
he lives of Native Americans changed in dra-
matic ways after Christopher Columbus land-
ed in the Caribbean islands in 1492. Written
records paint a vivid picture of conquest and
epidemics sowing death and disease among

the indigenous peoples of the Americas, quickly decimating
them. Until recently, in fact, almost all that was known about
the biological consequences of contact with the Europeans was
based on these old documents, which emphasize epidemics
and population collapse. Although these texts offer an impor-
tant perspective, they are not the only source of information.

Bioarchaeology, an emerging field that focuses on the study
of archaeological remains, is supplementing our view of the
health and daily life of Native Americans, particularly those
who lived in the Spanish missions of the Southeast, in an area
once known as La Florida. Sustained encounters between In-
dians and Europeans in La Florida began in 1565, when Pe-
dro Menéndez de Avilés established the town of St. Augus-
tine on the Atlantic coast in northern Florida. From there
Roman Catholic priests set up a chain of missions among the
Timucua and Apalachee Indians of northern Florida and the
Guale Indians of the Georgia coast. At some of those
places—including Santa Catalina de Guale on St. Catherines
Island, San Martín de Timucua and San Luis de Apalachee—
archaeologists have uncovered the ruins of large churches
that served the converts. As the nucleus of each community,
the church carried out important religious functions for the
living; for the dead, it provided a burial ground.

Skeletons found beneath the floor of these churches have
provided scholars with a surprisingly complete record of the
diet and work habits of the mission Indians. Bioarchaeology
is beginning to fill in the details of the historical record, offer-
ing specifics about how food sources changed and raising un-
expected questions about the merits of a purely agricultural
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New approaches are offering insight 
into the lives of Native Americans 
after the Europeans arrived. Their 
health declined not only 
because of disease but 
because of their altered 
diet and living circumstances
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way of life—at least for the Indians who inhabited La Florida.
Food, obviously, is fundamental to human well-being, as it

provides nutrients for growth, development and other physio-
logical processes. Before our research, the diets of La Florida
Indians were reconstructed from two sources: accounts by
priests and other Europeans, and food remains at archaeolog-
ical sites. The written records are often contradictory. Some
depict little farming at the time. Others, including those exam-
ined by Grant D. Jones of Davidson College, say that indige-
nous peoples relied heavily on agriculture, particularly on corn.

The archaeological record is inconclusive as well. Plant re-
mains do not always survive well, and in coastal regions they
are particularly vulnerable to the destructive effects of mois-
ture and acidic soils. Nevertheless, analysis of such evidence
by C. Margaret Scarry of the University of North Carolina at
Chapel Hill and Donna Ruhl of the University of Florida has
revealed that native peoples ate numerous plant species, both
wild and domesticated, before and after the arrival of the Eu-
ropeans. But their use of corn is unclear. Excavations have re-
vealed some kernels and cobs from late prehistoric and con-
tact-era sites; however, the relative importance of this grain in
the Indians’ diet is not known.

Reconstructing Diet

To resolve some of these questions, we turned to the many
bones found at these sites. Because the tissues of all liv-

ing things contain stable isotopes of such elements as carbon
and nitrogen, we can measure the amounts of these elements
in bones and then use this information to reconstruct ancient

diets. Differences in the ratios of two carbon isotopes, carbon
12 and carbon 13, contain a record of which plants an indi-
vidual ate. Most plants are divided into two types: carbon 3
plants break down a three-carbon molecule during photo-
synthesis; carbon 4 plants synthesize a four-carbon molecule.
The distinctive chemical signature of the C3 and C4 plants
that a person consumes shows up in his or her bones. Virtu-
ally all plants eaten in the La Florida region were of the C3

variety—including fruits, wheat, acorns and hickory nuts.
The only major C4 plant eaten by native peoples was corn.

Nitrogen isotopes provide a different set of clues. Fish
bones and oyster shells in archaeological sites indicate that the
Guale and other native peoples of the region ate seafood regu-
larly—before and after the Europeans arrived. Because marine
plants, such as algae, and terrestrial plants use the two stable
isotopes of nitrogen—nitrogen 14 and nitrogen 15—different-
ly, the ratios of these isotopes are different in the bones of a
person who ate mostly marine foods as opposed to one who
ate mostly terrestrial foods.

