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FROM THE EDITOR

The Science of Race

BY PAUL HOFFMAN

QST DISCOVER READ-
ers, I presume, would
like to live in a color-
blind world, whete the
color of one’ skin has o
thore bearing on human
relations than, say, the color of one’s shirt,”
"That wotld, alas, is not in sight. You can-
not open a daily paper without finding sto-
ries with racial overtones, and all too of-
te those stories make the front page.
Riffling through randotn newspapers
on my desk, story upon story leaps out;

Polls show that blacks and whites are di-

vided about O. J. Simpson’ guilt, and his
lawyers charge that a racist police officer
manufactured evidence by planting a
bloody glove in his yard. Anguished re-
flections on the incidence of black-on-
black violence are occasioned by the mug-
ging of civil rights legend Rosa Parks. A
commentator wonders if the United
States would have invaded Haiti months
ago if the downtrodden there had white
faces. The principal of an Alabama high
school that was destroyed by arson after -

he tried to ban intetracial couples froma
prom is still in the hot seat for calling a -

biracial stadent a “mistake.” A poll shows
that one in five white Americans thinks
interracial martiage should be outlawed.
Medical researchers report that the veins
of blacks are less elastic than those of

. whites, a finding that may explain why

blacks are disproportionately affected by
heart disease. Black golfer Tiger Woods
fights his way into the record books in a
sport dominated by white men.
Qugseeiety is obsessed with race and

confused By it Human beings are visual
animals, so we notice each other’s skin

" colot, But do skin color and race matter in

any fundamental, scientific way? That’s
the theme of this special issue, “The Sci-
ence of Race,” which starts on page 56.
This issue tackles a host of highly
charged questions that are important to
the way we view the people with whom
we share the planet. Is skin color linked
to other physiological characteristics? Are

certain races predisposed toward certain

diseages, and | isposition the re-
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sult of genetics ot of a shared.environ-—
ment? And what are we to make of the
trendy “reverse racist” claim that the
melanin that datkens skin also makes the
brain run better, so that the darker your
skin, the smarter you are? Why is the
most common racial group in the West-
ern world, Caucasian, named for a Rus-
sian and Georgian mountain range? Is it
reasonable—or racist—to study the role
biology and genetics might play in violent
human behavior? '

Scientists are divided on many of
these questions, and we've tried in this is-
sue to capture that diversity of opinion.
In certain respects scientists are as con-
fused as the rest of us about how race
matters. Some researchers even go so far
as to deny that races exist.

What is clear is that the genetic dif-
ferences between the so-called races are
minute, On average there’s. 2 percent dif-
ference in penetic materih

two randomly chosen peo 1,
Of that diversity, 85 percent wilt be found
within any local group of people—say,
between you and your neighbor. More
than half (9 percent) of the remaining 15
percent will be represented by differences
between ethnic and linguistic groups
within a given race (for exatnple, between
Ttalians and French). Only 6 percent rep-
resents differences between races (for ex-
ample, between Europeans and Asians).
And remember-~that’s 6 percent of .2
percent. In other words, race.accounts
for only a minuscule .012 percent differ-
eILCe i our genetic.material,

Skin colot may only be skin deep. Sur-
geons, thankfully, understand this: in organ
transplants a black donot can be o beter™
match for a white patient than another
white person might be. Would that dieTest
of s understood this, too. 1t is my hope
that this special issue of DISCOVER will
contribute to such an understanding.

Barber Shop, 1990, from Tengo Casi 500 Afias: Afvica’s Legary in Mexice: Photograpks by Tony Glearon




.had been President

- had distracted me from

Black _ White ® Other .

Racial categories are cultural constructs masquerading as biology

by Jonathan Marks

Jonathan Marks, “Black, White, Other”, Natural History, Dec. 1994, pg.22-35

Reprinted by permission of Natural History.

_ While reading the
Sunday edition of the
New York Times one
morning last February,
my attemtion was
drawn by an editorial
inconsistency. The arti-
cle T was reading was
written by attorney
Lani Guinier. (Guinier,
you may remember,

Clinton’s nominee to
head the civil rights di-
vision at the Depart-
ment of Justice in
1993, Her name was
hastily  withdrawn
amid a blast of criti-
cism over her views on
political representation
of minorities.) What

the main point of the
story was a photo cap-
tion that described
Guinier as being “half-
black.” In the text of
the article, Guinier had
described herself sim- -
ply as “black.” - & -

How can a person be
black and half black at
the same time? In algebraic terms, this would seem to describe a
situation where x = ‘4x, to wlich the only solution is.x = 0.

The inconsistency in the Times was trivial, but revealing. It
encapsulated 2 longstanding problem int our use of racial cate-
gories—namely, a_confusiori between biological and cultural
heredity, When Guinfer 15 described as “half-black,” that is a
staternent of biological ancestry, for one of her two parents is
black. And when Guinier describes herself as black, she is using
acultural category, according to which one can either be black or
white, but not both. )

Race—as the terin iy commonly tsed—is inherited, although

* potin astrictly biological fashion, It is passed down according to

a systern of folk heredity, an alt-or-nothing system that s differ-
ent from the quantifiable heredity of biology. But the incompati-
bility of the two notions of race is sometimes starkly evident—
as when the state decides that racial differences are so important
that interracial marriages must be regulated or outlawed entirely.
Miscegenation laws in this country (which stayed on the books
in many states through the 1960s) obliged the legal system to de-
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fine who belonged in what
category. The resulting
formula stated that anyone
with one-eighth or_more
black ancestry was a
“negro.” (A similar for-
muta, defining Jews, was
promuigated by the Ger-
mans in the Nuremberg
Laws of the 1930s.)
Applying such formu-
las led to the biological ab-
surdity that having one
black great-grandparent
was sufficient to define a
person as black, but hav-
ing seven white great-
grandparents was insuffi-
cient to deftne a person as
white, Hete, race and biol-
ogy are demonstrably at
odds. And the problem is
not semantic but concep-
tual, for race is presented
as a category of nature.
Human beings come in
a wide variety of sizes,
shapes, colors, and
forms—or, because we ate .
 visuallty oriented primates,
it certainly seems that
way. We also come in
larger packages called

populations; and we are sald to belong to even larger and more

confusing units, which have long been known as races. The his-
tory of the study of human variation is to a large extent the pur-
suit of those human races—the attempt to identify the small
number of fundamentally distinct kinds of people on earth,

This scientific goal stretches back two centuries, t@lg@l
the father of biological systematics, who radically esfablished
Hormo sapiens as onc species within a group of animals he called
Primates, Tinnaeus's system of naming gron
jogically implied further breakdown. He consequently sou ght to

establish a qumber of subspecies within Homo sapiens. He idén-

tified five: four geographical species (from Erope, Asia, Aftica,
and America) and one grab-bag subspecies called monsirosus,
This category was dropped by subsequent researchers (as was
Linnaeus’s use of criteria such as personality and dress to define
his subspecies). .

While Linnaeus was not the first to divide humans on the basis
of the cofitineits on which they lived, hg_@mglggjﬂgign
a scientific stamp.- But in attempting to determine the proper




number of subspecies, the
. heirs of Linnaeus always
seemed to find different
answers, depending upon
the criteria they applied.
By the mid-twentieth cen-
tury, scores of anthropolo-
‘|i gists-—led by Harvard’s
' Barmest Hooton—had ex-
3 pended enormous energy
i on the problem. But these
scholars could not con-
vince one another about
the precise nature. of the
fundamental divisions of

: our species,
i Part of the problem—as
with the Times’s identifica-
tion of Lani Guinier—was
that we humans have two
constantly intersecting’
ways of thinking about the
| divisions among us, On
' the one hand, we like to
| think of “race”-—as Lin-
I naeus did-—as_an_objec-
n 1 tive, biological category.
! : & i this sense, being a
member of a race is sup-
posed to be the equivalent
g of being a member of a
. species or of a phylum—

' except that race, on the :

\ analogy of subspecies, is an even narrower (and presumably

\§§J more exclus_ive: and precise) biological category.
SN~ The other kind of category into which we humans allocate
N\

r\' ourse}ves—-—when we say “Serb” or “Hutu” or “Jew"” or “Chi-
cano” or “Republican” or “Red Sox fan"-\is cultural]} The label

i refers to little or nothing in the natural atiributes of its members.
B These members may not live in the same region and may not
1 ' 1. even know many others like themselves. What they share s nei-

“ther strictly nature nor strictly communi The groupings ar
constructions of human social history. by groupings are

" Membership i thess unbiological groupings may.mean the
difference between life and death, for they are the categories that

" g ¥ allow us to be identified (and accepted or-vilified) socially, While
signed or adopted from birth, the differentia that mark members

3 from nonmembers are symbolic and abstract; they se

I tom ; rve to dis-

i gngmsh people who cannot be readily distinguisl);ed by nature.
So important are these symbolic distinctions that some of the

1 P
. 1 membership in (or allegiance to) these categories may be as-
|
strongest animosities are often expressed between very similar-

‘Alon Relninger; OP

looking peoples. Obvious
examples are Bosnian
Serbs and Muslims, Irish
and Engtish, Huron and
Iroquois.
Obvious natural varia-
- tion 18 rarely so important
as cultoral difference, One
simply does not hear of a
slaughter of -the short
people at the hands of the
tall, the glabrous at the
hands of the hairy, the red-
hatred at the hands of the
brown-haired. When we
do encounter genocidal vi-
olence between different-
looking peoples, the two
groups are invariably so-
cially or culturally distinct
as well. Indeed, the tragic
frequency of hatred and
genocidal violence be-
tween biologically indis-
tinguishable peoples im-
plies that biological
differences such as skin

but, rather, excuses, They
allow nature fo be invoked -
to reinforce group identi-
ties and antagonisms that
would exist without these
physical distinctions, But are there any truly “raclal” biclogical
distinctions to be found in our species?

Obviously, if you compare two people from different pacts of
the world (or whose ancestors came from different parts of the
world), they will differ physically, but one cannot therefore de-
ﬁpe three or four or five basically different kinds of people, as a
b'mlogical notion of race would imply. The anatomical proper-
ties that distinguish people—such as pigmentation, eye form,
body build—are not clumped in discrete groups, but distributed
along geogeaphical gradients, as are nearly all the genetically de-
termined variants detectable in the human gene pool.
 These gradients arc produced by three forces. Natural selec-
tion adapls populations.iaJocal circumstances (like¢liiTiate) and
tliereby differentiates them from other populations, Genetic drift.
{random fluctnations iri a gene pool) also differentiates popula-
tigns:&omnn&anorthgn,h,um_mmmy s. And gene flow
(via intermatriage and other child-producing unions) acts to hto-
mogenize elghboring populations. T
- In practice, the opetations of these forces are difficult to dis-

color are not motivations

[

Senenhetnt

cern. A few features, such
as body build and the
graduated distribution of
the sickle cell anemia gene
in populations from west-
ern Africa, southern Asia,
and the Mediterranean can
be plausibly related to the
effects of selection, Oth-
ers, such as the graduated
distribution of a small
deletion in the mitochon-
drial DNA of some East
Asian, Oceanic, and Na-
tive American peoples, or
the degree of flatness of
the face, seem unlikely 0
be the result of selection
and are probably the re-
sults of random biohistori-
cal factors, The cause of
the distribution of t
features, _from _ nose
breadth to_blood group, is
“simply unclear,
e overalt result of
these forces is evident,
however. As Johann
Friedrich Blumenbach
noted in 1775, “you see
that afl do so run into one
another, and that one vari-
ety of mankind does so
sensibly pass into the other, that you cannot mark out the limits
between ther.” (Postuting as an heir to Linnacus, he nonethe-
less attempted to do so.) But from humanity's gradations in ap-
pearance, no defined groupings resembling races readily
emerge. The racial categories swith whi 3
riliar are the result of our i i itrary sultural honndaries.
ip order ifion gradual biclogical variatign. -

“Untlike graduated biological distinctions, culturally con-
structed categories are ultrashatp. One can be French or German,
but not both; Tutsi or Hute, but not both; Jew or Catholic, but not
both; Bosnian Muslim or Serb, but not botty; black or white, but
uot both. Traditionally, people of “mixed race”™ have been
obliged to choose one and thereby identify themselves unam-

R

biguously to census takers and administrative bookkeepers—a.

practice that is now being widely called into question.

A scientific definition of race would require considerable ho-
mogeneity within each group, and reasonably discrete differ-
ences between groups, but three kinds of data militate against
this view: Fisst, the groups traditionally described as races are

\.eong Kz Tal; Material World

not at all homogengons.
Afficans and Huropeans,
for instance, are each a
collection of biologically
diverse populations. An-
thropologists of the 1920s
widely recognized three
_European races: Nordic,
Alpine, ‘and Mediter-
ranean. This implied that
races could exist within
races. American anthro-
pologist Carleton Coon
identified fen Buropsan
races in 1939, With such
protean use, the term race
came to have little value in
describing actual biologi-
cal entities within Homo
sapiens. The scholars
were not only grappling
with a broad north-south
gradient in human appear-
ance across Europe, they
were trying to bring the
data into tine with their be-
lief in profound and fun-
damental constitutional
differences  between
groups of pedple.
But there -simply isn’t
one European race to con-
: trast with an Aftican race,
nor three, nor ten: the question (as scientists long posed it) fails
to recognize the actual patterning of diversity in the human spe-

" cies. Fieldwotk revealed, and genctics later quantiﬁ'ed, the exis-

tence of far more biological diversity within any group than be-
tween groups. Fatter and thinner people exist everywhere, as do
people with type O and type A blood. What gencrally varies
from one population to the next is the proportion of people in

. these groups expressing the trait or gene. Hair color varies strik-

ingly among Europeans and native Australians, but little among
other peoples. To focus on discovering differences between pre-
sumiptive races, when the vast majority of detectable varlants do
fiot help differentiate them, was thus fo define d very narrow-—if
not largely iflusory—problem in human biology. (The fact that
Aficans are biologically more diverse thar Europeans, but have
rarely been split into so many races, attests to the cultural basis
of these categoiizations,) :
Second, Mwm@mmwpﬁ_mmm
)yimfmgmgggggmm_!___gme_ms. Noting these exiremes,

hiologists of an earlier era sought to identify representatives
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" humans have always lived

-places. And human popu-

of “pure,” primordial
racgs-—presumably lo-
cated in Norway, Senegal,
and Thailand. At no time,
however, was our species
composed of a few popu-
lations, within which
everyone looked pretty
much the same, Bver since
some of our ancestors left
Africa to spread out
through the Old World, we

in the “in-between”

lations have also always
been in genetic contact
with one another. Indeed,
for tens of thousands of
years, humans have had
trade networks; and where
goods flow, so do_genes.
Consequently, we have no
basis for considering ex-
treme human forms the
most pure, or most repre-
sentafive, of some ancient
primordial populations,
Instead, they represent
populations adapted to the
most disparate environ-
ments. '
And third, between : '
each presumptive_“major” race_are unclassifiable poplations.
and people. Some populations of India, for example, ate darkly
pigmented (or “black”), have Européanlike (“Caucasoid”) facial
features, but inhabit the continent of Asia (which should make
them “Asian”), Ameticans might tend fo ignore these “excep~
tions” to the racial categories, since immigrants to the United
States from West Africa, Southeast Asia, and northwest Eutope
far outnumber those from India. The very existence of unclassi-
fiable peoples undermines the idea that there are just three
human biological groups in the Old World, Yet acknowledging
the biological distinctiveness of such groups leads to a rapid pro-
liferation of categories, What about Australians? Polynesians?
The Ainu of Japan? ‘ . :
Chategorizing people is important to any soclety. It is, at some
basic psychological level, er
identity about who and what you aie; ift 5t0 who and what
you'are fiot. The concept of race, however, specifically mvolves
:ﬁ&u‘innent of biology to validate those categories of self-
entity, . . . ,

+

‘Mice don’t have to
worty about that the way
humans do. Consequently,
classifying them into sub-
species entails less of a re-
sponsibility for a scientist
than_classifying humans
into subspecies does, And
by the 1960s, most anthro-
pologists realized they
could not defend any clas-
sification of Homo sapiens
into biclogical subspecies
or races that could be con-

tive. They therefore
stopped doing it, and
stopped identifying the en-
deavor as a central goal of
the field. It was a biologi-
cally intractable prob-
lem—the old square-
peg-in-a-round-hole enter-
prise; and people’s lives,
or welfares, could well de-
pend on the ostensibly sci-
entific pronouncement,
Reflecting on the social
history of the twentieth
century, that was a burden

Sl anthropologists would no
' ' : longer bear, -

‘ ‘ This conceptual divorce

in anthropology—of cultural from bioloplcAl phEROTERE~ws

one of the most fundamental sclentific revolutions of our time.

.And since 1t affected assumptions so rooted in our everyday ex-

perience, and resulted in conclusions so counterintuitive—like
the idea that the earth goes around the sun, and not vice-versa—
it has been widely underappreciated. -

Kurt Vonnegut, in Slaughterhouse Five, describes what he re-
membéred being taught about human varlation: *'At that time,
they were teaching that there was absolutely no difference be-
tween anybody. They may be teaching that still.” Of course there
are biological differences between people, and between popula-
tions, The question is: How are those differences patterned? And

the answer seems to he: Not racially. Populations are the only

readily identifiable units of humans, and even they are fairly
fluid, biologically similar to populations nearby, and biologically
different from populations far away. )

_In other'words, the message of contempotary anthropology is:

‘You may group humans into 2 number of races if you want
f0, but you are denied biology. #s:a supportor . g

sidered reasonably objec--

VIII A Biological View of Race

PAUL R. EHRLICH aw~p RICHARD W, HOLM

From Ashley Montagu, The Congept of Race Copyright 1864 by Collier Books, London,-
pp. 154-179, Reptrinted by permission of the publisher,

Most of the problems clouding the study
and description of human variation can be traced to the taxo-
nomic premise that Homo sapiens is divided into a series of
races which are significant biological entities. We shall attempt
to deal with this premise in the context of current biological
thinking about the taxonomic structure of nature.

" The historical development of taxonomy follows closely
the changing prejudices and philosophies of other sciences and
of the humanities and arts as well. At any period taxonomy
more or less reflects the prevailing world view of a somewhat
earlier historical period. Thus it is understandable that the first
formal taxonomy should have been an outgrowth of herbals
and bestiaries. The Linnaean system developed in the 18th
century along with the pervasive compulsion to order nature
into mechanically logical systems. The taxonomic framework
of the recent past is the result of the 1gth century’s propelling
need to think in terms of linear progression. Today, however,
in many areas of creative activity, there is a growing interest in
problems of portrayal, description, and quantification of com-
plex nonlinear relationships. It is not surprising that che impact
of these approaches and of the devices necessary’ (o sustain

them is now beginning to be felt in taxonomy.
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PAUL R. EHRLICH AND RICHARD W, HOLM
The New Systematics

In recent years, following the lead of the physical sciences
and mathematicians, biologists have begun to examine some of
and basic tenets and assumptions of their discipline. Taxonomy,
often thought of as the least dynamic of the biological sci-
ences, has assumed a position of leadership in this reevaluation
of methods and principles. Taxonomy has experienced what
might be regarded as two revolutions (see Kuhn, 1962) in the
last 25 years. The first led to the establishment of the “new
systematics” and derived primarily from the introduction of
ideas from genetics and cytology into a largely museum-
oriented field. Awareness of the principles of Mendelian
genetics and the analysis of large population samples of organ-
isms resulted in a greater interest in infraspecific categoties,
Thus the concepts of subspecies and geographic races, cham-
pioned by Rensch, M2yr, Dobzhansky, and others, increased
in importance. The commonly acccepted definition of sub-
species was well-expressed by Mayr (1942, p. 106):

The subspecies, or geographic race, is a geographically localized
subdivision of the species, which differs geneticaily and taxonomi-
cally from other subdivisions of the species.

- The new systematics shifted interest away from static
species concepts, established by Linnaeus and reinforced, in a
sense, by Darwin’s emphasis on the term species. Differentia-
tion of populations became the new point of focus and greater
understanding was gained of the cytogenetic processes in-
volved. However the problem of the taxonomic expression of
the complex interrelationships discovered was largely ignored
or attempts were made to solve the problem with the existing
taxonomic framework. The new systematics, in introducing

A BIOLOGICAL VIEW OF RACE

dynamics into taxonomy, Jaid the groundwo.rk fqr its own. re-
lacement. Extensive investigations of organisms 1n nature fmd
of forms with widely divergent gf:-netic systems (mbrecdn}gﬁ
haplodiploidy, asexual reproduction, etc.), tog'et.her Wi(ri
studies of multivariate patterns of gelographlc variation, ma le
it apparent that the classical speqﬁs-subspecws faxonomic
structure (partially retained by the new systematics _) was
inadequate for the expression of evolutionary relatlonsfhxps.
Perhaps the first signs of aging of th'c new systematics came
in the early 1950’s with the wide realization that the‘cnnues
placed in the category “subspecies” were not necessarily el\lroci
Iutionary units. The subjective nature of the category ha
long been recognized (Mayr 1942). The daflgers of its 1|1:e
were made clear by the controversy following a paper by
Wilson and Brown (1953), who pointed out tl_1e arbitrary na-
ture of the category and recommended that it no longer be
sed. .
’ These problems were anot ]Jnique to the sqbspccms ;at&
gory. Intensive studies of species, pamculgrly in plants, ‘avg
shown that the species itself is not nec'essanly a self-containe
evolutionary unit (Epling and Catlin 1950). zfmcmpts to
create a rigorous and objective definition of species basc (l){n
genetic criteria have failed because it 1s not po.s§1ble to make
them operational. A return to the orsgu.laI definition of species
as “kind” has been recommended (Ehrlich am.:l Ijo]m 196.2).
‘The major triumph of the “new systematics” was to mtrl(:—
duce evolutionary thinking into taxonomy, and this led to the

inevitable failure of the new systcmatics at the descriptive

level. The inclusion of evolutionary hypotheses and assump-
tions into the word-symbols of taxonomy greatly reduces t!lcu
usefulness for objective descriptions of patterns qf relabthn-_-
ships among organisms. If the process of e‘.rolutton is to le in
ferred from the classifications of taxonomists, then the classi-
fications cannot be based upon evolutionary hypotheses.
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Numerical Taxonomy

The second post-Linnaean revolution in taxonomy began
in the late r950's and its effects are just beginning to be felt by
the practicing taxonomist. The proximal cause of this revolu-
tion was the growing access to high-speed data-processing
equipment. Although for many years taxonomists had recog-
nized the usefulness of taxonomic systems based on multiple
character comparisons (see, for instance, Anderson 1949), sys-
tems using large numbers of characters could not easily be
analysed without the aid of digital computers. As availabilicy
of such equipment increased, people in many parts of the
world began investigating phenetic relationships (relation-
ships defined as degree of over-all similarity) among organ-
isms, Developments in this field are largely outside the scope
of this discussion; they are discussed concisely by Sneath and
Sokal (1962) and in detail by Sokal and Sneath (r963). The
broader implications of this approach, which perhaps are more
concealed than revealed by the commonly used name, numeri-
cal taxonomy, are considered by Ehrlich and Holm (1962).

