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INTRODUCTION

DAVID HURST THOMAS

This is the second monograph in the series
entitled The Archaeology of Mission Santa
Catalina de Guale. In 1972, the AMNH en-
tered into an agreement with the Edward John
Noble Foundation to encourage and facilitate
scientific research on St. Catherines, a barrier
island off the coast of Georgia. The resulting
program has enabled hundreds of scientists
and advanced students to carry out research
on various aspects ofthe natural and cultural
history of the island. Each year since 1974,
field crews from the AMNH have conducted
intensive and extensive archaeological in-
vestigations as part of this research. The re-
sults of these inquiries have been reported in
several monographs grouped under the gen-
eral rubric The Anthropology of St. Cathe-
rines Island; each appeared as an Anthropo-
logical Paper of the American Museum of
Natural History. The first volume in this se-
ries (Thomas et al., 1978) provides an over-
view ofthe natural and cultural history of St.
Catherines Island, and should be viewed as
a backdrop for this monograph as well.

THE BIOCULTURAL ANTHROPOLOGY
OF ST. CATHERINES ISLAND

The early objectives of the St. Catherines
Island Anthropological Project were decid-
edly biocultural in emphasis, initially focus-
ing on the Refuge and Deptford mortuary
complex (Thomas and Larsen, 1979). As a
direct outgrowth ofthese excavations, Larsen
(1982) examined a skeletal sample of more
than 600 individuals, finding that the shift to
agriculture-based subsistence coincided with
a general rise in infectious disease, a modi-
fication he attributed primarily to increasing
population density and a diet high in car-
bohydrates. The program in mortuary ar-
chaeology continued in 1977 and 1978, when
two St. Catherines period burial sites were
excavated and analyzed (Larsen and Thom-
as, 1982). More recently, we have reported
the results of archaeological excavations of
two additional prehistoric burial mounds on
St. Catherines Island (Larsen and Thomas,

1986). Other related mortuary excavations
are reported elsewhere (Thomas et al., 1977).

EXCAVATIONS AT MISSION SANTA
CATALINA DE GUALE

For the last decade, our primary research
objective on St. Catherines Island has been
the search for and excavation of 16th/17th
century Franciscan mission, Santa Catalina
de Guale. In the first monograph in this series
(Thomas, 1987), we described our motiva-
tion for seeking Santa Catalina, and ex-
plained howwe did it (see also Thomas, 1988).
Throughout most of the 17th century, St.

Catherines Island represented the northern-
most extension of effective Spanish control
in eastern North America. When Santa Cat-
alina was overrun by British forces in 1680,
the Spaniards and the Guale began their inex-
orable retreat southward. The fall of Santa
Catalina marked the beginning ofthe end for
Spanish control of the Eastern Seaboard.
The Guale Indians were among the first

indigenous peoples encountered by Europe-
ans exploring north of Mexico. They are the
best known of the 16th and 17th century
Muskhogean peoples. Nevertheless, even ba-
sic issues of their subsistence and social or-
ganization remain today the subject of con-
troversy. A primary objective underlying the
search for Santa Catalina was to shed light
on the cultural ecology ofthese peoples. Spe-
cifically, in our Santa Catalina excavations,
we attempted to address questions of ecolog-
ical potential, economic change (particularly
the relative importance of horticulture), de-
gree of transhumance, relationship of health
to social status, and changes in population
size among the protohistoric Guale.
Our research at Mission Santa Catalina also

had a methodological aspect. Several remote
sensing techniques were employed to locate
the mission complex, to define the configu-
ration of subsurface structures prior to ex-
cavation, and to build a baseline library of
geophysical signatures to be projected against
in-the-ground archaeological evidence.

8
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Preliminary proton magnetometer re-
search disclosed the presence of a Spanish
period barrel well and the ruins oftwo wattle-
and-daub buildings -the church (iglesia) and
the presumed kitchen (cocina). Low-altitude
aerial photography defined a shell-covered
forecourt (atrio) fronting the mission church.

Soil resistivity studies turned up a third
wattle-and-daub mission building-appar-
ently the Franciscan friary (convento)-plus
a series of contemporary aboriginal Guale
structures (in the pueblo). Subsequent ground-
penetrating radar survey and low-level aerial
photography suggested the presence of a
western bastion and palisade trenches sur-
rounding the central mission complex.

RELIGIOUS ARCHITECTURE

After a decade of excavating, we now rec-
ognize two distinct churches at Mission Santa
Catalina. We know from historical records
that the 16th century iglesia was burnt to the
ground in September 1597; these ruins were

personally inspected by Governor Canzo, who
had traveled north from St. Augustine to ob-
serve for himself the aftermath of the Guale
Rebellion (discussed in Geiger, 1937: 103-
104). After a period of abandonment, Santa
Catalina was resettled by the Spanish in 1604,
and the mission church was reconstructed
(apparently on the 16th century site). Al-
though we are still working out the detailed
stratigraphic relationships, "Structure 1" at
Santa Catalina is, without question, the 17th
century church, abandoned shortly after the
British siege in 1680. An earlier, somewhat
larger, structure also stood in this site, per-
haps the remains of the 16th century church,
destroyed in 1597.
We know little about the earlier structure,

and most of our archaeological evidence re-
lates to the latest church at Santa Catalina,
constructed on a single nave plan, lacking
both transept and chancel. The church fa-
cade, facing southeast, was probably con-

structed ofwattle-and-daub anchored to four
round uprights set in shell-lined postholes.
Although the facade wall is only about half
the length of the lateral walls, these support-
ive uprights are more than twice the size of
corresponding members employed elsewhere
in the latest church at Santa Catalina. Ap-

parently a pointed gable was elevated to sup-
port a steep thatch roof, or perhaps the facade
had a false front projecting above the single-
story construction of the nave.
The lateral church walls were constructed

both ofwattlework and wooden planking. The
nave portion was built entirely ofwattle-and-
daub which, when encountered archaeologi-
cally, consisted of a densely packed linear
rubble scatter.
The symbolic separation between nave and

sanctuary was emphasized by a composite
construction technique. The sanctuary
(northwestern) end ofthe church, constructed
entirely of wooden planking, was apparently
elevated above the lateral wattle-and-daub
walls of the nave. A clearly demarcated sac-
ristywas built on the Gospel side ofthe church
(the left-hand side of the sanctuary as one
faces the altar). This room was presumably
used for storage ofvestments, linens, candles,
processional materials, and other ritual par-
aphernalia essential to performance of the
Mass. Inside the sacristy we found a cache of
charred kernels, and all grains so far exam-
ined have been provisionally identified as
wheat, Triticum spp., a significant find in
Spanish Florida (as discussed in Thomas,
1988). We suspect that this wheat was des-
tined to be baked into the "host," flatbread
used in the Eucharist. If so, then this lowly
wheat cache underscores the effectiveness of
the Franciscan Order in obtaining the sup-
plies necessary for the proper conduct of
Church ritual-even on the most remote
northern frontier of the Guale province.
Roman Catholic liturgical regulations -and

a sense of architectural balance-further dic-
tate that a second room must have been built
on the opposite side of the altar, to balance
the sacristy. But we presently lack evidence
for such a room.

Fronting the church at Santa Catalina is a
square shell-covered subplaza, measuring
about 15 m on a side. This churchyard (or
atrio) was probably a low-walled enclosure
demarcating the public entrance to the church.
Ubiquitous features of New World religious
architecture, churchyards served not only as
a decorous entryway into the church, but also
variously functioned as outdoor chapels, areas
to contain overflow congregations, and some-
times as cemeteries (although no human bur-

1990
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ials have been found in this area of Mission
Santa Catalina).
The churchyard at Santa Catalina was con-

structed of water-rolled marine shell, avail-
able from naturally occurring deposits scat-
tered along the intracoastal waterway; these
massive shell bars, accessible only by water-
craft, today continue to provide building ag-
gregate. Low-level aerial photography has
disclosed a faint pathway leading across the
atrio into the church doorway. This narrow
line of crushed, compacted shell was created
by hundreds of 17th century processions,
neophytes moving single-file to attend ser-
vices at Santa Catalina.
The only known cemetery at Santa Cata-

lina occurs inside the church, and this mor-
tuary population provides the empirical evi-
dence considered by Larsen and his
collaborators in this monograph. By employ-
ing a series of generalized stress indicators
and specific nitrogen- and carbon-isotope
technology, they attempt to monitor dietary
changes (especially the dietary importance of
maize) and determine the nature of demo-
graphic and behavioral shifts among Native
Americans in Spanish Florida. The analyses
to follow likewise provide information re-
garding pathology, bone size modification,
and the relationship of social status to re-
source access.

NO. 68



CHAPTER 1. BIOLOGICAL INTERPRETATION AND
THE CONTEXT FOR CONTACT

CLARK SPENCER LARSEN

ABSTRACT
This chapter outlines the biocultural, ethnohis-

torical, and bioarchaeological context for the study
of human biological adaptation of native popu-
lations that inhabited St. Catherines Island and
the Georgia coast during the 17th century. The
human remains recovered from Mission Santa
Catalina de Guale (N = 431 individuals) represent
one of the best documented and most extensive
series ofhuman remains from an early contact site
in North America. The study ofthese remains and
comparisons made with precontact (pre-A.D. 1550)
populations in the region, therefore, offer an im-
portant opportunity to examine the impact of the
arrival of Europeans on Native Americans.

During the contact period, native populations
were subject to a variety ofstressors, including but
not limited to, epidemics, food shortages, labor
demands, retaliation by the Spanish following re-
volts, and attacks originating in the English-oc-
cupied Carolina colony. Increased sedentism and
centralization of population, coupled with a great-
er reliance on plant domesticates, especially maize,
and an overuse and depletion ofalready poor soils,
undoubtedly resulted in related disease and nu-
tritional problems as well as alterations in me-
chanical behavior.

INTRODUCTION
The arrival ofEuropeans in the New World

and the consequences of contact for aborig-
inal populations have been areas of intense
interest to a wide range of scholars, including
historians, demographers, and anthropolo-
gists. Working primarily with the aid ofwrit-
ten documents- such as census records, ac-
counts by explorers, mission priests, and
others-investigators have provided details
of these consequences, particularly with re-
gard to the remarkable decline in population
size for a number ofgeographic regions in the
Americas (cf. Brasser, 1978; Trigger, 1985;
Kelley, 1988; Kelley and Robinson, 1989;
Fausz, 1985; Turner, 1985; Wood, 1987; N.
Cook, 1981; Hemming, 1978; Robinson,
1981; Borah, 1964; S. Cook, 1937, 1966,
1973a, 1973b, 1976; S. Cook and Borah,
1971, 1974; Castillo, 1978; Jackson, 1983,
1986; Langer and Jackson, 1988; Stern and
Jackson, 1988; Simmons, 1979; Kelsey, 1984;
Reff, 1985; Schuetz, 1980; Denevan, 1976;
Danubio, 1987; Sauer, 1966; Ramenofsky,
1987; Dobyns, 1983; Milner, 1980; M. Smith,
1987; Fish and Fish, 1979; Wood et al., 1989;
Lehmer, 1971; Bradtmiller, 1983; Dumond,
1986; Fagan, 1984; Jennings, 1975; Crosby,
1972, 1986; Thornton, 1987; Ubelaker, 1988;
and others).

Until recently, the impact of European

contact as it is revealed archaeologically has
received limited attention (see discussions by
N. Cook, 1981; Ramenofsky, 1987; M. Smith,
1987). In the bioarchaeological record in par-
ticular, very little attention has been given to
human skeletal remains as a data source in
the interpretation and understanding ofpost-
contact biocultural adaptation in the New
World. Exceptions to this include ongoing
research by Owsley and co-workers (Owsley,
1980; Owsley et al., 1977; Owsley and Bass,
1979; Owsley and Bradtmiller, 1983; Owsley
and Jantz, 1983; Bradtmiller, 1983, 1985)
and Palkovich (1981) on the Arikara; Cohen
and co-workers (Cohen, 1987; Danforth,
1988; Danforth et al., 1985) on the Maya;
Kelley and co-workers (Kelley, 1985, 1988;
Kelley, Barrett, and Saunders, 1987; Kelley,
Sledzik, and Murphy, 1987; Robinson et al.,
1985; Clark et al., 1987) on the Narragansett;
Blakely and co-workers on the Coosa (Blake-
ly and Detweiler, 1985; Blakely, 1988; Blake-
ly and Detweiler-Blakely, 1989); Buikstra
(1976) on the Caribou Eskimo; Meer and co-
workers on native Alaskans (Meer, 1985; D.
Cook, 1985); Walker and co-workers (Walk-
er, n.d.; Walker et al., 1989; Costello and
Walker, 1987) on native Californians; and
Miller (1989; see also Humphreys, 1969) on
missions of Texas.
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In order to fully understand the nature of
biological adaptation of contact-period na-
tive populations in a given region, it is im-
portant that a large, well-documented series
ofhuman remains be available for that region
representing the period of time prior to the
arrival of Europeans. By documenting the
record of biological adaptation prior to Eu-
ropean contact, a context is established for
interpretation ofbiological change in the con-
tact period relative to the period oftime pre-
dating the arrival ofnon-native populations.
The Georgia coast represents an ideal locality
for such interpretation in that a large sample
of human remains from precontact sites has
been recovered and studied, thus providing
the basis for comparison with contact-period
human remains.

It is the purpose ofthis monograph to pre-
sent findings from a bioanthropological re-
search program that address directly the issue
of European contact and its role in native
biological adaptation and lifeway in general.
By study of a series of human remains re-
covered from Santa Catalina de Guale on St.
Catherines Island, Georgia, and comparisons
made with precontact St. Catherines Island
(e.g., Larsen andThomas, 1978, 1982, 1986;
Thomas and Larsen, 1979) and other Georgia
coastal populations (reviewed in Larsen,
1982), it is hoped that the importance of hu-
man remains in addressing these and related
issues will be demonstrated.
The study ofthe human remains from San-

ta Catalina provides an important perspec-
tive on the human populations during the
contact period in Spanish Florida. Although
a great wealth of archaeological data has sur-
faced during the last decade from this site
and others in La Florida (see Thomas, 1987),
it is only through the study of the human
remains that we see direct evidence for the
dramatic alterations in lifeway and adapta-
tion after the arrival of Europeans.
The first volume ofthe present monograph

series (Thomas, 1987) introduced important
background and should be consulted prior to
reading this volume. In this chapter, I high-
light pertinent information drawn from that
volume and elsewhere in order to provide
biocultural, ethnohistorical, and archaeolog-
ical contexts for the ensuing chapters. It is
anticipated that some of the gaps in our

knowledge of biocultural change outlined be-
low will be filled in by the contributions pre-
sented in this volume.