Examining the differences between carbon and nitrogen ra-
tios in bones before and after the Europeans arrived pointed
to enormous changes in the Native Americans’ diets. Mar-
garet J. Schoeninger of the University of Wisconsin–Madison,
Nikolaas J. van der Merwe of Harvard University, Dale L.
Hutchinson of East Carolina University, Lynette Norr of the
University of Florida and I found that the variations were geo-
graphically and chronologically patterned. As would be ex-
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LA FLORIDA was viewed by the Spanish as fertile land for con-
quest, and the region’s natives as souls to be converted and workers
to be harnessed—particularly for the harvest of corn, which be-
came increasingly important as a dietary staple (far left).
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pected, coastal people ate more seafood
than inland people did, regardless of the
era. The Guale Indians on St. Cather-
ines and Amelia islands ate corn before
and after the missionaries arrived. But
during the mission period, they ate
more than their ancestors had. Similarly,
the Apalachee, who had eaten some
corn before contact, seemed to eat it
more after the Europeans arrived; and
the Timucua, who had eaten little or no
corn before contact, also adopted it af-
ter the establishment of the missions.

The Consequences of Corn

The bone chemistry findings thus
show that the Indians’ diets changed

after the Europeans came—but not for
the better. Their relatively heteroge-
neous diet, rich in seafood and a variety
of plants and animals, was replaced by
a more homogeneous and less nutritious
diet focused on the cultivation of a sin-
gle crop: corn.

Corn-dominated diets are very poor
ones. Corn contains a great deal of sug-
ar, which promotes cavities and poor
oral health in general. It also contains
phytate, a chemical that binds with
iron, inhibiting absorption of the miner-

al by the body. As a result, people whose
diets are heavy in corn are predisposed
to anemia and the many other conse-
quences of low iron [see “Iron Deficien-
cy,” by Nevin S. Scrimshaw; Scientific
American, October 1991]. To make
matters worse for corn-dependent popu-
lations, growth and development are
hampered because corn is a poor source
of calcium and of niacin, or vitamin B3,
which is necessary for metabolism. Corn
is also an inadequate source of protein
because, depending on the strain, it is
deficient in or entirely lacking three of
the eight essential amino acids: lysine,
isoleucine and tryptophan.

For these reasons, some mission Indi-
ans have more, and larger, cavities than
their ancestors did. Tooth decay was
probably exacerbated by the consisten-
cy of their food: soft foods, such as gru-
el made from corn, facilitate the build-
up of cavity-causing bacteria and plaque
on teeth. By looking at tooth wear with
a scanning electron microscope, Mark F.
Teaford and his colleagues at Johns Hop-
kins University have shown that the
foods eaten by mission Indians were
softer than those their ancestors ate. We
can tell this by the reduction in the num-
ber of tooth-surface features, such as

pits and scratch-
es, caused by eat-
ing hard, non-
agricultural food.

In places where
diet varied, this gen-
eral pattern shows
some interesting depar-
tures. In collaboration with
Bonnie G. McEwan of the Florida Bu-
reau of Archaeological Research, we
analyzed teeth from the San Luis mis-
sion site. Later work on the teeth by
Tiffiny A. Tung of the University of
North Carolina at Chapel Hill indicat-
ed that people in this mission had fewer
cavities than did their counterparts at
other sites. This departure from the
usual pattern may have been explained
by the research of Elizabeth J. Reitz of
the University of Georgia, who exam-
ined animal remains at the same site.
She determined that people living in
San Luis had access to beef—a rare ad-
dition to the mission Indians’ standard
diet—and that protein may have inhib-
ited the formation of cavities.

The tooth record has provided us
with other important insights as well.
Hutchison and I have found that many
Indians had hypoplasias—visible lines
on teeth caused by disease or malnutri-
tion. The large size of the hypoplasias in
some Indians suggests that they experi-
enced severe or sustained illness or poor
nutrition, or both. We also found evi-
dence of disturbances in tooth develop-
ment. With Scott W. Simpson of Case
Western Reserve University, we studied
microscopic features of teeth, looking at
what are called Retzius lines—growth
lines that can be seen in enamel. Al-
though both precontact and mission In-
dians have abnormal Retzius lines, these
malformations are more prevalent in
the mission Indians.

