22-23; poli-
tical, 34; Wright’s model of, 4041, 42,
Wynne-Edward’s theory of, 39

Group specific component (Gc) allele: in
Ainu, Hokkaido, 334, 335; in Tapipa
Negroid isolate, 201, 205, 206, 212; in
Tlaxcalan Valley populations, Mexico,
217, 218, 219

Growth, 185

Hairline of Gavdas of Goa, 288, 289, 307,
312

Handclasping in Gavdas of Goa, 288, 289,
307, 312

Handedness in Gavdas of Goa, 288, 289,
306, 307

Haptoglobin (HP) serum protein alleles: in
Ainu, Hokkaido, 334, 335, 336, 338; of
Ideles populations, 262, 266, 267, 268,
269; in “Mozambique Negro”, 234,
238-239; in Nandiwallas, 316, 317; in
Tapipa Negroid isolate, 201, 205, 212; in
Tlaxcalan Valley populations, 217, 219,
224

Harratins of Sahara, 260, 261, 265, 266,
267, 268, 269, 270, 271, 272, 273, 274,
275,276

Head breadth in Gavdas of Goa, 289, 290,
306

Head circumference in Gavdas of Goa, 289,
290, 306

Head length in Gavdas of Goa, 289, 290,
306

Hematocrit determination in Tapipa Neg-
roid isolate, 205, 208, 211, 212

Hemoglobin, 152, 154, 157, 159, 166, 185,
186, 228; a, 107-113, 114, 120, 121,
144, 155, 156, 167, 170, 171, 262; b,
155, 167, 168, 170, 171; C, 252, 262;

cistron coding for, 144; E, 252, F, 262; in
Ideles populations, Sahara, 261-262; in
Macaca spp., 106, 107-108, 113, 114,
119-120, 121; in Nandiwallas, 316, 317,
321; primate phylogeny of, 167, 168,
170,171, S, 252, 262; specific differences
in, 155, 156; in Tapipa Negroid isolate,
201, 205, 208-209, 210, 211, 212

Herero of southern Africa, 231, 233,
240241, 248, 249

Heterochromatin, 150-151

Hindu Gavdas of Goa, 285-313; blood
groups in, 291, 307, 308, 312; dermato-
glyphics in, 288, 289,293-305, 308-311,
312; marriage in, 288; morphological
characteristics of, 288, 289, 290, 306,
307, 312

Hindu Varnas, 280-285

Histone, 152, 154, 155

HL-A histocompatibility system, 131, 138

Hottentots. See Khoikhoi

House mouse, ¢ allele in, 40

Hutu of Rwanda, 250

Hydrocyanic acid smelling allele, 228

Hypertrichosis of ear in Gavdas of Goa,
288, 289, 292, 307, 308

Iburelliten of Sahara, 261

Ideles, Sahara, 255-277; anthropology of,
264-265; genetic structure of, 265-276;
geography of, 256-258, 259; hematology
of, 261-262; mathematical expression of
genetic distances in, 262-264; recent
crossbreeds of, 266, 267, 268, 270, 271,
272, 273, 274, 275; social structure of,
258-261

IgA immunoglobin alleles, anthropological
usefulness of, 343-351

Iklan of Sahara, 260, 261, 265, 266, 267,
268, 269, 270, 271, 272, 273, 274, 275,
276

Immune systems: antihuman globulins,
189-190; of Cayapo Indians, 189-190;
of Yanomama Indians, 190

Immunoglobins, 166; A,m alleles, 343,
344; Gm-A,m haplotypes, 343; IgA,
alleles, 343-351; in Tapipa Negroid iso-
late, 201, 206, 212. See also Gamma
globulin, Inv alleles

Inbreeding, 188; in Tapipa Negroid isolate,
210

Incest: effects of, 71-72; heterozygosity
and, 31-32; taboo, 30-32

Indians. See Amerindians

Intelligence, 35-36; abdominal decompres-
sion and, 79, 80; adoption and, 66—68;
aneuploidies and, 72-73, 74, biological
relationships and, 66-72, 74; in caste
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society, 36; components of, 71, 75, 81,
82; decline in national levels of, 91-97;
environment and, 68, 75-76, 84, 85,
87-89; fertility levels and, 64, 91-97,
hereditary and, 68, 71, 84, 85, 91; natural
selection and increase in, 58; in PKU
cases, 65; racial differencesin, 63, 75-77,
79-90; socioeconomic differences in, 64,
90-97; tests, 67-72, 81, 82, 86-89,
91-92; three-generation, 74; variance
analysis of, 74-75