THE BIOCULTURAL CONTEXT

Human populations occupied the Georgia
coastal region for some 4000 years prior to
European colonization (Thomas et al., 1978;
Larsen, 1982). The area was undoubtedly
quite attractive to native inhabitants because
of its great estuarine and marine productivity
(Reitz, 1988). The estuaries of the south-
eastern Atlantic coast are some of the most
productive in the world and are the most
productive along the Eastern Seaboard (Reitz,
1988). Archaeological evidence for the peri-
od of time prior to European contact indi-
cates that hunting, gathering, and fishing pro-
vided the basis for the subsistence economy.
Analysis of food remains from a large num-
ber of sites shows that marine resources-
both vertebrates (e.g., fishes) and inverte-
brates (e.g., shrimp, oysters, crab, clams,
whelks)-provided the majority of protein
(Reitz, 1982a, 1982b, 1985, 1988; Reitz and
Scarry, 1985; Reitz and Quitmyer, 1988;
Quitmyer et al., 1985).

Terrestrial resources were ofsecondary im-
portance. Among these were several types of
nuts, including mostly hickory nuts and
acorns that were collected during the mature
phase (Larson, 1980; Reitz and Scarry, 1985).
Other plant resources include chinquapins,
black walnuts, beach nuts, blueberries, pal-
metto berries, persimmons, and a variety of
edible roots and tubers (cf. Reitz and Scarry,
1985). Animals available as food included
mostly deer, but opossums, raccoons, rab-
bits, squirrels, bears, bobcats, foxes, and oth-
er mammals, several reptiles and amphibi-
ans, and a variety ofbirds were also consumed
(Larsen, 1982; Reitz and Scarry, 1985; Reitz,
1988).
The role of plant domesticates in Georgia

coastal native diets has been a subject of de-
bate (see reviews in G. Jones, 1978; Larsen,
1982; Thomas, 1987). Archaeological evi-
dence suggests that maize, in particular, may
have become important in the subsistence
regime during the 12th century A.D. The bo-
tanical evidence is rather meager on this point
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(cf. Larsen, 1982; Thomas, 1987; Reitz,
1988), but the appearance on the Georgia
coast of large, nucleated settlements as well
as a probable increase in population and more
sedentary lifeway are consistent with a pop-
ulation model associated with the Mississip-
pian period in eastern North America (cf.
Steponaitis, 1986; B. Smith, 1986). That is,
in addition to hunting, gathering, and fishing,
maize agriculture was practiced as an im-
portant part of the subsistence economy dur-
ing the last few centuries prior to the arrival
of Europeans in the New World.
The effects of increase in sedentism and

population size, density of population, and
intensification offood production are becom-
ing well-known points of discussion in ar-
chaeological studies. With regard to coastal
and island populations, the arrival of agri-
culture has recently been examined in some
detail in such diverse contexts as Denmark
(e.g., Rowley-Conwy, 1984) and Japan (e.g.,
Akazawa, 1982). Evidence from these areas
suggests that the shift to agriculture may have
arisen as a result of resource stress, particu-
larly as it is represented by a decline in avail-
ability of shellfish. Reasons for the adoption
of agriculture on the Georgia coast remain
elusive, however, because shellfish and ma-
rine resources in general appear to have been
important throughout the entire archaeolog-
ical record, both before and during contact
by Europeans (cf. Reitz, 1985; Reitz and
Scarry, 1985). Waselkov (1987) has suggested
that if plant domesticates did not fully meet
protein requirements in human societies, then
shellfish collection would continue. In most
areas ofthe world where agriculture becomes
a dominant resource, shellfish gathering shows
an apparent decline. It is not clear as to
whether or not shellfish gathering declined on
the Georgia coast during later prehistory.
An important index of resource stress in

island and coastal environments has been
provided by the study of morphological and
age-structure changes in the remains of shell-
fish recovered from archaeological sites. A
number of workers have documented a re-
duction in size or survivorship or both in
shellfish populations from a number of dif-
ferent contexts (e.g., Swadling, 1977; Spen-
nemann, 1987), suggesting an increase in pre-
dation of these resources. Study of resource

stress based on analysis of the hard clam
(Mercenaria mercenaria) by Quitmyer and
co-workers (1985) has provided some infor-
mation with respect to the Georgia coast.
These investigators have shown that mean
age-at-death of clams from late Archaic,
Woodland, and Mississippian period con-
texts declined. In particular, Mississippian
period clams were significantly younger than
the clams from the earlier periods. It was
concluded that these age profile changes re-
flect an intensification ofhuman exploitation
of local clam beds due either to heavier re-
liance on hard clams or an increase in human
population in the region. Although resource
stress may have been specific to shellfish in
Georgia coastal and other populations, it can
be argued that the declines in this resource
may, in fact, reflect declines in availability of
other resources. However, although subsis-
tence change quite likely has occurred here,
it is important to point out that, taken alone,
change in food sources does not necessarily
indicate pressure arising from population in-
crease (cf. Cohen, 1977; Hassan, 1981; Sul-
livan, 1987).
The human biological consequences of re-

source stress in general and the adoption of
agriculture in particular have been studied
from a range of contexts worldwide (various
studies in Cohen and Armelagos, 1984), in-
cluding the Georgia coast (Larsen, 1981 a,
1981b, 1982, 1983a, 1983b, 1983c, 1984;
Larsen and Ruff, in press; Ruff et al., 1984).
The adoption of agriculture and its impact
on human health and overall well-being shows
a number ofcommon themes globally. That
is, the adoption of agriculture saw a general
decline in health and quality of life (Cohen
and Armelagos, 1984; Roosevelt, 1984), along
with a number of skeletal and morphological
alterations reflecting behavioral modifica-
tions associated with changing work patterns
and physical demand.
With regard to coastal Georgia, the behav-

ioral shift from hunting, gathering, and fish-
ing to a lifeway that focused at least in part
on maize agriculture included a number of
morphological and health-related factors: (1)
increase in nonspecific bone infection; (2) in-
crease in dental caries; (3) decrease in degen-
erative joint disease (osteoarthritis); (4) de-
crease in craniofacial, tooth, and postcranial
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Fig. 1-1 . Processual model ofskeletal adaptation and change in the transition from hunting, gathering,
and fishing subsistence regime to a lifeway focusing in part on maize agriculture on the prehistoric
Georgia coast (after Larsen, 1984, fig. 14.1).

size; (5) decrease in skeletal robusticity and
bone strength; and (6) decrease in body size
and stature. Although each of these findings
was made on specific biological characteris-
tics, it is more appropriate to view them in
the context ofan interactive process (fig. 1-1)
involving changes in settlement pattern (nu-
cleation and sedentism), work load (on the
body and masticatory apparatus), and food
composition and nutritional adequacy (car-
bohydrate consumption, protein quality).
Viewed from this processual perspective,
these skeletal changes are certainly consistent
with a lifeway associated with the adoption
of agriculture shown in other areas of the
world (cf. Cohen and Armelagos, 1984).

Although the particulars of these changes
are not entirely understood, it can be con-
cluded that for the prehistoric Native Amer-
icans inhabiting the Georgia coast in general,
and St. Catherines Island in particular, the

shift occasioned a decline in quality of life
and a decrease in mechanical loads associated
with the addition ofagriculture to the dietary
regimen. The decline in quality of life is not
on the same order as that documented for
other Mississippian populations (e.g., Dick-
son Mounds [Goodman et al., 1984], and
Averbuch [Eisenberg, 1986]). Nevertheless,
it is clear that things took a turn for the worse
in many respects.
The general decline in quality of life on the

Georgia coast appears to have had a differ-
ential impact with regard to gender. That is,
study of specific indicators of health, includ-
ing body size and stature, nonspecific infec-
tion, and dental decay, reveals a relatively
greater impact on females than males in the
transition to agriculture. For example, al-
though both sexes in the agricultural period
experienced reduction in body size and stat-
ure, the reduction in adult females was rel-

14 NO. 68



LARSEN: SANTA CATALINA DE GUALE. 2

atively greater than in adult males. These
findings are contrary to the consensus that
males are more vulnerable to environmental
stress than are females (cf. Stini, 1969). Stin-
son (1985) has argued, however, that there is
only weak support for the hypothesis that
males are less buffered against environment
than females (see also Larsen, 1987; Clark,
1988). Indeed, the greater frequency ofdental
carious lesions and bone infections in females
than males in the agricultural period on the
Georgia coast (Larsen, 1982, and references
cited above) would suggest quite the oppo-
site, at least with regard to this setting. Clark
(1988) has examined indicators of growth
disruption in the Dickson Mounds series. This
investigation, too, demonstrated quite clearly
that females experienced greater environ-
mental stress in the transition to agriculture
than males.
With the arrival of the Spanish in the 16th

century, how did native diet, subsistence
economy, and lifeway in general change? The
available data indicate that although Old
World plants (e.g., wheat) and animals (e.g.,
cattle, pigs, chickens) were introduced to the
Florida provinces by the Spanish, they ap-
pear to have had very limited importance for
the Guale (Reitz and Scarry, 1985). Unfor-
tunately, most ofthe archaeological record of
food remains is not from mission or native
contexts. Nevertheless, evidence suggests that
marine resources continued to play a role in
Guale foodways, but it is not known how
much.

Larson (1978) suggested that there was a
quantitative decrease in the amount of shell
deposited in habitation sites by native pop-
ulations in the contact period. According to
Larson, this change in site composition re-
flects a shift to a sedentary, agricultural econ-
omy that placed more emphasis on domes-
ticated plants than wild plants or animals.
Waselkov (1987) argued that when human
populations begin to focus on agriculture,
there is a concomitant reduction in use of
shellfish. It is possible that in contact-period
archaeological sites on the Georgia coast shell
reduction may reflect an increase in emphasis
on domesticated plants, but at present, this
is not well documented. Clearly, more work
needs to be done in this region. Whatever
dietary changes did occur, however, it seems

likely that the residential shifts during the
16th and 17th centuries were accompanied
by subsistence shifts as well (Reitz, 1988).
The limited data from archaeological na-

tive contexts are conflicting. Duncan (1987)
has recently reported on a sample of faunal
remains recovered from a food-processing
area at Santa Catalina. Interestingly, wild
mammal, especially deer and raccoon, is the
largest contributor to the faunal assemblage.
Marine resources are only poorly represent-
ed. Although it is possible that native pop-
ulations relied to a much larger extent on wild
animal terrestrial populations, this hypoth-
esis seems unlikely given the discussion of
maize in Guale diets by missionaries and oth-
er Spanish personnel (see below). More likely,
these faunal materials reflect the diet of the
Spanish at Santa Catalina and not that of the
native populations (Reitz, 1988). On the oth-
er hand, Reitz (1985) has reported on the
faunal materials recovered from middens as-
sociated with the Mission Nombre de Dios
near St. Augustine. These data suggest that
marine resources were the greatest faunal
contributor to native diets at that locality.
Although the body of evidence at hand is
limited, this dietary reconstruction is more
similar to native diets for the precontact pop-
ulations from the region and, therefore, may
be more representative offoodways practiced
by the Guale than the faunal materials re-
covered from Santa Catalina.
The botanical evidence is even more mea-

ger than the faunal evidence for the contact-
period mission populations (see Thomas,
1987). However, the written record for use
of maize strongly suggests that it continued
to be important into and through the contact
period (G. Jones, 1978; contra Crook, 1984,
1986).

THE ETHNOHISTORICAL CONTEXT
The written documentation for the contact

period from Guale is spotty in some areas.
Nevertheless, it provides a rich record ofdata
not available through archaeological research
in the region. From the ethnohistorical doc-
umentation by a number of scholars, it is
known that the colonization and establish-
ment of missions in La Florida by the Span-
ish in the 16th century saw radical changes
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for native inhabitants. These native inhab-
itants-the Guale-were among the first of
the native populations contacted by Euro-
pean explorers in the Americas north ofMex-
ico (G. Jones, 1978). In the following dis-
cussion, I will comment on some effects of
these changes.
By all accounts, the most important eco-

nomic product in Spanish Florida appears to
have been the labor provided by natives
(Hann, 1988). Given the lack of interest by
Europeans in agricultural work, Indians as-
sociated with the missions provided the labor
force that was necessary for the raising of
crops and other subsistence-related activi-
ties. This labor force was important not only
on the local level, but it supplied workers for
projects away from home missions. Recruit-
ment from nonlocal areas was an important
means by which the local government ob-
tained native laborers. With reference to
growing of crops, in the 1602-1603 report to
the crown by Governor Canzo, he noted that

but with all this and the grain from the maize,
the labor that they endure in the many culti-
vations that are given is great, and, if it were
not for the help ofthe Indians that I make them
give, and they come from the province ofGuale,
Antonico, and from other caciques, it would not
be possible to be able to sow any grain ... (un-
published translation provided by John H.
Hann).

This passage strongly suggests that labor
demands on natives were intensive and a nec-
essary requisite to the success of Europeans
in the region.
Use of native labor appears to have been

especially important for production of food
for Spanish colonists, soldiers, and clergy.
Natives referred to as indios de cava (culti-
vation Indians) are listed in a recently trans-
lated document by Eugene Lyon (n.d.). One
Spaniard observed that a great deal of effort
went into the preparation of maize flour (cf.
Hann, 1986b). The individual went on to note
the process involved in preparing the flour:
"The hand is the guide for the rammer which
is more than two varas (approximately two
yards) in height, and the rammer moves up-
ward and the thin end remains in the mortar"
(quoted in Hann, 1986b: 98). Among the
Apalachee (southwest of Guale), it appears

that the young males were responsible for this
activity (Hann, 1986b).
Other demands for native labor to satisfy

Spanish needs involved construction proj-
ects, fortification projects, wood-cutting, car-
go-bearing, and other activities, apparently
at great expense to natives. Hann (1986a, per-
sonal commun.) has noted, for example, that
the males recruited for labor in construction
projects at St. Augustine were required to lift
heavy logs over some distance to the con-
struction site. Native males saw frequent ser-
vice as ferrymen for trips between Guale and
St. Augustine and between St. Augustine and
Charleston (e.g., Andrews and Andrews,
1975). These labor practices undoubtedly
represented great changes in work patterns
and intensity oflabor. This repressive system
was undoubtedly a factor that led to the de-
cline of native populations.

