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ABSTRACT

While evolution by natural selection has long been a foundation for biomedical science, it has
recently gained new power to explain many aspects of disease. This progress results largely from the
disciplined application of what has been called the adaptationist program. We show that this increas-
ingly significant research paradigm can predict otherwise unsuspected facets of human biology, and
that it provides new insights into the causes of medical disorders, such as those discussed below:

1. Infection. Signs and symptoms of the host-parasite contest can be categorized according to whether
they represent adaptations or costs for host or parasite. Some host adaptations may have contributed
to fitness in the Stone Age but are obsolete today. Others, such as fever and iron sequestration, have
been incorrectly considered harmful. Pathogens, with their large populations and many generations
in a single host, can evolve very rapidly. Acquisition of resistance to antibiotics is one example. An-
other is the recently demonstrated tendency to change virulence levels in predictable ways in response
to changed conditions imposed incidentally by human activities.

2. Injuries and toxins. Mechanical injuries or stressful wear and tear are conceptually simpler
than infectious diseases because they are not contests between conflicting interests. Plant-herbivore
contests may often underlie chemical injury from the defensive secondary compounds of plant tissues.
Nausea in pregnancy, and allergy, may be adaptations against such toxins.

3. Genetic factors. Common genetic diseases often result from genes maintained by other beneficial
effects in historically normal environments. The diseases of aging are especially likely to be associated
with early benefits.

4. Abnormal environments. Human biology is designed for Stone Age conditions. Modern en-
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vironments may cause many diseases — for example, deficiency syndromes such as scurvy and rickets,
the effects of excess consumption of normally scarce nutrients such as fat and salt, developmental
diseases such as myopia, and psychological reactions to novel environments.

The substantial benefits of evolutionary studies of disease will be realized only if they become
central to medical curricula, an advance that may at first require the establishment of one or more
research centers dedicated to the further development of Darwinian medicine.

INTRODUCTION

EDICAL EDUCATION stresses phys-

ics, chemistry, and those branches of
biology that deal with proximate mechanisms.
Application of this knowledge to biology and
medicine has resulted in impressive advances
in the prevention and treatment of human dis-
ease. Evolutionary biology, however, has not
been emphasized in medical curricula. This is
unfortunate, because new applications of evolu-
tionary principles to medical problems show
that advances would be even more rapid if med-
ical professionals were as attuned to Darwin
as they have been to Pasteur.

In one sense, physics and chemistry may fur-
nish a complete explanation of all events in the
human body, from subatomic aspects of cellu-
lar metabolism, to the mechanical character-
istics of the skeletal system, to the cognitive
mechanisms that regulate behavior. For in-
stance, there are seven vertebrae in the neck.
Can physics and chemistry explain that? Yes,
in an important sense. These vertebrae arise
by a series of developmental events of a mate-
rial nature, very much the realm of the proxi-
mate sciences of physiology and embryology.

In another important sense, however, the an-
swerisno. A complete explanation of how seven
cervical vertebrae are normally produced by
a human zygote leaves untouched the question
of why that zygote’s DNA should be so pro-
grammed. Why is it not organized to produce
six or eight cervical vertebrae? And why should
the zygote be capable of producing a function-
ally adequate neck at all? These last two ques-
tions find their answers in the Darwinian con-
cepts of phylogeny and natural selection,
respectively. Such answers are not alternatives
to answers from physiology and embryology,
they are answers to different kinds of questions.

This review presents the current status of
natural selection as a predictive theory of hu-
man biology, and illustrates its application to
four categories of causes of disease. The first
is infection: conflicts between pathogens and

their human hosts and the adaptations with
which both contestants attempt to influence the
outcome in their own favor. We suggest that
an evolutionary taxonomy of manifestations of
infectious disease must underlie any attempt
to understand such conflicts, and that an ap-
preciation of the implications of the rapid evo-
lution of pathogens may help with the solution
of some public health problems. We then turn
to the understanding and treatment of physi-
cal injuries that result from mechanical or
chemical agents. We next consider genetic dis-
ease, and genetic factors that affect suscepti-
bility to disease, especially those maintained
by pleiotropic effects that offer benefits in youth
but exact a cost later in life by increasing sus-
ceptibility to the diseases of aging. Finally, we
consider how differences between present cir-
cumstances and the environment of evolution-
ary adaptedness may contribute to diseases of
civilization including deficiency states, toxins
from various natural and artificial sources, and
some behavioral and psychological disorders.