Considered together with other evi-
dence, the increase in abnormal Retzius
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RATIOS OF ELEMENTS, such as carbon and nitrogen isotopes, provide important
information about diet. Recorded in bones, these varying ratios reveal what kinds of
plants or how much seafood an individual ate.

SPANISH MISSIONS,
such as this one at San
Luis de Apalachee (left),
were established throughout
what is now Florida and coastal Georgia.
Serving three primary tribes—the Guale, the
Apalachee and the Timucua—these missions
became centers of social and religious life.
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Signs of Stress in a Skeleton
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Tooth Microwear
The teeth of mission Indians are

smoother (left) than those of their an-
cestors (right), suggesting that the later

diet centered on soft foods, such as
corn gruel, which promote the buildup
of plaque and cavity-causing bacteria.

Retzius Lines
These growth lines can be seen in tooth
enamel. In many of the mission Indians
they are abnormally dark, indicating that
poor diet and disease were common. 

Anemia and Porotic Hyperostosis
Corn contains phytate, which inhibits the absorp-
tion of iron. As a result, many mission Indians suf-
fered from anemia and their bones have sievelike
lesions that can be seen on the skull and in a micro-
scopic close-up. In nonanemic individuals the dark
bands would be much thicker than those shown
here (right). (These lesions may also be the result
of parasitic infection.)

Osteoarthritis: Joint Polish
Excessive wear and tear on a skeleton

can be detected in several places, 
including the joints. Polishing of the

joints indicates that cartilage was 
worn down and that the joint 

surface had deteriorated.
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Hypoplasias
These lines on the teeth of postcontact Indians

are the telltale signs of disease and malnutrition.

Dental Cavities
Cavities were common in Indians 
who ate a lot of corn—a grain that 
contributes to tooth decay.

Infection
The lower leg bones, or tibiae and fib-
ulae, of many of the Indians living in
the missions have visible lesions. These
can be caused by bacterial infections.

Osteoarthritis: Lipping
The vertebrae of the lower back in many mission
Indians show evidence of lipping—that is, of dis-

tortion from heavy lifting. The incidence of 
lipping and the joint polish suggest that many

adult workers suffered from osteoarthritis.

Copyright 2000 Scientific American, Inc.



lines suggests that poor diet was not the
only problem facing the mission Indi-
ans. David Hurst Thomas of the Ameri-
can Museum of Natural History in
New York City has excavated a shal-
low, plank-lined well in Santa Catalina
de Guale that may have served as a
reservoir for parasites. Although their
ancestors relied on freshwater streams
and springs, the mission Indians drank
well water, and anyone living in the re-
gion today knows the dangers of drink-
ing water from shallow wells: it is easily
contaminated and can cause parasitic
infection and other problems.

The probability of rampant infection
is strengthened by the fact that most of
the defective tooth enamel we studied
appears to have been formed during the
first two years of life. This is a period
when dehydration from infantile diar-
rhea is a primary health threat. Acute
dehydration can inhibit the function of
all forms of cells, including amelo-
blasts—the cells responsible for enamel
formation. As in many underdeveloped
nations today, bacteria and viruses in
contaminated food and water cause in-
fantile diarrhea. Certainly the mission
would have created the kind of living
circumstances that promote infantile di-
arrhea and the pattern of growth stress
we have seen in teeth.

Other diseases, such as smallpox and
measles, may have easily spread as well
because the Indians were clustered to-
gether in crowded communities around
the missions. Although many acute in-
fectious diseases kill people long before
their bones are affected, some infec-
tions—such as those caused by the bac-
terium Staphylococcus aureus—can
travel from a soft-tissue wound to near-
by bone, leaving observable lesions. Nu-
merous lower-leg bones, or tibias, of
contact-era Indians have lesions that
suggest just this kind of infection.