In the province ofApalachee, Hann (1988)
noted that natives were required to carry
heavy burdens over great distances to and
from St. Augustine, the capitol ofLa Florida.
In the 1670s, Fray Alonso Moral provided
the following graphic account of conditions
of life for native laborers:

All the natives of those provinces suffer great
servitude, injuries, and vexations from the fact
that the governors, lieutenants, and soldiers
oblige them to carry loads on their shoulders to
the Province of Apalachee and to other areas
and also to bring loads from those regions to
the fort ofSt. Augustine. And it usually happens
that to enhance their own interests they pretend
that this work is in Your Magesty's service,
without paying them what is just for such in-
tolerable work. And ifnow and again they give
them something for that reason, it is a hoe or
an axe or a cheap blanket for some other thing
ofsuch slight value to pay for their work, which
involves carrying a cargo on their shoulders from
the fort to the Province of Apalachee, which is
eight leagues distant, and the same to return....
And in addition to this, in order to employ them
further they detained them in St. Augustine for
as long as they wish ... with very short rations,
such as giving them only two pounds of corn a
day and giving them for pay, at the most, one
real for each day ofwork, which sum is usually
given them in the form of old rubbish of little
or no value or utility to them. Add to this the
further vexation or injury of being snatched by
force from their homes and villages, not only
for tasks at the fort but also for work for private

16 NO. 68



LARSEN: SANTA CATALINA DE GUALE. 2

citizens, and this in the rigor of winter (when
they come naked) or in the middle of summer,
which is when they are most occupied in the
labor oftheir crops on which solely depends not
only their sustenance and that of their wives
and children but also the victuals necessary for
the relief of the garrison.... Each year from
Apalachee alone more than three hundred are
brought to the fort at the time of the planting
of the corn, carrying their food and the mer-
chandise of the soldiers on their shoulders for
more than eighty leagues with the result that
some on arrival die and those who survive do
not return to their homes because the governor
and the other officials detain them in the fort
so they may serve them and this without paying
them a wage.... This is the reason according
to the commonly held opinion that they are
being annihilated at such a rate (quotation from
Hann, 1988: 140-141).

Another use of local natives as a labor
source was military service. For example, in
1673, Governor Francisco de la Guerra y de
la Vega wrote that 45 to 50 Guale were con-
scripted in order to make up for gaps in the
infantry (Loucks, 1979). The use of native
conscripts certainly implies the movement of
native males away from the home localities.
Immediately after the establishment of the

missions, the native populations were aggre-
gated into centralized villages that were either
associated with the missions themselves-as
in the case of St. Catherines Island-or with
nearby visitas (Loucks, 1979). This concen-
tration of native populations (known as Re-
duccion) into a limited number of areas was
a primary objective in the establishment of
the missions (Geiger, 1937), and it was en-
visioned as serving the Spanish authorities
in a number of ways. First, centralization
served to provide control over the native
populations. Second, it served an accultura-
tive function, in part by helping to facilitate
the task of indoctrinating natives into Chris-
tianity. Third, it provided for an accessible
labor pool for activities discussed above. Fi-
nally, in addition to economic interests, the
mission populations and associated garrisons
served as an important link in a defensive
network that was perceived as a protective
buffer against encroachment of French and
British interests from the north (G. Jones,
1978).
With regard to agricultural concerns, a

number of areas of Spanish Florida func-
tioned as crop-producing centers. St. Cath-
erines Island is known to have sent large
quantities of maize to St. Augustine (Bush-
nell, 1987). Loucks (1979) has suggested that
because of the demands placed on the native
populations by the Spanish, increasing
amounts of time were spent in food (crop)
production. We can infer, therefore, that the
amount of workload changed during the his-
toric period.
The manipulations of native populations

by the Spanish saw a number of important
consequences for the former. It is clear, for
example, that the Guale suffered harassment
from the military and demands for food trib-
ute (G. Jones, 1978). A direct response to this
harassment and other infringements was a
series of revolts by the Guale mission native
populations as well as in other parts of the
Florida provinces. These uprisings, although
temporarily successful, resulted in almost
certain retaliation by the Spanish in the form
ofburning oftowns and valuable stored crops
that were to have seen the local populations
through the winter months. Existing docu-
mentation indicates that many Indians lost
their lives in these confrontations (G. Jones,
1978), or were otherwise required to provide
yet more labor (Hann, 1988).
Other resultant detrimental effects arising

during the mission period are seen in political
organization. Milanich (1978) noted, for ex-
ample, that after the missions were estab-
lished among the Yustega (western Timucua)
in 1633 there are no references to chiefs of
regions, but only to chiefs ofseparate villages.
Although this observation may represent a
bias in the ethnohistoric sources, Milanich
(1978) suggested that lack of mention of re-
gional chiefs reflects a breakdown in tribal-
level organization and to either decline in
importance or disappearance of tribal-level
chiefs. This development may, in fact, rep-
resent a direct growth of the attempt by the
priests to decentralize tribal authority and to
increase the importance of the village chief
in the belief that the village chiefwould play
a key role in converting the remaining pop-
ulation.

Additional consequences ofthe mission ef-
fort were necessarily brought about by con-
tact with Europeans. In particular, the disease
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baggage that had evolved in the Old World
and was carried by the Spanish into the New
World is a very important factor for under-
standing the decline and ultimate extinction
of native populations. Prior to the arrival of
Europeans, there is evidence for the presence
of infectious disease in New World popula-
tions (e.g., Newman, 1976; Larsen, 1982;
Buikstra, 1981; Powell, 1988, this volume;
Baker and Armelagos, 1988). However, rel-
ative to what was to come, native peoples
lived in a relatively disease-free environ-
ment, not suffering from viral and bacterial
pathogens such as smallpox, measles, chick-
enpox, influenza, typhus, diphtheria, cholera,
plague, whooping cough, or malaria (Dobyns,
1983).
The introduction of these diseases into the

New World was devastating. The impact on
native populations in the Southeast, in par-
ticular, was observed quite early. When the
de Soto expedition arrived in 1540 at Cofi-
tachequi (on South Carolina side of the Sa-
vannah River), a chronicler ofthe expedition
reported that

Within a league, and a halfe a league about this
towne, were great townes dispeopled, and over-
growne with grasse, which shewed that they had
been long without inhabitants. The Indians said,
that two years before there was a plague in that
countrie, and that they remooved to other townes
(Elvas, 1851: 51-57).

At nearby Talomeco, another chronicler of
the expedition indicated that they

found no people in Talomeco because the pre-
vious pestilence had been more rigorous and
devastating in this town than in any other of
the whole province, and the few Indians who
had escaped had not yet reclaimed their homes;
hence our men paused but a short time in these
houses before proceeding to the temple (Gar-
cilaso de la Vega, 1951: 315).

At Talomeco, the Spanish military encoun-
tered 500 deserted houses; four of the largest
of the structures were filled with the remains
ofthe recently deceased (Garcilaso de la Vega,
1951).
Epidemic disease devastated the Spanish

Florida provinces. No fewer than eight major
epidemics probably passed through penin-
sular Florida prior to 1562 (Dobyns, 1983;
and see discussion in M. Smith, 1987). Later

epidemics were equally destructive. During
the Sir Francis Drake raid on St. Augustine
in 1586, at least one and possibly two major
epidemics occurred, killing many in a very
short time (Dobyns, 1983). In 1596, and again
in 1614 and 1617, epidemics were respon-
sible for a large number of deaths and com-
plete depopulation of villages in a number of
instances (Dobyns, 1983; Geiger, 1937). Al-
though possibly exaggerated, friars' estimates
indicate that half of the Indian population of
Spanish Florida was terminated during the
second decade of the 17th century (Bushnell,
1978). A major episode of disease followed
in 1672 (Bushnell, 1978).
With respect to the Guale, a number of

major episodes of disease are documented.
During the years 1569-1570 and 1582, epi-
demics swept through the missions and sur-
rounding areas. The years 1649-1650, 1657,
and 1659 were apparently some of the most
devastating years that the Guale experienced
(G. Jones, 1978). In 1657, the governor of
Spanish Florida observed that there had been
drastic reduction of native population of
Guale "because they have been wiped out
with the sickness ofthe plague and small-pox
which have overtaken them in the past years"
(quoted in Hann, 1986a: 378). The decade of
1649-1659 saw the deaths of thousands of
individuals.
The huge population losses due in large

part to epidemics in this region as well as
others in the New World have been a subject
ofmuch discussion by medical historians and
others. A consensus has developed that na-
tive populations likely had greater genetic
susceptibility to Old World pathogens be-
cause of their lack of immunological expe-
rience in comparison with Europeans. Kelley
(1988) has suggested, however, that it is un-
likely that native populations lacked inherent
genetic resistance (see also Newman, 1976).
It is quite probable that Europeans main-
tained an advantage in that their experience
with Old World pathogens resulted in ac-
quired immunities for many. Kelley (1988)
pointed out that perhaps of greater impor-
tance in explaining the devastation in New
World populations is the complete lack of
knowledge of simple medical attendance for
individuals afflicted with viral and bacterial
diseases-specifically, rest, warmth, and fluid
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consumption. In colonial New England, for
example, Kelley (1988) noted that 17th cen-
tury Europeans were quite aware of the effi-
cacy of these factors in returning the sick to
a healthy state. Native populations in the re-
gion were not. It may be that the resident
priests in Spanish Florida attempted to im-
part this knowledge to the local populations.
The decimation of population in this region
would suggest that such attempts were un-
successful in this endeavor.

Further exacerbating the situation was the
factor ofpopulation centralization. The mis-
sion system aggregated many into more re-
stricted living areas. The villages surrounding
the mission complexes, for example, quite
likely provided ideal conditions for the spread
ofthe newly introduced Old World pathogens
as well as existing indigenous pathogens.
The loss of life among native populations

in Florida undoubtedly meant the reduction
of the labor source normally available to the
Spanish. One Spaniard wrote in 1655 that
the devastation ofdisease had been so severe
that Indians could not be relied upon for la-
bor projects associated with the repair of the
fort at St. Augustine:
The necessary wood must be cut and brought
from the forests by Indians. This necessitates
too much work for them as the distance which
it must be carried on their shoulders is long. I
now consider this manner of bringing it impos-
sible because of the high mortality rate which
has been the result ofa series ofplagues ofsmall-
pox which have afflicted the country for the last
ten months. Many died as a result of this and
ofthe trials and hunger which these unfortunate
people have suffered, and the province is quite
destitute (translation from Hann, 1988: 177).

The sum effect of epidemics, forced labor,
military and other forms of harassment, and
almost certain social disruption was a re-
markable population decline, especially dur-
ing the 17th century. Other factors such as
soil depletion due to agricultural overuse and
a generally declining environment may have
also been important in this decline. Final
abandonment of the primary mission of
Guale-Santa Catalina de Guale-on St.
Catherines Island resulted in relocation ofthe
mission and its population on Sapelo Island
to the south (Thomas, 1987). Continued pre-
dation by pirates and others on this group

and other nearby refugee populations, how-
ever, resulted in yet another relocation and
establishment of the new mission, Mission
Santa Catalina de Guale de Santa Maria, on
Amelia Island in 1686 (Bushnell, 1987).

THE ARCHAEOLOGICAL CONTEXT

Following a program of survey, test exca-
vation, and remote sensing analysis, the pre-
cise location of Santa Catalina de Guale was
verified by David Hurst Thomas and asso-
ciates to have been on the western periphery
of St. Catherines Island (Thomas, 1987, 1988)
(fig. 1-2). Preliminary test excavations at the
mission church within the site revealed that
in addition to the ritual functions normally
associated with the church, this structure
served as the cemetery for the native inhab-
itants of the mission complex.
From 1982 until final excavations in May

of 1986, I directed the complete excavation
and recovery of human remains from the
cemetery (fig. 1-3). With the completion of
this work, it is possible to describe and sum-
marize some important characteristics of the
cemetery at Santa Catalina de Guale. (A com-
plete description of the human remains and
the archaeological context will be presented
in a future monograph in the present series.)
A minimum of 431 individuals of varying
states of preservation have been recovered
from the mission cemetery (Russell et al., this
volume). The years during which burial of
these individuals took place are somewhat
unclear. However, it is known that the church
was burnt to the ground in the 1597 rebellion
(see Thomas, 1988). The mission was sub-
sequently resettled by the Spanish in 1604,
and the church was rebuilt on the same site
as the former structure several years later.
Based on a preliminary analysis of artifact
associations in individual burial and dis-
turbed contexts, the use of the cemetery ap-
pears to have been limited to the 17th cen-
tury, from A.D. 1607 to 1680 (Thomas,
personal commun.). The period of use cor-
responds to Period III (A.D. 1607-1684) on
the contact-period Guale coast (G. Jones,
1978; Thomas, 1987).
The cemetery is confined to an area mea-

suring approximately 20 x 11 m, which
corresponds to the size of the church struc-
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ture. The facade of the structure faced south-
east and was the only wall constructed ofwat-
tlework. The other three walls were
constructed of largely wattle-and-daub. The
entrance ofthe church was fronted by a large,
rectangular churchyard covered with shell
collected from nearby natural marine shell
deposits. Churchyards are commonly asso-
ciated with colonial churches, and served a
number of functions including burial of the
dead. Partial excavation of and remote sens-
ing data collected from the churchyard at
Santa Catalina shows that burial of deceased
individuals was unlikely in this area (Thom-
as, personal commun.). A thorough excava-
tion of this area is needed, however, to de-
termine whether or not human burials are
located in the churchyard. Other areas of the
mission complex have yielded no human re-
mains.
Unlike Santa Catalina, most other archae-

ologically documented cemeteries in La Flo-
rida are located outside church walls (B. Jones,
1980; Larsen and Saunders, 1987; Thomas,
1988). However, the mortuary program at
Santa Catalina is similar to all other urban
(St. Augustine) and mission cemeteries in that
the hands of the deceased were clasped or
folded on the chest or abdomen; and the skel-
etal remains were in supine, extended posi-
tions. At Santa Catalina, the bodies of the
deceased were placed in shallow pits-about
a half meter deep-that are aligned parallel
to the long axis ofthe church. The heads were
oriented east-southeast, away from the fa-
cade. A single skeleton was found in associ-
ation with a coffin in the altar area; all others
were either shroud burials or burials lacking
covering.
The high degree of disturbance of human

remains in the cemetery reflects its intensive
use. That is, only 52.4% (N = 226) of the
remains were found to be in primary, undis-
turbed contexts. The remaining 47.6% (N =