Invimmunoglobin alleles, 234, 262, 343; in
Ainu, Hokkaido, 334, 335

Isolates: Angami Namas (India), 325-332;
nomadic, 315-323; Tapipa Negroid iso-
late, 201-214

Isolation: gene flow and, 120-121, 122; in
Macaca populations, 105-125; variabil-
ity and, 119-120, 122

Isonicotinic acid hydrazid (INH) allele, in
Ainu, Hokkaido, 337

Japanese: Ainu, 333-341; blood protein
polymorphisms in, 333-341; Gm-A;m
haplotypes in, 348, 349

Johannesburg coloreds of South Africa,
231, 234, 240-241, 248-249

Journal of Molecular Evolution, The, 141

Kaukau of Botswana, 231, 232, 240-241,
248,249

Keetmanshoop Khoikhoi of South-West
Africa, 231, 233, 240-241, 248

Kel Azzi of Sahara, 271, 272, 273, 274,
275

Kell (K) blood group allele: in Ainu, Hok-
kaido, 334, 336; in Ideles populations,
Sahara, 262, 265, 266,271, 272, 273; in
“Mozambique Negro”, 236-237; in
Tapipa Negroid isolate, 209, 210, 212; in
Tlaxcalan Valley populations, Mexico,
217, 218, 219

Khoikhoi of South-West Africa, 227, 231,
233, 240-241, 248

Khoisan populations of Botswana, 231,
232233, 240-241, 243, 244, 248, 249

Kidd (Jk) blood group allele: in Ainu, Hok-
kaido, 334; in Tlaxcalan Valley popula-
tions, Mexico, 217, 218, 219

Komti Nandiwallas of Maharashtra, India,
316, 317, 318, 319, 320

Konkani language, 285

Koranas, 228

Kotas of Nilgiri Hills, India, 320

Kpelle culture, 78-79

Kshatriya Vama, 280, 281, 282, 283

'Kuboes coloreds of South Africa, 231,
234-235, 240-241, 248, 249
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'Kung of Botswana, 231, 232, 240-241,
248, 249
Kuru, 183

Lactate dehydrogenase (LD) enzyme allele,
262

Lamarckian model of evolution, 47, 49-
50

Language, 20, 29-30, 56, 57; Bantu, 233;
Bleek, 232; Nama, 233; Sotho, 234;
Tshukhwe, 233

Latency period, 22

Learning in Kpelles, 78-79

Left-handedness, 64—65

Lewis (Le) blood group allele: in Ainu,
Hokkaido, 334; in Ideles populations,
Sahara, 262; in Tlaxcalan Valley popula-
tions, Mexico, 217, 218, 219

Longevity, 17-19

Macaca spp., 105-125; M. arctoides,
107-108, 121; M. cyclopis, 113, 114; M.
fascicularis, 109, 114, 119-120, 121; M.
fuscata, 106, 113, 114, 115, 120; M.
ffuscata, 115-118, 120; M. fyakui,
115-118, 119, 120; M. irus, see M. fas-
cicularis; M. mulatta, 113, 114, 121; M.
nemestrina,113,114,115,119,120,121;
M. speciosa, see M. arctoides. See also
Macaque

Macaque, 30, 105-125; carbonic anhydrase
I and 11 alleles in, 114, 121; distribution
of, 106; hemoglobins in, 107-113, 120,
121; methemoglobin reductase (NADH
diaphorase) alleles in, 114;
6-phosphogluconate dehydrogenase
alleles in, 114, 121; populations, island
versus mainland, 113-115, 120, 121,
122; transferrin alleles in, 114, 119-120,
121. See also Macaca spp.

Madhyandina subcaste, 284

Makiritare Indians, 184, 185, 191, 192

Maratha subcaste, 284

Marathi language, 285

Marital distances, 184

Maternal-fetal incompatibility, 127-129

Mating, 28-34; incestuous, 30-32; pairing
and, 29; signals in, 30

Maturation of human young, 20-22; brain
development and, 20; dependence and,
21; latency period in, 22; sexual behavior
and, 22-23

Mediterranean racial complex, 318

Melanesians, Gm—-A,m haplotypes in, 346,
347, 348

Mendelian isolates. See isolates

“Mendelian” pedigree analysis, 64-65

Mental retardation, 65
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Mestizo population of Tlaxcalan Valley,
Mexico, 215-225

Methemoglobin reductase
diaphorase) alleles, 114

Mexican Indians. See Tlaxcalan Valley
populations

Mexico. See Tlaxcalan Valley populations

Mixed populations of southern Africa, 231,
234-235,240-241, 242, 243, 248, gene-
tic distances between, 235,240-243,248