Infection can also cause anemia be-
cause some types of parasite, such as
hookworm, bleed their human hosts.
Observations of mission bones indicate
that such infection was common. The
surfaces of many of these bones have
sievelike lesions—called porotic hyper-
ostosis—that can be caused by iron defi-
ciency, scurvy or infection. Few precon-
tact Indians seemed to have these le-
sions, probably because their diet of fish
and maize together provided enough
iron to stave off anemia. But the abun-
dance of porotic hyperostosis in the
mission Indians was most likely the re-
sult of the anemia brought on not sim-
ply by an increasingly corn-rich diet but
also by intestinal infection.

Food and living conditions were not

the only aspects of culture that were
drastically altered for the Indians who
lived in the missions. The Spanish prac-
ticed repartimiento draft labor in La
Florida, which meant that able-bodied
Indian men were required to work on
farms, in public works and government
building projects, and for the military.
Indians were also required to carry
heavy loads over long distances, because
draft animals were not available in the
region until after 1680 or thereabouts.
In our studies of skeletons, we noticed
that contact-era Indians had a higher
rate of osteoarthritis than their prede-
cessors did—a phenomenon we believed
had been caused by the increased work-
load, because wear and tear on the joints
can lead to osteoarthritis. But the condi-
tion is related to other factors as well. So
we decided to investigate further, look-
ing to the skeletons for more answers.

Working Bones

The skeleton of a living person is
highly responsive to physical activ-

ity. Throughout life a person’s bones
change shape and structure in response
to mechanical forces acting on them.
Basically, bone tissue is placed where
the skeleton needs it. When a person
walks, for example, or stands, forces
deriving from the pull of muscles or
from body weight trigger cellular activ-
ity in the bone that results in skeletal re-
modeling. Without the proper amount
or distribution of bone in key places,
the force of bending or twisting could
break the thigh bone, or femur.

Drawing from methods developed by
civil and mechanical engineers for mea-
suring the strength of building materi-
als, Christopher B. Ruff of the Johns
Hopkins University School of Medicine
and I have analyzed the strength of fe-
mur and humerus (upper-arm) bones
from both precontact and mission sites
in La Florida. This approach entails
measuring cross-sectional geometric
properties of the bones called second
moments of area. Second moments of
area reflect how the bone is distributed
in cross section and indicate the strength
or ability of the bone to resist breaking
during bending or twisting. The analysis
entails tracing the profile of the outer
(subperiosteal) and inner (endosteal)
perimeters of the bones in cross section
and then calculating the biomechanical
properties of the bone [see illustration
above].

We discovered that the mission Indi-
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BONES of the postcontact Indians differ
from those of their ancestors, particular-
ly when viewed in cross section. The bones
of the upper arm and the thigh of Indians
working for the Spanish are larger, mean-
ing that they were stronger and had adapt-
ed to more demanding labor.
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ans had stronger bones than their prede-
cessors did: the later bones had greater
second moments of area than the earlier
bones. This is not to say that the bones
of the mission Indians were better than
those of their ancestors. Rather the
bones had just adapted to new mechan-
ical demands. Given the well-known
circumstance of exploitation and the
heavy workloads of the Indians labor-
ing under the Europeans, we believe
that the increases in bone strength and
osteoarthritis were caused by funda-

mental alterations in their way of life
that involved increased physical activity.

The insights afforded us by bioarchae-
ology confirm much of what is found in
historical texts—including the forced la-
bor of the Indians and the diseases that
plagued them—but they also give us a
much more comprehensive and precise
picture of the past. European contact in-

troduced hardships for the Indians on
many fronts. Pestilence, poor nutrition,
iron deficiency, growth disruption, infec-
tion and hard labor all took their toll.
Yet despite the unfavorable state of af-
fairs, native peoples accommodated new
demands and new challenges, a story
that is repeated time and again in the
history of our species.
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AGRICULTURE among the mission Indians, such as the Timucua depicted in this
16th-century engraving, increased enormously after the Spanish arrived. The shift was
not beneficial for the natives of La Florida. Agriculture ultimately forced them to sim-
plify their diet to such a degree that their health suffered.
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