In brief, numerical taxonomy consists of the quantifying
of latge numbers of characteristics (usmally 75 or more)

which vary in the group of organisms to be studied. This is

followed by the computation of some kind of coefficient of
similarity among the units studied, based upon these character-
istics, These coefficients may then be used as the basis for a
taxonomic system by clustering the most similar entities. A
simplified example is given in Figure 1.

The table (upper left) lists three entities, 4, B, C. These
entities may be individuals, species, genera, or any other units
which are to be compared. In this example, only seven char-
acters are evaluated for 4, B, and C. A character, in the idiom

A BIOLOGICAL VIEW OF RACE
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Figure 1. An example of numerical taxonomy. (Explanation in
text.)

of the numerical taxonomist, is any characteristic which varies
in the group under consideration. In our example, characters
which have been coded into two states, plus or minus, have
been listed. Certain characters in human beings, such as Rh
positive or Rh negative blood types, could easily be coded in
this fashion. Coding a character such as height in this manner
results in considerable loss of information.

In order to obtain 2 measure of the degree of resemblance
among A, B, and C, a very simple coeflicient of association is
obtained by counting the number of characters which are the
same for each pair of entities. This coeflicient may take values
from a maximum of 7 (two entities the same in all characters)
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to a minimum of o (two entities different in all characters).
Values for all combinations are shown in the table in the upper
right. This array of coefficients of similarity among entities is
known as a Q-matrix. It can be seen that, with respect to the
characters measured, 4 and B are more similar than A4 and C,
C is more similar to B than to A4, and B is more similar to A4
than to C,

Since only three entities are being compared here, it is
possible to diagram these relationships in two dimensions as
has been done in the lower left. The higher the coeflicient of
similarity, the shorter the line connecting any two entities.
However, Q-matrices containing coefficients among more
than three entities cannot be diagrammed in two dimensions.
Nor is it easy by inspection to visualize the multi-dimensional
relationships inherent in larger matrices. A matrix showing all
of the possible comparisons among, say, 100 species of a genus
would contain 4,950 different coefficients regardless of the
number of characters employed in the comparisons. In order
to obtain some grasp of the relationships in such an array, vari-
ous methods of searching for and diagramming structure in the
matrix have been devised.

The dendrogram (lower right) illustrates one method of
structuring applied to our small sample matrix. The ordinate
is the scale of values of the similarity coefficient. Since each
entity has complete similarity with itself, each is placed at the
top of the diagram with a value of 7. The highest coefficient in
the Q-matrix is 5, between A and B, therefore the lines are
joined at that level. The A-B stem is joined to the C stem at the
average value of the coeficients of C with 4 and C with B
(3). The diagram gives a more readily grasped picture of rela-
tionships, but only at the cost of the loss of some information
present in the Q-matrix. For instance, from looking at the dia-
gram one could not know that C is not equally similar to 4
and B.

The “taxonomy” of these entities could be viewed as one
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taxon comprising two entities (or subordinate taxa) and
another taxon comprising one. Various methods of applying
nomenclature to dendrograms have been employed but their
details need not concern us. The decision of how distinctive
a group of entities must be before it should be distinguished
(with a2 number or a name) as a “kind” or “species” is a deci-
sion which can only be made in the context of a particular
investigation. It is important to realize that clusters derived by
such analysis are based solely upon resemblances in the
characteristics evaluated and are not based upon genetic or
phylogenetic hypotheses. They comprise, however, the basic
data set upon which such hypotheses may be constructed.

As might have been expected, such procedures have been
decried by many taxonomists as being anti-evolutionary or
typological. The first criticism is clearly not valid since the
system is not concerned with the possible interpretations of
the computed similarities. The second is partially true, al-
though, as several authors (Daly 196, Sokal 1962) have
pointed ou, there are fewer objectionable typological aspects
to numerical taxonomy than there are to so-called phylo-
genetic taxonomy. A certain amount of the opposition to
numerical taxonomy seems to be based on emotional reactions
to the growing use of computers. There are dangers from
the misuse of computers as with any mechanism extending
human capabilities. Such misuse, if it occurs, is the result of
a human decision. Emotional reactions to numerical taxonomy
can be found even in the anthropological literature, For
example (Coon 1962, p. 13):

The determination of species cannot be made by feeding figures
into a computer. It is in a sense an art, practiced by men of ex-
perience who know, first of all, how species are formed.

It is true that the so-called art or intuition of practicing
taxonomists has resulted in classifications of practical and
scientific use. These intuitive classifications, however, also

13
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have led to some unfortunate misconceptions as will be
discussed below. The rigorous and highly specified procedures
of numerical taxonomy largely avoid such problems by
limiting greatly the opportunity for personal bias to enter
undetected at the stage of gathering data and making com-
parisons. Coon’s statement also illustrates the confusion of data
with hypotheses mentioned above.

In some instances, the results of numerical taxonomy have
been remarkably congruent with those produced by classical
taxonomy, The numerical study retains the advantage, how-
ever, of having been done in clearly specified and repeatable
steps. The classical taxonomist must depend for the evaluation
of a taxonomic work largely upon his personal opinion of its
author. Numerical taxonomists may check each other’s work
by repeating any or all steps. Other advantages of numerical
taxonomy, such as precision in estimating relationships and
ability to specify questions of character sampling and inter-
relationships of characters, cannot be discussed here. Most
mportantly perhaps, numerical taxonomy has retrieved the
problem of what is meant by biological relationship from the
cloudy realm of art and intuition.

It has long been assumed that satisfactory general classi-
fications of organisms could be based on virtually any sample
of the characteristics of individuals. In the past, the majority
of these samples consisted of a small number of external
characteristics of adult organisms. A few taxonomists have
been concerned about the validity of this assumption in holo-
metabolous insects and in plants with alternation of genera-
tions. This concern is understandable since larvae and adults
or gametophytes and sporophytes may live in quite different
environments and may seem strikingly different. Recently,
numerical taxonomists have begun to investigate this question,
Preliminary results indicate that congruence of taxonomies
based on different stages in the life history may not be the
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rule. For instance, Rohlf (1963) compared the classifications
of larval and adult mosquitos using numerical taxonomic
techniques. He found significanc (but not large) correlations
between larval and adult relationships. The sets of relation-
ships were, however, not congruent. He concluded (p. 116):

. . . while there is general agreement between the larval and adult
interrelationships, there are also many distinct differences between
the classifications. It was recommended that characters should be
taken from all life-history stages, if possible, in order to form the
most general classification.

Similar difficulties may be found when characteristics of
different sexes or different parts of the adult are used in
establishing phenetic relationships. Michener and Sokal
(1963), for example, have found incomplete congruence in
comparing the patterns based on males and females and on
head and body characteristics of bees, The taxonomist assumes
that the phenotypes he studics are representative of genotypes.
The fact that more than one representation of the same geno-
type may be constructed by studying different stages in the
life cycle or different sets of characters from the same stage
clearly shows how biased our picture of the genotype may
be and how poor is our understanding of the genotype-
phenotype relationship.

The magnitude of this problem cannot be judged from
the data in hand because so few detailed studies have been
made. The data which are available give us little reason to feel
sanguine about the precision of inferences about relationships
estimated on the basis of small samples of characteristics.
When it is remembered that paleontology deals with small
samples of characteristics of small samples of organisms, the
importance of this problem is easily seen. Little credence
can be put in attempts to reconstruct phylogenies at the
infraspecific level from paleontological data (as has been
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attempted by Coon, 1962, in the case of human races). In-
deed, the arbitrary subspecific units recognized by Coon almost
certainly have no phylogeny to reconstruct. It is difficule
enough to trace even major lineages when relatively abundant
material is available, as for instance, in the history of horses
summarized by Simpson (1951).

A general problem in biology is how to deal with continu-
ous but ever changing phenomena, This problem is especially
important for the taxonomist because one of the more un-
fortunate aspects of the hierarchy inherited from Linnaeus
is its requirement for discrete taxa. Therefore continua in
space and time must be fragmented by the taxonomist. The
patterns created by hybridization, reticulate evolution, apo-
mixis, etc., cannot be adequately expressed by the classical
taxonomic structure. Quantified similarities in a Q-matrix are
free of this problem, although any classification based upon a
Q-matrix will inevitably lose some information (but in 2
predetermined pattern dependent upon the clustering proced-
ure used). Very recently C. D. Michener (1963) has begun
to explore ways of making taxonomic classifications more
realistic biologically by allowing overlapping taxa. The phy-
logenetic taxonomist often feels, and always hopes, that his
groups represent “real” entities. The numerical taxonomist
is always aware of the real source of his groups.

The Subspecies Problem

'When one looks at the systems of classification which have
been employed by anthropologists, he cannot help but be
struck by the diversity of these systems and their tendency
to overemphasize differences. Nowhere is this more apparent
than in the classification of human subspecies or “races.”
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The ancient observation that men from different areas may
differ in superficial characteristics unfortunately has led to
the assumption that man could be divided into some number
of biological entities known as races. Beginning as a simple
folk taxonomy, the idea of distinct or largely distinct races
appears throughout the literature of anthropology. As anthro-
pologists became aware of the new systematics, they nat‘urally
actempted to interpret their classifications in the genetic and
phylogenetic terms appropriate to this approach. -

The genetic definition of taxa seemed particularly suitable
since modern Homo sapiens is perhaps the only widesp'read
species which has been demonstrated to fit the “biological”
species definition. In all probability every significant test of
interbreeding within the species has been made under natural
conditions and there is no known instance of successful inter-
breeding with a sympatric species. Indeed, the cytogenetic
systems and behavioral mechanisms of the hominoids WOl.lld
seem to preclude the latter. Thus it is convenient to d§scr1be
man in aggregate as the species Homo sapiens. Species is here
used to connote kind and not to imply some sort of biological
equivalence with other species of plants, animals, or micro-
organisms. We can be certain that Homo sapiens 1s quite
a different sort of entity from the coast redwood, the common
fruit fly, or Paramecium aurelia.

While Homo sapiens may qualify (perhaps uniquely) as
a biological species, treatment of infraspecific variation in man
under the rules of the “new systematics” has not proved so
simple. As mentioned above, the arbitrary nature of the sub-
species has long been recognized. Two general problems .ha\.rc
plagued those who wish to circumscribe infraspecific units in
plants and animals. The first is the selection of the characters
on whose variation the units will be defined. The second is the
decision as to the amount of difference which will be recog-
nized as amounting to subspecific differentiation. This de-
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Figure 2. Geographic variation of seven different characters in
the buttexfly Coenonympha inornata. Junctions between different
kinds of shading indicate that adjacent populations are signifi-
cantly different from one another in the particular character
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cision is a matter of taxonomic judgment and the discussion
over percent rules and other guidelines for making decisions
need not concern us here.

Concordance and Discordance

The question of character selection is of greater moment.
If characters are largely concordant (that is, if they tend to
vary together), then the study of the variation in any one
character, or a few characters, would reveal the patterns in
which population differentiation has occurred. If, on the other
hand, variation is mostly discordant (characters are largely
independent), then population differentiation musc be stadied
with respect to one variable at a time, With discordance pre-
dominating subspecies recognized on the basis of one or a few
convenient characters would not be evolutionary units, They
would be simply units of convenience for filing specimens.
Our zeal for discovering evolutionary units is predicated upon
the belief, of course, that such units will have greater informa-
tion content and hence greater predictive value than units
recognized on other bases, Units of convenience for filing
would not necessarily have these attributes and are not com-
monly thought of as useful in this way.

Too few studies bave been made to permit a clear stace-
ment as to whether concordance or discordance in variation
prevails in plants and animals. Subspecies in plants often seem
to show concordant variation. In those zoological situations
which have been analyzed, however, discordance seems to
be the rule. For example, Gillham (1956) has analyzed a series
of studies of geographic variaton in butterflies in which
both continental and insular subspecies have been recognized.
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His survey revealed widespread discordance, as exemplified
by Figure 2. As Gillham puts it (p. 120):

In view of the prevailing discordance of geographical patterns
followed by different variates, racial partition of butterfly species
is not only arbitrary, but it must also necessarily weight some
variates and ignore others, without regard for the biological sig-
nificance of any of them. The best that can be hoped for now is
an analysis of variation by individual charactess, avoiding arbi-
trary subdivision of the species. Such analysis will eventually yield
a less distorted picture of species formation than that to which the
artificial subspecies now inevitably leads.

It seems fair to state that, as a tool for understanding biological
processes, the subspecies has deservedly lost favor. In the past
ten years, only a very few papers in the journal Evolution
have dealt primarily with the subspecies concept.

The Situation in Homo Sapiens

Is man an exception to this trend of discordance in
animals? The problem of taxonomic structure within the
species Homo sapiens is very complex. Certain statements,
however, seem almost beyond dispute:

1. There is geographic variation in numerous human

phenotypic traits.

2. This geographic variation has a largely genetic basis.

3. Variation in many instances cuts across cultural lines.
Furthermore, there is reason to believe that differences among
populations are largely the result of the action of selective
agents. An inspection of a series of maps of the geographic
distribution of human traits shows that the observed variation

R T T e T




PAUL R. EHRLICH AND RICHARD W. HOLM

patterns are quite discordant. The problem is not solved even if
recent migrations are discounted and only so-called aboriginal
populations considered, It is obvious that the choice of a
characteristic for the primary division will determine in large
measure what races will be recognized. The vast majority of
classifications which have been proposed thus far, both folk
and scientific, have been based primarily on skin color. Had
blood groups, hair type, or body build been the primary
standard, the lines would certainly have been drawn dif-
ferently.

Doubtless there are many internal structural and physio-
logical characteristics which are not immediately obvious, but
which show geographic variation. Only a few of these have
been studied, especially those relating to metabolism and tem-
perature tolerance, As W. L. Brown has aptly put it (p. 152):

Applied to the wealth of data on the variation of modern Homo
sapiens, the “no race” idea seems worth considering on this basis
[dlscorda}nce of characters], even though the value of the race
concept in studies of man has already been challenged widely on
other grounds by anthropologists themselves. In the face of such
obvious discordance as, for instance, human skin pigmentation
with blood type factors, or hair form with cephalic index (taken
on a world basis), the wildly varying opinions of anchropological
schools on the racial classification of our species show up as irrele-
vant and unnecessary.

Psychological characteristics, such as intelligence, drive,
an.d c}lsposition, certainly have a genetic basis (Etlenmeyer-
Kimling and Jarvik, 1963). Although there can be no doubt
that these psychological attributes are in part determined by
the genetic information, the problem of estimating the genetic
component of the variation in ability to reason abstractly, for
examl?le, is difficult in the extreme. In other words, the
hereditary endowment of an individual and his environment
1nteract to produce the psychological phenotype. It is virtually
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impossible to separate the two components completely. While
most mental characteristics are highly subject to environ-
mental (particularly cultural) modification, it is clear that the
range of possible responses is genetically set. One would
expect, therefore, the frequency of the genes concerned to
vary geographically. Psychological characteristics undoubt-
edly show basically the same sort of geographical variation
as physical characteristics, even though their environmental
component may, in many cases, be greater.

It scems very unlikely that satisfactory tests will be de-
vised in the near future which will permit accurate evaluation
of the genetic range of psychological characteristics, even
within rather close-knit cultural groups, let alone among
diverse cultures. One might expect variation in the genetic
range of abstract reasoning ability from culture to culture,
perhaps based on weak selection for or against individuals
showing a high capacity for abstraction. One might hy-
pothesize that, say, a Chinese population would have a slightly
higher or lower average genetic ability for abstraction than
one from the United States. It is difficult, however, to con-
ceive of any practical way of testing this hypothesis in the
face of overriding culeural influences.

It is generally accepted that ateributes like intelligence are
composite in nature. There would seem to be 4 priori no reason
to expect concordant variation in the frequencies of genes con-
trolling these various components (if they could be esti-
mated), any more than in those controlling so-called physical
characters. It also seems quite clear that geographic variation
in genetic components of intellectual traits must be relatively
insignificant in comparison with the variation induced by
soctal and cultural environments.

This does not mean that the differences observed among
men are some sort of mirage. Eskimos and Ubangis are obvi-
ously different in many respects. The crucial question is
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Figure 3. Diagram of discordant variation in four characters, (Ex-
planation in text.) '

whether or not one can classify human populations into dis~
crete biological units (races or subspecies) one of which con-
tains, say, the Eskimos and the other the Ubangis. This point
is clarified in Figure 3. Each layer in the cube represents the
geographic variation in a single hypothetical character. For
example, if the top layer represented skin color, individuals in
the near left-hand corner would have the darkest skin, those
in the righthand half of the cube would have light skin, and so
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forth. The cores extracted from the cube each represent a
sample of individuals taken in that geographic area. Xach
sample is different; indeed, one might say that each represents
a different “race.” However, a set of four samples taken at any
four places in the “character cube” would also produce four
different “races.” There is no “natural” racial division because
the abundant geographic variation is in discordant characters.

The goal of any system of classification is, or should be, to
abstract patterns of variation in such ways that they may be
comprehended. Hiernaux (1963) has clearly expressed the
crux of the matter (p. 199):

Classification is not a goal in itself, but a tool, a very useful one
indeed when it works. When it does not, discarding it will not
withdraw any scrap of knowledge, but on the contrary force us
to face the facts as they are, in their full complexity.

Present-day subspecific classifications of man do not satisfac-
torily abstract the patterns of infraspecific variation apparent
in Homo sapiens. Numerical taxonomic techniques will permit
the evaluation of phenetic relationships among different geo-
graphic samples of men. It seems unlikely, however, that such
analysis would result in sets of relationships which could rea-
sonably be structured into discrete subspecific entities. It
would be interesting to determine if discrete clusters exist at
any level and if any indication of hierarchical structure exISts.

Thing-Concept Confusion

Why then, in the face of these difficulties, do many biolo-
gists still feel that “good species” and “good subspecies” must
exist in nature and, that, given the time and tools, such entities
will be discovered or delimited? The answer may be found
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in what might be called the “thing-concept confusion.” The
average biologist, when he says bird, flower, or Negro, fecls
that he is referring to a real, clearly delimited, biological
entity. Although certain items may be referred unambiguously
to one or another of these concepts, even a cursory considera-
tion of them reveals that their unity resides primarily in the
mind, How are the penguin, the ostrich, and the sparrow re-
lated? The systematist would say that they belong to a unit,
birds, because of recency of descent from a common ancestor.
Unfortunately this answer ignores the question of when, in
time, birdlike reptiles became reptilelike birds. The limits of
the entity bird become indefinite when the paleontological di-
mension is considered, The question of how to determine
recency of descent is also ignored. One might assert that a
penguin's most important biological relationships are with
other organisms in their ecological situation such as killer
whales, seals, and Antarctic fishes. These relationships at least
have the advantage of being amenable to a certain degree of
definition, It is only by making value judgments that one can
decide which of these sorts of relationship are more important.
Many biologists feel that phylogenetic relationship is more itm-
portant because they can conceive of the transfer of genetic
information along lineages back through time. We would not
care to make this judgment. The transfer of energy in ecosys-
tems seems equally (or more) significant than cransfer of
genetic information. In addition little is known about the
structure and evolution of ecosystems and the possibilities of
exchange of genetic information across what are considered to
be phylogenetic lines.

The word flower might be considered to refer unambigu-
ously to a morphological unit. In some plants, however, it is
difficult to delimit one flower from another because they are
reduced and crowded together in the inflorescence. From the
point of view of function, the situation is even more complex,
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The familiar poinsettia is an example of a group of very spe-
cialized flowers arranged in an inflorescence with brightly
colored leaves or bracts. Just as most of us think of a daisy as
a single flower although it is a cluster of small florets, so could
we regard an entire flowering branch of poinsettia as the eco-
logical equivalent of a flower. Nearly all of the grasslike sedges
are wind-pollinated and have inconspicuous flowers. The
highly modified, small, and clustered flowers of the sedge,
Dichromena, however, are surrounded by colored leaves and
the whole complex resembles a single flower. This genus of
sedge is insect-pollinated. As soon as one attempts to make an
exclusive definition, he immediately perceives borderline situa-
tions which do not clearly fit within the limits he wishes to
impose. .