MN blood group alleles: in Ainu, Hok-
kaido, 334, 335, 338; in Angami Namas,
326, 327, 328; in Gavdas of Goa, 288,
289,291,307, 308, 312; in Ideles popula-
tions, Sahara, 262, 266, 271, 272, 273;in
“Mozambique Negro”, 236-237; in
Nandiwallas, 316, 317; in Tlaxcalan Val-
ley populations, Mexico, 217, 218, 219,
220

MNS-CHRM blood group allele, in Tlaxca-
lan Valley populations, Mexico, 217,
218, 219

Molilese of Micronesia, 184

Mongolism, 72

Mongoloid groups, 263, 333,337,338, 339

Morphometry, 228; of Cayapo Indians,
186, 191; of Gavdas of Goa, 288, 289,
290, 306, 307, 311

Mortality, 182

Motor phenomena at single locus, 64

“Mozambique Negro” of southemn
Mozambique, 231, 234, 236-239,
240-241, 248, 249, 250, 251

M’Rabtines of Sahara, 259-260, 261, 265,
266, 267, 268, 269, 270, 271, 272, 273,
274, 275, 276

M’Rabtines of Sahara x Isseqamaren popu-
lation of Sahara, 260, 265, 266, 267, 268,
269, 270, 271, 272, 273, 274, 275

MS2 virus, 149

Multifactorial analysis, 65-72

Multiple births, 23-24

Mutation, 52; neutral, 141-166; rates,
4041

Mutationist model of evolution, 51

Myopia, 184

(NADH

Nagas: Angami, 325-332; Zeliang, 327

Nama linguistic division, 233, 249, 250

Nandiwallas of Maharashtra, India,
315-323; characteristics of, 316-318;
Chougule, 316, 317, 319, 320; Daun-
diwalla, 316, 317, 318, 319, 320; genetic
composition of, 319-321; Komti, 316,
317, 318, 319, 320; marriage in, 321;
Patil, 316, 317, 318, 319

Naron of Botswana, 231,
240-241, 248

232, 233,

Nasal breadth in Gavdas of Goa, 289, 290,
306

Nasal bridge in Gavdas of Goa, 288, 289,
307

Nasal depression in Gavdas of Goa, 288,
289, 306, 307

Nasal septum in Gavdas of Goa, 288, 289,
307, 312

Natural  selection:  centripetal, 52;
Darwin-Wallace model of, 50; definition
of, 48; directional, 52, 53; intraspecific
competition and, 53-54; neo-Darwinian
model of, 51-53, 54; normalizing, 52;
stabilizing, 52; synthetic model of, 51-53

Nav-Hindu Gavdas of Goa, 285-313; blood
groups in, 291, 307, 308, 312; dermato-
glyphics in, 288, 289, 293-305, 308-311,
312; marriage in, 286—-287; morphologi-
cal characteristics in, 288, 289, 290, 306,
307, 312

Negroes, 255, 263, 269, 274, 275;
Gm-A,m haplotypes in, 345, 346, 347,
349; genetic distances between, 235,
240-243, 248, 250-251; populations of
southern African, 227, 231, 232, 233,
234, 240-241, 242, 243, 248, 249-251

Negroid isolates, 201; Tapipa, 201-214

Negroid origins of Tlaxcalan Valley popula-
tions, Mexico, 215-225

Neo-Darwinism, 142

Neutral mutations, 141-166; in
Drosophila, 157; population size and,
144; random drift- and, 143-144,
150-151; “selective forces” on, 146

New Guinea, 183

Nguni linguistic division, 250

Non-Darwinian evolution. See Neutral
mutations

Nucleotide substitution, 149-151; in serine,
149

Old people, 17-19; child care by, 18; know-
ledge and skills of, 19-20; tool-making
by, 19; value transmission by, 20

Orangutan, 25

Orbital breadth in Gavdas of Goa, 289,
290, 306

Orbito-nasal arc in Gavdas of Goa, 289,
290, 306

Oriental Pyrenees (France) population,
265, 266, 267, 268, 269, 270, 271, 272,
273,274, 275

Orientals, Gm-A,m haplotypes in, 345,
348, 349

P-Tja blood group allele, in Ideles popula-
tions, Sahara, 265, 266, 271, 272, 273
Pain insensitivity, 64
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Pairing, 29

Paleolithic remains, 17

Palmar prints. See Dermatoglyphics

Papago Indians, 184

Papuans, Gm-A,m haplotypesin, 346, 347,
348, 349

Parasites: adaptive evolution by, 130-131,
antigen acquisition by, 131, 138; blood,
131; diseases due to, 131; in Tapipa Neg-
roid isolate, 201, 207, 211, 212-213