205) were recovered in secondary, disturbed
contexts. With one exception, all of the dis-
turbance of individuals appears to have oc-
curred during placement of later burials. The
single exception involved the intrusion of a
large wooden post into a burial located along
the west wall.
Most burials represent interments of single

individuals. The lack of mass burial would

Fig. 1-2. Map of St. Catherines Island, Geor-
gia, showing location of Santa Catalina de Guale
(cruciform) (after Thomas, 1987, fig. 2).
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suggest that many, if not most, of the indi-
vidual deaths were not associated with major
epidemics in the region. However, the lack
ofmass burial certainly does not preclude the
presence of epidemics in the region. Ethno-
historic resources would suggest otherwise (cf.
Jones, 1978 and discussion above).
Within the cemetery, there are no clear pat-

terns of distribution by age or sex. There ap-
pears to be a greater concentration of juve-
niles along the north wall of the church, but
this was not the only location of younger in-
dividuals in the cemetery. In other cemeteries
excavated in La Florida, there is some evi-
dence for location ofburial in relation to age.
For example, at Santa Catalina de Guale de
Santa Maria (Amelia Island), most young ju-
veniles (less than 10 years) were placed at one
end of the cemetery (Larsen and Saunders,
1987; Saunders, 1988).
The artifact inventory from the cemetery

is unusually rich. In addition to beads num-
bering in the thousands-estimated to be in
excess of 100,000-there were medallions,
rings, mirrors, copper bells, crucifixes, ma-
jolica vessels and plates, rosaries, shroud pins,
shroud cloth, as well as a variety ofaboriginal
grave inclusions (chunky stones, Mississip-
pian-style rattlesnake shell gorget, projectile
points) that were recovered in the bioar-
chaeological excavations. Most of the arti-
factual materials from the cemetery are as-
sociated with the end of the church opposite
the entrance, suggesting that it is in this area
that the altar may have stood. It is interesting
to note that the lowest density of human re-
mains occurs in this area ofthe cemetery. The
placement ofthese individuals in this area of
the cemetery may represent their position in
relation to key areas within the ritual nucleus
of the church, perhaps reflecting a status hi-
erarchy in Guale society. (A discussion ofthe
implications of the presence of this rich ar-
tifact assemblage is provided in Thomas,
1988.) Therefore, although there is an ap-
parent lack of age or sex distinctions in lo-
cation of burial within the church, there ap-
pears to have been some form of social
distinction in relation to proximity of burial
to the altar area. It may be premature, how-
ever, to regard this distinction as a simple
"high status"/"low status" dichotomy (cf.
Thomas, 1988).

Very early in the excavation of the Santa
Catalina cemetery, it became quite clear that
the skeletal series would be represented by a
large number of human remains. This, cou-
pled with archaeological data on architecture,
population settlement, food remains, and
ethnohistoric documentation, suggested that
a detailed biocultural analysis of the human
remains would provide an important focus
for a better understanding of postcontact ad-
aptations ofNew World native populations.
The skeletal sample recovered from Santa

Catalina de Guale is important in that it rep-
resents the first archaeologically well-docu-
mented aboriginal mortuary site in Spanish
Florida. The locality, however, is not the first
contact-period cemetery to be investigated in
the region. Native human remains from a
number of other series have been excavated
and incompletely reported on from mission
and nonmission contexts in peninsular Flor-
ida (see review in Thomas, 1987). The lo-
calities where human remains have been doc-
umented include San Damian de Escambi
(143 burials), San Jose de Ocuya (300 buri-
als), San Miguel de Asile (10 burials), San
Pedro y San Pablo de Patale (65 burials), San
Juan del Puerto (scattered skeletal elements),
and Nombre de Dios (100 burials). One pos-
sible native skeletal individual was recovered
from the church/hospital at Nuestra Senora
de la Soledad (Koch, 1980), and a number of
isolated remains have been reported on from
various other settings (H. Smith, 1956).
More recently, however, Mitchem and

Hutchinson (1987; Hutchinson, 1989, 1990)
have reported on a large series of primary
and secondary burials from Tatham Mound
on the western Gulf coast of Florida. Human
remains from this site are especially signifi-
cant because oftheir very early context in the
contact period of Spanish Florida (early to
middle 16th century).
With respect to the nonpeninsular region

of La Florida-the Georgia coast- several
isolated skeletons have been described (F.
Cook and Pearson, 1973; Braley et al., 1986).
In addition, three large series of human re-
mains have been recovered. These include
the human remains from the Pine Harbor site
(100-200 individuals), Santa Catalina de
Guale de Santa Maria (180 individuals), and
Santa Maria de Yamassee (100-150 individ-
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uals). Pine Harbor is a nonmission site lo-
cated on the mainland approximately 15 km
west of St. Catherines Island. The human re-
mains here appear to be from the early con-
tact period (mid- to late- 16th century), al-
though there is a late prehistoric component
(F. Cook, 1980, n.d., personal commun.).
Santa Catalina de Guale de Santa Maria is
located on Amelia Island (Florida) and ap-
pears to be the descendent population from
St. Catherines Island (Hardin, 1986). The site
dates to the period of 1686-1702 (Bushnell,
1987; Hardin, 1986; Larsen and Saunders,
1987; Saunders, 1988). Santa Maria de Ya-
massee is a mission locality on Amelia Island
that served a refugee population from interior
Georgia from 1675 to 1683 (Larsen and
Saunders, 1987; Saunders, 1988). The hu-
man remains from all three sites are currently
under investigation.

Despite the large recovery of human re-
mains from Spanish Florida, our knowledge
of the biological impact of contact on native
populations is poor. With the exception of
human remains from San Pedro y San Pablo
de Patale (Storey, 1986), Nombre de Dios
(Loucks, 1979; Larsen, personal obs.), Pine
Harbor (F. Cook, 1980, n.d.; Hutchinson and
Larsen, 1988), Santa Catalina de Guale de
Santa Maria (Hardin, 1986; Larsen and
Saunders, 1987; Saunders, 1988), and Santa
Maria de Yamassee (Larsen and Saunders,
1987; Saunders, 1988), all burials have been
reinterred and are unavailable for study. The
program of investigation of human remains
that is underway for the Santa Catalina de
Guale series will, therefore, greatly add to the
knowledge of contact period biological ad-
aptation from this region.

THE PROBLEM
What can be said about the nature of Eu-

ropean contact and its impact on native pop-
ulations in Spanish Florida? Prior to the in-
vestigation ofthe human remains from Santa
Catalina, only one study ofa native cemetery
skeletal sample had been reported. Based on
the series recovered from the Apalachee mis-
sion, San Pedro y San Pablo de Patale, Storey
(1986) suggested that native populations ex-
perienced an apparent marked improvement
in health in comparison with late prehistoric
populations in the region (see also discussion

in Hann, 1988). Health improvements in the
contact period were related, in part, to greater
access to animal protein. This paradox of
supposedly decaying environmental condi-
tions (e.g., increased disease stress) and im-
proved skeletal health has been noted by a
number of investigators from other contact
period series outside ofLa Florida (D. Cook,
1985). I suspect, and the papers in this vol-
ume verify, that there is no clear-cut picture
ofall positive or all negative changes. Rather,
the postcontact adaptations are complex and
deserve to be looked at in greater detail in-
volving the close study of a range of skeletal
markers of adaptation and change.
When I began the bioarchaeological inves-

tigations ofthe Santa Catalina de Guale skel-
etal series, I was primarily interested in what
seemed to be a simple and straightforward
problem with a corresponding simple and
straightforward solution. That is, the Guale
were clearly on the decline. Therefore, should
not all skeletal indicators of health and life-
way show parallel declines as well? As the
project developed, however, the true com-
plexity of the issue of adaptation and change
in this particular setting has emerged. The
following papers will report on a number of
avenues of the investigation that help us to
understand some of this complexity.
The literature on the effects of European

contact on native populations focuses largely
on the dramatic reductions in population size
of the latter. By and large, these studies doc-
ument the cause and effect relationship be-
tween epidemics involving Old World patho-
gens and population reduction (e.g., Dobyns,
1983; Ramenofsky, 1987; M. Smith, 1987;
Thornton, 1987). Although the issue of pop-
ulation collapse during the early years ofcon-
tact between native populations and Euro-
pean populations is certainly an important
one, it is the intent ofthis volume to broaden
the scope ofresearch in contact period bioan-
thropology by examining some of the many
other important facets of adaptation and
change. This is not to say that population
reduction is not an important issue. For the
Guale experienced great declines in this re-
gard (see above). What is emphasized here,
however, is that because native populations
on the Georgia coast were interacting with
Europeans on a nearly uninterrupted basis for
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some 120 years prior to their removal in the
late 17th century, equally important to the
issue of population reduction are questions
relating to how these populations responded
and adapted to great social, dietary, and be-
havioral changes representing some five or
six generations. It is the study ofthese details
within this specific regional setting that will
ultimately provide for greater understanding
ofthe mosaic ofissues that comprise the story
of adaptation and change during this very
critical period of time.
The hard tissues, skeletal and dental, are

remarkably sensitive to the environment. A
variety of factors, including disease and diet,
population mobility, and physical exercise
and work, leave a collective signature on the
skeleton that directly and indirectly reflects
environmental circumstances throughout the
lifetime of the individual and the population
(see review in Larsen, 1987). By study of this
cumulative record of life experiences, it is
possible to view these remains as represen-
tative of functioning, living populations that
are in the process of adapting to wholly new
environmental circumstances during the pe-
riods before and after contact. In order to go
beyond the rather limited question of pop-
ulation reduction and epidemics, we have
chosen to focus on two broad themes in the
present volume. First, we examine the overall
quality of life as it is revealed in the study of
disease, demography, environmental stress,
and dietary quality. Second, we examine the
implications of behavioral change as it is ex-
hibited in bone form and function in the post-
cranial skeleton.
The following chapters represent areas that

address particulars of the adaptation of na-
tive populations in coastal Georgia. In order
to provide necessary background for under-
standing historic period biological change, a
number of these contributions discuss im-
portant data on precontact ancestral popu-
lations.
The volume is organized as follows. Chap-

ter 2, by M. L. Powell, focuses exclusively on
the single largest late prehistoric, Mississip-
pian period population recovered by the
Works Projects Administration during the late
1930s and early 1 940s from the Irene Mound
site. This skeletal series is important in that
it represents the human remains from the

dominant Mississippian ceremonial and hab-
itation center in the region. As such, it pro-
vides material for understanding precontact
infectious disease-treponematosis and tu-
berculosis-during the final centuries im-
mediately preceding the arrival ofEuropeans.
The remaining chapters focus primarily on
the human remains recovered from Santa
Catalina de Guale. Chapter 3, by K. F. Rus-
sell, I. Choi, and C. S. Larsen, outlines the
demographic profiles of the premission and
mission populations. In Chapter 4, D. L.
Hutchinson and C. S. Larsen examine the
evidence of environmental stress by study of
enamel defects in teeth. This is followed by
a discussion of preadult/adult differences in
tooth size and enamel defects in Chapter 5
by S. W. Simpson, D. L. Hutchinson, and C.
S. Larsen. M. J. Schoeninger, N. J. van der
Merwe, K. Moore, J. Lee-Thorpe, and C. S.
Larsen present findings on bone isotopic ra-
tios (carbon and nitrogen) and evidence for
dietary change in Chapter 6. Chapter 7 (C.
B. Ruff and C. S. Larsen) and Chapter 8 (A.
Fresia, C. B. Ruff, and C. S. Larsen) present
findings on mechanical properties of long
bones in order to reconstruct behavioral and
work patterns before and during the contact
period.
The chapters examine changes relating to

three specific periods of time. The periods
include (1) precontact preagricultural (pre-A.D.
1 150); (2) precontact agricultural (A.D. 1 150-
1550); and (3) contact (A.D. 1607-1680). The
first period restricts itself to those popula-
tions practicing a combination of hunting,
gathering, and fishing prior to the Mississip-
pian period. Little, ifany, plant domesticates
appear to have been important in the dietary
regime. The second period includes those
populations that practiced agriculture in ad-
dition to continuation of hunting, gathering,
and fishing. This period corresponds with the
Mississippian period. The third and final pe-
riod includes the population recovered from
Santa Catalina de Guale on St. Catherines
Island. This period is associated with a re-
orientation of native subsistence economy
that continued to utilize maize agriculture. A
more specific discussion ofchronology ofthe
Georgia coast can be found in Thomas et al.
(1978), Thomas and Larsen (1979), and Lar-
sen (1982).
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CHAPTER 2. ON THE EVE OF THE CONQUEST:
LIFE AND DEATH AT IRENE MOUND, GEORGIA

MARY LUCAS POWELL

ABSTRACT
This chapter focuses on the Irene Mound site,

a Mississippian period (A.D. 1 150-1450) mortuary
locality on the north Georgia coast. Differential
diagnosis of abundant skeletal pathology in the
Irene series revealed the presence of two diseases
of radically different morbid and mortal effects,
namely treponematosis and tuberculosis. The for-
mer disease produced widespread inflammatory
response localized in the lower legs and arms, with
few cranial and nasal-palatal lesions. The demo-
graphic and pathological features of its manifes-

tation point to endemic maintenance rather than
venereal transmission. By contrast, the latter dis-
ease was far less visible, and is evidenced by rib
lesions with only occasional vertebral and hip in-
volvement. The identification of these diseases,
previously documented elsewhere in the precon-
tact southeastern United States, provides an im-
portant epidemiological baseline for studies of
health in contact-period populations on the Geor-
gia coast.