The concept Negro has much in common with the con-
cepts bird and flower. Sociologically, Negro is defined differ-
ently in the United States and Brazil. In the southern United
States anyone who is not “pure white” is a Negro. In Brazil,
anyone who is not “pure black” is a caucasian. .Biol_oglcally the
concept Negro has even less unity, Heavy skin pigmentation
may be associated with a wide variety of other characteristics,

It s all too easy to decide from one’s mental patterns and
prejudices or one’s distorted percepts from nature that Fhere
is an actual structure out there waiting to be found. This is the
phenomenon of reification of concepts, well-known to the his-
torian of scientific thought. This concept-thing confusion may
seem unimportant when dealing with, say, subspecies of but-
terflies. With Homo sapiens such confusion creates not only
social problems in the present, but perhaps evolutionary prob-
lems in the future. The evolution of man is an interaction be-
tween classical “biological” evolution and psychesocial or cul-
tural evolution (Ehrlich and Holm 1963, Montagu 1962). In
the realm of psychosocial evolution, conflicting ideas may be
analogous to alleles at a genetic locus, their relative frequency
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fluctuating through chance effects and what might be termed
cultural selection, In this context, one might view the waxing
and waning of ideas concerning the significance of races and
racism as a problem in population phrenetics.

The Consequences of the Classical Approach

It mighe be profitable to look more closely at the harm that
is done by continuing to use the classical species-subspecies
categories and the usual hierarchic structure, Intellectual dam-
age is done at virtually every level of investigation in both
theory and practice, It is difficule to specify the extent of
“damage” when it involves misfiling of specimens of grosbeak
study skins as pointed out by West (1962) or the arbitrary
pigeonholing of butterfly populations as was done by Ehrlich
(1955). It is even more difficult to determine the extent to
which our understanding of the process of evolution has been
distorted by the imposition of the rigid set of taxonomic cate-
gories. In a recent textbook on evolution, one finds the state-
ment: “The very hierarchy of genera, families, orders, and so
forth is in itself evidence for the correctness of the theory of
evolution, for that is the pattern that evolution should cause to
develop.” Since evolutionary theory has almost always been
deale with in terms of this hierarchical structure it is hardly
surprising that our present theory may be misconstrued as au-
tomatically leading to such a structure. The systems of rela-
tionship established by unbiased procedures lend little comfort
to the view that the structure of nature is inherently hier-
archic,

There is no question, however, about the harm which has
resulted from the extension of this taxonomic approach to
considerations of the nature of geographic variation in Homo

A BIOLOGICAL VIEW OF RACE

sapiens. It has, among other things, led to the mistakfen assamp-
tion that arbitrary racial subdivisions of Homo sapiens can be
considered as evolutionary units in space and time. As has
been discussed above, there is no basis for assuming, w1th01_1t
extensive genetic study, that any pf)pu!a!:ion or any taxonomic
group is an evolutionary unit. Discussions of the‘blologwal
origins and characteristics of subjectively determined races
(e.g., Coon, 1963), based exclusively, as they must be, on
evolutionary misconceptions, are gseful or}ly for strengthen-
ing culturally determined prejudices against groups which
have reality only in 2 social, rather than a ‘blologlf.:al, sense.
One unfortunate aspect of persisting in considering races
to be discrete biological entities is seen in discussions of the
consequences of interbreeding between supposed races of
Homo sapiens. Many of these discussions (?0 not ?ccuratgly
represent what is known about the genetics of lntcrfertllc
(“infraspecific”) populations in other organisms. For example,
much attention has been drawn to the problem of the sup-
posedly deleterious effects of “racial int'ermi).rtur:,:.” Zqologlsts
and some botanists, by their use of a “biological” species con-
cept, are constrained to regard exchange of genetic material
between what they call species as somehow detrimental to the
continued existence of the species. Such interchange in effect
becomes an illicit process and the biologist may uncorascflou.sly
regard it as “annatural.” In the minds of some, hybridization
comes to be thought of as a process deleterious to furthe'r evo-
lutionary differentiation and not as a part of the evolutionary
repertoire of the populations involved. o
Biologists do not take this point of view about genetic in-
terchange among populations of the same spccms..lndt?e:d, the
presumed existence of such interchange of genes is critical to
the so-called biological species concept. Anthropologists and
others have sometimes proposed that the su-pposcdly hamflful
effects of gene exchange at the species level in other organisms
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occur at the racial level in man. The term hybridization wich
its psychologically based overtones, or the ugly word mis-
cegenation, are then used to describe what is presumed to be
happening. '

There is evidence that some infraspecific crosses made in
the laboratory between geographically distant populations
produce offspring which are relatively inviable. This has been
found in butterflies, moths, frogs, and some plants. Such evi-
dence seems largely lacking for crosses within Homo sapiens,
although it is possible to construct models involving such phe-
nomena as Rh incompatibility in which crossing might prove
deleterious to a population. However, there is also some rea-
son to believe thar progeny of parents drawn from two dif-
ferent human populations would be, on the average, more fit in
the sense of the population geneticist than the offspring of in-
dividuals from the same population, There would appear to be
no genetic support either for the encouragement or the repres-
sion of intergroup gene exchange in man. Indeed, the situation
of partially differentiated populations with some gene ex-
change among them has been postulated to be the ideal state
for further evolution.

It is not necessary here to dignify the George Report and
similar tracts with a point-for-point refutation. The pertinent
facts are well known to biologists and anthropologists and are
widely available to the interested layman (Commoner, et al.
1963). It might be maintained by any scientise that it is his
duty to publish facts in his discipline as he sees them. This pre-
sumably would include speculations based on these facts.
While this is clearly so for the more abstruse ideas of basic
science, it does not seem reasonable to absolve the scientist of
all social responsibility for his views. The question would
rarely arise in the domain of pure science, but it arises fre-

. quently wherever Homo sapiens is concerned. The situation

with race finds an interesting parallel in the discussions of the
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responsibility of nuclear physicists in designing and puilding
nuclear weapons. Surely no one would wish to prescribe rules
of conduct in such matters; one must depend upon the judg-
ment and good faith of the scientist.

It seems little enough to ask, however, that the scientist

working in areas where any results are of great soc.ial conse-
quence should follow the behavioral pattcm.of scientists in
general. His results should firsc be published in the scholarly
literature. Potential social effects of the results should be con-
sidered thoroughly. This would be true whether the scientific
results concern nuclear fission, cancer-related viruses, extra-
sensory perception, organic poisons of potential use as pesti-
cides, or the evolution of Homo sapiens. Should the work be
misinterpreted or be used to further causes which it does not
support, it surely is the responsibility of the scientist immedi-
ately to make clear the misinterpretation and to disavow the
misuse of his work. In the absence of such a disavowal, it may
propetly be assumed that the scientist supports sucl} use of his
work, Definition of the areas of a scientist’s responsibility is an
important and vexing question and deserves further discpssion.
It seems obvious, however, that certain types of behavior are
to be avoided. A scientific idea of merit does not become part
of the formal structure of science by its acceptance by the
public at large. Rather, it must be weighed and reworked by
the scientific community. It must not become the basis for
social actions until it has passéd this important test. ‘

In conclusion it may be said that so-called subspeges or
races in man, as in many other organisms, are not evolutlona.ry
units. They are arbitrarily created to describe certain varia-
tion patterns in one or a few charaqtcristics'. They have no
common genetic pattern nor may their genetic futElrc be pre-
dicted. Tt is an error to believe that human subspecies or races
are things that may be discussed and compared or who§e
separate evolutionary development may be traced. Whereas in
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other organisms use of the subspecies concept may do only
intellectual damage by creating a distorted view of nature, in
Homo sapiens the results are very different, Promulgation of
views of races and their supposed properties may have serious
and far-reaching consequences both for man’s present behavior
and for his future psychosocial evolution. In 1768 the botanist
von Haller said:

Natura in reticulum sua genera connexit, non in catenam; homines
non possint nisi catenam sequi, cum non plura simul sermone
exponere,*

His words have even greater cogency today when we know so
much more about man’s evolutionary background, his be-
havior and culture, and at least some of the possible conse-
quences of his activities.
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TRENDS IN GENETICS

GI. q ding the ” G—ene Te St S From just éi snippet of DNA, geneticists can sometimes

forecast a patient’s health. But ethical problems surrounding
this testing are as ominous as the diseases themselves -

: " i " i i 1994
3 nni er . John Rennie, “Grading the Gene Tasts”, Sclentific Amerigan, June :
bY JOhIl Re € Stqﬁ' writ pp. 88-97. Reprinted by permission of Sclentific Arnetloan. )

Imost nine months before she
was born, Brittany Nicole Abshire
passed the most important test
she will ever take, Her parents, Renee
a}rlld D:ivifd, are bgthglegllthy carriers Olf
the trait for Tay-Sachs disease, a cruel-
ly disabling anﬁ”lﬁfn’ﬁéi%%ethal in-
heritable disorder. After they lost one
daughter to Tay-Sachs in 1989, they
swore they would never have another
child unless they could be sure that it
would be free of the disease. Genetic
tests could diagnose the condition be-
fore birth, but the Abshires’ religious
S S -. 4 beliefs ruled out abortion as a way of
S WL Pt screening for healthy fetuses.
Lo e ¢ : _ There seemed to be no hope until
S e the Abshires learned about a new tech-
) o CLlpeegs LA nology called preimplantation genetic
L e L Wb e ' T P testinﬁ. The experimental procedure
: o . ] T K ad already been used to screen more
than a dozen children for a different
genetic disorder, cystic fibrosis. Gary
D. Hodgen and specialists at the Jones
Institute for Reproductive Medicine at
the Fastern Virginia Medical School
collected ova and sperm from the Ab-
shires and successfully fertilized sev-
en ova in vitro, After three days, when
those seven had developed to about
the eight-cell stage, Hodgen's team
plucked a cell from each pre-embryo
and tried to analyze its DNA. :
For four of the pre-embryos, the anal-
ysis worked: one of them showed the
deadly combination of genes, ll);rlt three
were not even carriers. Those three pre-
embryos were hnplant(}cli;lﬁK@ee, and
one survived to become Brittany, who
was born this past Januaxry. Courtesy
of genetic testing, Brittany is the first
child ever certified to be free of Tay-

EIGHT-CELL EMBRYOS like the one shown at
the Ieft can now be screened for the presence
of some genetic illnesses. Raby Brittany Nicole
Abshire (ight) was tested in this way because

. both of her parents are carriers of the fatal
Tay-Sachs disease gene.
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GENES ARE SHARED by members of a family, If one pexson carrles a gene for a dis-
ease, then each of his or her parents, siblings and children has a 50 percent chance
of carrying the same gene. That fact affects the privacy of genetic data.

Sachs disease before entering her moth-
er's womb,

As the era of genetic testing dawns,
miracles such as Brittany could become
commonplace. Genetic testing s the
fastest-growing area in medical dlag-
nostics: according to the Office of Tech-
nology Assessmentt (0TA), the number
of genetic tests will increase 10-fold
over the next decade. “Potentlal new ge-
netic tests roll off the contveyor belt of
the Human Genome Project almost once
a week,” remarks Norman Fost of the
University of Wisconsin-Madison Medi-
cal School, Hundreds of thousands of
fetuses are already being tested every
year by techniques such as amniocen-
tesis and chorionic villus sampling.

Tests are not just for the unborn:
many can alse be uged to diagnose ill-
nesses more accurately in children and
adults, In the past year alone, research-
ers have found genes associated with
Alzheimer's disease, Huntington's dis-
ease and colon cancer; they expect to
find a breast cancer gene almost any
day now. Tests based on those and oth-
er_dlscoverdes_conld warn people_that
they are at special risk for those diseas-

.28, And used in conjunction with pro-
spective theraples that replace defective
genes with working ones, genetic tests
could lead to real cures,

But many humar geneticists and oth-
er observers are concerned that the rap-
id growth of genetic testing is already
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posing ethical, legal, soclal and sclentif-
ic quandarles for which there will be no
easy answers. They fear that new tests
are prolif without-adequate-su-
pervision. Because the genetics of dis-
ease is proving to be more complex
than anticipated, the predictive power
and utility of some tests are in question.

et 8 enithusiastically instituting
programs for screening newborns that
may be unnecessary, Meanwhile inves-
tigators are beginning to see evidence
that "genetic discrimination” is costing
some people jobs and insurance,

*“We need to proceed cautiously, be-
cause there is a potential for doing
harm with this technology,” warns ge-
netlcist Michael M. Kaback of the Uni-
versity of California at San Diego, a plo-
neer in population screening. When we
know more about a human's genetic
makeup than ever before, will we know
what to do with all that information?

A Mythological Model

Genetic testing 18 not a single technol-
ogy. Rather it refers to a broad range of
methods for gauging the presence, ab-
sence or actlvity of genes in cells, At the
relatively low-tech end, researchers can
count the chromosomes in a patlent’s
cells or measure the amount of telltale
proteins in his or her blood. At the most
sophisticated level, researchers assay a
cell's DNA with molecular probes that
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can find a specific genetic sequence
among the three billion base pairs that
make up human DNA, Some tests cost
as little as $50, whereas others are more
than $1,000, With these tests, medical
geneticlsts can try to predict the course
of a patlent’s health,

Unfortunately, the more that research-
ers have learned about human genet-
fcs, the more they have come to appre-
clate that even seemingly straightfor-
ward diseases are complicated, Notions
of genetic {llness have often been built
around the single-gene model, in whicih
a defect in a gene causes a particular
health deficit. Some diseases do work
this way: the deformed blood cells of
sickle cell anemia are caused by a gene
that makes an ahnormal form of bemo-
globin; the fatal misertes-of-Tay-Sachs
result from the lack of an enzyme that
breaks down fatty substances in neu-
rons, Biit this model is turning out to
be an oversimplification.

No more than about 3 percent of all
human diseases are caused by defects
i & sIngle geviE, atedmiotie of those are
najor killers, as are heart disease and
cancer. The more complex conditions
involve a host_of genes that merely
nudge a person’s predisposition to de-
velop an {llness, According to most es-
tiimafes, everyone carries at least five
to 10 genes that could make him or
her sick under the wrong circumstanc-
es or could adversely affect children.
“We're all mutants,” Kaback summariz-
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eg. "Evervbody is genetically defective,”

The truth 1s that the rules for what
constitutes a genetic disease are not
clear-cut. If researchers someday find a

-gene that confers a 60 percent predis-

position for gross obesity, is that a ge-
netic defect? What about a gene that

ves a 25 percent predisposition for
cardiovascular disease at age 557 Or—
moving into an even more ambiguous
arca—a gene that predisposes to anti-
soclal behavior?

Furthermore, even some diseases that
once appeared to fit the single-gene
mode! on the basis of their hereditary
patterns are more variable than had
peen assumed. Cystic fibrosjs, one of
the most common hereditary disorders
among people of European descent, is
a ugeful example. Its symptoms include

* the accumulation of suffocatingly thick

mucus in the airways and often severe
digestive problems. Today drug treat-
ments allow half of all cystic fibrosis
sufferers to live to about age 30, but
just a couple of decades ago patients
rarely survived into their twenties, and
some still die in infancy.

Researchers had often prayed for a
genetic test that could find carriers of
the disease in the general population.
Then, in 1989, investigators at the Uni-
versity of Michigan and the University
of Toronto found the gene responstble
for cystic fibrosis on cliromosome 7; it
encodes a protein in cell membranes
that affects the intracellnlar balance of
chloride ions. DNA-based tests for mu-
tations commonly associated with the
disease soon appeared.

But those tests have revealed a new
class of cystic flbrosis patients—people
with relatively minor symptoms, such

CHROMOSOME MAPS of the genetlc traits for a variety of ill-
nesses are stili being compiled. Disease-related genes have at-
ready been locatéd on each of the chromosomes, and new

as asthma or bronchitis, who never
thought of themsélves as genetically ill,
Some male patients are perfectly healthy
except that they are infertile—for rea-
sons not yet understood, they lack a
vas deferens, the tube in the reproduc-
tive system that conducts sperm cells
from the testicles. Basically, cysticil fi-
g not g gingle disease aller aun.
Moreover, molecular blology has re-
vealed that cystic fibrosis is not caused
by a single type of mutation. Although
one mutation is assoclated with 70 per-
cent of all cases, and two others with
another 15 to 20 percent, more than
360 rmutations have been linked to cys-
tic fibrosis so far. No one bas yet been
able to correlate fixmly the severity of
the disease with different mutations,
And DNA tests designed to catch one
mutation will miss others,

All these discoveries make it much

harder to interpret the results of genet-

ic tests for cystic fibrosis. A positive test
result does not indicate how severely
afflicted a patlent will be, and a nega-
tive test result could be misleadingly
reassuring. Thus, the DNA tests usuaily
need to be confirmed by biochemical
assays and monitoring for symptonms.
The problem confounding the single-
gene disease model and the stralght-
forward interpretation of the tests is
what many observers call the myth of

genetic determinism. “Genetic detenmin-
ism is one o eminded errors

fﬁawmmmme
ifigught genes linked to diseases in.a
{ of inevitable, ineluctable fashion,”
explains Thomas H, Murray, director of
the Center for Biomedical Ethics at the

Cage Western Reserve University School
of Medicine and former head of a task
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force for the Human Genome Project,
“Tt invites you to think that 'genes equal
fate.” " Environmental circumstances, in
the form of modifled diets, therapeutic
drugs, behavioral changes and other
influences, can avert many disastrous
outcomes foretold in the DNA. Con-
versely, because cystic fibrosis, heart
disease, cancer, autolmmune disorders,
multiple sclerosis and other conditions
arise from an unfortunate confluence

of fFénetic and_environmental factors,)

genetic tests for those flnesses can
never by themselves predict, an individ-
ual’s future with perfect clarity.

Damned by DNA

Against this backdrop of genetic in-
terpretation (and misinterpretation),
the drama of population screening is
being played. In recent decades, several
screeping programs aimed at detecting
genetic diseases in large groups of peo-
ple have been attempted, some with
good results, some with bad,

One nightmarish example of well-
intentioned testing gone wrong is the

screening campaign for sickle cell ane- .

mia during the early 1970s. In re-
sponse to a groundswell of demands
that something be done about the dis-
ease, which is a scourge of the African-
American community, the federal gov-
ernment funded a screening program
to detect carriers of the sickle cell gene,
The program was easy (o implement
because carrlers could be identified
from just one drop of biood through
an inexpensive test, At first, the screen-
ing enjoyed popular support, Some
ministers conducted tests on thelr con-
gregations; some mernbers of the Black

ones are constantly being discovered. The relation hetween
genes and diseases is rarely simple, however. Almost all dis-
eases are likely to have some genetic component,
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Panthers were offering the tests door-
to-door in black communities,

But soon things turned ngly. Because
people were rarely educated about the
meaning of the tests, many perfectly
healthy carriers of the trait were led to
believe they were pick. This ignorance
axtended to some state governments as
well, The Massachusetts legislature, for
Instance, passed a law requiring that all
children at risk for “the diseases” sick-
le cell anemia and sickle cell trait be
screened hefore enrollment in school
“By legislative fiat, sickle cell trait be-

came a disease,” Kaback moans,

GROWTH IN THE USE
OF CYSTIC FIBROSIS CARRIER TESTS
(YEAR / NUMBER OF TESTS)

1889 /1,054

SOURCE: Olfies of Tecinology Assessment, 1952

TESTING FOR CARRIERS of cystic fibro-
sis has mushroomed in recent years.
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Some insurance companies began to
deny coverage to black carriers on the
grounds that they had a preexisting
medical condition or that their children
were bad risks, The U.S, Alr Force Acad-
emy rejected black applicants who were
carriers. Some cotnmercial airlines re-
fused to hire carriers as flight atten-
dants because of the exronecus belief
that such individuals were particularly
likely to faint at high altltndes. Promi-
nent scientists suggested on network
television that the best solution to the
anemia problem would be for blacks
carrying the gene to forgo breeding—a
suggestion that nathwrally fed fears that
the screening was really genocidal in
intent. In short, the testing did more
harm than good by becoming a tool of
long-standing prejudices,

The Tay-Sachs program, which Ka-

back organized, is a shining example of
what can go right with such an effort.
Tay-Sachs disease ig especlally preva-
lent among Jews of eastern European
descent, (The Abshires are not Jewish,
but they come from a small community
in Loufsiana where the disease s also
common.} Since the early 1970s more
than a millon Jews throughout the
world have volunteered for testing to
*Jearn whether they are carriers of the
recessive Tay-Sachs trait, When couples
who both carry the muntation decide to
have children, they typically elect to
have prenatal testing. If a fetus has the
disease, they usually aboxt it rather
than give birth to a child who would
succumb within five years to a horribly
slow, painful death. More important,
however, the tests also set at eage the
minds of fearful couples who might
otherwise never risk having children.

Why did the Tay-Sachs program suc-
ceed where the one for sickle cell failed?
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MASS SCREENING for sickle cell anemia
was at first popular among African-
Ameticans diring the early 1970s. Boxer
Joe Frazler (center) is shown promoting
one screening drive. Because the public
was poorly educated about the mean-
ing of the tests, the results were some-
times misused to discriminate against
healthy carriers of the trait.

Kaback and others credit the care that
went into its implementation. Before the
pilot programs in Baltimore and Wash-
ington, D.C,, began, 14 months were
spent establishing contacts within the
Jewish commmumity and educating poten-
tial patients about the tests and their
implications. People recelved extensive
genetle couhseling both before and after
the tests. Unlike the screening for sickle
cell anemid, the Tay-Sachs program was

always vohmtary, which meant that peo- -

ple had the opportunity to prepare for
the consequences of the testing.

. Another important difference, Kaback
argues, lies in the diseases themselves,
Because Tay-Sachs Is always so uniform-
Iy hideous in its progression, extreme-
ly faw people believe an affected chiltd
should be brought into the world. Be-
cauge testing can prevent that tragedy,
it carries a clear benefit. The benefits of
sickie cell testing are less distinct. The
severity of the disease is variable and
intermittent, and with prompt medical
attention, imimunizations and anttbiot-
ic treatments (which alleviate the fre-
quent bacterial infections that accom-
pany the anemia), patients can live for
many decades. Relatively few people
believe aborting an anemic fetug on the
basls of a genetic test is humane, so the
test has less obvious utility.