Patil Nandiwallas of Maharashtra, India,
316, 317, 318, 319

Peasant societies, 182

Pedi of South Africa, 231, 234, 240-241,
248, 250, 251

PKU, untreated cases, 65, 75

Phenylthiocarbamide (PTC) tasting allele,
64, 65, 228; in Ainu, Hokkaido, 336; in
AngamiNamas, 326,327, 328; in Tlaxca-
lan Valley populations, Mexico, 217,
218, 219

Phosphoglucomutase (PGM) allele: in
Ainu, Hokkaido, 334, 335; in Ideles
populations, Ahara, 262, 266, 268, 269;
in Tlaxcalan Valley populations, Mexico,
217, 219

6-phosphogluconate dehydrogenase, (6-
PGD) alleles, 114, 121; in Ainu, Hok-
kaido, 334, 335; in ldeles populations,
Sahara, 262, 266, 268, 269

Phosphohexose isomerase, 191-192

Phylogenetic trees, 166-172, 184, 185,
192, 337; of fibrinopeptides in primates,
167, 168; of hemoglobin in primates,
167, 168; molecular data for, 166-171

Pi allele in Ainu, Hokkaido, 334

Piaget’s conservation concept, 84—88

Pingelapese of Micronesia, 184

Pithecanthropus, 25

Primates: behaviour in, 18, 21, 22, 23, 28;
brain capacity of, 25; phylogenetic trees
for, 166-172

Protanomaly, 64

Protanopia, 64

Proteins, 141-166; molecular evolution of,
141, 149-151; phylogenetic trees from,
166~172; rate of substitution in,
151-158. See also Serum proteins

Pseudocholinesterase (ACAH) allele, in
Ideles populations, Sahara, 262

Q allele in Ainu, Hokkaido, 334
Quechua of Andes, 183

Race and intelligence, 63, 75-77, 79; in
Africans, 76-77, 79, in Americans,
75-76, 79-84, 85; in Australian
aborigines, 84-90
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Random drift, 142-146, 150, 151, 160;
population size and, 144; Wright’s con-
cept of, 143-144

Red cell antigens in “Mozambique Negro”,
234, 238-239

Red cell enzyme alleles: in Ainu, Hokkaido,
334, 335, 336; in “Mozambique Negro”,
234, 238-239

Regueibat of Sahara, 271, 272, 273, 274,
275

Rhesus (Rh) alleles, 127; in Ainu, Hok-
kaido, 334, 335, 336, 338; in Angami
Nagas, 326, 327, 328; in Damara of
South-West Africa, 233; in Gavdas of
Goa, 288, 289, 291, 307, 308, 312; in
Ideles populations, Sahara, 265, 266,
271,272, 273; in “Mozambique Negro”,
236237, in Nandiwallas, 316, 317; in
Tapipa Negroid isolate, 209, 210, 212; in
Tlaxcalan Valley populations, Mexico,
217, 218, 219, 220

Rhesus monkey, 167, 168, 169, 170, 171

Sahara populations. See Ideles populations

Salivary secretion, 185, 186

San (Bushman) of Botswana, 227, 231,
232-233, 240-241, 243, 244, 248, 249

Saoudian Arabs, 271, 272, 273, 274, 275

Saraswats subcaste, 284

Schistosomes, 131

Schizophrenia, 65

Segregational load, 147, 148

Selection: apostatic, 137; centripetal, 52,
coefficients, 144, 145, 146; directional,

- 52, 53; frequency-dependent, 131;
group, 17-37, 3947, 137, 138; “hard”,
148; incompatibility, 132; natural, 48,
50, 51-53; normalizing, 52; sexual,
17-37, 40; social, 19; “soft”, 148;
stabilizing, 52

Serine, 149, 150

Serum protein alleles, 228; in Ainu, Hok-
kaido, 334, 335, 336; in Caingang
Indians, 185; in Cayapo Indians, 186;
Gm, 262, 263, 266, 267, 268, 269; Hp,
316, 321; in Ideles populations, Sahara,
262, 266; Inv, 262; in Nandiwallas, 316,
321, Tf, 316; in Tapipa Negroid isolate,
201, 205, 206, 211, 212

Sesfontein coloreds of South-West Africa,
231, 234, 240-241, 248, 249

Sesfontein Khoikhoi of South-West Africa,
231, 233, 240241, 242, 243, 248

Sex chromosome aneuploidies, 72-73, 74

Sex ratio: human 28-29; primate, 27

Sexual dimorphism, 26-28; human, 27;
primate, 26-27; social function of, 27~
28
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Sexual selection, 17-37; caste prejudice
and, 33-34; Darwin on, 33; genetic re-
combination in, 40; juvenile males and,
21-22