INTRODUCTION
In a broad-scale analysis of diachronic

changes in health among aboriginal peoples
of the Georgia coast, Larsen (1982) docu-
mented significant reductions in skeletal and
dental dimensions and increased rates ofden-
tal caries and skeletal infection in prehistoric
agriculturalists relative to their nonagricul-
tural predecessors. The present study focuses
on the largest population sample in the series,
namely the precontact agricultural commu-
nity at the Irene Mound site. The Irene Mound
site, located near the mouth of the Savannah
River just north of the city of Savannah on
the north Georgia coast, was occupied from
approximately A.D. 1150 to 1450 during the
Savannah and early Irene phases, the regional
expressions of the Mississippian cultural tra-
dition (Caldwell and McCann, 1941; Larsen,
1982). Archaeological excavations supported
by the Works Projects Administration from
1937 to 1940 recovered 265 burials, repre-
senting 280 individuals, from this locality.
The secular decline in body size and the

dental evidence for a high-carbohydrate diet
notwithstanding, other skeletal indicators
suggest that nutrition in the Irene Mound
population was generally adequate and that
infection by endemic diseases was typically
met with vigorous immune response. In par-
ticular, there is a low prevalence of porotic
hyperostosis and cribra orbitalia (Powell, un-
publ.), suggesting that severe chronic hemo-
lytic anemia was not a major health problem
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(Ortner and Putschar, 1985; Steinbock, 1976),
despite the use ofiron-poor foods-especially
maize-in the Irene Mound diet and the in-
tensive occupation ofa restricted village area
conducive to the continual exchange of en-
demic pathogens and contamination by fecal
wastes (see also discussion in Larsen, 1987,
for alternative explanation).
Of the 109 crania in the series that were

suitable for examination for porotic hyper-
ostosis and cribra orbitalia, only one young
adult female (20-30 years) displayed a few
remodeled lesions characteristic of the for-
mer condition (0.9% prevalence). Nine in-
dividuals (8.3%), including this female, ex-
hibited mild to moderate cribra orbitalia, all
of which were at least partially remodeled.
These individuals included two juveniles (10-
1 5 years), two adolescents (16-20 years), two
young female adults, two young male adults,
and one old female adult (40-50). The overall
prevalence rate is comparable with rates re-
ported for other late-prehistoric eastern
United States series: for example, 6 percent
at Kane Mounds (Milner, 1982); 6.9 percent
at Lubbub Creek (Powell, 1983); 8.2 percent
at Hardin Village (Cassidy, 1984); and 9.3
percent at Moundville (Powell, 1988). How-
ever, the lack of young preadult cases in the
Irene Mound series differs from the age-grad-
ed prevalence patterns in these other series:
for example, 50 percent ofthe Kane Mounds
preadult cases aged three years or younger,
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and six of the 10 (60%) Moundville preadult
cases aged one to five years. This discrepancy
seems most likely due to sample bias with
regard to young Irene Mound preadults rep-
resented by the appropriate cranial elements.
As is the case for the entire precontact sam-

ple (see Russell et al., this volume), infants
and older juveniles are underrepresented in
the Irene Mound series. Despite this prob-
lem, preadult mortality assumes the expected
profile: that is, there is a decline in deaths
after age five until late adolescence (cf. Weiss,
1973). The modal age-at-death for adults was
30 to 35 years. Male mortality peaked sharply
during the modal period (an increase from
9% for males in their late twenties) to 25
percent. This age profile suggests that there
is an age-related increase in exposure to a
variety of dangers, including, for example,
those associated with warfare and hunting.
By contrast, female mortality was more eq-
uitably distributed throughout the third and
fourth decades oflife, suggesting a fairly steady
risk rate during the prime child-bearing years.

In the aforementioned study by Larsen
(1982), skeletal infections were not differen-
tially diagnosed as to specific etiology. How-
ever, follow-up differential diagnosis (this in-
vestigation) revealed the presence ofendemic
treponematosis and tuberculosis, two infec-
tious diseases of radically different morbid
and mortal effects (see discussion below). The
identification ofthese diseases at Irene Mound
forms part of an ongoing assessment of the
social and biological dimensions of health in
that community. On a regional level, it adds
to a growing body of data documenting pre-
Columbian treponemal disease and tuber-
culosis in the eastern United States from a
variety of contexts: Alabama (Powell, 1983,
1988, in press), Arkansas (Powell, 1989),
Tennessee (Jones, 1876; Widmer and Perzi-
gian, 1981; Kelley and Eisenberg, 1987),
Louisiana (Robbins, 1978), North Carolina
(Reichs, 1989), Florida (Bullen, 1972, 1973;
Iscan and Miller-Shaivitz, 1985), the central
Ohio River Valley (Katzenberg, 1976; Wid-
mer and Perzigian, 1981; Perzigian et al.,
1984; Cassidy, 1984), and the central and
lower Illinois River Valley (Buikstra and
Cook, 1980, 1981; D. Cook, 1980; Milneret
al., 1988; Milner and Smith, n.d.) (and see
discussions in Buikstra, 1981; Clark et al.,
1987; Baker and Armelagos, 1988).

The importance of infectious disease as a
selective force in human adaptation has been
argued during the past quarter century (e.g.,
Alland, 1970; Armelagos et al., 1978). Ortner
and Putschar (1985: 105) emphasized that
". . . infectious conditions affecting the skel-
eton tend to be subacute, chronic diseases
and may not be the immediate cause of
death." In fact, because bone lesions typically
develop relatively late in the progress of dis-
ease following considerable soft tissue in-
volvement, their presence is indicative of
long-term immune response to infection.
Some chronic diseases, such as endemic
treponematosis, produce abundant skeletal
morbidity, yet rarely result in death because
of the nature of their pathophysiological ef-
fects (Robbins and Cotran, 1980; Hackett,
1951). For other chronic diseases, the reverse
is true: tuberculosis often kills its hosts before
any bone involvement develops.
The purpose ofthis paper is to describe the

skeletal lesions that are diagnostic of each
disease as they appear in the Irene Mound
series and discuss the contrasting potential of
the two diseases for impacting morbidity and
mortality. In the concluding section, I discuss
the implications of the precontact infectious
disease experience for the Georgia coastal
populations exposed to Old World pathogens
introduced by the Spanish in the 16th cen-
tury.

ENDEMIC TREPONEMATOSIS AND
TUBERCULOSIS

The modern diseases included under the
collective name "treponematosis" that leave
their mark upon the human skeleton are yaws,
nonvenereal syphilis, and venereal syphilis
(Hackett, 1976; Hudson, 1958; Ortner and
Putschar, 1985; Steinbock, 1976). They are
considered to be closely related because of
the similarity of their causal pathogens (bac-
terial spirochetes of the genus Treponema)
and their lesion morphology. Steinbock (1976:
91-92) has commented in this regard:

In man, partial cross-immunity exists between
syphilis (both nonvenereal and venereal), yaws,
and pinta ... all pathological differences are
merely quantitative with considerable overlap-
ping between the syndromes.... [A] patholog-
ical gradient [exists] extending from the cuta-
neous manifestations of pinta to the ulcers of
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yaws involving both skin and bone, to similar
lesions of endemic syphilis affecting the skin,
bone, and cardiovascular system, and finally to
the lesions of venereal syphilis affecting all of
the organs just mentioned in addition to the
nervous system.

The first two syndromes are typically con-
tracted in early childhood through nonve-
nereal contact with infectious skin lesions,
and are both more widely prevalent in en-
demic contexts and less life-threatening in the
pathophysiological effects. Unlike venereal
syphilis, they rarely dampen fertility levels or
directly cause death, although secondary bac-
terial or mycotic infections may prove fatal.

Tuberculosis is a chronic disease caused by
Mycobacterium tuberculosis and closely re-
lated spp. In situations where tuberculosis is
endemic, most people are exposed in infancy
or childhood, but pathological symptoms ap-
pear in less than half of the exposed but oth-
erwise healthy individuals (Myers, 1951).
(This relatively low prevalence ofclinical dis-
ease contrasts sharply with the near 100%
prevalence of symptoms in individuals ex-
posed to treponematosis [Robbins and Co-
tran, 1980].) Individuals with poor immune
response may develop primary lesions within
the lungs and hilar lymph nodes. In those
individuals who survive the initial illness, the
pathogens are gradually encapsulated by cal-
cified tissue within the lungs. This response
halts the immediate progression of the dis-
ease, but the pathogens may remain viable
for decades. If the infected person is rein-
fected or experiences severe systemic stress
later in life, then the capsules may rupture
and spread mycobacteria via direct or hem-
atogenous dissemination throughout the
body, thus producing acute pathological
symptoms decades after the original expo-
sure. Such cases are actively infectious, and
enable the disease to be maintained through
successive generations even in small popu-
lation groups (Myers, 1951).
Table 2-1 summarizes the contrasting

morbid and mortal effects of endemic trepo-
nematosis and tuberculosis in human popu-
lations. These different patterns have impor-
tant implications for the paleopathological
identification of these diseases in archaeo-
logical skeletal series. Endemic tuberculosis
is less "visible" than treponematosis because

it typically produces clinical symptoms in
proportionately fewer individuals and bone
lesions in relatively few of those who do fall
ill. The osteolytic lesions oftuberculosis tend
to weaken the affected bones by diminishing
their mass, whereas the osteoblastic reaction
to endemic treponematosis increases bone
mass, most typically in long bone shafts. The
spinal elements (thoracic and lumbar verte-
brae) which present the most readily identi-
fiable lesions oftuberculosis tend to be under-
represented in many older archaeological
skeletal series in museum collections because
they were less systematically collected, in part
due to poor preservation. For example, in the
Irene Mound series, only 176 individuals out
of 235 examined (75%) were represented by
these vertebrae or ribs or both.

ENDEMIC CHRONIC INFECTIOUS
DISEASE AT IRENE MOUND

A diagnosis of endemic treponematosis in
the Irene Mound skeletal series was first sug-
gested by frequent observations of periostitis
on long bone shafts, particularly the tibia,
fibula, radius, and ulna. This pattern matched
that described by Hackett (1951) in yaws vic-
tims in Uganda as resulting from the recur-
rent episodes of periosteal inflammation in
the late secondary and tertiary stages of that
disease. Many tibiae from Irene Mound show
areas of localized apposition, most typically
on the lateral aspect ofthe anterior crest. Oth-
ers display more extensive pathological in-
volvement (fig. 2-1) approaching the classic
deformity known in modern treponemal cases
as "sabre shins." Almost all cases from Irene
Mound display remodeling that is indicative
of extensive healing and quiescence of the
disease prior to death, a feature also char-
acteristic of endemic yaws and nonvenereal
syphilis.
Another characteristic lesion of late-stage

treponemal disease observed in the Irene
Mound series is a distinctive type of cranial
lesion resulting from gummatous ulcers which
often develop on the scalp, arms, and legs
(Hackett, 195 1; Ortner and Putschar, 1985).
These ulcers are not innately pyogenic, but
are vulnerable to superinfection by oppor-
tunistic organisms such as endogenous staph-
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TABLE 2-1
Tuberculosis and Endemic Treponematosis: A Comparison of Morbid and Mortal Effectsa

Treponematosis

Epidemiology
Pathogen

Mode of infection
Modal age at exposure

Modal age at onset of disease
Duration of infectious state

Pathology
Initial lesions
Subsequent lesions
Prevalence of disease in endemic
contexts

Radiographic prevalence of
bone lesions

Predominant skeletal response

Potential for mortal effect

Mycobacterium tuberculosis and
closely related spp.

Respiration, ingestion
Childhood
Late adolescence, early adulthood
Decades (with latent periods)

Lungs, hilar lymph nodes
Any organ system
10-50% of exposed individuals

3-7% of cases

Major: osteolytic; minor: osteoblas-
tic

Moderate to high

Treponema pallidum, Treponema
pertenue

Skin lesions
Childhood
Childhood
5-10 years

Mucocutaneous tissues
Mucocutaneous tissues, bone
>75% of exposed individuals

5-15% of cases

Major: osteoblastic; minor: osteolytic

Low

a After Hackett, 1951; Hoeprich, 1977; Myers, 1951; Hudson, 1958; Kelley and Micozzi, 1984; Ortner and Putschar,
1985; and Robbins and Cotran, 1980.

ylococci and pathogenic fungi (Ortner and
Putschar, 1985). Gummatous ulcers fre-
quently infect the underlying bone, produc-
ing the pathognomonic osteolytic lesions
known as "caries sicca" (Hackett, 1976).

Irene Mound cranial lesions of this type
are neither large nor extensive, and all cases
show considerable remodeling before death.
Posterior cranial vault lesions (fig. 2-2) often
show more clearly than anterior vault (fron-
tal) lesions the characteristic stellate config-
uration of the healed scar.
The mucocutaneous and osseous tissues of

the nasal and oral cavities are also common
sites of treponemal pathology. In a young
adult female from Irene Mound with remod-
eled frontal scars, osteolytic lesions pene-
trated the palate and maxilla, with extensive
remodeling of the right border of her nasal
aperture (fig. 2-3). This form of facial in-
volvement is known as "gangosa," a Spanish
word referring to the harsh nasal quality of
the victim's voice (Hudson, 1958).
Accounts of disease in native populations

by European explorers and others provide
important insights that complement skeletal
evidence ofparticular paleopathological con-
ditions. In A New Voyage to Carolina, pub-
lished in London in 1709, the Englishman

John Lawson described ailments that resem-
ble endemic treponematosis among the San-
tee Indians, located some 200 miles to the
north of Irene Mound. He wrote,

... they have a sort of Rheumatism or Burning
of the Limbs, which tortures them grievously,
at which times their legs are so hot, that they
employ the young People continually to pour
water down them. . . (and) ... another Distem-
per, which is, in some respects, like the Pox,
but is attended with no Gonorrhea. This not
seldom bereaves them oftheir Nose. I have seen
three or four of them render'd most miserable
Spectacles by this Distemper. Yet, when they
have been so negligent, as to let it run on so far
without curbing of it; at last, they make shift to
patch themselves up, and live for many years
after; and such men commonly turn Doctors
(Lawson, 1709: 223).