Learning the Lessons

The Tay-Sachs model for screening
has been successfully adapted for some
other diseases, For instance, pradent
testing has greatly cut the incidence of
thalassemia, a genetic blood disorder
commeon among many peopie of Medi-

‘terranean descent: in Sardinia, the rate

of thalassemia has declined from one
in 250 births to one in 1,200 births
during the past 20 years,

Applying the lessons learned from
the Tay-Sachs and sickle cell experfenc-
es is not always easy, however, especlal:
ly for diseases in which the population
at risk is extremely large, Once again
cystic fibrosis serves as & useful exam-
ple. In families with histories of the dis-
ease, screening is usually accurate and
beneficial. But 80 percent of the chil-
dren with cystic fibrosis are born to
families without such histories, so near-
ly all couples in the U.S, would need to

pe screened to prevent most cases.
wHow do you get four million pregnant
women a year into an educational set-
ting?” Fost asks. Given that the number
of professional genetic counselors in
the U.S, 18 barely more than 1,000, cystic

" fibrosis screening alone would swamp

the country’s counseling resources.
Most patients would have to get coun-
seling information from their primary
physiclans—rmany of whom have little
or no training in genetics, according to
surveys of the medical professton.

Yet many yesearchers beleve, as Fost
puts it, cystic fibrosis screening is “ime-
tastasizing, despite the lack of any evi-
dence that it works.” For the past eight
years, investigators in Wisconsin have
been conducting a double-blind study
to determine whether biochemically
screening newborns for cystic fibrosis
is beneficial, S¢-far they have found no
evidence that identifying the children
at birth Is better than waiting for any
symptoms to emerge. Nevertheless, in

1989 the states of Colorado and Wyo-
ming both made cystic fibrosis screen-
ing mandatory for all newhorns.
Because all genetic tests have some
margin of exror, excessive newborn test-
ing has the capacity to do harm, if only
by worrying parents unnecessarily, One
study Iooked at families in which a child
was initially diagnosed as having cystic
fibrosis but was later shown to he
healthy; one fifth of the parents none-
theless continued to fear that their chil-
dren had the disease. Geneticists and
ethicists often express conceriy about
how stismatizing children with a disease
label may warp personal developrent.
T a report Issued Jast November, the
Institute of Medicine {IOM) of the Na-
tional Academy of Sciences offered nu-
merous recommendations about how
genetic testing should be conducted to
minimize its potentially adverse effects.
All testing, it suggests, should be vol-
untary, and the results should be kept
confidential to prevent misuse. All test-

PATIENT'S

PATIENT'S
EMPLOYER

PATIENT

Y

THE RIGHT TO KNOW

If someone Is a carrier of a defectlve gene
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ing should be linked to genetic counsel-
Ing, so that the patient understands the
results and their implications. For the
most part, tests should be restricted to
those conditions for which some bene-
ficlal intervention is possible, either as
therapy or as reproductive planning.
Tests should not usually be performed
purely for information's sake; rather the
patient should be able to use the result
to make an informed decision about an
issue of inumediate relevance, such as
having a child or electing a medical
treatment. The IOM also strongly he-
lieves an individual should decide freely
whether or not to be tested, without so-

clal pressure or financial inducement.

Unregulated Testing

As good as those guidelines may be,
abiding by them will be difficult, One
problem with trying to set any limits is
that genetic testing is so easy to do; an-
other is that the field is Jargely unregu-
tated. “Currently there is very little to
stop someone from implementing ge-
netic tests on a population basis with-
out the sort of institutional review and
informed consen! required for other
new technologies,” Fost says,

Nefl A. Holtzman, a health policy ex-
pert at the Johns Hopkins University
Hospital and an editor of the IOM re-
port, notes that most companies in the
business of genetic testing offer it as a
laboratory service and not as a kit for
physicians to use. They are therefore
not obliged to submit their methods for
appraisal and approval by the Food and
Drug Administration, The companies do
fall umder the jurisdiction of the Clini-
cal Laboratory Improvement Amend-

WHO SHOULD KNOW the results of ge-
netic tests is an unsettled ethical and le-
gal issue. Because the results of genetic
tests may carry health and financial im-
plications for others, a patient or physi-
clan may be obliged to divulge that in-
formation. In a 1992 poll, a majority of
Americans said the privacy of test re-
sults should not be absolute.

EMPLOYER
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BREE WALKER LAMPLEY, a televiston
and radio celebrity in Los Angeles, has
ectrodactyly, a genetic condition that
causes a deformity of the hands and
feet, She was publicly criticized for hav-
‘Ing a baby in 1991 because her child
had a 50 percent chance of inheriting
that tralt. (Her son did indeed inherit
that gene.) Her case illustrates the so-
cial pressures that can be imposed on
individuals who carry genetic defects,

ments of 1988. ‘This law ensures that
laboratorles conducting interstate com-
merce In Pap smears and other blomed-
ical tests meet certain standards of re-
llability. Unfortunately, Holtzman says,
the Health Care Financing Administra-
tion, the agency empowered with en-
forcing those rales, "has reatly dragged
its feet on setting up guldelines for
these new genetic lests.”

According to the IOM report, only 10
states have established any licensing
requirements for genetic testing labo-
ratories, and only New York State has
comprehensive regulations that pertatn
to DNA tests. This lack of oversight wor-
ries Holtzman and the rest of the IOM
committee about the possible margin
of error in the test results. *] think we've
already seen a couple of examples of
companies seemingly getting tests out
there without any regulatory brakes be-
ing put on,” Holtzman charges. "If we
don't get the proper regulatory author-
ity in place, it's golng to become a prob-
lem of too little, too late.”

Critics also point out that many ge-
netics researchers have financial ties to
companies in the business of testing.
“What I see my colleagues doing is iso-
lating a gene, finding a single mutation
and then jumping into population
screening, That's not the way it should
happen, in my opinion,” Kaback says.
“We've got entrepreneurial interests in-

fluencing judgments that people are.

making about when tests are ready to
be deployed in the population.”

* Kaback and the rest of the IOM com-
mittee also worry about pressures be-
ing put on physicians to use genetic
tests. “There are private companles
sending letters to doctors all over the
countty, telling them they should be
offering cystic fibrosis carrier testing to
all their pregnant couples,” he says, In
these litigious times, many doctors may
feel it is safer to order a test than to
face charges of negligence.

Because of such concerns, several
professional groups have issued state-
ments that emphasize the experimental
status of most genetic tests, The Amer-
lcan Society of Human Genetics has
twice anmounced that offering screen-
Ing for cystic fibrosis carrlers to the

general public should not be consid-
ered the standard 1o medical practice.
This past March, the National Advisory
Council for Human Genome Research
at the National Institutes of Health
warned that screening for cancer should
not be performed widely until more re-
search on its reliabllity and consequenc-
es could be determined,

Genetic Privacy

Even if the accuracy and utility of ge-
netic testing are assured, malntaining
the privacy of that information will re-
main a problem, Your genes are not ex-
clusively your own: you share half of
them with each of your parents, sfb-
lings and children, If you discover that
you carry a worrlsome gene, you may
have an ethical, if not legal, obligation
to tell them, "There are ripples from ge-
netic testing that don't have analogues
In most other kinds of medical testing,”
remarks Arthur Caplan, a bioethicist at
the University of Minnesota.

A 1992 March of Dimes poll reported
that 57 percent of the public thinks
someone other than a patient deserves
to know that he or she carries a defec-
tive gene. Of those who believed so, 98
percent thought a spouse or betrothed
should know. More surprisingly, how-
ever, 58 percent thought insurance com-
panies should also be informed, and 33
percent thought an employer should
be told. In a different study, physicians
themselves disclosed a willingness to
violate patient-doctor confidentiality in
some cases: 54 percent said that, even
over a patient's objections, they would
tell relatives at risk about the results of
a test for Huntington's disease {a lethal
neurodege 1al-

"ly manifests jn middle age). Twenty-four

40

percent said they would tell the pa-
tlent's employer, and 12 percent would
tell an insurance company.

Industry has also revealed an appe-
tite for individuals’ genetic information,
although the lmited predictive ability
and high cost of the current tests seem
to have restricted their appeal. A sur-
vey by the OTA released in 1991 tried
to determine whether employers were
conducting genetic tests as conditions
of employment; such tests could theo-
retically reveal workers wha would be

rly bad (or expensive) health
tisks. It found thatTn 1989 only 12 of
330 Fortune 500 companies were mon-
{toring or screening for any reason. But
more than half of the polled compa-
nies found the idea of monitoring ac-
ceptable, and 40 percent admitted that
a person’s health insurance costs might
affect his or her chance of employment.

Bloethicist Thomas Murtay has alse
found Interest in genetic data among
insurance companies. “If you ask the
question narrowly, ‘Are insurers requir-
ing DNA tests of customers?’, the an-
swer {8 no," he says. “The tests are too
expensive, not cost-effective, there aren't
enough of them yet—there are a lot of
reasons. But are Insurers interested in
genetic information, and will they be in
the future? The answer to that is a re-
sounding yes. The best genetic infor-
mation right now comes not from ge-
netic testing but from one's personal
health history—what did your parents
die of ?" '

The fnsurance industry itself confirms
that view. A joint report issued in 1991
by the Amerfcan Council of Life Insur-
gnce and the Health Insurance Associa-
tlon of America stated that although
insurers would not be requiring tests in
the foreseeable future, they should be
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entitled to know the results of any ge-
petic tests or other evidence of possible
disease in a policyholder’s record. In-
gurers maintain that they need this in-
formation not to discriminate geneti-
cally but to set fair rates for all policy-
holders. It would be wrong, they argue,
to make healthy people pay higher pre-

miums because they had been lumped .

in with those at higher risk. They also
do not want to exempt genetic testing
results from scrutiny because they say
this precedent might someday preclude
them from using other medical and sta-
tistical indicators of risk.

These arguments do not persuade
Murray. “Insurers are applying a model
of ‘actuarlal fairmess’ and justice they
developed in the realm of commercial
jnsurance,” he replies. Those principles,
in his opinion, are not relevant to health
insurance, which serves social and hu-
manitarian functions that deserve con-
sideration, Becauge no one can control
his or her genetic makeup, it seems
wrong to penalize individuals for it,

Many chservers also doubt the abili-
ty of insurance companies and other
agencles to interpret genetic informa-
tion wisely. Paul R. Billings, a geneticist
now at the Palo Alto Veterans Adminis-
tration Medical Center, has been col-
lecting examples of people who were
apparently discriminated against be-
cause of genetic information that be-
came known to insurers, employers,
health maintenance organizations
{BMOs) and adopton agencies. He and
his colleagues first published
some of their results in the
American Journal of Human Ge-
netlcs in 1992, Several of the cas-
eg they described concerned peo-
ple who were healthy carviers of
genetic diseases or had extreme-
ly mild symptoms yet were still
denied jobs or insurance cover-
age. One woman who applied to
become an adoptive parent was
rejected because her family his-
tory of Huntington's disease
made her "too great a risk.”

In another case, parents who
had one child with cystic fibrosis
conceived agaln, and prenatal
testing confirmed that this sec-
ond child, too, would have the

DOWN SYNDROME patients, who
carry three copies of chromosome
2], exhibit a range of mental and
physical impalrments. But glven
the proper education and medical
attention, many of them are ac-
complishing much more than was
once believed possible. Predict-
Ing the llmits of people with ge-
netic handicaps is uncertain,
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disease. When the family's HMO learned
that the couple intended to proceed
with the pregnancy, it moved to with-
draw or limit the entire family’s health
coverage. Only after threats of a law-
suit did the HMO change its mind,
Billings says a second report, listing
about 100 cases of genetic discrimina-
tion, is almost done. With funding from
the Human Genome Project, he and his
co-workers have also been conducting
a further survey of 30,000 peoaple with
genetic conditions. “Our preliminary
view of that study is that it confirms
genetic discrimination is occurring,” he
notes, A 1992 oTA report also found
that about 15 percent of genetic coun-
selors said some of their clients bad ex-
pertenced discrimination in insurance.

Qutside the Law

Anyone fooking to the law for pro-
tection from genetic discrimination
would find a thin shield at best, At the
federal level, most experts agree, the
strongest statute for barring discrimi-
natton in the workplace is the 1990
Amerlcans with Disabilitles Act, But the
relevance of that act to genetic infor-
mation 18 still uncertain. The Equal Em-
ployment Opportunity Comimission,
which enforces the act, has already of-
fered the opinion that heatthy carriers
of genetic diseases would probably not
qualify as having a disability.

Some states have laws that protect
the carriers of genes for sickle cell ane-
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mia and a few other specific traits
found disproportionately among Afri-
can-Americans and other groups whose
members have been historical targets
of discrimination. Somewhat broader
legislation has been passed in Wiscon-
sin and a few other states and is being
debated In a mamber of others, In 1991
the Catifornia legislature passed a law
that prevented any form of genetic dis-
crimination, but it was subsequently
vetoed by Governor Pete Wilson.

Because most concern about discrim-
ination revolves around insurance cov-
erage, Insurance reform may be the key
to a solution, "Our task force recom-
mended that all individual risk infor-
mation be excluded from decisions
about who gets insured, what they get
insured for and how nmch they get
charged,” Murray says. “We see no oth-
er practical, sustainable plan for health
care coverage than community rating,”
Comimuhity yating, which was the basis
for the first health insurance programs
during the 1930s, is a system in which
a customer’s premiomes are determined
by the health profile of his or her coro-
munity, Genetic information about n-
dividuals would be Irrelevant,

The IOM committee and others also

favor community vating for that rea-
somn. Insurers disagree, arguing that in-
dividual risk rating serves the public
welfare more equitably at less expense,
Nevertheless, for many reasons, the
popularity of individual risk rating has
been declining. In recent years, New
York, Maine and a few other
states have shifted to programs
baged at least partially on com-
munity rating.

Both insurers and their critics
agree that reforms in health care
financing are likely to render
moot some-—but not all—of the

. disputes about genetic discrimi-
nation in Insurance. The details
of the new health care system
will be important, For example,
some insurance plans that would
meet the Clinton administration’s
standard of universal coverage
might still he able to disallow
coverage for certain genetic con-
ditions. People with those traits
might then have to buy addition-
al insurance or pay somme €osts
out of pocket, Under the current
gystem, ingurance compattes and
HMOs often resist paying for
many genetic tests or for the
costs of genetic counseling. It re-
mains to be seen how reforms in
health care financing will affect
those policies,

Universal, comprehensive cov-
erage could also become the in-

o e




strument of a demon that has long
haunted genetic téchnology: eugenics.
The word iImmediately summons mem-
orles of the Nazi genocidal horrots and
other atrocities, such as the forced
sterilization of 30,000 people as “"men-
tal defectlves” in the U5, before World
War I1. Yet eugenics can arise through a
geemingly more benign movement to
ratlon soclal resources, Last December,
China announced a policy of discourag-
fng people at risk for hereditary dis-
eases from having children, on the
grounds that the genetically ill impose
too much of a burden on soclety,

A Eugenic Democracy

The US. 19 not immune from such
thinking, “If we get universal health
care, people are going to want to know
why they should be paylng for the ‘ge-
netically lrresponsible,'” Caplan be-
lteves, “In this counlry, eugenics s not
going to come from a Hitlerjan dictator
saying, ‘You must do this it's probably
going to come from a society saying,
'You can have a kid like that if you
want, but T'm not paying.’"

A counterargument might be that in
a democracy, the public should be entl-
tled to set limits on what costs individ-
uals can impose on everyone, Yet such
arguments, llke those surrounding in-
surance, invariably depend on a defini-
tion of fairness, Moreover, whatever mo-
tivations lie behind the pressuras being
put on people making reproductive
cholces, thelr net effect is the same: so-
ciety influences who will or will not be
born. As Billings says, “Whether we
want to dress it up in economic incen-
tives, if you have to sell your house and
go broke to have a child of a certain
type, that's engenfcs,” - __

Because of its history, $eugenics”/ls
perhaps too loaded a word to desciibe
some applications of genetic testing,
Holtzman and many others prefer to
reserve it to describe circhggg;ag;cei in
which a governmeiit or other agency in-
i fodiictive decisions, That
is why, Holtzman $ays, the IOM com-
mittee 8o emphasized the impottance
of preserving personal autonomy: cou-
ples should weigh for themselves
whether the risks of having a sick child
outweigh other considerations,

-] think the goal of eliminating dis-
eases and disabilities is a good one,”
Caplan affirms. “I don't think there's
anything wrong with encouraging wom-
en at risk to be screened for spina bifi-
da or to ask Jewlish couples of eastern
European descent to be screened for
Tay-Sachs, It's wrong to confuse the
goal of eliminating disease with the
moral problem of coerclon,”
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STATEMENT: THE CARRIER OF A GENETIC DISEASE TRAIT
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INSURERS' ATTITUDES toward people who carry the genes for disense tralts may
shape policles concerning the eligibility of those persons and their offspring for
health care coverage, Critics worry that genetic discrimination could occur, -

The troublesome fact remains, how-
ever, that the line between genetlc dis-
eases and undesirvable tralts is blurred,
Caplan cftes the example of albinism,
which i not a disease but is assoclated
with a higher risk for skin cancer, faulty
vision and social stipma. “1 think the
gtandard that medicine wants to go with
is, is there clear dysfunction or disor-
der? If not, [ would argue that medicine
ought not to be testing for it and coun-
seling for it. if we're in the gray zone,
suspect we should try to stay out of
those areas, because there's so much
else of clear value that we could be do-
ing,” he suggests,

Yat Caplan adinits that-—as much as
he would like to—he canno
convinein that.would.allow
parents to_select some of thelr chil-
dren's {raits but not their sex, height or
other cosmetic features, presuming

egsibility. Distaste for

abortion will stop many parents from
exercising that veto for now. But such
holces could be circumvented by
emerging technologles for screening
erhryos before they are inpplanted—or
even before conception. “So I think the
stance that we will deal only with clear-
cut disorders will last about five min-
utes,” Caplan answers ruefully. “Once
you can actually de that testing, the in-
terest will swamp my objections. The
ability to choose the traits of your child
will rpar through with a whoosh.”

The consequences of those cholces
may be very hard to predict. Murray re-
calls that at a meeting of the American
Soctety for Human Genetics a few years
ago, he heard about a deaf couple who

?T\\xpah L L wonwere
S

had asked one geneticlst whether the
hearing ability of a fetus could be de-
termined prenatally: they wanted to go
through with the pregnancy only if
they knew that the child would be deaf.

As Brittany Abshire and millions of
other healthy children and adults prove,
genetic testing can Immeastirably im-
prove the quality of life for individuals,
even entire families, To ignore the good
it can do would be an act of immeoral
blindness and cowardice. But using
these technologies wisely will demand
foresighted soclal and legal policies.
The record is discouraging: in the past,
when genetic discoveries have made
tests possible, policymakers-have-often
elther encouraged thew. prematurely or
acted too Jate, "N spaNve - — -

“The paradigms of eugenics are pro-
grams of unsurpassed evil, They're not
going to get any less evil just because
our genetics got better,” Murray muses,
“We need to be very conscious of what
we're dabbling in."

FURTHER READING

CYSTIC FIBROSIS AND DNA TESTS! IMPLI-
CATIONS OF CARRIER SCREENING, Con-
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MoLECULAR BIOLOGY: IMPACT ON HU-
MAN DISEAsE, Theme issue of FASER
Journat, Vol, 6, No, 10; July 1993,
ASSESSING GENETIC RISKS: IMPLICATIONS
FOR HEALTH AND SOCIAL POLICY, Edited
by Lorl B, Andrews, Jane E, Fullarton,
Neil A, Holtzman and Amo G. Motul-
sky, National Acadewny Press, 1994,
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 TRENDS IN HUMAN GENETICS

ﬁal Data

by Tim Beardsley, staff writer

has its way, thonusands of healthy women in the U.S. will hear
. doubly bad news, First, a close relative—perhaps a sister—will
anpounce that she has breast cancer. Second, the patient's physician
thinks this particular cancer has probably been caused by a mutation
that the healthy relative has an even chance of also carrying. The pa-
tient has been advised to suggest to all her female relatives that they be
tested for the mutation, Women who share it may be urged to consider
a prophylactic double mastectomy, as they, too, are likely to develop
hreast cancer, How likely? Hard to say—the mutations have not yet been
thoroughly studied—but the likelihood could be as much as 85 percent.

Most people have yet to confront the dilemmas posed by tests for
genes assoclated with serfous diseases, But BRCAI, the breast cancer
gene that Myrlad proposes to start testing on a large scale this year, is
merely one of what may become dozens that physicians will soon rou-
tinely order checked for mutations. The tests are all, to varying de-
grees, spin-offs of the Human Genome Project, an andaclous 15-year,
$3-billion federal effort to analyze the human genetic heritage in its ul-
timate molecular detail.

Although the project was formally launched only five and a half
years ago, progress is outstripping expectations. Francis S. Collins, dt-
rector of the National Center for Human Genome Research (NCHGR) at
the National Institutes of Health, thinks the job might be done “maybe
even two years early”—by 2003. Technologies developed in response to
the effort have already quadrupled the rate of discovery of human dis-
case genes, according to NCHGR's estimate. A medically significant wisp
of DNA is now characterlzed almost every week, and the pace will soon
increase again, as the final assault on the genome gets under way. Even-
tually, 2 new gene will be sequenced—that is, have the order of its
chemical subunits determined—every hou,

The project was launched because it seemed to promise the best

! ater this year, If a blotechnology company called Myriad Genetics

- hope for ultimately defeating not only diseases long known to be in-

herited but also others that have a more subtle link with genes, includ-
ing cancer. Yet the yoad to that genetic nirvana will be a long one, Early
results from one of the most eagerly awaited developments, gene ther-
apy, have been disappointing. And at least one genome biologist,
Daniel W. Drell of the Department of Energy, foresees a “viclous legal
evolution” of gene-based patent claims, as corporations frantically seek
to lock up sequences of DNA with commercial value. The commercial-
izatlon of humankind’s_common endowment has prompted protests
fion activisis who see. it.as an.affront-to.natural.dignity, Meanwhile
one prominent genetictst has warned that gene-based therapies will be
100 expensive for widespread use.