NATURAL SELECTION AS A PREDICTIVE
THEORY OF HUMAN BIOLOGY

An evolutionary explanation, of the history
and current utility of some feature of some or-
ganism, always implies more than the obser-
vations that suggested the explanation. The im-
plications constitute predictions of the results
of investigations and may thereby lead to new
discoveries. The relentless operation of muta-
tion pressure, Mendelian genetics, selection,
and other Darwinian factors for hundreds of
millions of years in every lineage means that
organisms must have certain features and not
others. The most universally reliable expecta-
tion is of a near maximum for a gene€’s ability
to get itself replicated. An intuitively useful if
not entirely accurate restatement is that selec-
tion maximizes the abilities of organisms to
gain genetic representation in future genera-
tions. This is substantively different from older
“wisdom of the body” or “survival of the fittest”
notions, and can lead to different and counter-
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intuitive expectations. Selection need not max-
imize fitness in the vernacular sense of strength,
health, and longevity. It does not necessarily
enhance the welfare of the species or the hap-
piness of the individual. In fact, many of the
capacities for suffering seem to have been
shaped by natural selection to serve special
adaptive functions.

The expectations generated by applying
evolutionary theory to.particular problems of-
ten constitute hypotheses testable by ex-
perimental, comparative, or other kinds of in-
vestigations. When such testing confirms
predictions, it often results in the discovery of
phenomena that would not have been noticed
without the aid of the theory. Failure of a
prediction often results from some easily iden-
tified error of reasoning or information. More
rarely, a negative result discloses an instruc-
tive anomaly that offers a starting point in a
quest for more refined understanding.

This kind of interaction between evolution-
ary theory and the field and laboratory work
of biologists was exemplary in the work of Dar-
win and has continued ever since. It has be-
come a conspicuous part of biology in the last
two decades, often in the special form recog-
nized as the adaptationist program (Gould and
Lewontin, 1979; Mayr, 1983). Adherents of this
program, when confronted with a biological
phenomenon, try to envision it as an aspect of
an adaptation. An adaptation is some sort of
biological machinery or process shaped by nat-
ural selection to help solve one or more prob-
lems faced by the organism. The phenomenon
may be interpreted as a necessary component
of the imagined machinery, or as an unavoid-
able cost of the machinery, or some incidental
manifestation of its operation. The prediction
is then made, or at least implied, that other
necessary components must be there, and that
an appropriate investigation will disclose their
presence. Thus, the adaptationist program
predicts otherwise unsuspected adaptive
processes that can be searched for and, if found,
described.

This search can start either with a trait or
a function. An observed trait gives rise to hy-
potheses about its possible usefulness. For in-
stance, the ampullae of Lorenzini are organs
in the heads of sharks. Hypotheses about their
functions ranged from regulation of buoyancy
to simply filling empty space. When the deci-
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sive experiments were done, the organs were
found to respond to tiny electrical currents.
They enable sharks to detect electrical effects
of the heartbeats of potential prey buried in the
sand (Wissing et al., 1988). When the adapta-
tionist program proceeds in the other direction,
an observed capability gives rise to a search for
its physical basis. Migrating birds, for exam-
ple, have long been known to have remarkable
navigation abilities. This led to the hypothesis
that they might be able to detect magnetic
fields, a possibility confirmed by the disorien-
tation of birds with magnets attached to their
heads (Keeton, 1971). This finding led to a fur-
ther search for the bird’s magnetic compasses,
a search that disclosed magnetic particles in the
skulls of certain species (Beason and Nichols,
1984).