The Santee made a clear distinction be-
tween precontact and contact-period dis-
eases. Lawson indicated that

... the Natives ofAmerica have for many Ages
(by their own Confession) been afflicted with a
Distemper much like the Lues Venerea, which
hath all the Symptoms of the Pox, being differ-
ent in this only: for I never could learn, that this
Country-Distemper, or Yawes, is begun or con-

Tuberculosis
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Fig. 2-1. Pathological modifications of Irene Mound tibiae associated with treponematosis. The tibia
shown in the middle is non-pathological.

tinued with a Gonorrhea; yet is attended with
nocturnal Pains in the limbs, and commonly
makes such a Progress, as to vent Part of the
matter by Botches, and several Ulcers in the

Body, and other Parts; oftentimes Death en-
suing. I have known mercurial Unguents and
remedies work a Cure, following the same meth-
ods as in the Pox ... (1709: 18).
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Fig. 2-2. Irene Mound cranial vault pathological modifications associated with treponematosis.

The symptom described by Lawson as
"Rheumatism" and "nocturnal pains in the
limbs" corresponds well with the episodes of
ostalgia (deep bone pain) that afflict advanced
cases of endemic treponematosis. The ulcer-
ation and deterioration of nasal structures,
the absence of urethral discharge ("gonor-
rhea"), the responsiveness of the skin lesions
to "mercurial Unguents and Remedies," and
the predominantly self-limiting nature of the
ailments are also prominent characteristics
of that disease. Lawson noted that some vic-
tims of the "Country-Distemper" died from
illness, but others survived despite severe fa-
cial disfigurement. The majority of Irene
Mound individuals with treponemal bone le-
sions show relatively minor osseous changes,
and when alive probably would not have ap-
peared diseased to a casual observer of the
16th century. Most lesions were extensively
remodeled by the time of death, and only a
few cases were widespread in the body and
clearly active at the time of death. No mor-
tality effect was evident in a comparison of
mean age-at-death for moderate to severe

cases (almost all of them quiescent at death)
and for adults in the sample as a whole. This
pattern ofdemographic and skeletal involve-
ment matches closely the pattern reported in
a recent study of the contemporaneous Mis-
sissippian population at Moundville in Ala-
bama (Powell, 1988, in press).
Lawson commented that the Santee were

"never troubled with the "Scurvy, Dropsy,
nor Stone," and that "they are wholly
Strangers to ... the Phthisick, Asthma, and
Diabetes." The term "Phthisick" refers to
pulmonary tuberculosis (Jaffe, 1972: 955).
Although it may have been absent among the
Santee, skeletal evidence clearly indicates that
tuberculosis was present in the Irene Mound
population. Three individuals exhibit osteo-
lytic lesions in thoracic or lumbar vertebrae
characteristic of spinal tuberculosis (Pott's
disease) (see descriptions in Ortner and Put-
schar, 1985; Steinbock, 1976). The second
through the fifth lumbar vertebrae of one of
these young adults-a female-displays ex-
tensive shallow lesions on the paradiscal sur-
faces (fig. 2-4). The third and fourth thoracic

1990 31



32 ANTHROPOLOGICAL PAPERS AMERICAN MUSEUM OF NATURAL HISTORY NO. 68

's v'F'' %'.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig.2-3 Iree Mund axilarypatologcalmodiicaionsassciatd wth tepoematsis

Fig. 2-3. Irene Mound maxillary pathological modifications associated with treponematosis.

Fig. 2-4. Irene Mound vertebrae showing pathological modifications associated with tuberculosis.
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Fig. 2-5. Irene Mound innominate showing pathological modifications associated with tuberculosis.
Note extensive destruction of auricular region.

vertebrae ofa second young adult female show
deep central lesions, and the second through
the fifth lumbar vertebrae of a young adult
male display widespread circumferential in-
volvement.

Vertebral bodies are by far the most com-

mon loci of tuberculosis skeletal lesions re-

ported in clinical cases (Ortner and Putschar,
1985). This is followed in frequency by the
knee and the hip joints. Tuberculous lesions
were identified in neither the knee nor the
hip joints in the Irene Mound series, but sev-

eral other loci were clearly affected. One older
adult female displayed extensive destruction
of the left sacroiliac auricular surface with
minimal remodeling (fig. 2-5). Two individ-
uals displayed periostitis on the pleural as-

pect of the scapula, and the pleural aspect of
the sternum was also similarly affected in one
individual.
The most commonly observed extraver-

tebral skeletal lesions characteristic of tuber-
cular infection were those affecting the pleu-
ral aspects of ribs. These rib lesions were

present in 8 of the 10 cases (10/176, 5.7%)
initially identified by other lesions. In one
case, focal osteolytic lesions were surrounded
by osteoblastic response. Seven of the eight
displayed localized or diffused subperiosteal
apposition. Figure 2-6 shows the most ex-
treme case with rib involvement. This indi-
vidual, a young female adult, also exhibited
multiple lumbar paradiscal lesions.

Kelley and Micozzi (1984) have indicated
that in early 20th century clinical cases, the
formation of rib lesions from direct contact
with diseased tuberculous pleural tissues had
been reported. But the prevalence ofthe bone
lesions was believed to be quite low (between
3 and 7%) because they were seldom ob-
served radiographically or in autopsy sam-
ples. These researchers examined skeletal le-
sions in clinically diagnosed tuberculosis cases
in the Hamann-Todd skeletal collection, and
reported that direct observation of dry bone
specimens indicated a much higher preva-
lence rate. They noted that "more than half
(56%) of all individuals with tuberculosis
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Fig. 2-6. Irene Mound ribs showing pathological modifications associated with tuberculosis. Note
the subperiosteal apposition of bone on pleural surfaces of ribs.

skeletal lesions in the Hamann-Todd collec-
tion displayed rib lesions" (1984: 385). These
rib lesions rarely appeared in individuals who
displayed extrathoracic (e.g., hip) lesions.
There are two broad categories of tuber-

cular infections. The first category represents
direct osseous involvement from chronic
pulmonary disease, and the second results
from hematogenous spread of tuberculosis
bacilli throughout the body. Because chronic
pulmonary tuberculosis comprises approxi-
mately 90 percent ofhuman cases of the dis-
ease (Kelley and Micozzi, 1984), rib lesions
are more likely to occur than are nonthoracic
lesions of the hip and the knee. Paleopath-
ological investigations of tuberculosis have
been significantly facilitated by this emphasis
upon newly recognized skeletal evidence of
the chronic "smoldering" form ofthe disease.
Rib lesions are less dramatic in appearance
than the spectacular spinal deformities of
Pott's disease or hip joint destruction, but
their higher prevalence in infected popula-
tions increases the chances that they will be
preserved and recognized in the archaeolog-
ical record.
The great majority of the 80 individuals

(80/23 5, 34%) from the Irene Mound site that
displayed distinctively treponemal bone le-
sions were adults aged 30 years or older at
death. By contrast, the mean age-at-death of
the 10 individuals with characteristic verte-
bral, pelvic, and rib lesions of tuberculosis
was 29.5 years, five years below the modal

sample age of 34.9 years. One young adoles-
cent, one older adolescent, and four adults
aged 20 to 24.9 years comprised the younger
set of cases. Approximately 15 years sepa-
rated the oldest ofthese cases from the young-
est of the four remaining cases. All of these
individuals were in their early to late 40s.
There were twice as many female as male
cases, in contrast to the equal representation
ofthe sexes in the Moundville skeletal sample
(cf. Powell, 1988, in press).

IMPLICATIONS OF PRECONTACT
INFECTIOUS DISEASE

EXPERIENCE FOR POPULATION
RESPONSE TO INTRODUCED
OLD WORLD PATHOGENS

What implications did precontact aborig-
inal experience with endemic New World
forms of treponematosis and tuberculosis
have for population response to introduced
Old World variants of these diseases? Hack-
ett (195 1, 1976) and Hudson (1958) have dis-
cussed the question of mutual cross-immu-
nity conferred by the different treponemal
syndromes. Some positive degree of immu-
nity may be conferred against new doses of
pathogens of the same or different strain by
previous infection acquired in early child-
hood, but the strength of this protection is
quite variable. Reinfection of healed cases or
superinfection of latent cases may create se-
rious health problems in previously exposed
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individuals. Reactivation of an inappro-
priately vigorous allergic response from
previously sensitized tissues may result in de-
structive tertiary gummatous and osteoperi-
ostitic lesions (Grin, 1956: 969).
Between 75 and 80 percent ofnew clinical

cases of tuberculosis are considered to rep-
resent flare-ups of previously acquired infec-
tion that had been effectively immobilized
by vigorous immune system response (Hoe-
prich, 1977: 323; Robbins and Cotran, 1980:
397). Reinfection or superinfection in adult
life of previously sensitized individuals, par-
ticularly those experiencing the multiple
physical and psychological stresses associ-
ated with catastrophic cultural disruption,
may result in seriously detrimental physio-
logical reactions (Jaffe, 1972: 955). It has been
suggested that prolonged exposure to certain
environmental mycobacteria such as M. kan-
sasii and M. intracellulare may confer some
degree of heightened resistance-possibly
through acquired cellular immunity-to in-
fection by M. tuberculosis. But, the exact na-
ture and extent of this hypothesized protec-
tion has not been determined (Youmans et
al., 1980).
A population's past experience with a par-

ticular infectious disease may, in some cases,
confer a collective genetic advantage against

newly introduced strains of the disease
through the long-term process of "weeding
out" susceptible genotypes. Moreover, for
diseases like smallpox and measles that con-
fer lasting individual immunity, previous
population exposure is clearly advantageous
in the face of a new wave of infection. How-
ever, for chronic infectious diseases that do
not confer lasting immunity, such as tuber-
culosis and treponematosis, the degree of
population exposure to the New World vari-
ants on the eve ofthe conquest may well have
exacerbated individual responses to Old
World variants at the time of contact.
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CHAPTER 3. THE PALEODEMOGRAPHY OF
SANTA CATALINA DE GUALE

KATHERINE F. RUSSELL, INUI CHOI, AND
CLARK SPENCER LARSEN

ABSTRACT

The purpose of this chapter is to outline change
in demographic profiles-survivorship, mortality,
and probability of dying-of native populations
occupying the Georgia coast, both before and after
contact. This study is based on comparisons of
precontact preagricultural (N = 147), precontact
agricultural (N = 142), and contact (N = 292)
period individuals. Ages were determined pri-
marily by the Miles (1963) method based on func-
tional dental wear of occlusal surfaces of teeth.
Comparison of demographic profiles shows a

number of differences between the three periods.
Most outstanding in this regard is a greater sur-
vivorship for the contact period Santa Catalina de
Guale population in comparison with the precon-
tact agricultural period. This finding suggests that

either the contact period population experienced
a rebound in health or certain segments of the
population were not included in the burial sample,
thereby biasing the age profiles. The influence of
population growth and fertility is also considered.

Population size for the contact period sample
from St. Catherines Island is estimated at 125 to
132 individuals. The clear undernumeration ofju-
veniles in the death sample suggests that this is a
very conservative estimate.
These results do not produce the expected de-

mographic parameters of a living population, nor
are the assumptions necessary for producing com-
parative life tables fulfilled. The data presented in
this study should, therefore, be interpreted in light
of these limitations.

INTRODUCTION

The human remains recovered at Santa
Catalina de Gaule offer a unique opportunity
to study the consequences, both direct and
indirect, of the arrival of the Spanish on the
native populations of the Georgia coast. A
comprehensive understanding of the prehis-
toric subsistence, lifeways, and human bio-
logical adaptation provides the basis for as-
sessing diachronic changes in lifeway and
health in a controlled cultural and geograph-
ical area.

This chapter utilizes some primary paleo-
demographic variables to investigate the rel-
ative quality of life and health status of the
precontact preagricultural, precontact agri-
cultural, and contact Guale from St. Cath-
erines Island and the mainland. This ap-
proach to the study of lifeway has been
recognized by a number of scholars in elu-
cidating the relative success of human pop-
ulations (cf. Buikstra and Mielke, 1985).
The overall decline in health and increase

in environmental stress with the adoption of
agriculture worldwide has been noted by a
number of workers (see various studies in
Cohen and Armelagos, 1984). The term
"stress" is used to denote the diverting of
essential nutrients from bone growth to more

immediate tissue maintenance due to disease
and or nutritional deprivation. Stressors, on
the other hand, represent an amorphous group
of physical, physiological, and psychological
variables that reflect the individual's inter-
action with his environment. Although the
increase or decrease in stress indicators in
bones and teeth can be measured to assess
the relative health of the population (Good-
man et al., 1984; Larsen, 1987), the level at
which these stressors produce identifiable re-
sults on the hard tissues is not easily mea-
sured.

If the cumulative effect of stressors acting
on an individual are severe enough, death
results. Therefore, at the population level,
stressors acting on individuals can result in
changes in demographic profiles in a skeletal
sample representing a population. Paleode-
mography draws directly from the percent of
the sample in each five-year age category
(called mortality here), and provides one gross
measurable indicator of stress.

Ethnohistoric evidence suggests that the
Guale suffered an onslaught of new and in-
tensified stressors during the Spanish contact
period. The Guale were forced to cope with
Spanish tax and tribute demands, religious
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and cultural conversion, and a new host of
infectious diseases to which they had no ac-
quired immunities (see Larsen, this volume).
In the skeletal record, these demands on
health should be recorded as increased pop-
ulation-level stress exhibited on the hard tis-
sues and in a shift toward higher preadult and
earlier adult mortality. The change in distri-
bution ofmortality and how the change trans-
lates into survivorship and probability of
dying are the foci of this analysis.

It appears that the model of a continual
decrease in the quality of health as a result
of European contact on the Georgia coast is
much too simplistic. Although the Guale cer-
tainly suffered the effects of new and intense
stressors during the contact period, the se-
verity, consistency, and measurability ofthese
stressors are not as yet clear from paleode-
mographic analysis.