Abuses of the new genome science, on the other hand, have arrived
already. Compelling evidence demonstrates that children, whom genet-
ic counselors agree should not be tested for certain traits, in fact are be-
ing tested in substantial numbers, to their likely detriment. Conversely,
because people at risk for a genetic condition are often turned down for
either helth-insuranice, Tife insurance or employment, patients are now
declining genetic testing for themselyes or their children, even when it
would be medically valuable. Others seek tegting under Ese names,

Leaders of the genome project have acknowledged from the start

GENOME SEQUENCING CENTER (top) at the Washington University School
of Medicine, headed by Robert H. Waterston (botfon), should begin
large-scaje sequencing of human chromosomes (inset, right) this year.
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Mental Traits

Observed correlations in IQ or educa-
tional attainment between parents and
children in three studies of adoption

Correlations

Foster Child with  Biological Child with  Foster Child with
Study _ Foster Mother Biological Mother Biological Mother
Burks A9 46 —
Leahy 20 51 —
Skodak and Skeels 02 — 32

much lower than the correlation of the children with their biological parents. A
careful examination of these studies by Kamin, however, raises some serious
questions about their design. The study by Burks included many sevetely re-
tarded children, which, of course, greatly reduced the IQ cortelation with the
adoptive parents, who in general come from higher socioeconomic categories

_ and have highet IQ scores than the average for the population as a whole. In

both the Burks study and the Leahy study, the matching of biological and foster
families was poor. Adoptive parents were older, had incomes that were higher
by 50%, and had fewer children, as might be expected. They were, in general,
much less variable than the biological families in neatly every respect. In the
skodak and Skeels study, there were selective adoptions, with children of highly
educated mothers being placed in higher-status homes, So, from such studies we
really do not know what the hetitability of 1Q is. '

The most striking and consistent feature of adoption studies is not usually
much commented upon by those interested in demonstrating genetic effects:
Whatever the correlations may be between the IQs of children and those of their
biological parents, the phenomenon of adoption raises children’s 1Q signifi-
cantly. In the study by Skodak and Skeels, the biological mothers’ [Qs averaged
only 86, one standard deviation below the average for the population. By con-
trast, the mean 1Q of their children who were raised by adoptive families was
117, one standard deviation above the mean for the population. In a study of
orphanage children in the United Kingdom, the same phenomenon was seen.
Children taken into the otphanage in eatly infancy had an average 1Q of 105 if
they remained in the orphanage until they were about § years old, 100 if they
were returned to their biological mothers, but 115 if they were adopted. These
observations are just what is to be.expected from the social characteristics of
adopting parents: They are generally middle-class and upper-middle-class cou-
ples, with few or no children of their own, who have the financial power, the
motivation, and the class background to produce “intelligent” children. Thete
is, of course, no contradiction between this adoption effect and the possibility
that IQ scores may be highly heritable, “Genetic” does not mean “unchanging.”

No matter how high the her ility of IQ might prove to be, upper-middle-class

families tend to produce upper-middte-class children.
- |
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THE FIVE SEXES

Why Male and Female Are Not Enough

by ANNE FAUSTO-STERLING

N 1843 LEVI SuYDAM, a twenty-three-year-old
resident of Sali$bury, Connecticut, asked the

town board of selectmen to validate his right to

vote as 2 Whig in a hotly contested local election, The re-
quest raised a flurry of objections from the opposition par-
ty, for reasons that must be rare in the annals of American
democracy: it was said that Suydam was more female than
male and thus (some eighty years before suffrage was ex-
tended to women) could not be allowed to cast a ballot,
Tosettle the dispute a physician, one William James Bar-
ry, was brought in to examine Suydam. And, presumably
upon encountering a phallus, the good doctor declared
the prospective voter male, With Suydam safely in their
column the Whigs won the election by a majority of one.
Barry’s diagnosis, however, turned out to be somewhat
premature. Within a few days he discovered that, phallus
notwithstanding, Suydam menstruated regularly and had
a vaginal opening. Both his/her physique and hisfher
mental predispositions were more complex than was first
?uspected: S/he had narrow shoulders and broad hips and
(;‘Emt;ﬁ(i:;smnal sexual yearnings for women. Suydam’s
Lo e propensities, such as a fondness for gay colors,
Or pieces of calico, comparing and placing them togeth-

: ¢r,and an aversion for bodily labor, and an inability to per-

form the same, were remarked by many," Barry later

; :’mte. Itis not clear whether Suydam lost or retained the
- Yote, or whether the election results were reversed.

he estern culture is deeply committed to the idea that
f¢ are only two sexes. Even language refuses other

.; F00§31btlltics; thus to write about Levi Suydam I have had
onén\’ent.convcntmns-——.f//.re and Afs/her—-to denote some-
: Who is clearly neither male nor female or who is per-

haps
4ps both sexes at once. Legally, too, every adult is either

" n . .
. an or woman, and the difference, of course, is not triv-

ial, . . .
lal. For Suydam it meant the franchise; today it means be-

: ingava ‘strati
- "gavailable for, or exempt from, draft registration, as well
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as being subject, in varlous ways, to a number of laws gov-
erning marriage, the family and human intimacy: In many
parts of the United States, for instance, two geople legal-
Iy registered as men cannot have sexual relations without
violating anti-sodomy statutes, ]
But if the state and the Jegal system have an interestin
maintaining a two-party sexual system, they are in defi-
ance of nature. For hiologically-speaking, there are many
radarions running from fem lej-and depending
on how one ¢alls the shots, one can argue that along that
spectrum lig at least five sexes—and perhaps even more.
“For some time medical investigators have recognized
the concept of the intersexual body, But the standard
medical literature uses the term #nfersey as a catch-all for
thtee major subgroups with some mixt finale-and fe-
ale ctmracteristics: thesu=called true ? ermaphrodites,
whom 1 call herms, who possess one testis and one ovary
(the sperm- and egg-pfoducing, vessels, or Eoms); the
male pseudohermaphrodites (the “merms”), who have
festes and some aspects of the female genitalia but no

ovaries; and the female pseudohermaphrodites (the

“ferms™), who have ovarles and some aspects of the male

genitalia but lack testes. Bach of those categories Is in it-
self complex; the percentage of male and female charac-

i S B At

Sleeping Hermaphrodite, Roman, Second Centuty B.C.
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teristics, for instance, can vary enoftnously among mem-
bers of the same subgroup, Moreover, the inner lives of
the people in each subgroup—their special needs and
their problems, attractions and repulsions—have gone
unexplored by science. But on the basis of what is known
about them I suggest that the three intersexes, herm,
metm and ferm, desetve to be considered additional sex-
es each in its own right. Indeed, I would argue further thae
sex is a vast, infinltely malleable co_ntinuum ..fbﬁt dcﬁgs
the constraints of even five categoriesr——

OT BURPRISINGLY, it is extremely difficult to

estimate the frequency of intersexuality,

much less the frequency of each of the

three additional sexes: it is not the sort of information one

volunteers on a job application. The psycholo‘glst’ John

Money of Johns Hopkins University, a specialist in the

study of congenital sexual-organ defects, suggests inter-

sexuals may constitute as many as 4 percent of b!rths. As

I point out to my students at Brown University, in a stu-

dent body of about 6,000 that fraction, if correct, implies

there may be as many as 240 intersexuals on campus—
surely enough to form a minority caucus of some kind.

In reality though, few such students would make it as
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far as Brown in sexually diverse form. Recent advances in
physiology and surgical technology now enable physi-
cians _m_catcb_mosunte;scxmlﬁ«ﬂumm_mg_m_ﬁiﬁh.
Almost at once such infants are entered into a program of
pormonal and surgical management so thae they can slip
Juictly into society as “normal” hererosexual males or fe-
Wﬁ that the motive is in no way conspira-
torial. The aims of the policy are genuinely humanitarian,
reflecting the wish that people be able o “fit in” both

thSicaIly and psychologically. In the medical communi-

ty, however, the assumptions behind that wish—that
there be only two sexes, that heterosexuality alone is nor-
mal, that there is one true model of psychological
health—have gone virtually unexamined,

HE WORD Aermaphrodite comes from the Greek

names Hermes, variously known as the mes-

senger of the gods, the patron of music, the
controller of dreams or the protector of livestock, and
Aphrodite, the goddess of sexual love and beauty, Accord-
ing to Greek mythology,
those two gods parented
Hermaphroditus, wha at
age fiftcen became half
male and half female
when his body ‘fused
with the body of a nymph
he fell in love with, In
some true hermaph-
rodites the testis and the
ovary grow separately
but bilaterally; in others
they grow together with-
in the same organ, form-
ing an ovo-testis. Not in-
frequently, at least one of
the ponads functions
quite well, producing ei-
ther sperm cells or eggs,
as well as functional lev-
els of the sex hor-
mones—androgens or es-
trogens. Although in
theory it might be possi-
ble for a true her-
maphrodite. to become
both father and mother :
to a child, in practice the appropriate ducts and tubes are
not configured so that egg and sperm can meet.

In contrast with the true hermaphrodites, the pseudp-
hermaphrodites possess two gonads of the same kind
along with the usual male (XY) or female (XX) chromoso-
mal makeup. But their external genitalia and secondary
sex characteristics do not match their chromosomes. Thus
merms have testés and XY cliromosomes, yet they also
have a vagina and a clitoris, and at puberty they often de-
velop breasts. They do not menstruate, however. Ferms

&ve ovaries, two X chromosomes and sometimes a
uterus, but they also have at least partly masculine exter-
nal genitatia, Without medical intervention they can de-
velop beards, deep voices dnd aduli-size penises,

No classification scheme could more than suggest the
vatiety of sexual anatomy encountered in clinical practice.
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In 1969, for example, two French jnvest

Guinet of the Endocrine Clinic in L.yons ansél%zzgﬁéspsg]
court of the Endocrine Clinic in Paris, described ninety-
eight cases of true hermaphroditism-—again, signifying
peoplewith both ovarian and testicutar tissue—solely ac-
cording to the appearance of the external genitalia and the
accompanying ducts. In some cases the people exhibited
strongly feminine development. They had separate open-
ings for the vagina and the urethra, a cleft vulva defined by
both the large and the small labia, or vaginal lips, and at pu-
berty they developed breasts and usually began to men-

struate. It was the oversize and sexually alert clitoris, which .

threatened sometimes at puberty to grow into a penis, that
usnally impelled them to seck medical attention, Mem-
bers of another group also had breasts and a feminine body
type, and they menstruated, But their labia were at least
partly fused, forming an incomplete scrotum, 'The phal
(here an embryological term for a structure chat during s

rdevelopment goes.on ko form cithiéi d clitoris.or a penis)
was between 1.5 and 2.8 inches long; nevertheless, they
' urinated through a ure-
thra that opened into or
near the vagina,

By far the most fre-
quent form of true her-
maphrodite encountered
by Guinet and Decourt—
55 percent—appeated to
have a more masculine
physique, In such people
the urethra runs either
through or near the phal-
lus, which looks more like
a penis than a clitoris, Any
menstrual blood exits pe-
riodically during urina-
tion. But in spite of the
relatively male appear-
ance of the genitalia,
breasts appear at puberty.
[t is possible that a sam-
ple larger than ninety-
eight so-called true her:
maphrodites wouid yield
even more contrasts and
subtleties, Suffice it to say
that the varieties are so di-
verse that it is possible to know which parts are present and
what is attached to what only after exploratory surgery.

The embryological origins of human hermaphrodites
clearly fit what is known about male and female sexual de-
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velopment. The embryonic gonad generally chooses early -

in development to follow either a male or a female sexual
pathway; for the ovo-testis, however, that choice is fudged.
Similarly, the embryonic phaflus most often ends up as 2
clitoris or a penis, but the existence of intermediate states
comes as no surprise to the embryologist. There are also
uro-genital swellings in the embryo that usually either stay
open and become the vaginal labia or fuse and become a
scrotum. In some hermaphrodites, though, the choice of
opening or closing is ambivalent. Finally, all mammalian
embryos have structures that can become the female
uterus and the fallopian tubes, as well as structures that




can become paf-t of the male sperm-transport system. Typ-
ically either the male or the female st of those primordial

genital organs degenerates, and the remaining structures
achieve theit sex-appropriate future. In hermaphrodites
both sets of organs develop to varying degrees.

rodites, for instance, are often featured in stories
about human origins. Early biblical scholars be-
fieved Adam began life as a hermaphrodite and later di-
vided into two people—a male and a female—after falling
from grace. According to Plato there once were three sex-
es—male, female and hermaphrodite—but the third sex
was lost with time. .
Both the Talmud and the Tosefta, the Jewish books of
law, list extensive regulations for people of mixed sex.
The Tosefra expressly forbids hermaphrodites to inherit
their fathers’ estates (like daughters), to seclude them-
selves with women (like sons) or to shave (like men).
When hermaphtodites menstruate they must be isolated
from men (like women); they are disqualified from serv-
ing as witnesses or as priests (like women), but the laws of
pederasty apply to them.
in Burope a pattern emerged by the end of the Middle

Ages that, in a sense, has lasted to the present day:
an established

INTERSEXUALITY [PSELF 18 old news. Hermaph-

hermaphrodites were compelled to choose
‘g@m e pematty for Transgres-
us in the 1600s a Scottish

sion was often death. Th
hermaphrodite living as a woman was burled alive after
impregnating hisfher mastet’s daughter.

For questions of inheritance, legitimacy, patenity, suc-
cession to title and eligibility for cereain professions to be
determined, modern Anglo-Saxon legal systems require
that newborns be registered as either male or female, In
the U.S. today sex determination is governed by state
taws. Hlinois permits aduits to change the sex recorded on
their birth cestificates should a physician ateest to having
perfosmed the apptopriate surgery. The New York Acad-
emy of Medicine, on the other hand, has taken an oppo-
site view. In spite of surgical alterations of the external
genitalia, the academy argued in 1966, g&_gm;:mojpmal
sex remains the same. By that measure, a person’s wish to
Se=cea hig oF hié original sex cannot outweigh the public
interest in protection against fraud,

During this century the medical community has com--
pleted what the legal world'began—the complete erasure
of any form of embodied sex that does not conform o a
male-female, heterosexual pattern. Tronically, a more so-
phisticated knowledge of the complexity of sexual sys-
tems has led to the repression of such Intricacy.

In 1937 the vrologist Hugh H. Young of Johns Hopkins

University published a volume titled Genital Abnormali-
ties, Hermaphroditism and Related Adrenal Diseases, 'The
book is rematkable fot its erudition, scientific insight and
open-mindedness. In it Young drew together 2 wealth of
carefully documented case histories to demonstrate and
study the medical treatment of such saccidents of birth.”
Young did not pass judgment on the people he studied,
nor did he attempt to coerce into treatment those inter-
sexuals who rejected that option, And he showed unusu-
al even-handedness in referting to those people who had
had sexual experiences as both men and women as “prac-
ticing hermaphrodites.”

One of Young’s more interesting cases was a hermaph-
rodite named Emma who had grown up as a female. Em-
ma had both a penis-size clitoris and a vagina, which made
it possible for him/her to have “normal” heterosexual sex
with both men and women. As a teenager Emma had had
sex with a number of girls to whom s/he was deeply at-
tracted; but at the age of nincteen s/he had married a man,
Unfortunately, he had given Emma little sexual pleasure
{though A¢ had had no complaints), and so throughout that
marriage and subsequent ones Emma had kept girlfriends
on the side. With some frequency sthe had pleasurable sex
with them. Young describes his subject as appearing “to be
quite contentand even happy.” In conversation Emma oc-
casionally told him of hisfher wish to be a man, a circum-
stance Young sald would be relatively casy to bring about,
But Emma’s reply strikes a heroic blow for self-interest:
Would you have to remove that vagina? 1 don't know about that
because that's my meal ticket, If you did that, [ would have to quit
my husband and go to work, s0 1 chink I'H keep e and stay as Tam,
My husband supports me well, and even though I don’t have any
sexual pleasure with bim, [ do have lots with my gielfriends,

uallty with the light of sclentific reason, he was

beginning its suppression. For his book is also
an extended treatise on the most modetn surgical and hor-
monal methods of changing intersexuals into either males
or females. Young may have differed from his successors in
being less judgmental and controlling of the paticnts and
their families, but he nonetheless supplied the foundation
on which current intervention practices were buile,

By 1969, when the English physicians Christopher J.
Dewhutst and Ronald R. Gordon wrote Tk Intersexual Dis-
orders, medical and surgical approaches to intersexuality
had neared a state of rigid uniformity. It is bardly surpris-
ing that such a hardening of opinion took place in the era
of the feminine mystique—of the post-Second World War
fight to the suburbs and the strict division of family roles
according to sex. That the medical consensus was not
quite universal (or pethaps that it seemed poised to break
apart again) can be gleaned from the near-hysterical tone
of Dewhurst and Gordon'’s book, which contrasts matked-
ty with the calm reason of Young's founding work: Gon-
sider their opening description of an intersexual newborn:

One can only attempt to imagine the angutsh of the parents.
That & newborn should have a deformity ... [affecting] so fun-
damental an issue as the very sex of the child. .. s a tragic event
which immediately conjures up visions of 2 hopeless psycholog-
ical misfit doomed to live always as a sexual freak in loneliness
and frustration.
Dewhurst and Gordon warned that such a miserable fate
would, indeed, be a baby’s lot should the case be improp-
erly managed; “but fortunately,” they wrote, “with correct
management the outlook Is infinitely better than the poor
parents—cmotionally stunned by the event-—ot indeed
anyone without special knowledge could ever imagine.”
Scientific dogma has held fast to the assumption that
without medical care hermaphrodites are doomed toa life
" of misery. Yet there are few empirical studies to back up
that assumption, and some of the same research gathered
to build a case for medical treatment contradicts it, Fran-
cies Benton, another of Young's practicing hermaph-
rodites, “had not worried over his condition, did not wish

Y 1T EVEN AS YOUNG was illuminating intersex-
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m'be changed, and was enjoying life.” The same could b
said of Emma, the opportunistic hausfrau. Even D -
hurst and Gordon, adamant about the psychological ?x-
portance of treating intersexuals at the infant stage, a .
knqwledged great success in “changing the sex” o%éldg;
patients. They rqported on twenty cases of children re-
classified into a different sex after the supposedly critical
age of. eighteen months. They asserted that all the rccla:s-
sifications were “successful,” and they wondered th
whc!:hcr reregistration could be “recommended e
readily than [had]-been suggested so far.” mere
The treatment of intersexuality in this century provides
aclear example of what the French hiscorian Micllzel Fou-
cault has called biopower, The knowledge developed in
biochemistry, embryology, endocrinology, psychology and
surgery has enabled physicians to control the verv%f:x of
the human body. The multiple contradictions in that kind
.Of p(‘;‘wcr call for some scrutiny, On the one hand, the med-
ical “management” of intersexuality certainly developed
as part of an attempt to free people from perceived l))s -
C'hO'(:gICHI pain (though whether the pain was thc:l .
tlent’s, the parents’ or the physician’s is unclear) An(}l) E:;'
one accepts the assumption that in a st:x—cliv_idcd.culm'yr';;~
@g&lﬁ_ﬁ&l{ﬂ%ﬂ@ their greatest potential for _lm.ppiﬂgS?
and productivity only if they are sure they helons m_mm;
of only two acknowledged sexes, modern medicine—has
been ex ysuccessfl— ®
On the other hand, the same medical accomplishments
can be read not as progress but as a mode of discipline
Herma.lphrodlt'cs have unruly bodies. They do not fall nat:
urally into a binary classification; only a surgical shoehor
can put them there. But why should we care if a “wom g
deﬁl}ed as one who has breasts, a vagina, a uterus z;:a’d
ovaries and who menstruates, also has ,: clitorjs large
enough to penetrate the vagina of another woman? WE
should we care if there are people whose biological ;: ui )-'
m:lnt cnablcPs them to have sex “naturally” with bothctné)n
?Sai V\tromcz}. T_he‘answars seem to lie in a cultural need to
" m‘?d am‘c Eir:dmmcclons between the sexes. Sotiety
" ares the control of intersexual bodies because the
ur and bridge the great divide. Inasmuc !
rodites literally embody b s thay chalem e
oy et yh ody Oﬂ.‘l sexes, they challenge tradi-
itating abitl at olt:n: sexual ('ilfference: they possess the ir-
o Y to live sometimes as one sex and sometimes
ier, and they raise the specter of homosexuality.

BU'J' WHAT IF things were altogether different?