The adaptationist program has been enor-
mously fruitful in the fields of ecology and an-
imal behavior, and in the study of life cycles.
The examples in Table 1 are a sample of those
in a single volume of a single journal (Evolu-
tion, Vol. 42) published in 1988. The American
Naturalist, Animal Behavior, Evolutionary Biology,
and many other journals could have served as
well. Predictions were selected that could be
easily stated in the limited space of a table. They
were further selected to illustrate the diversity
of phenomena discovered through use of the
theory.

INFECTIOUS DISEASE

A Darwinian Approach to Symptoms,
Signs, and Treatment

Even when making a transition from another
species to human hosts, an infectious agent has
along evolutionary history that must have max-
imized its ability to achieve its own survival and
reproduction despite elaborate host defenses
(many examples reviewed by Gotschlich, 1983).
Parasites interact with their hosts in complex
ways, and a first step towards understanding
this interaction is use of a valid classification
of the associated phenomena. We suggest the
following terms and categories, summarized
in Table 2, an elaboration of Ewald’s (1980)
proposals:

(1) Direct damage to host tissues caused by the
infectious agent. Gonococcal bacteria eroding
joint tissues is an example.

(2) Impairment of host function resulting from
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Examples of the use of the theory of natural selection to predict the existence of phenomena otherwise unsuspected

All examples are from Volume 42 of Evolution, published in 1988. A “ +” indicates that the prediction
was confirmed, a “ - ” that it was refuted. Both appear where results were mixed or not simply character-
ized as confirmation or refutation of the prediction. Different species or different localities, for example,
might give different results.

Page Authors Predictions Result

19 Shine Aquatic and terrestrial snakes should differ in mass and +
position of ovary or young

160-161 van der Haven Ant sex ratios will vary as a function of polyandry, +

et al. resources, and other factors

173-175 Roeloffs & Riechert There should be high levels of kinship within social spider +
colonies

239 Parker There should be great variation in resistance to pathogens +
in a legume

294 Sillen-Tullberg Distastefulness of caterpillars must have broader taxonomic +
distribution than gregariousness

303-304 Sillen-Tullberg Caterpillar gregariousness must have a broader taxonomic -
distribution than warning coloration

306 Schnebel & Flies with high reproductive output early in life should -

Grossfield have reduced longevity

404 Burd & Allen Tall teosintes will have higher male/female ratio +

545 Gwynne Measures of katydid female reproductive success will vary +
as a function of quality and number of spermatophores
provided by male

571 Nonacs Social insect queen number will vary as a function of +
ecological and genealogical factors

626-627 James et al. Fruit flies should thrive better on normal host plant than -
on an alternative

661-663 Etter Snail colors should be adaptive in relation to temperature +
stress

661-663 Etter Snail colors should be adaptive in relation to predation -

689 Snyder et al. Mouse hemoglobin structure will vary as a function of +
habitat altitude

708-709 Service et al. Increased longevity in Drosophila must result in depressed +
early fitness

718-719 Moran & Whitham Relative frequencies of one- and two-host life histories of +
an aphid will vary geographically

775 Newman Toad tadpoles should be able to anticipate and respond to +
pond desiccation

935 Payne & Westneat Female sparrows with fitter mates will have fitter young -

969-970 Zuk Female crickets will prefer older males and those with +
fewer gregarine parasites

1021 Kawecki High-rank male fish will spend more time assessing pos- +
sibly parthenogenetic females

1048-1049 Linhart Competition within and between plant species should result +
in different adaptations

1090 Joshi & Mueller Crowded Drosophila will have evolved more rapid feeding +
behavior

1101 Krebs & West A female butterfly should prefer cryptically colored over +
mimetic males

1190 King Wasp offspring sex ratio will vary in relation to host size +

1190 King Wasp female reproductive success will vary in relation to +
host size

1200 Crespi Thrips offspring sex ratio will vary in relation to antici- +

pated food abundance