Shudra Varna, 280, 281, 282, 283

Sickle cell anemia, 35, 57, 137, in southern
African Negroes, 251-252

Sinanthropus, 17, 18

Skin color, 185; in Angami Nagas, 329-330

Smallpox virus, 132, 137

Smell deficiency, 64

Social structure, 34-36; ape, 23, 26;
baboon, 18, 21-22; demography and, 34;
hunting groups in, 29; macaque, 30;
monkey, 23, 26; Paleolithic, 17-21, 26;
wolf, 21, 26

Somatometric characteristics of Gavdas of
Goa, 289, 290, 306-307, 312

Southern African populations, 227-243,
245-255; colored (or mixed), 231, 232,
234-235, 240-241, 242, 243, 248-249;
genetic distances between, 235, 240-243,
247-253; Khoisan, 231, 232-233,
240-241, 242, 243, 248, 249; Negro,
227, 231, 232, 233-234, 240-241, 242,
243, 248, 249-251

Sotho language, 234

Sotho of Lesotho, 231, 234, 240-241, 248,
250, 251

Spanish origins of Tlaxcalan Valley popula-
tions, Mexico, 215-225

Spatial visualization, 65, 75, 76

Speciation, 143

Spider monkey, 168, 169, 171

Stature of Gavdas of Goa, 289, 290, 306

Stool examination in Tapipa Negroid iso-
late, 203, 206, 212

Stress-adaptation, 13-14

Subsistence societies, 182

Substitutional load, 147, 148, 159-160

Sufi of Sahara, 271, 272, 273, 274, 275

Swazi of Swaziland, 231, 234, 240-241,
248, 250-251

Sweat-gland distribution, 185

Synthetic theory of evolution, 51-53

t allele in house mouse, 40

Tapipa negroid isolate, Venezuela,
201-214; age structure of, 204; birthrate
of, 204; blood groups in, 201, 205, 209,
210, 213; census of, 202, 204; demogra-
phy of, 207; fertility in, 207; genetic
structure of, 210-211, 212-213; hemog-
lobins of, 201, 205, 208-209, 210, 211,
212; kinship in, 207

Tlaxcalan Valley populations, Mexico,
215-225; African origins of, 218, 220,
221, 222, 223, 224; censuses of, 216;

demography of, 216; genetic distances in,
220-222; geography and, 215-216,
222-223; hybridization estimates of,
217-220; Indian, 215, 216, 217, 218,
220, 221, 222, 223, 224; mestizo, 215,
216, 217, 218, 220, 221, 222, 223, 224;
Spanish, 215, 216, 217, 218, 220, 221,
222, 223, 224

Tone deafness, 64

Tongue pigmentation in Gavdas of Goa,
288, 289, 293, 307, 308, 311, 312

Tooka of Ivory Coast, 265, 266, 267, 269,
270, 271, 272, 273, 274, 275

Tool-making, 18-19

Trait analysis, 13

Transferrin (Tf) serum protein alleles, 114,
119-120, 121; in Ainu, Hokkaido, 334,
335; in Nandiwallas, 316, 317; in Tapipa
Negroid isolate, 201, 205, 206, 212

Tribal societies, 181-199

Trisomy, 21, 72, 73, 74

Tritanomaly, 64

Tritanopia, 64

Tshukhwe linguistic division, 233

Tswana of Botswana, 231,
240-241, 248, 250

Tutsi of Rwanda, 250

Twa of Rwanda, 250

Twareg of Sahara, 260, 261, 265, 266, 267,
268, 269, 270, 271, 272, 273, 274, 275,
276

Twareg Isseqamaren of Sahara, 260, 261,
265, 266, 267, 268, 269, 270, 271, 272,
273, 274, 275, 276

Twin studies, 69, 83, 96

233234,

Urinalysis in Tapipa Negroid isolate, 201,
205, 206, 211, 212

Vaishaya Varna, 280, 281, 282, 283, 284
Varnas, 280-285

Venezuela. See Tapipa Negroid isolate
Visual acuity, 186

Visual perception, 65, 75, 76-77

Wadi Rhir of Sahara, 271, 272, 273, 274,
275

Wajin, Hokkaido, 334-335

Wolf, 21, 26, 29-30

Xavante Indians, 185, 191, 192; selection
potential in, 188, 189

Yanomama Indians, 184, 185, 191, 192,
193; immune systems of, 190; selection
potential in, 188, 189

Zeliang Nagas, India, 327
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