Imagine a world in which the same knowl-

o the ma:fadgci 1th.slt haf:s enabled mcdici‘ne to intervene
ey it Eer 'c‘nc ;‘) intersexual patients has been
the s ha‘;e vnul:p Enulup!e sexualities, Imagine that
limivg, ;:111 tiplied beyond currently imaginable
fient o oy 1ave to be a world pf shared powers. Pa-
hetemsexuai‘);n(éllz;n, parent and child, male and female,
others wand romosexual-—-all those oppositions and
new e e qu be dissolved as sources of division.
would pesmiy r;ln[;: 1c.a1 treatment would arise, one that
sexual i Th:gmty ina 5:11!tu1'e that had overcome
would be o O e (ill?,l’ltfﬂl mission of medical treatment
oncome ptim.'cijc ife. Thus hermaphrodites would be
 socloty e l;m y not about whethgr they can conform
tially i out whcthc.r lthey might develop poten-
reatening conditions—hernias, gonadal ru-
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mors, salt imbalance caused b

. . adrens :
sometimes accompany Y nal malfunction—thar

helma])hlod[tlc developlllcnt. Ill
Illy ](l(:al W(llld l"edl(:al llltelvelltl()ll 10[ lllt(’:ISCXll«l]S

would take place o

sequent trelatmcntn i‘::(:ﬁll'gh;)léeforc the vap of reason; sub.

voen physioe ¥ a cooperative venture he-
oveon physician, patient and other advisers trained in is-

oo fot er multiplicity.
b Smomh.pgit;ngvﬂ:fttﬁlée transition tc{‘my utopia would
scxual %{ind, con,tinues to c:::spé) 3?16;(;% a:;:irgt]g;”i h%;erw
e;ln :(lc—le?? And certaml.y a culture that has yet to :omzbtto
fné)iemre 1510%13_( and, in some states, legally—with the
ual love i\{:iil Le(:?tgﬁﬁ;l l;fi;)l;?p]ic‘ated el poser:
ace inter f
zl;] ?[ gnost t;)oublcsome arena by far wo:fﬁ;i Ei:htﬁyc I::gl?:?g l;;'
ren. Parents, at least since t ictori

fretted, sometimes to the point (L)l;eo:;lr?;f:acl{]cg'ml, e
the fact that their children are sexual beings o over
dré\" that and more amply cx'plains why intersexual chil-
dren are generally squeezed into onc of the two prevail
ing sexual categorics. But what would be the psyg;lslvm‘-
ca!. consequences of taking the alternative rOad——*r(ais?' o
children as unabashed intersexuals? On the surface t;ng
tack seems fraught with peril. What, for example, wo 1IaJ
happen to the intersexual child amid the unre]cl:nti’n )
eley of the schaol yard? When the time came to shmngec'm-
gym class, what horrors and humiliations would await ll"rl
mte_rs_exual as his/her anatomy was disptayed in all its nt -
tradm(_)nal ‘g[ory? In whose gym class would s/he re i(in—
to begin with? What bathroom would sfhe use? Andglf "
on carth would Mom and Dad help shepher'd hi ![OW
through the mine field of puberty? e

been ignored, as the scientific community has
_ -A.with remarkable unanimity, avoided contemI
plating the alternative route of unimpeded intgrsexualit :
But modern investigators tend to ovetlook z substantiZi
body of case histories, most of them compiled betwe
1930 and 1960, before surgical intervention became ras:f
pant. Almost without exception, those reports describe
children who grew up knowing they were intersexual
(though they did notadvertise ity and adjusted to théir ‘
lf'-m-’;;I status. Some of the studics are richly detailcd——w‘ég:
la:iil ?(1 at lthc le\.fcl of gymuclas_s sl_mwering (which most
ersexuals avoided without incident); in any event
thcr(? 1s not a psychotic or a svicide in the lot. ,
Still, the nuances of socialization among intersexuals
cry out for more sophisticated analysis. Clearly, before m
vision (_)f sexua!l multiplicity can be realized the ﬁrs}t,
openly intersexual children and their parents w1ill have t‘o
be brave pioneers who will bear the brunt of society’s
growing pains. But in the long view—though it could take
generations to achieve—the prize might be a society in
which sexuality is something to be celebrated for its s)llb-
tletics and not something to be feared or ridiculed.

IN THE PAST THIRTY YEARS those questions have
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The Ecology of Human Birth Seasonality

R. G. Condon' and Richard Scaglion?

This article examines birth seasonality in two environmentally and ethno-
graphically distinct societies: the Copper Inuit of the Central Canadian
Arctic and the Samukundi Abelam of Papua New Guinea. Although the
regions inhabited by these societies differ dramatically in degrees of seasonal
variation, both populations display significant seasonality in conceptions
and births. For the Copper Inuit, such seasonal variation was found to be
the consequence of social and economic responses to extreme
environmental change. Birth seasonality for the Samukundi Abelam is also
pronounced and was determined to be the result of social ideologies which
are ohly indirectly linked to environmental factors. The article also
proposes a research paradigm designed to Sacilitate the cross-cultural
investigation of birth seasonality in human populations.

KEY WORDS: birth seasonality; Inuit; Abelam; biorhythms; sociorhythms.
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Reprinted by permission of Human Ecology.
INTRODUCTION

" Yearly patterns in human natality were initially documented in 1826
by Quetelet. Since that time, birth seasonality has been recognized as an
ecologically responsive phenomenon linked to a complex network of
environmental and cultural variables. Recent studies have focused upon the
effects of a limited number of variables such as high temperature ‘and
humidity (Chang et al, 1963; Cowgill, 1966a,b; McDonald, 1966;
Pasamanick ef al., 1959, 1960; Stoeckel and Choudhury, 1972; Zelnik,

1969); heat stress, protein deficiency and/or poor nutrition during the warm

months (Malina and Himes, 1977; McDonald, 1966; Pasamanick et al.,
1960; Zelnik, 1969); spontaneous abortion rates (Pasamanick ef al., 1959);

-
-
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and fetal death rates (Pasamanick et al., 1959). Cultural factors such ag
religious festivals (Cowgill, 1966a,b; Johnson et al., 1975; Takahashi
1964.),. business cycles (Kirk, 1960), and the existence of occupation;
requiring the temporary absence of the husband (Stoeckel and Choudhury
1972) have also been cited as important determinants of birth seasonality’

More recent investigations have analyzed birth seasonality in ar;
ecological framework using controlled comparison techniques (Mosher
1979; Pasternak, 1978). Still others (Condon, 1981; Malina and Himes’
1977; Scaglion, 1978; Scaglion and Condon, 1979) have concentrated upox;
small-scale and relatively homogeneous societies in order to examine a wide
range of social and environmental correlates of birth seasonality. Despite
the abundance of such material, no attempt has yet been made to construct
a research paradigm for the comparative investigation of natality rhythms
in an ecological context.

The goal of this article is to compare the birth patterns of two societies
located in markedly different environmental-zones, the Samukundi Abelam
of Papua New Guinea and the Copper Inuit of the Central Canadian Arctic.
After delineating the social-environmental interactions giving rise to the
prohounced birth seasonality in both regions, we will construct a
preliminary research paradigm designed to facilitate the cross-cultural
investigation of such rhythms. Given the obvious differences in
environmental parameters between the two regions and the markedly
different cultural patterns characterizing each society, we draw upon a wide
range of variables from the fields of anthropology, chronobiology, and
human demography to explain the existence and perpetuation of human
natality rhythms. :

MATERIALS AND METHODS

Data on birth seasonality were gathered on separate field trips to both
regions. Fieldwork among the Samukundi Abelam was conducted by R.S.
between November 1974 and January 1976 in Neligum village, located.in
the East Sepik Province of Papua New Guinea. During this period,
nutritional and demographic data were collected through intensive
interviews with local residents. Fieldwork among the Copper Inuit was
carried out by R,G.C, between September 1978 and January 1980 in the
settlement of Holman Island in the Northwest Territories of Canada.
Nutritional and demographic data were collected through interviews and
thrqugh the examination of individual medical files at the local nursing
station. In both field sites, extensive ethnographic materials were collected
through interviews and participant observation.

[k
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The forest-dwelling midges, it seems, had
gone through a population explosion when.
the settlers started clearing the forest and
planting cacao for chocolate, After the fatm-
ers harvested their cacao beans, they dis-
carded the hulls in plles that were an Ideat
breeding ground for midges, which spread the
virus to humans all along the Amazon roads.

During the time when this mystery was
belng solved, many other examples came to
light of pathogens emerging when a natural
habitat I8 cleared. Those findings made such
an Imptession on the fleld that by 1992 a
panel of infectious disease expetts produced a
report for the Institute of Medlcine stating
that “environmental changes probably ac-
count for most emerging diseases.”

Yet the evidence for that conclusion
was—and fs—Jargely clrcumstantlal, “A lot
of this is hypothetical,” says Jenkine. “We
look back after disease has broken out and try
to project mechanisms for how this oc-
cutred.” ‘To prove the hypothesis, prospec-
tive studies are needed in place of the retro-
spective ones Jenkins is describing. In pro-
spective studies, the population’s health
would be followed closely not onily after a
project that alters natutal habitat, but also
before and during the disruption. That is
what Jenkins and her teatm are up to in Papua
New Guinea: “What we'se trying to do is go
in before the logging begins and then watch
for changes in the health of people living in
the area for 3 yeats, maybe 6 years.”

Jenkins learned from contacts in the gov-
ernment that Soverelgn Hill Pty Ltd., a sub-
sidiary of the gtant Malaysian logglng com-
pany Rimbunan Hifau, had been given per-
mission to exercise logglng tights bought
from villagers in the Hawaln River valley
notth of Wewak. Before the loggers landed,
Jenkins met with villagets in the region ro
get permission to study .
them. The plan fot her
netwotk of geaduare stu-
dents, Peace Corps work-
ers, and researchets from
the Christensen Research
Institute and the Univer-
sity of Papua New Guinea
was to study people from
four villages—two in the
logging region and two in
areas that remain pristine
—t0 see how logging af-
fects the villagets' health,

By the time the log-
gets arrived, Jenkins' team
was mostly In place, The
researchers had to move
quickly to get baseline
health data on 1000 peo
ple in the four villages be-
fore their environment

Cantrol data. Peopie from the village
was distutbed. They be-  of Arin—in an unlogged area—serve
gan by collecting blood to  as a contro! In Jankine' study.

[N

Virat nursery? Forest cleared by logging In Papua New
Guinea could be a source of “new” infectious diseases,

search fot antibodies to a seties of viruses,
Including those that cause AIDS, herpes in-
fections, and those carried by mosquitoes,
such as Ross River and Dengue fevers.
Emerging viruses ate just part of the picture,
however—they also will test for other non-
viral microbes, such as the bacterla and para-
sites that cause typhold and malaria. And
they will be on the alert for the spread of
sexually transmitted diseases, because where
there are all-male logging camps, there ust-
ally are prostitutes.

At the same time, entomologists and a
virologist on the team are scrutinizing mos-
quitoes and other insects that might transmit
diseases. Institute of Medical Research vi-
rologlst Ray Sandets has staited to isolate
viruses carrled by mosquitoes, which should
give reseatrchers an idea of what to look for in
humans and a way to Identify emerging arbo-
viruses (viruses carrled by Insects and other
arthtopods), Bloloplsts have netted dozens of
birds, rodents, bats, and other forest-dwell-
Ing creatures to sample their blood. Predicts
Sandetst “I suspect we’ll find some complete-
Iy new viruses—or var-
tants of known species.”

was getting under way,
| Shope was making plans
to return to Brazil to help
“start another study chat
tnay provide data on how
the diseases of the Ama-
zon are spread to humans,
The Rockefeller Founda-
ton has  provided
$600,000 in funding for
the flrst year of the 3-year
study, which s a collabo-
ratlon with the School of
Forestry and Environ-
mental Studies at Yale
.and Brazilian researchers,

The researchets will
focus attention on inhab.
itants of islands in the
Amazon, 60 kilometers
Infand from Belém. The
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While Jenkins' study

clearing the forests so they can plant
fruit trees, including the acal fuit
that is astaple of theirdiet. Asin the
Papua New Guinea study, research-
ers will alm at determining how de-
forestation affects human health,
They will statt with baseline studies
of the health of about 300 people in
the munlcipallty, Abaetetuba, with
pattlcular emphasis on  malatia,
Leishmaniasis, Leptospirosts {(a dis-
ease that plagued British troops in
the jungle of Malaya), and arbovi-
ruses, of which more than 150 types
are known in Brazil, some 30 dis-
ease-causing. At the same tlme, bi-
ologists will collect Insects and wild animals
to see what pathogens they harbor.

The study has one extra dimension that
takes it beyond observation of what 1s hap-
pening when nature is devastated by devel-
opment. The Yale and Brazilian reseatchers
are setting up ah experiment to find out how
farmers can grow their crops with the least
damage, “The goal is to find out how to grow
crops in the forest without destroying the
forest—and to keep the best publlc health
possible,” says Shope. '

The team will divide the study atea into
four experimental plots. On one, settlers will
cut down the forest and plant cash crops, as
they always have done. On the second, they

gsettlers who live there have been

" will do the same-—but also mix into thelr

usual crops fruit trees native to the forest.
On the third, only a small part of the forest
will be cut down to make room for the plant-
ing of more native fruit trees, The fourth will
serve as a control; the forest will be left in-
tact. As settlers tend their plots, the re-
searchers wlil check the health of the farmers
three to four times a year, as well as draw
blood from insects and wild animals,

Shope hopes the data the team collects
will not only pin down the relation between
deforestation, agriculture, and the spread of
disease; but will provide information the
Brazllian government could use to formulate
policy recommendations on how to settle
that reglon of Amazonia with the least pos-
sible destruction.

The studles by Shope and Jenkins are just
now getting off the ground, and it will be at
least 3 years before conclusions can be deawn.
But when those tesulis do arrive, Morse at
Rockefeller is hapeful they will provide “scl-
entifically valid data” that will help nall
down theories about emerglng infections
and viruses, "I'd like to see more studies like
these," says Morse. “Only by fully under-
standing how viruses interact with thelr
hosts can we hope to rationally devise effec-
tive preventlve and therapeutic strategies.”
And in the age of AIDS, that isn't a trivial

outcome of research. .
—Ann Gibbons

NATURE'S INFINITE BoOk I

A Pox upon Our Genes

Sm_alipox vanished twelve years ago, but its genetic legacy may still linger within us

by Jared Diamond

Humian evolution holds a special fasci-
nation for us. Granted, it's much easier to
study natural selection in creatures like
bacteria and fruit flies, which we manipu-
fate experimentally without compunction.
Granted, the general principles thereby
uncovered may also apply to humans, But
let's face it: bacieria and general prin-
ciples aren't what we're most curious
about. What we really want to know are
the particulars of how we came to be who
we are.

Unfortunately, attempts to study natu-
ral selection in humans face daunting ob-
stacles. You can't take any woman you
choose and mate her to any man you
choose in order to observe the resultant
progeny. You can't irradiate, heat shock,
or dissect humans. You can't inoculate
them with lethal diseases, although that
experiment would be especially interest-
ing because diseases were a major selec-
tive force on us until the advent of modern
medicine,

This piece is about an ingenious at-
tempt to study natural selection in
humans without resorting to morally un-
acceptable manipulations. Twenty-five
years ago, nature visited a tragic experi-
ment on rural areas of India in the form of
a virulent outbreak of smaltpox, Nature
used abominably excellent experimental
design, matching children who died
apainst brothers or sisters who survived,
Analysis of the results by two scientists
yielded insights into the scars that smafl-
pox, one of the great modern killers of
humans, has left on our genes.

The study that resulted was unique in
the annals of medicine. It will never be
repeated because smallpox itself has been
eliminated. Thus, it will be remembered
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as our ast, and best, chance to understand
what may have been an important de-
terminant of our blood groups,

Despite the virtual halt in kuman skele-
tal evolution since the end of the Ice Age,
the genes for our soft tissues (including
blood cells) continue to undergo changes
in response to natural selection. However,
the important selective agents are no
longer large, visible enemies, like lions,
but tiny, invisible ones: microbes. With

Until the recent eradication of smallpox,
American citizens traveling abroad re.
guired two pleces of paper in order to '
reenter the United States: a valid passport
and proof of recent smallpox vaccination,
Smallpox is caused by one of a group of
microbes called pox viruses, While the
virus (and hence the disease) is confined to
harmatis; U8 closely related to viruses that
cause similar diseases in various domestic
animals, including Cows (cowpox); Sheep,

the _beginnings of agriculture about
10,000 years ago, infectious diseases prob-
_ably began 19 claim_an.increasing-toll.of
human life, eventually becoming the lead-
ing cause of our mortality. As human
numbers soared, we became susceptible to
diseases that tend to die out in small popu-
lations but that can maintain themselves
in large ones, which offer continuing sup-
plies of not-yet-infected victims. Agricul-
.ture also made us sedentary, and we began
to live in the midst of our own effluents
and hence to infect one another more eas-
ily with pathogens in our feces, uring, and
exhaled air. As we domesticated animals
and came to live amidst them, we caught

- still other diseages,

"1t true of some infectious diseases, as
of some other causes of death, that certain
people ate genetically more susceptible
than others. Since more resistant individ-
uals are mote likely to survive and to leave
more offspring, selection operating over
the last 10,000 years must have caused a
genetic revolution in our soft tissues, Ina
previous column (“Blood, Genes, and Ma-
laria,” February 1989), I discussed ge-
netic resistance to malaria, the leading
infectious disease of the Old World trop-
ics. But a disease much more familiar to
Americans and Europeans is smallpox,
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goats, horses, and pigs. The smallpox virus
probably developed by mutations from
one of these animal viruses after we began
living in close association with animals,

. Imagine smalipox suddenly being intro-
duced into a small and isolated population
without any previous exposure to small-
pox or related viruses. If all the people
have plenty of contact with one another,
then smallpox will quickly spread, infect-
ing everybody. Many people will die, but
those who survivé will develop antibodies
tosmatipexand-wil there by becomeresis-
tant. As a result, smallpox will have killed
or immunized the whole population and
will die out, because the virus doesn't in-
fect animals.

Although the disease thus can't persist
for long in a small, isolated population, jt
can last indefinitely as it spreads through
a large population in contact with otlier
15@15%55@6@ from one area to
anoflier; it can return to an area after a
new crop of previotsly unexposed babies
has become available for infection, This
nieed for large numbers of hosts, plus the
close similarity of the smallpox virus to
domestic animal viruses, is the reason for
believing that smallpox probably ap-
peared only after the rise of agriculture.

Just where and when did smallpox first




infect us? It must have evolved some-
where in the Old World, since the New
‘World was free of smailpox until it arrived
with Spanish conquistadors about 1507.
Our oldest certain evidence consists of
three Bgyptian mummies, dating from the
period 1570-1085 B.c, with well-pre-
served skins that show the characteristic
rash caused by smailpox, Oneof the mum-
mies was Pharaob Ramses V, whose titles
of Mighty Bull, Repulser of Millions,
Golden God of the Sun, and Lord of the
Two Lands were powerless to protect him
against this virus. Smallpox is also known
to have existed in India and China before
the time of Christ. But it remains unclear
how much earlier than 1570 B.c., and ex-
actly where within the Old World, the
fatal mutation that transformed some ani-
mal virus into smallpox first occurred,

Many devastating smallpox epidemics
are known to have killed one-quarter to

. one-half of the affected populations. Thus,
smallpox has often changed the course of
human history. It may have caused the
famous plague that decimated Athens in
430 p.c. and helped seal her doom in her
war against Sparta. Epidemics beginning
about A.n. 165 may have contributed to
the decline of the Roman Empire, Titled
victims besides Ramses V include Marcus
Aurelius of Rome, Peter 11 of Russia, and
Louis XV of France,

But the most far-reaching effects of
smallpox were in the New World, where
Spanish explorers carrying the disease en-
countered _Indian__populations large
ehough to susiain smallpox_but.with.no
previous _exposure—and_no._antibodies,
Hence the disease played a decisive role in
the astonishing conquests of the Aztecand
Inca empires, each with miltions of inhab-
itants, by groups of just a few hundred
Spaniards, In Mexico, afier Cortés had
lost two-thirds of his tiny force and re-
treated to the coast from the Aztec capital
of Tenochtitldn (modern Mexico City), a
stmallpox epidemic killed half of the Az-
tecs, including Montezoma’s successor,
Cuitlihuac. In Peru an epidemic that
spread southward from Central America,

"before Pizarro and other Spaniards
reached the area, killed the Inca emperor
Huayna Capac, killed his designated heir,
Ninan Cuyoche, and plunged the empire
into civil war between the rival would-be

* emperors Hufiscar and Atahualpa, Cortés

and Pizarro trivmphed not only because
smallpox had killed s0 many Indian sol-
diers, including therr commanders, but
also because a disease that killed Indians,
and spared the already resistant Span-
iards, demoralized those Indians who sur-

vived the epidemic.

As is true of other diseases, individuals

»
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must vary in their genetic resistance to
smallpox, and the more resistant individ-
uals are more Hkely to survive epidemics.
In populations exposed to the virus for
many generations, the frequencies of
genes associated with resistance must
have risen, Today, only twelve years since
smallpox claimed its last victim, those re-
sistant genes should still be common,
What might those genes be? For reasons
that I shall mention, the genes responsible
for our so-called ABO blood types are
likely candidates. I must now digress for a
simplified crash course in hematology.
Blood is typed according to various pro-
tein-and-sugar compounds occupying the
surfaces of our red blood cells (hence the
name “blood group snbstances”), While
most such substances are found only on
our red cells, the ABO substances, which
are the best known, are alse present on
other cells of our body, Each of us has

" either substance A alone, B alone, both A

and B, or neither, and is correspondingly
classified as having blood type A, B, AB,
or O, respectively. (Strictly speaking, we
have two copies of each gene, one inher-
ited from our father and one from our
mother, and each copy may be either the
A, B, or O form, or allele. Thus, a type-A
person has either two As or ¢lse one A and
one O allele, while a type-O person must
have two O allelés} )

“In addition, éach of us in infancy devel-
;:ps k:ntibodies ;o the 6u:stanm,
acks. People of type O develo ¢
tgﬁemmmmnm; those of
type A develop antibodies only to the B
substance, and vice versa; and those of
type AB develop neither antibody.

We pay attention to our blood types
mainly when they cause us troyble. For
example, if a patient of type B receives a
transfusion of type-A blood, the trans-
fused cells with the A substance are de-
stroyed by the patient’s anti-A antibody,
with possibly lethal consequences to the
patient. This problem appeared only with
the rise of modern medicine and blood
transfusions, but a similar problem can
arise naturally when a woman is pregnant
with a fetus bearing a blood group sub-
stance against which she has antibodies,
For instance, if a type-O mother carries a
fetus that inherited group A from the fa-
ther, the mother’s anti-A antibodies may
cause the fetus to abort or may leave it
damaged at birth, That doesn’t mean,
though, that all you type-O women should
reject a type-A or type-B suitor, or that
you should fret through your pregnanoy if
you marry that sultor, Only a small frac-
tion of pregnancies in ABO-incompatible
marriages actually result in medical com-
plications,
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Why, since almost all known effects of
blood group substances are thus harmful,
do we have differing blood types at ali
The reason remains unclear. Perhaps they
function as chemical passwards to help us
distinguish our own cells from invading
microbes or cancer cells that we ought to
destroy,

In almost all human populations the O
allele is more frequent than the A and B
alleles combined, The occasional loss of
type-A or type-B fetuses because of in.
compatibility with their mothers would
therefore tend to eliminate the A and B
alleles if there were no ther important
selective factors acting on ABO genes. In
fact, as predicted by this reasoning, the O
allele tends to be especlally common in
isolzted human populations on istands or
mountains out of the mainstream of mi.
gration and, therefore, out of the path of

" infection. But A and B are common in

mainstream populations of the Old
World, with A being especially frequent in
Europe, B in Asia, What compensating
advantage peculiar to group A in Europe

- accounts for its higher frequency there,

and similarly for group B in Asia?