AGE DETERMINATION
Paleodemography requires consistent and

accurate age estimation for each individual
studied in a skeletal sample (Ubelaker, 1974;
Buikstra and Mielke, 1985). Whether or not
accurate age assignments or meaningful age
profiles of a sample population can be made
from an archaeological context has been the
focus of considerable debate (Angel, 1969;
Bocquet-Appel and Masset, 1982; Buikstra
and Koningsberg, 1985; Van Gerven and Ar-
melagos, 1983; and others). It is our conten-
tion that when care is taken to systematically
determine age for each individual and all po-
tential archaeological, cultural, and preser-
vation biases in the sample are considered,
then paleodemography can be a useful tool
in assessing diachronic changes in population
stress over time.
The method used in this study for assigning

dental age is a modified version of the meth-
od offunctional dental wear developed by A.
E. W. Miles (1962, 1963, 1978). The Miles
method has the unique advantage over many
other age indicators in that it is specifically
tailored for each population to which it is
applied. We have chosen the Miles approach
to dental aging because the precontact and
contact Georgia coastal dental remains are
far more numerous and better preserved than
other areas of the skeleton that have been

used for aging purposes by physical anthro-
pologists (Ubelaker, 1984; Molleson, 1986).
The Miles method is based on the premise

that the first permanent molar (Ml) will av-
erage six more years of wear on it than the
second permanent molar (M2). Likewise, the
M2, will have six more years of wear than
the third permanent molar (M3). Miles first
developed the aging technique by examina-
tion of 157 Anglo-Saxon skeletons from
Breedon-on-the-Hill in Leicestershire, En-
gland (Miles, 1963). Thirty-eight juveniles in
the sample were aged using dental eruption
and calcification standards. Miles then seri-
ated the preadults from youngest to oldest
and found that there was a consistent rela-
tionship between amount of occlusal wear
and age. He proposed that the adults in his
sample could be aged by employing this re-
lationship between molar wear and age. He
defined "functional age" of a molar as the
number of years for which the molar had
been in use. Therefore, Miles assigned a func-
tional age to each molar based on the amount
of wear it exhibited and then assigned a
chronological age to each individual based
on a synthesis of the functional ages for each
of the teeth available.
A number of investigators have tested the

accuracy of the Miles method. For example,
Lovejoy (1985) successfully applied a mod-
ified Miles method to a sample of dentitions
from the Libben site, Ohio. This investigator
found that the separately seriated maxillary
and mandibular ages were highly correlated,
thereby indicating consistency in the appli-
cation of the method. More importantly,
dental wear consistently correlated highly with
other reliable age indicators in a multifac-
torial scheme to establish age-at-death based
on five independent indicators ofskeletal age.

It might be argued that testing any method
of skeletal aging by using individuals of "un-
known" age-at-death does not help in as-
sessing the accuracy ofaging methods. A study
by Keiser and co-workers (1983) helped to
address this suspicion with respect to the ac-
curacy of the Miles method. These investi-
gators applied the Miles method to a living
population ofLengua Indians from Paraguay
and found that there were no statistical dif-
ferences between the Miles subgroups and
known ages in the Lengua subgroups. These
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findings strongly suggest that the method is
an accurate approach to age estimation.

In sum, based on the aforementioned stud-
ies by Lovejoy, Keiser and co-workers, and
others (e.g., Costa, 1986; Nowell, 1978; Ruff,
198 1; Sciulli and Aument, 1987; Wolpoff,
1979), it appears that use of this approach to
determine age-at-death is highly reliable.
Although dental wear provides a reliable

single indicator ofage-at-death in skeletal se-
ries, three considerations must be addressed.
First, estimation of skeletal age should utilize
as many independent indicators of age as are
available. Because of the variable preserva-
tion of nondental human remains at Santa
Catalina, we could not improve our age es-
timates with additional reliable indicators
(e.g., pubic symphysis, auricular surface).
Second, in order to use dental wear to esti-
mate age, it must be assumed that the pre-
adult age assignments based on dental cal-
cification and eruption are correct. We can
estimate with confidence the ages ofpreadults
using a dental calcification and eruption
scheme calibrated for Amerindian popula-
tions by Ubelaker (1984). Although rate and
time ofdental eruption may vary slightly with
sex, race, nutrition, and deciduous exfolia-
tion (Gain et al., 1959; Miles, 1978: 456;
Moorrees et al., 1963), these variations pres-
ent virtually no bias when preadults are
grouped into five-year age classes.

Third, it must be assumed that there is a
consistent wear pattern throughout life, and
that the rate of wear for each tooth is inde-
pendent of status, sex, and age. In prehistoric
and early historic Amerindian skeletal sam-
ples, circumstances oflife were certainly more
homogeneous than for any modern sample.
In an archaeological sample, such as any of
the Georgia coast samples, the dental wear
would be considerably more homogeneous
than in modern industrial populations (e.g.,
Lovejoy et al., 1985). Assuming that the vari-
ation in tooth wear that might be associated
with sex and social status is evenly distrib-
uted around a mean, then we are left to dem-
onstrate that there is a consistent wear pat-
tern independent of age.

All age schemes based on dental attrition
assume that occlusal wear and chronological
age have a linear relationship. The results of
a limited test performed as part of this study

(see also Choi, 1986; Costa and German,
1986; Russell, 1987) suggest that a linear
model acts as the best general indicator of
dental wear. This relationship is not strictly
linear, however. During the seriation and
analysis of the Santa Catalina dental sample,
we recognized that there may not be a con-
sistent wear pattern throughout life, and that
the rate of wear may not be completely in-
dependent ofage. It was our aim to determine
if there was a directional error, and if so,
could we systematically compensate for that
error.

Miles detected a directional bias in rate of
wear between the permanent first molar (M1),
second molar (M2), and third (M3). There-
fore, he assigned the 6.0:6.5:7.0 wear gradient
to compensate for the M3 wearing slower than
the M2 and the M2 wearing slower than the
Ml. Our examination of the Santa Catalina
dentitions suggests that differences in wear
rate between teeth might be due to both po-
sition ofmolar in masticatory load-position
of M1 relative to M2, and M2 relative to
M3-and functional age of the tooth. If both
molar position and functional age holds true,
then a consistent ratio may not represent the
best description of functional occlusal wear.

In order to examine tooth position in re-
lation to functional occlusal wear in more
detail, we scored mandibular molar wear
based on an ordinal system established by
Smith (1984) for all individuals less than 19
years ofage. The results were regressed against
dental developmental ages (fig. 3-1).

Results from the regression analysis of the
Santa Catalina sample are presented in table
3-1 . When the mandibularM I is carrying the
complete posterior occlusal load, it takes 1.08
years to wear approximately one stage on the
ordinal wear scale. When both the Ml and
M2 are in occlusion, it takes 2.85 years for
the same Ml to wear one stage. In essence,
then, the rate ofwear on the Ml slows down
after the eruption ofthe M2. The rate ofwear
for the M2 is 2.13 years per stage which sug-
gests that the M2 is wearing slower than the
M I did during the first years of its occlusion,
yet faster than the Ml after the M2 erupts.
These results suggest that there is clearly not
a constant rate ofwear for the molars through
life and that there is some oscillation in the
rates of wear.
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Fig. 3-1. Occlusal molar wear schedule (after
Smith, 1984, fig. 3).

Examination of the complete sample of
preadult molars shows that the years per wear
gradient stage for the Ml and M2 are 2.45
and 2.14, respectively. Therefore, over the
range of years from ages 7 to 19, the rate of
wear for the M2 is slightly faster than that
exhibited for theM1 (contra Miles, 1963, and
Murphy, 1959, but in agreement with Swaird-
stedt, 1966; see also Wolpoff, 1979) during
this age period.
Although the regression analysis in table

3-1 shows that there may not be a constant
rate of wear, it may itself be partly clouded
by the problem of scoring wear on an ordinal
scale. Lunt (1978) suggested that most scor-
ing techniques are biased toward scoring wear

TABLE 3-1
Mandibular Wear Regression for Santa Catalina

de Guale Preadults

Individuals with erupted: N 1/k

Ml (before M2 eruption) 26 1.08
Ml (with M2 in occlusion) 23 2.85
Ml (before M3 eruption) 51 2.45
M2 (with Ml in occlusion) 23 2.13
M2 (before M3 eruption) 27 2.14

N = number of individuals.
1/k = number ofyears taken to wear one stage on wear

scale (see fig. 3-1). 1/k is calculated for the Ml by the
formula: k = 2y/l(x - 7); 1/k is calculated for the M2
by the formula: k = My/l(x - 13); where: y = stage on
wear scale (see fig. 3-1 ); (x - 7) = functional age for Ml;
(x - 13) = functional age for M2.

stages that are easy to recognize; the scoring
scheme used here is certainly no exception.
For the present investigation, a 1:1:1 wear

ratio was applied for the M 1:M2:M3 instead
of a 6.0:6.5:7.0 wear ratio. In the Santa Cat-
alina sample, the rates of wear seem to vary
more with age of the tooth than with molar
type. Nowell (1978), who tested the accuracy
of the Miles method using a sample of den-
titions (120 adults, 19 preadults) from Tepe
Hissar, Iran, also utilized a 1:1:1 ratio in lieu
of the 6.0:6.5:7.0. Although the assumption
that there is a positive and linear relationship
between dental wear and age is the best model
for describing dental wear, there are prob-
lems with it. On a population level, however,
we argue that there is only limited directional
error.
The Santa Catalina cemetery was com-

pletely excavated, producing human remains
representing a minimum of 431 individuals.
Ofthese individuals, 292 had teeth preserved
well enough for determining dental age.
Following the dental eruption and calcifica-
tion schedule developed by Ubelaker (1984),
we determined the ages for 122 preadults.
The remaining 170 adult individuals were
aged by the above discussed Miles method
of functional dental wear.
For an individual to be included in the

Santa Catalina dental aging sample, at least
three teeth had to be present, including at
least one molar. All of the mandibular den-
titions were seriated from youngest to oldest
based on dental development and wear. The
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TABLE 3-2
Dental Development Schedule (in Years) for

Santa Catalina de Guale

Ml M2 M3 Functional weara

6 12 18 Eruption
7 13 19 0 years of wear
8 14 20 1 year of wear
9 15 21 2 years of wear
10 16 22 3 years of wearb

a Assumes average development and normal occlu-
sion.

b Scheme continues as long as teeth remain in occlu-
sion.

maxillary dentitions were seriated separately
using the same methodology. Preadults were
aged first, based on calcification and erup-
tion. In this study, "eruption" is defined as
clinical eruption from the tooth crypt. The
standards used include the following: The first
permanent molar (M1) erupts from the crypt
at six years of age and reaches functional oc-
clusion at approximately seven years of age.
Likewise, the M2 erupts from the crypt at
approximately 12 years of age and reaches
functional occlusion at 13 years of age. The
first indication ofocclusal surface wear facets
is defined as evidence of a tooth having
reached functional occlusion. Primary cusp
removal is measurable after a molar has been
in functional occlusion for one year. Table
3-2 outlines the scheme used for Santa Cat-
alina dental development and functional age.

Regularity in the dental wear in the sam-

ples is evident. Overall, dental attrition is
slow by prehistoric Native American stan-
dards, indicating a relatively soft and pro-
cessed diet. Occlusal surface wear is generally
slightly greater in the mandibular molars than
the maxillary molars (see also Lovejoy, 1985;
Molnar, 1971; Wolpoff, 1979). After about
40 years of age, the rate of wear accelerates
and becomes erratic. There is a high fre-
quency of impacted and diminished M3s in
the Santa Catalina sample. This, of course,
is not an uncommon phenomenon (Demisch
and Wartmann, 1956; Gain et al., 1959;
Smith, 1984; Swiirdstedt, 1966). Therefore,
the M3 was de-emphasized in the analysis of
age. It is suspected that antemortem tooth
loss was substantial in the fourth and fifth
decades. However, the variable state of pres-

Functional
Years Age 27 Age 21

20

14 M2 Ml

8 M3 M2

2 E M3

Fig. 3-2. Comparison of molar wear for indi-
viduals of 21 and 27 years of age.

ervation of remains precludes us from as-
sessing frequency of antemortem tooth loss
in this series.
Adult dental ages were assigned by indi-

vidual and modal comparisons of all avail-
able molars. For example, in figure 3-2, the
molar wear for the mandibular Ml, M2, and
M3 are compared in two individuals-a 21
year old and a 27 year old. Usually three or
more individuals ofsimilar age (e.g., ages 20,
21, and 22) would be used to help assess the
target age assignment ofthe 27 year old. Then,
premolars and anterior teeth were used to
refine relative position of teeth in seriation.
Figure 3-3 shows the Santa Catalina seriated
dentitions during analysis.

PALEODEMOGRAPHY
The primary purpose of this analysis is to

utilize the assigned age estimates to assess the
impact ofEuropean contact on the health and
quality of life of the contact period native
population occupying St. Catherines Island.
For reasons outlined by Larsen (this volume),
we anticipated that the Santa Catalina pop-
ulations experienced a decrease in overall
health status during the contact period.
A prehistoric transition from a hunting and

gathering economy to an economy based at
least partially on maize agriculture occurred
on the Georgia coast during the 12th century
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TABLE 3-3
Adult Individuals Aged by Dental Wear from Georgia Coastal Mortuary Sites

Temporal period/site N Reference

Precontact preagricultural
McLeod Mound 11 Thomas and Larsen, 1979
Seaside Mound I 5 Thomas and Larsen, 1979
Seaside Mound II 3 Thomas and Larsen, 1979
Airport Site 18 Larsen, 1982
Deptford Site 16 Larsen, 1982
Cannons Point Site 9 Larsen, 1982
Sea Island Mound 11 Larsen, 1982
Johns Mound 16 Larsen and Thomas, 1982
Marys Mound 1 Larsen and Thomas, 1982
Charlie King Mound 3 Larsen, 1982
Cedar Grove Mound C 3 Larsen, 1982

Precontact agricultural
Irene Mound Site 67 Caldwell and McCann, 1941

Contact
Santa Catalina de Guale 170 Russell, 1987; Larsen, this volume

A.D. (Larsen, 1982). The change to a more
sedentary agricultural existence suggested a
trend toward decrease in health and nutrition
during the precontact agricultural period
compared to the precontact preagricultural
period as measured by skeletal indicators of
stress (Larsen, 1982).
The preagricultural and agricultural dental

samples were aged separately by dental wear
as part of an earlier study by Larsen (1982).
The preagricultural sample consists of 272
individuals from 19 mortuary sites on the
Georgia coast. It is limited to the 147 indi-
viduals aged by dental development and wear,
96 ofwhom are 20 years ofage or older (table
3-3). Preagricultural diet included wild plants
and animals, the latter ofwhich were extract-
ed primarily from marine resources. Nearly
all of the preagricultural individuals collec-
tively date from A.D. 500 to 1150.
The agricultural sample consists of 345 in-

dividuals from 14 mortuary sites. The pre-
contact agricultural sample is limited to the
142 individuals aged by dental development
and wear from the Irene Mound site on the
north Georgia coast. Of these aged individ-
uals, 67 are 20 years of age or older. Irene
Mound makes up 90 percent of Larsen's
(1982) agricultural sample and dates primar-
ily from A.D. 1150 to 1450.