One possibility is that certain of the
ABO blood groups might confer resis-
tance against fatal diseases common (or
formerly common) on certain continents
but not on others, Beginning in 1953, con-
vincing associations between ABO blood
type and susceptibility to cancer began to
be discovered, For example, the risk of
stomach cancer is 20 percent higher for
Europeans of type A for than those of type
0. But cancers are not major causes of
death in children and young adults and
therefore should not be the major determi-

" nants of blood type,

A much more plausible explanation for
ABO gene frequencies is that they were
influenced by the infectious diseases that
were major killers of humans;JA potential
mechanism for such an influence is that
the surfaces of some microbes prove to
bear substances similar to the ABO blood
groups, This suggests a clever evolution-
ary trick by the microbes to deceive their
hosts. For instance, if & microbe's surface
is coated with the microbe's own peculiar
substarices, the host is likely to recognize
the microbe as foreign, develop antibodics
against it, and destroy it. But a microbc
coated with the A substance would slip
past the defenses of a type-A person, since
we do not normally develop antibodies
against our own proteins,

In the 1960s two kinds of evidence were
advanced for a susceptibility of type-A
people to smallpox. The first was a still
vnresolved claim that a virus closely re-
lated to the smailpox virus does have sub-

stances like group A on its surface. The
second consisted of two statistical studies
that compared how frequencies of blood
group A and of smallpox varied among
different areas of India and Alrica. Areas
with high frequencies of smallpox proved
to have low frequencies of group A, sug-
gesting that smallpox had killed off people
with group A.

As recently as the 19605, in rural areas
of India, lack of resources for vaccination,
limited access to modern medical care,
and tack of understanding of hygiene and
disease transmission combined to make
smallpox epidemics virtually annual oc-
currences, Children sick with smailpox
shared the same room, and often the same
bed, with their brothers and sisters,
thereby insuring widespread exposure to
the disease. As many as half of the small-
pox patients died.

In 1965 and 1966 two scientists, Dr. E
Vogel and Dr. M. R. Chakravartti, realiz-
ing that a comparative study of survivors
and victims might yield clues about ge-
netic resistance to the disease, attempted
to locate all cases of smallpox during se-
vere epidemics in some viltages and small
towns. They found a total of 415 unvacci-
nated smallpox patients, For all but eight
of these patients, they were also able to
find a healthy brother or sister to consider
as a “control subject”—that is, someone
as similar as possible genetically to the
patient and living in the same house, but
differing in not having contracted small-
pox despite close exposure. Drops-of blood
drawn from the fingertips sufficed to iden-
tify the ABO blood types of the patients
and their siblings. Although 52 percent of
the patients—217 out of 41 5—died in this
severe epidemic, risk of death varied
greatly with ABO blood type.

Among the 415 patients, 261 carried
blood group A (that is, their blood type
was A or AB), while 154 lacked A (their
blood type was B or O). Among the 407
healthy subjects, only 80 carried group A,
while 327 lacked it—which strongly sug-
gests that the As were susceptible and the
nen-As resistant, The ratio of A to non-A
among the patients (261:154), divided by
the ratio of A to non-A among the controls
{80:327), was 7—meaning that a person
with group A had a seven times preater
risk of contracting smalipox than someone
without group A.

The 415 patients were then classified
according to the severity or the mildness
of their symptoms. Among the 283 severe
cases, most (201) had blood group A, and
only 82 lacked it. Among the mild cases,
only 60 had group A, while 72 lacked it.
Hence, once they had contracted small-
pox, patients with group A were threo
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times more likely to develop a severe case.

When the 415 patients were classified
a3 to whether they dicd or survived, most
(155) of the 217 who died had group A,
and only 62 lacked it. The proportions
were more nearly equal among those who
survived: 106 had group A, and 92 lacked
it. Hence, once a person had contracted

amalloEatients-with"gfoup A had a
doubled risk of dying. '

Since people with group A are much
more likely to contract smallpox, to de-
velop a severe case of it, and to die of i,
why hasn’t the gene for group A been
virtually eliminated in India, Earope, and
other areas where smallpox has been a
major killer for a long time, leaving all the
survivors with group O or B?

Perhaps the answer is that other,
equally widespread infectious diseases
spared people with group A and penalized
those with other blood groups. There is
suggestive evidence that the Black Death
(bubonic plague), which killed about one-
third of medieval Europe’s population,
preferentially attacked the bearers of
group O, as does cholera, whose death toll
in India rivaled that of smaflpox. These
two diseases may have favored A at the
expense of O in India and Europe. Con-
versely, those with blood type O may be
relatively resistant to syphilis, which may
have originated in the New World and
thus contributed to the very high frequen-
cies (approaching 100 percent) of group O
among Central and South American Indi-
ans, Thus, ABO blood group frequencies
may represent a compromise among the
selective effects of numerous diseases, If
so, why do geneticists consider the evi-
dence little more than speculative?:

In the case of smallpox, although the
study by Vogel and Chakravartti yielded a
clear picture, three other studies in India
and one in Brazil failed to detect differ-
ences in ABO frequencies between small-
pox patients and controls, Vogel and
Chakravartti noted many reasons why
they considered their 1965-66 study
much more convincing. Most of their pa-
tients were unvaccinated children without
medical care, exposed to an especially vir-
ulent epidemic, while many patients in the
other studies were apparently vaccinated
adults receiving medical care in large ur-
ban hospitals and possibly exposed to a
less virulent epidemic. As a result, mortal-
ity in the other studies was only 0-16 per-
cent, compared to 52 percent in the
1965-66 study. Vogel and Chakravartti
studied all patients that they could locate
in a small area and compared the patients
with siblings living in the same hovse. The
other studies used the biased sample of
patients presenting themselves at an ur-
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ban hospital and compared their blood
groups with those of “control subjects”
from other areas. However, blood group
frequencies vary greatly with caste, relj.
gion, ethnic affiliation, and locality withiy
India. Thus, Vogel and Chakeavarttj ap-
pear to me correct in claiming that their
study involved a much less biased set of
“experimental” subjects, a set of ¢control
subjects much better matched to the ex-
perimental subjects, and a much greater
selective effect of the smalipox epidemic,
which in this case was severe.

If the study had involved mice, these
claims, counterclaims, and discrepancies
would have been resolved by further stud.
jes. Larger blood samples would have
been drawn to permit measurement of
other possible genetic resistance factors
besides ABO blood groups, But--thank
God—the opportunity to continue studies
of smallpox in humans has vanished, As
result of 2 major effort that began in 1966
to eliminate smallpox throughout the
world, no natural cases have been re.
corded since Ali Maow Maalin developed
the telltale rash in Merka Town, Sotnalia,
on Qctober 26, 1977, Hence, the study by
Vogel and Chakravartii will remain
unique. Similarty, our prospects for learn-
ing more about the genetic influences of
bubonic plague and syphitis are slim, since
plague has virtually vanished except in
remote areas, while syphilis can now be
treated as soon as it is detected.

Does this mean that these killers of the
past are now of purely academic interest?
Not at all. First, the slow-healing scars
that they left on our genes, possibly in the
form of altered ABO frequencics, will lin-
ger in us for many generations. But-—per.
haps more important—what they did tous
in the past serves as a model for what
AIDS is doing to us today.

Tt’s well known that individuals exposed
to AIDS vary in their risk of becoming
infected, and that infected individuals
vary in the rate at which their discase
progresses. These facts suggest the pos-
sibility of genetic differences in suscep-
tibility to AIDS, as is true of many other
diseases. In some areas of the world the
eventual AIDS-related mortality ratc
may come to rival that of the great past
epidemics of smallpox and plague. 1f so,
AIDS too may be in the process of causing
big shifts in human gene frequencies, al
though we can't yet specify. which genes
are involved. Natural selection is not &
theoretical postulate, but a grimly con-
tinuing reality.

Jared Diamond teaches physiology af
UCLA and studies the evolution of New
Guinea birds.
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When Columbus

and his successors invaded the Americas,
the most potent weapon they carried was their germs.
But why didn't deadly disease flow in the other direction,

: Jared Diasmond, “The Arrow of Disease,” Discover, Qotober 1992,
from the New World to the Old? Reprinted by permission of Discover.

The three people talking in the hospital room were already

stressed ot from having to cope with a mysterious iflness, and it
| \ didn’t help at all that they were having trouble comtmunicating.
One of them was the patient, a small, timid man, sick with pneu-
tonia caused by an-unidentified microbe and with only a limited
command of the English language, The second, acting as trans-
Jator, was his wife, wortied about her husband’s condition and
frighténed by the hospital environment. The third petson in the
trio was an inexperienced young doctor, trying to figure out what
might have brought on the strange iliness, Under the stress, the
doctor was forgetting everything he had been taught about pa-
tient confidentiality. He committed the awful blunder of re-
questing the woman to ask her husband whether he'd had any sex-
ual experiences that might have caused the infection. m As the
young doctor watched, the husband turned red, pulled himself to-
gether so that he seemed even smaller, tried to disappear under

“BY JARED DIAMOND
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his bed sheets, and starnmered in a barely
audible voice. His wife suddenly
screamed in rage and drew herself up to
tower over him. Before the doctor could
stop her, she grabbed 4 heavy metal bot-
tle, slammed it onto her husband’ head,
and stormed out of the room. It took a
while for the doctor to elicit, through the
man’s broken English, what he had said
to so enrage his wife. The answer
slowly emerged: he had admit-
ted to repeated intercourse
with sheep on a recent visit to
the family farm; perhaps that
was how he had contracted
the mysterious microbe.

This episode, related to

" me by a physician friend in-

volved in the case, sounds so
bizarrely one of a kind as to be
of no possible broader signifi-
cance, But in fact it illustrates
a subject of great impogtance:
human diseages of animal ori-
L o AN S .
gins, Véry few of us may love
$heep in the carnal sense. But
most of us platonically love our
pet animals, like our dogs and
cats; and as a society, we certainly
appear to have an inordinate
fondness for sheep and other
livestock, to judge from the vast
numbers of them that we keep.

Some of us—rmost often our
children—pick up infectious diseases
from our pets. Usually these illuesses re-
main no mote than a nuisance, but a few
have evolved into far more. The major
killers of humanity throughout out re-
cent history—smallpox, fi, tuberculosis,
malaria, plague, measles, and cholera—
are all infectious diseases that arose from
diseases of animals. Until World War II
mote victims of war died of microbes
than of gunshot or sword wounds. All
those military histories glorifying Alexan-

det the Great and Napoleon ignore the -

ego-deflating truth: the winners of past
wars were pot hecessarily those armies
with the best generals and weapons, but
those bearing the worst germs with
which to smite their enemies.

The grimmest example of the role of

- germs in history s much on our minds

this month, as we recall the European
conquest of the Americas that began with

" Columbus'’s voyage of 1492, Numerous

as the Tndian victims of the murderous
Spanish conquistadores were, they were
dwarfed in number by the victims of
murderous Spanish microbes, These
formidable conquerors killed an esti-
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mated 95 percent of the-New-World's-

p‘j}%%éﬁlm]ndianﬂpgmllmion.
“Why was the exchange of nasty germs

between the Americas and Furope so un-

* equal? Why didn’t the reverse happen in-

stead, with Indian diseases decimating the
Spanish invaders, spreading back across
the Adantic, and causing a 95 percent de-
cline in Enrope’s human population?

Similar questions arise re~
garding the decimation of many other
native peoples by European germs, and
regarding the decimation of would-be
European conquistadores in the tropics
of Africa and Asia.

ATURALLY, we're disposed to think

about diseases from our own point

of view: What can we do to save

ourselves and to kill the microbes?
Let’s stamp out the scoundrels, and never
mind what thes» motives are!

In life, though, one has to understand
the enemy to beat him. So for a moment,
let’s consider disease from the-microbes’
point of view, Let’s look beyond our
anger at their making us sick in bizarre
ways, like giving us genital sores or diar-
rhea, and ask why it is that they do such
things. After all, microbes are as much 2
product of natural selection as we are,
and so their actions must have come
about because they confer some evolu-
tionary benefit.

Basically, of course, evolution selects
those individuals that are most effective
at producing babies and at helping those

" babies find suitable places to live. Mi-
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crobes are marvels at this latter require-
ment. They have evolved diverse ways
of spreading from one person to an-
other, and from animals to people. Many
of our symptorms of disease actually rep-
resent ways in which sowe clever bug
modifies our bodies or our behavior
such that we become enlisted to spread
bugs.

The most effortless way a bug can
spread is by just waiting to be transmit-
ted passively to the next victim. That’s
the strategy practiced by microbes that
wait for one host to be eaten by the
next—salmonella bacteria, for example,
which we contract by eating already
infected eggs or meag; or the worm 1¢
sponsible for trichinosis, which waits for
us to kill 2 pig and eat it without prop-
erly cooking it.

As a slight modification of this strat-

" egy, some microbes don't wait for the old

host to die but instead hitchhike in the
saliva of an insect that bites the old host
and then flies to a new one. The free ride
may be provided by mosquitoes, fleas,
lice, or tsetse flies, which spread malarda,
plague, typhus, and sleeping sickness, re
spectively, The dirtiest of all passive-car
riage tricks is perpetrated by microbes
that pass from a woman to her fetus—
microbes such as the ones responsible for
syphilis, rubella (German measles), and
AIDS. By their cunning these microbes
can already be infecting an infant before
the moment of its birth.

Other bugs take matters into their
own hands, figuratively speaking. They




From our viewpoint,
diatthea and coughing are "symptoms” of disease.

From a bug's viewpoint, they're clever evolutionary

We and our pathogens
are now locked in an escalating evolutionary
contest, with the death of one contestant the

strategies to broadcast the bug. That’s why it’s in price of defeat, and with natural selection

actively modify the anatomy or habits of
their host to accelerate their transmis-
sion. From our perspective, the open
genital sores cansed by venereal diseases
such as syphilis are a vile indignity. From
the microbes’ point of view, however,
they're just 2 useful device to enlista
host’ help in inoculating the body cavity
of another host with microbes. The skin
lesions cansed by smallpox similatly
spread microbes by direct or indirect
body contact (accasionally very inditect,
-as when U.S. and Australian whites bent
on wiping out “belligerent” native peo-
ples sent them gifts of blankets previously
used by smallpox patients).

More vigorous yet is the strategy
practiced by the influenza, common cold,
and pertussis (whooping cough) mi-
crobes, which induce the victim to cough
of sneeze, thereby broadcasting the bugs
toward prospective new hosts. Similarly
the cholera bacterium induces a massive
‘diarchea that spreads bacteria into the
water supplies of potential new victims,
For modification of a host’s behavior,
though, nothing matches the rabies
wirus, which not only gets into the
saliva of an infected dog but drives
the dog into a frenzy of biting and
‘thereby infects many new victims.

i Thus, from our viewpoint,
igenital sotes, diarrhea, and
icoughing are “symptoms” of dis-
pase. From a bug's viewpoint,
l;hey’ re clever evolutioiiary
strategies to broadcast the
%ug. That’s why it’s in the
bug’s interests to make us
Ysick.” But what does it gain
y killing us? That seems
elf-defeating, since a mi-
crobe that kills its host kills itself, ‘
.- Though you may well think it’s of lit-
le consolation, our death is really just an
inintended by-product of host symptoms
hat promote the efficient transmission
if microbes, Yes, an untreated cholera
ntient may eventually die from produc-
ng diarrheal fluid at a rate of several gal-
bns a day, While the patient lasts,
hough, the cholera bacterium profits

the bug’s interests to make us "sick.”

from belng massively disseminated into
the water supplies of its next victims. As
long as each victlm thereby infeets, on
average, more than one new victim, the
bacteria will spread, even though the first
host happens to die.

0 MUCH FOR the dispassionate ex-
amination of the bug’s interests.
Now let’s get back to considering
our own selfish interests: to stay
alive and healthy, best done by killing the

* damnted bugs. One common tesponse to

infectlon is to develop a fever, Again, we
consider fever a “symptom” of disease, as
ifit developed inevitably without serving
any function. But regulation of body
temperature is under our genetic control,
and a fever doesn’t just happen by acci-
dent. Because some microbes are more
sensitive to heat than our own hodies are,
by raistng our body temperature we in ef-
fect try to bake

the bugs .

to death before we get baked ourselves,

Another common response is to mo-
bilize our immune system. White blood
cells and other cells actively seek out and
kill foreign microbes. The specific and-
bodies we gradually build up against a
particular microbe make us less likely to
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get reinfected once we are cured, As we
all know, there are some illnesses, such as
flu and the common cold, to which our
resistance is only temporary; we can
eventually contract the illness again,
Against other illnesses, though—includ-
ing measles, mumps, rubella, pertussis,
and the now-~defeated menace of small-
pox-—antibodies stimulated by one in~
fection confer lifelong immunity. That’s
the principle behind vaccination—to
stimulate our antibody production with-
out our having to go through the actual
experience of the disease.

Alas, some clever bugs don’t just cave
in to our immune defenses. Some have
learned to trick us by changlng their anti-
gens, those molecular pieces of the mi-
crobe that our antibodles recognize, The
strains of fu, with differing antigens, ex-
plains why the i you got two years ago.
didn’t protect you against the different
strain that arrived this yeat. Sleeping sick- ~
ness is an even more slippery customer in
its ability to change its antigens rapidly.

Among the slipperiest of all is
the virus that causes AIDS, which
evolves new antigens even as it
sits within an individual patient,

until it eventually overwhelms
the immune systern,
Qur slowest defensive re-
sponse is through natural se-
lection, which changes the
. relative frequency with
which a gene appears from
generation to generation,
For almost any disease
some people prove to be ge-
netically more resistant than oth~
ers, In an epidemic, those people
with genes for resistance to that par-
ticular microbe are more likely to sut-
vive than are people lacking such genes.
As a result, over the course of history hu-
man populations repeatedly exposed toa
particular pathogen tend to be made up
of individuals with genes that resist the
approptiate microbe—just because un-
fortunate individuals without those genes
were less likely to survive to pass their
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genes on to their children.

Fat consolation, you tnay be thinking,
This evolutionary response is not one
that does the genetically susceptible dy-
ing individual any good. It does mean,
though, that 4 hwman population as a
whole becomes better protected.

In short, many bugs have had to
evolve tricks to let themn spread among
potential victims, We've evolved coun-
tertricks, to which the bugs have re-
sponded by evolving counter-counter-
tricks. We and our pathogens are now
locked in an escalating evolutionary con-
test, with the death of one contestant the
price of defeat, and with natural selection
playing the role of umpire.

HE FORM that this deadly contest
takes vaties with the pathogens: for
some it is like a guertilla war, while
for others it is a bliczkrieg, With
certain diseases, like malaria or hook-
worm, theres a more or less steady trickle
of new cases in an affected area, and they
will appear in any month of any year.
Epidemic diseases, though, are different:

. they produce no cases for a long time,

then a whole wave of cases, then no more
cases again for a while,

Among such epidemic diseases, in-
fluenza is the most familiar to Americans,
this year having been a particularly bad
one for us (but a great year for the in-
fluenza virus). Cholera epidemics come
at longer intervals, the 1991 Peruvian
epidemic being the first one to reach the
New World during the twentieth cen-
tury. Frightening as today’s influenza and
cholera epidemics are, though, they pale
beside the far more terrifying epidemics
of the past, before the rise of modern

medicine. The greatest single epidemic
in human history was the influenza wave
that killed 21 million people at the end
of the First Would War, The black death,
ot bubonic plague, killed one-quarter of
Furdpes population hetween.1346 and
1352, with death tolls up to 70 percent in
some citics.
"The infectious diseases that visit s as
”@Iﬂemi@ share several characteristics.

DISCOVER OCTOBER 1992

playing the role of umpire.

First, they spread quickly and efficiently
from an infected person to nearby
healthy people, with the result that the
whole population gets expoged within a
short time. Second, they're facute’t -
nesses; within a short tie, youither die
or recover completely. Third, the forru-
watEones of us who do recover develop
7 of us wio do rec

afitibodies that leave us immune against
TTRCITTEAEE of the disease for a long
time, possibly our entire [ives. Finally,
thiese diseases tend to be restricted to ku-
mans; the bugs cavsing them tend not to
live ins the soil or in other animals. Al
four of these characteristics apply to what
Americans think of as the once more-fa-
miliar acute epidemic diseases of child-
hood, incleding measles, rubella, mumps,
pertussis, and smallpox.

It is easy to understand why the com-
bination of those four characteristics
tends to make a disease run in epidemics,
The rapid spread of microbes and the
rapid course of symptoms mean that ev-
erybody in a local human population is
scon infected, and thereafter cither dead
or else recovered and immune, No one
is left alive who could still be infected,
But since the microbe can't survive ex-
cept in the bodies of living people, the
disease dies out until a new evop of ba-
bies reaches the susceptible age—and un-
til an infectious person arrives from the
outside to start a new epidemic.

A classic illustration of the process is

‘given by the history of measles on the

isolated Faeroe Islands in the North At-
lantic. A severe epidemic of the disease
reached the Faeroes in 1781, then died
out, leaving the islands measles-free un-
til an infected carpenter arrived on a ship
from Denmark in 1846, Within three
months almost the whole Faeroes popu-
lation—7,782 people—had potten
measles and then either died or recov-
ered, leaving the measles virus to disap-
pear once again until the next epidemic.
Studies show that measles is likely to die
out in any hutnan population numbeting
less than half a million people. Only in
larger populations can measles shift from
one local area to another, thereby per-
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sisting until enough babies have been
born in the originally infected area to
permit the disease’s return.

Rubetla in Australia provides a simi-
lar example, on a much larger scale. As
of 1917 Australia’s population was still
only 5 million, with tmost people living
in scattered rural areas, The sea voyage
to Britain took two months, and land
transport within Australia itself was slow.
In effect, Australia didn't even consist of
a population of 5 million, but of hun-
dreds of much smaller populations. As 1
result, rubella hit Australia only as occa-
sional epidemics, when an infected per-
son happened to arrive from overseas and
stayed in a densely populated area. By
1938, though, the city of Sydney alone
had a population of over one millior, and
people moved frequently and quickly by
air between London, Sydney, and other
Australian cities, Around then, rbella for
the first time was able to establish itself
permanently in Australia,

‘What's true for rubella in Australia is
true for most Familiar acute infectious

diseases{throughout the world. g sus-
tain, lves, they need.a human_pop-
ulation that is sufficieatly numerous and
densely packed that 2 new crop of sus-
ceptible children is available for infection
by the time the disease-would.otherwise
be waning. Hence measles and other

ich diseages are also known as@
Idiseases.” 1 -
e

ROWD DISERSES could not sustain

themselves in small bands of

hunter-gatherers and slash-and-

burn farmers. As tragic recent ex-
pertence with Amazonian Indians and
Pacific Islanders confirins, almost an en-
tire tribelet may be wiped out by an epi-
demic brought by an outside visitor, be-
cause no one in the tribelet has any
antibodies against the microbe, In addi-
tion, measles and some other “child-
hood” diseases are more likely to kil in-
fected adults than children, and all adults
in the tribelet are susceptible. Having
killed most of the tribelet, the epidemic
then disappears. The small population
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The exp(osive\increase

in world travel by Americans, and in immigration

to the United States, Is turning us into another melting

size explains why tribelets can’t sustain
epidenmics introduced from the outside)
at the same time it explains why they
could never evolve epidemic diseases of
thelr own to give back to the visitors.

That’s not to say that small human
populations ate free from all Infectious
diseases. Some of their infections are
caused by microbes capable of maintain-
ing themselves in animals or in soil, so
the disease remains constantly available
to infect people. For example, the yellow
fevet virus Is carried by African wild
monkeys and is constantly available o in-
fect rural human populations of Africa. It
was also available to be carried to New
World monkeys and people by the
transatlantic slave trade.

Othet infections.of.small human pop-
ulations are@g‘_g_d&sglgses]such as lep-
rosy and yaws, that may take a very long
time to kilt a victitn. The victim thus re-
mains alive as a resetvoir of microbes to
infect other mermbers of the tribelet. Fi-
nally, small human populations are sus-
ceptible to nonfatal infections against
which we don't develop immunity, with
the result that the same pexson can be-
come reinfected after recovering. That’s
the case with hookworm and many other
parasites,

LL THESE TYPES of diseases, charac-
tetistic of small, isolated popula-
tlons, must be the-oldest diseases of
humanity, They were the ones that
we could evolve and sustain through the
eatly miflions of years of our evolution-
aty histoty, when the total human popu-
lation was tiny and fragmented. They are
also shated with, ot are similar to the dis-

. edses of, our closest wild relatives, the

Aftican great apes, In contrast, the evolu-

" tion of our crowd diseases could only have

occurred with the buildup of large, dense
human populations, first made possible
by the rise of agriculture about 10,000
yeats ago, then by the rise of clties several
thousand years ago, Indeed, the first at-

- tested dates fot many familiar infectlous
diseases are sutprisingly recent: around

1600 B.C. for smallpox (as deduced from
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pot—this time of microbes that wed dismissed

as causing diseases in far-off countries.

poclanatks on an Egyptian mummy), 400
B.C, for mumps, 1840 for polio, and 1959
for AIDS,

Agriculture sustains much higher hu-
man population densities than does hunt-
ing and gathering—on average, 10 to 100
times higher. In addition, hunter-gather-
ers frequently shift camp, leaving behind
their piles of feces with their accumulated
microl()ies and wotts lxa\rvae.i (I{iult farmers
are sedentary and live amid their own
sewage, providing ficrobes with-a-quick
path from ane person’s body Into another
person’s drinking water. Farmers also be-
come surrounded by disease-transmitting
rodents attracted by stored food.

Some human populations make it
even easier for their own bacteria and
worms to infect new victims, by inten-
tlonally gathering their feces and urine
and spreading it as fertllizer on the fields
where people work. Irrigation agriculture
and ﬁsE farming provide ideal living con-
ditions for the snails carrying schisto-
gomes, and for other flukes that burrow
through our skin as we wade through the
feces-laden water.

Tf the rise of farming was a boon for
our microbes, the rise of cities was a veri-
table bonanza, as stiil more densely packed
human populations festered under even
wotse sanitation conditions. (Not untl the
beginning of the twentieth century did ur-
ban populations finally become self-sus-
taining; untl then, constant immigradon
of healthy peasants from the countryside
was hecessary to make good the constant
deaths of city dwellers from crowd dis-
cases.) Another bonanza was the develop-
ment of world trade routes, which by late
Roman times effectively joined the popu-
lations of Europe, Asia, and North Africa
into one glant breeding ground for mi-
crobes. That’s when smallpox finally
reached Rome as the “plagne of Anto-
nius,” which kifled millions of Roman cit-
izens between AD. 165 and 180.

Similarly, bubonic plague first ap-
peared in Europe as the plague of Jus~
tindan (AD. $42-543), But plague didn’t
begin to hit Enrope with foll force, as the
black death epidemics, until 1346, when
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new overland trading with China pro-
vided rapid transit for flea-infested furs
from plague-tidden areas of Central Asit.
"Today our jet planes have made even the
Jongest intercontinental flights briefer
than the dutation of any human infec.
tious disease, That’s how an Aerolinea.
Argentinas airplane, stopping in Lima.
Peru, earlier this year, managed to deliver
dozens of cholera-infected people the
same day to my city of Los Angeles, over
3,000 miles away. The explosive increase
in world trave] by Americans, and in im-
migration to the United States, is turn-
ing us into another melting pot—this
time of microbes that we previously dis-
missed as fust causing exotlc diseases in
far-off countties.

FHEN_THE HUMEN population be-
came sufficiently farge and con-
centrated, we reached the stage
fn our history when we could at

last sustaiil crowd diseases confined €0 our
species. Bt that presents a paradox: such
diseases could never have exsted before,
Instead they had to evolve as new diseases,
Where did those new diseases come from?
Evidence emetges from studlies of the
disease-causing microbes themselves. In
many cases molecular biologists have iden-
tified the microbe’s closest relative. Those
relatives also prove to be agents of infec-
tious crowd diseases—but ones confined
to various spectes of dorestic animals and
pets! Among animals too, epidemic dis-
eases require dense populations, and
they're mainly confined to social animals
that provide the necessary large popula-
tions. Hence when we domesticated social
animals such as cows and pigs, tHey Were
alieady afflicted by epidemic diseases jist
waitinig £ be Bansferfed s
For exarple, the miemsles virus is most
closely related to the vitus causing rinder-
pest, a nasty epidemic disease of tattle
and many wild cud-chewing mammals.
Rinderpest doesn't affect humans,
Measles, in turn, doesn’t affect cattle, The
close similarity of the measles and rinder-
pest viruses suggests that the rinderpest
vitus transferred from cattle to humans,

then became the measles virus by chang-
ing its properties to adapt to us, That
transfer isn’t surprising, considering how
closely many peasant farmers live and
sleep nest to cows and their accompaty-
ing feces, urine, breath, sores, and blood,
Our intimacy with cattle has been going
on for the 8,000 years since we domesti-
cated them—ample time for the rinder-
pest virus to discover us nearby. Other
familiar infectious diseases can similarly
be traced back to diseases of our an-
imal friends.

Given our proximity to the
animals we love, we must -
constantly be getting bom-
barded by animal mi-
crobes. Those invaders
get winnowed by natural
selection, and only a few
succeed in establishing
themselves as human
diseases. A quick survey
of current diseases lets
us trace four stages in
the evolution of a spe-
cialized human dis-
ease from an animal
precursor.

In the first stage,.
we pick up animal-
borne microbes that
are still at an early
stage in their evolu-
tion into specialized
human pathogens,
They don’t get trans-
mitted directly from one
person to another, and even
their transfer from animals to
us remains uncommon. There
are dozens of diseases like this that
we get directly from pets and do-
mestic animals, They include cat
scratch fever from cats, leptospiro-
sis from dogs, psittacosis from chick-
ens and parrots, and brucellosis from
cattle. We're similarly susceptible to
picking up diseases from wild animals,
such ag the tularemia that hunters ocea-

sionally get from skinning wild rabbits.

In the second stage, a former animal
pathogen evolvesto the point where it
does get cransmitted directly between
people and causes epidemics. However,
the epidemic dies out for several rea-
sons—heing cured by modern medicine,
stopping when everybody has been in-
fected and died, or stopping when ev-
erybody has been infected and become
imnune. For example, a previously un-
known discase termed o'nyong-nyong

fever appeared in East Africa in 1959
and infected several million Africans. Tt
probably arose from a virus of monkeys

and was transmitted to humans by

mosquitoes. The fact that patients re-
covered quickly and became immune to
further attack helped cause the new dis-
ease to die out quickly.

The an-
nals of

medicine are full of diseases that sound
like no known disease today but that once
caused terrifying epidemics before dis-
appearing as mysteriously as they had
come. Who alive today remembers the
“English sweating sickness” that swept
and terrified Europe between 1485 and
1578, or the “Picardy sweats” of eigh-
teenth- and nineteenth-century France?
A third.stage in the evolution of our .
major diseases is represented by former
animal pathogens that establish them-
selves in humans and that do not die out;
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until they do, the question of whet|
they will become major killers of 1
manity remains up for grabs. The fat
is still very uncertain for Lassa fever, £
observed in 1969 in Nigeria and cau
by a virus probably derived from rodes
Better established is Lyme disease, cau:
by a spirochete that we get from the t
of a tick, Although the first kno
human cases in the Unit
States appeared only as
cently as 1962, Lyme ¢
ease is already reachi
epidemic proportions
the Northeast, on t
West Coast, and in
P upper Midwest, The
' ture of AIDS, deriv
from monkey viruses
‘gven more secure, frq
the virus’s perspective
The final stape
this evolution is rgye
resented by the nr
jor, long-establish
epidemic diseas
confined to humai
These diseases my
have been the evol
tionary survivors of :
more pathogens th
tried to make the jump
us from animale—a:
mostly failed.
Diseascs represent ev
lution in progress, as n
crobes adapt by natural ¢
lection to new hos
- Compared with cow
bodies, though, our be
ies offer different i1
- mune defenses and d
ferent chemistry, In tl
new enviromment,
microbe must evol
new ways to live a)
propagate itself,
"The best-studied ¢
ample of microbes evol
ing these new ways involves myxomat -
sis, which hit Australian rabbits in 19
T'he myxoma virus, native to a wi
species of Brazilian rabbit, was known
cause a lethal epidemic in Furopeand
mestic rabbits, which are a differe -
species. The virus was intentlonally i
troduced to Australia in the hopes of i
ding the continent of its plague of Eur
pean rabbits, foolishly introduced in t
nineteenth century. In the first year, imy
oma produced a gratifying (to Australi
farmers) 99.8 percent mortality in i
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In the century or (wo

following Columbus’s arrival in the New World.
the Indian population declined by about 95 percent.
The main killers were European germs, to which

the Indians had never been exposed.

fected rabbits. Fortunately for the rabbits
and unfortunately for the farmers, the
death rate then dropped in the second
year to 90 percent and eventually to 25
percent, frustrating hopes of eradicating
rabbits completely from Australia. The
problem was that the myxoma virus
evolved to serve its own interests, which
differed from the farmers’ interests and
those of the rabbits. The virus changed
1o kill fewer rabbits and to permit lethally
infected ones to live longer before dying.
The result was bad for Australian farm-
ers but good for the virus: a less lethal
myxoma virus spreads baby viruses to
more rabbits than did the original, highly
vitulent myxoma.

For a similar example in humans, con-
sider the surprising evolution of syphilis.
Today we assoclate syphilis with genital
sores and a very slowly developing dis-
ease, leading to the death of untreated
victims only after many years, However,
when syphilis was first definitely recorded
in Europe in 1495, its pustules often cov-
ered the body from the head to the knees,

. caused flesh to fall off people’s faces, and

led to death within a few months, By
1546 syphilis had evolved into the disease
with the symptoms known to us today.
Apparently, just as with myxomatosis,
those syphilis spirochetes evolved to keep
their victims alive longer in order to
transmit their spirochete offspring into
mote victims.

OW, THER, does all this explain the

outcoine of 1492-—that Europeans

conquered and depopulated the

New World, instead of Native
Asmericans conquering and depopulating’
Europe?

Part of the answer, of course, goes
back to the invaders’ technological ad-
vantages. European guns and steel
swords were more effective weapons than
Native American stone axes and wooden
clubs. Only Europeans had ships capable
of crossing the ocean and horses that
could provide a decisive advantage in bat-
tle. But that's not the whole answer, Far
more Native Americans died in bed than

OCTOBER 1992

on. the battlefield-—the victims of germs,
not of guns and swords, Those germs un-
dermined Indian resistance by killing
most Indians and their leaders and by de-
moralizing the survivors.

The role of disease in the Spanish
conquests of the Aztec and Inca empires
is especially well documented. In 1519
Cortés landed on the coast of Mexico
with 600 Spaniards to conquer the
fiercely militaristic Aztec Empire, which
at the time had a population of many mil-
lions. That Cortés reached the Aztec cap-
ital of Tenochtitlin, escaped with the loss
of “only” two-thirds of his force, and
managed to fight his way back to the
coast demonstrates both Spanish military
advantages and the initial natveté of the
Aztecs. But when Cortés’ next onslaught
came, in 1521, the Aztecs were no longet
naive; they fought street by street with
the utmost tenacity.

What gave the Spaniards.a.decisive
advantage this time.wa nallpax}which
reached Mexico in 1520 with the arrival
of one infected slave from Spanish Cuba.
The resulting epidemic proceeded to kill
nearly half the Aztecs. The survivors
were demotalized by the mysterious ill-
ness that killed Indians and spared
Spaniards, as if advertising the Spaniards’
invineibility. By 1618 Mexico’s initinl
population of 20 million had phunmeted
to ahout I.6-millien.

Pizarro had simitarly grim luck when
he landed on the coast of Peru in 1531
with about 200 men to conquet the Inca
Empire. Fortunately for Pizatro, and un-
fortunately for the Incas, smatlpox had
arrived overland around 1524, killing
much of the Inca population, including
both Eraperor Huayna Capac and his son
and designated successor, Ninan Cuy-
oche. Because of the vacant throne, two
other sons of Huayna Capac, Atahuallpa
and Hudscar, became embroiled in a civil
war that Pizatro exploited to conquer the
divided Incas,

When we in the United States think of
the most populous New World societies
existing in 1492, only the Aztecs and In-
eas come to mind, We forget that North
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Ametica also suppotted populous Indian
societies in the Mississippi Valley. Sadly,
these societies too would disappear. But in
this case conquistadores contributed noth-
ing directly to the societies’ destruction;
the conquistadores’ germs, spreading in
acvance, did everything, When De Soto
marched through the Southeast in 1540.
he came across Indian towns abandoned
two years previously because nearly all the
inhabitants had died in epidemics, How-
avet, he was still able to see some of the
densely populated towns lining the lower
Mississipp. By n century and a half later,
though, when French settlery returned to
the lower Mississippl, almost all those
towns had vanished. Their relics are the
great mound sites of the Mississippi Val-
ley. Only recently have we come to real
ize that the mound-building socletes were
still largely intact when Columbus ariived.
and that they collapsed between 1492 and
the systematic European exploration of
the Mississippl.

HEN 1 WAS a child in school, we
were taught that North Amer-
ica had originally been occupied
by about one million Indians.
That low number helped justify the white
conquest of what could then be viewel
as an almost empty continent, However.
archeological excavations and descrip-
tions left by the first Eucopean explorers
on out coasts now suggest an initlal num-
Der of around 20 miltion, In the century
or two following Columbus’s arrival in
the New World, the Indian population is
estimated to have declined by about 95
percent. -
The maln killers were Europein
germs, to which the Indians had never
been exposed and against which they
thetefore had neither immunologic nor
genetic resistance. Smallpox, measles, in-
fluenza, and typhus competed for top
rank among the killers, As if those wert
not enough, pertussis, plague, tubetcu-
losis, diphtherta, mumps, malaria, ani
yellow fever came close behind. In count-
Jess cases Buropeans were actually there
to witness the decimation that occurtcd

when the germs arrived. For example, i
1837 the Mandan Indian tribe, m&%ﬁz
of the most elaborate cultures in the
Great Plains, contracted smallpox thanks
to a steamboat traveling up the Missouri
River from St. Louis. The population of
one Mandan village crashed from 2,000
10 less than 40 within a few weeks,

The one-sided exchange of lethal
germs between the Old and New worlds
is among the most striking and conse-~
quence-laden facts of recent history.
Whereas over a dozen major infectious
diseases of Old World origins became es-
tablished in the New World, not a single
major killer reached Furope from the
Americas. The sole possible exception is
syphilis, whose area of origin stll remains
controversial.

"That one-sidedness is more striking
with the knowledge that large, dense
haman populations are a prerequisite for
the evolution of crowd diseases, If re-
cent reappraisals of the pre-Columbian
New World population
are correct, that popula-
tion was not far be-
low the contempora-
neous population
of Eurasia. Some
New World cities, like
Tenochtitlén, were
among the warld's
most populer  nities
at the ti- . Yer
Tenochtivan didn’t
have awful germs
waiting in store for

the Spaniards. ighy not?’j
One possible factor s that the rise of

dense human populations began some-
what later in the New World than in the
Old. Another is that the three most pop-
ulous American centers—the Andes,
Mesxico, and the Mississippi Valley—were
never connected by regular fast trade into

st o

one gigantic breeding groufid for i~
crobes, in the way that Europe, North
Aftica, India, and China became con-
nected in Jate Roman times.

"Th&nain reasor becomes clear, how-
ever, if we ask a simple question: From
what microbes could any crowd diseases
of the Americas have evolved? We've
seen that Eurasian crowd diseasss evolved
{rom diseases of domesticated herd ani-
mals, Significantly, there were many such
animals in Eurasia. But there were only
five animals that became domesticated in
the Americas: the turkey in Mexico-and
parts of North America, the guinea pig
and Hama/alpaca (probably derived from

the same original wild species).in.the
ATides, the Muscovy du?k in t)ropical
South America, and the dog throughout
t]c\ii:.'*_ Americas.. o
That extreme paucity of New World
domestic animals reflects the paucity of
wild starting material. About 80 percent
of the big wild mammals of the Ameti-
cas became extinct at the end of the Jast
ice age, around 11,000 years ago, at ap-
proximately the same time that the first
well-attested wave of Indian hunters
spread over the Americas,
Among the species that
disappeared were
ones that would
have yielded
useful domes-
ticates, such
as American
horses and
camels.
Dehate
still rages

as to whether
those extinctions
were due to cli-
mate changes
or to the im-
pact of Indian hunters on prey that had
never seen humans. Whatever the rea-
san, the extinctions removed most of the
basis for Native American animal do-
mestication—and for crowd diseases.
The few domesticates that remained
were not likely sources of such diseases.
Muscovy ducks and turkeys don't live in
enormous flocks, and they’re not natu-
rally endearing species (like young
lambs) with which we have much phys-
ical contact. Guinea pigs may have con-
tributed a trypanosome infection like
Chagas' disease or leishmaniasis to our
catalog of waes, but that’s uncertain. Ini-
tially the most surprising absence is of
any hwmnan disease derived from llamas
(or alpacas), which are tempting to con-
sider as the Andean equivalent of
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Eurasian livestock. However, [lamas had
three strilees against them 25 2 sonrce of
human pathogens: their wild relatives
don’t occur in big herds as do wild
sheep, goats, and pigs; their total num-
bers were never remotely as large as the
Eurasian populations of domestic live-
stock, since llamas never spread beyond
the Andes; and llamas aren’t as cuddly
as piglets and lambs and aren’t kept in
such close association with people. (You
may not think of piglets as cuddly, but
human mothers in the New Guinea
highlands often nurse them,
and they frequently live
right in the huts of peas- |
ant farmers.)
The importance of
animal-derived dis-
eases for human his-
tory extends far be-
yond the Americas.
Eurasian germs
played a key role
Ain decimating
native peoples in
many other parts
of the world as
well, including the
Pacific islands, Aus-
tralia, and southern
Africa, Racist Euro-
peans used to attribute
those conguests to their
supposedly better
brains, But no evidence
for such better brains
has been forthcoming.
Instead, the conquests
were made possible by
Europeans’ nastier
germs, and by the tech-
nol_ﬂ_gi:@ﬁ neesand
denser populations that Europeans ulti-
mately acquiréd by means of thetr do-
mesticated plants.and animals.

So on this 500th anniversary of
Columbus’s discovery, let’s try to regain
our sense of perspective about his hotly
debated achievernents, There’s no doubt
that Columbus was 2 great visionary, sea-
man, and leader, There’s also no doubt
that he and his successors often behaved
as bestial rurderers. But those facts alone
don’t fully explain why it took so few Eu-
ropean immigrants to initially conquer
and ultimately supplant so much of the
native population of the Americas, With-
out the germs Europeans brought with
tHET——gernis that were.derived Jrom
their animals—such conquests might

have begn impossible. B}
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