Shortly before or during the initial occu-

pation ofthe Irene Mound site, the settlement
pattern and subsistence base underwent a
general reorientation on the Georgia coast.
Archaeological evidence suggests that a sub-
sistence strategy shifted toward dependence
on agriculture, particularly maize, but that
the maize diet was supplemented to different
degrees by traditional marine and terrestrial
food sources (Larsen, this volume; Schoen-
inger et al., this volume). These later popu-
lations appeared to have been larger and gen-
erally more sedentary than the preagricultural
populations.
The contact period sample from Santa Cat-

alina de Guale consists ofthe 292 individuals
who were aged by dental development and
wear, 170 ofwhom were at least 20 years of
age. These individuals are associated with a
period of time during which there appears to
have been more intensive use of maize ag-
riculture and further nucleation ofpopulation
(Larsen, this volume).
Number of deaths (Dl) and percent of

deaths (d, for each age interval (x), and mean
age-at-death for the precontact preagricul-
tural, precontact agricultural, and contact
samples are presented in table 3-4. These data
indicate that the proportion of preadults in
all three Georgia coast subsamples is alarm-
ingly small. In the early Late Woodland Lib-
ben sample from Ohio, Lovejoy and co-
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TABLE 3-4
Number of Individuals (D.) and Mortality (d.),

in Age Classes, and Mean Age-at-Death

Precontact Contact
preagri- Precontact Santa
cultural agricultural Catalina

Age (x) D, dx Dx dX D. dx
0 12 8.16 16 11.27 27 9.25
5 15 10.20 12 8.45 42 14.38

10 7 4.76 6 4.23 19 6.51
15 17 11.56 41 28.87 34 11.64
20 22 14.97 36 25.35 57 19.52
25 17 11.56 10 7.04 43 14.72
30 14 9.52 8 5.63 34 11.64
35 10 6.80 7 4.93 27 9.25
40 10 6.80 2 1.41 9 3.08
45 23 15.65 4 2.82 0 0.00

Mean age-at-death 26.1 19.7 21.2
Total aged 147 142 292
Total adults aged 96 67 170

workers (1977) found mortality in the first
five years of life to be 30.72 percent. The Bt-
5 sample from Kentucky analyzed by Mens-
forth (1986) exhibited a similar mortality in
the first five years (29.66%). Compared with
ethnographic series, these mortality data sug-
gest that both the Libben and Bt-5 popula-
tions represent healthy populations (cf. Love-
joy et al., 1977; Mensforth, 1986).
The contact period Santa Catalina sample,

in which we would expect to find a higher
infant and young preadult mortality than in
the prehistoric Libben or Bt-5 sample, in-
stead exhibits a suspiciously low mortality of
9.25 percent in the first five year age interval
(table 3-4). This obvious sampling error is
also evident in the precontact preagricultural
and agricultural Georgia coast samples where
the mortality for the first five years is 8.16
and 11.27 percent, respectively. Study of age
composition of precontact mortuary locali-
ties on St. Catherines Island suggests that in-
fants were not included in the cemetery pop-
ulation (see Thomas and Larsen, 1979; Larsen
and Thomas, 1986). This might explain, in
part, the significant undernumeration of
young juveniles in the two precontact sub-
samples. In the mission cemetery, given the
change in burial ritual associated with the
introduction of Western religion, we might
anticipate that more infants would have been

TABLE 3-5
Life Table for the Precontact Preagricultural

Adult Sample

Age (x) D. dx 1x qx

20 22 22.92 100.00 0.2292
25 17 17.71 77.08 0.2298
30 14 14.58 59.37 0.2456
35 10 10.42 44.79 0.2326
40 10 10.42 34.37 0.3032
45 23 23.96 23.95 1.0000

buried in the consecrated grounds. It appears
that some proportion of infants and young
children were buried in the church cemetery
at Santa Catalina, including a number with
presumably high status European and ab-
original artifacts. The majority of preadults,
however, were either buried elsewhere, not
buried at all, or interred in the church cem-
etery but not preserved well enough for iden-
tification or recovery.

Exclusion of a nonrandom portion of the
population-such as preadults-has obvious
negative consequences for demographic anal-
ysis (Mensforth, 1986; Moore et al., 1975;
Ubelaker, 1974, 1984). When there is non-
random sampling from the population, as in
the case ofthe three Georgia coastal subsam-
ples, it is unlikely that their respective age
profiles approximate true biological popula-
tions in either composition or demographic
trajectories. Without limiting the life tables
to adults only (20+ years), it would be nec-
essary to assume that the cultural and pres-
ervational biases acting against the recovery
ofpreadults are the same in all three samples.
Therefore, the life tables have been con-
structed for the three samples using only in-
dividuals 20 years of age-at-death or older.
The life tables for the respective precontact
preagricultural, precontact agricultural, and
contact periods are presented in tables 3-5,
3-6, and 3-7. Although the life tables do not
represent the population as a whole, they per-
mit comparison of otherwise incomparable
samples.
The survivorship curves for the three adult

samples are presented in figure 3-4. Survi-
vorship represents the percent ofthe original
sample population surviving after each five-
year age interval. The precontact preagricul-
tural sample demonstrates higher survivor-
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TABLE 3-6
Life Table for the Precontact Agricultural Adult

Sample

Age (x) Dx dx 1, q.
20 36 53.73 100.00 0.5373
25 10 14.93 46.27 0.3227
30 8 11.94 31.34 0.3810
35 7 10.45 19.40 0.5387
40 2 2.99 8.95 0.3341
45 4 5.97 5.96 1.0000

ship at all adult age categories than either the
contact or agricultural samples. Survivorship
for the Santa Catalina sample falls between
the agricultural and preagricultural samples
until 35-40 years when the Santa Catalina
survivorship falls below the agricultural sur-
vivorship. All three adult survivorship curves
are statistically different (Kolmogorov-Smir-
nov: p < 0.05).
The contact period survivorship curve

would suggest that there is some rebound in
young adult survivorship compared to the
agricultural sample. However, there are also
fewer older adults in the contact sample than
in the agricultural sample. It is possible that
fewer older people survived in the contact
sample than in the agricultural sample.
Another explanation for this phenomenon is
that we might be measuring a differential
preservation of older adults in the two sub-
samples (Walker et al., 1988). That is, the
relatively greater fragility, and hence poorer
preservation, of the older adult skeletal re-
mains than the younger adult skeletal re-
mains may explain the smaller number of
older individuals in the death sample.
Another important factor to consider is the
difference in preservation between mortuary
sites. The preservation of human remains at
the Irene Mound site is generally quite good
(Larsen, personal obs.). The human remains
at Santa Catalina de Guale, however, show
variable preservation. A number of Santa
Catalina individuals are represented by den-
tal remains, only. In some instances, the pos-
terior dentition is preserved, but the anterior
dentition is not due to very harsh soil con-
ditions. In our study ofdental age in the Santa
Catalina series, it was clear that after age 40,
a great deal ofposterior premortem tooth loss
is present. These findings suggest that if the

TABLE 3-7
Life Table for the Contact Santa Catalina de

Guale Adult Sample

Age (x) D. d1, q.
20 57 33.53 100.00 0.3353
25 43 25.29 66.47 0.3804
30 34 20.00 41.18 0.4857
35 27 15.88 21.18 0.7498
40 9 5.29 5.30 0.9981
45 0 0.00 0.01 1.0000

anterior dentition is not preserved and the
posterior dentition was lost prior to death,
then the individual would not have been in-
cluded in the death sample for demographic
analysis. This factor could quite likely have
contributed to an underrepresentation of in-
dividuals in older five-year cohorts.
Given the dramatic changes in subsistence

and living conditions through time on the
Georgia coast, it is difficult to separate bio-
logical from archaeological factors that might
affect age distribution represented in survi-
vorship.
The mortality curves for the three Georgia

coast samples are presented in figure 3-5. Un-
like survivorship, which is a summary pre-
sentation, mortality represents the percent-
age ofindividuals dying in each five-year age
interval. Especially noteworthy in these curves
is the elevated mortality in the agricultural
sample at 20 years of age followed by a rel-
atively suppressed mortality in the remainder
of the adult cohorts.
The relationship between precontact agri-

cultural and contact period mortality appears
influenced by the very high adult mortality
in the 20 year old agricultural period cate-
gory. The reasons for the high young adult
mortality in the agricultural sample are un-
clear. We suspect that there is a higher young
adult mortality at the relatively densely pop-
ulated Irene Mound site, which forms the
basis of the precontact agricultural demo-
graphic profiles. The high young adult mor-
tality may be enhanced even further by mor-
tality due to warfare. Our examination of the
Irene Mound series indicates a greater num-
ber ofadult females than males in the sample.
This fewer number ofmales may reflect a loss
of their numbers to warfare (see also discus-
sion by Powell, this volume).
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Fig. 3-4. Survivorship for the precontact preagricultural, precontact agricultural, and contact adult
samples.

Probability of dying for the three samples
is presented in figure 3-6. These data provide
an index of age-specific mortality. A higher
probability of dying in most adult age cate-
gories in the contact sample than in the preag-
ricultural and agricultural samples is evident.
The exception is the 20 year age interval in
the agricultural sample which has a higher
probability of dying than the preagricultural
or contact period samples. Again, it is clear
that there are factors (biological, cultural, or
archaeological) suggesting higher mortality in
early adulthood in the agricultural sample.
The probability of dying in the agricultural
sample is lower than in the contact sample
after the original wave of early adult mor-
tality. In the contact sample, by contrast, we

observe a relatively lower adult mortality in
the first adult age category. However, the
probability of dying rises consistently and is
higher for the contact sample over the rest of
the adult age categories than either the preag-
ricultural or the agricultural sample.

Assimilating all of the demographic data
together suggests a number of possible inter-
pretations. The clearest observation is the rel-
atively high mortality of the young adults in
the precontact agricultural sample. Although
we cannot attribute exact cause to this high
early mortality, it is likely that at least part
of it is related to a complex of stressors as-
sociated with the sedentary, nucleated, agri-
cultural Irene community.

Overall, the Santa Catalina sample exhibits
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Fig. 3-5.
ples.

Mortality for the precontact preagricultural, precontact agricultural, and contact adult sam-

some rebound in adult survivorship com-
pared to the precontact agricultural sample.
One possible explanation is that the adjust-
ment-either immunological or otherwise-
to the sum effects of European contact had
already reached an equilibrium prior to the
deaths ofindividuals represented in the Santa
Catalina cemetery. That is, if the biological
trauma associated with newly introduced
pathogens and reorientation of lifeway and
subsistence was being successfully mitigated,
then there should be a net increase in overall
health during the contact period compared
to the precontact agricultural period. It seems
possible that the changes in survivorship pro-

files reflect this adjustment. Most of the hu-
man remains in the Santa Catalina cemetery
represent post- 1597 rebellion interments. The
human population from the mission, there-
fore, represents one that has been exposed to
Europeans for nearly a century. We suggest,
then, that the presence of relatively more
adults in the older age cohorts during the con-
tact period represents an adjustment to stress.

It is possible that the older age distribution
in the contact sample may simply represent
a decrease in growth or fertility during this
time. Johansson and Horowitz (1986) have
argued that age-at-death has an inverse re-
lationship to fertility. That is, a decline in
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Fig. 3-6. Probability of dying for the precontact preagricultural, precontact agricultural, and contact
samples.

age-at-death may represent an increase in fer-
tility, and hence, increase in population
growth. Therefore, we can suggest that the
decline in age-at-death (table 3-4) and older
adult mortality in the precontact agricultural
population relative to the preagricultural
population may have represented increase in
fertility and growth prior to contact (after Jo-
hansson and Horowitz, 1986; see also Buik-

stra et al., 1986, 1987). In the contact series
discussed here, the increase in age-at-death
and higher percentage of adults in older age
intervals may represent a decrease in fertility
and reduction in population growth. If this
is true, then the population was clearly not
adjusting to stressors, but rather, was in the
process of declining. Intuitively, the latter in-
terpretation seems most likely given the de-
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gree of overall stress that these contact pop-
ulations experienced (summarized in Larsen,
this volume). Moreover, other workers have
pointed out that ages derived from skeletal
series provide more information about fer-
tility than mortality (see Sattenspiel and Har-
pending, 1983; Milner et al., 1989). There-
fore, the shape ofthe age distributions in these
series might be interpreted in light of fertility
(cf. Milner et al., 1989).
The other most likely explanation for the

observed rebound in survivorship is related
to cultural factors. In the case of a cultural
bias, we can speculate that "epidemic" death
is not represented in the cemetery. We might
also consider that certain age, sex, or status
categories were not buried in the mission
cemetery, most notably preadults, and non-
baptized (perhaps older) individuals. Until
we know more about settlement patterns at
Santa Catalina de Guale and have data from
other Spanish missions in which skeletal
preservation is more consistent, we are left
with these alternative explanations.

Powell (this volume) has provided evi-
dence for presence of specific infectious dis-
eases (treponema and tuberculosis) in late
prehistoric populations on the Georgia coast.
Study of skeletons shows that these popula-
tions most likely responded to these diseases
in a robust fashion. It is important to examine
the effects ofEuropean-introduced infectious
diseases in the contact populations. Unfor-
tunately, it is not possible to document skel-
etal evidence for most of these diseases from
bones alone (cf. Ortner and Putschar, 1985).
In addition, a large proportion of the Santa
Catalina skeletal remains are poorly pre-
served, thus complicating further our ability
to document the presence of disease, either
specific or nonspecific, in these remains. For
these reasons, it is virtually impossible to
discuss the relationship between demography
and disease. There are examples ofperiosteal
inflammations in the series that appear very
similar to the treponemal changes docu-
mented in Irene series by Powell (this vol-
ume) (Larsen, unpubl.), but given the poor
preservation, actual percentages for various
skeletal elements cannot be accurately deter-
mined except with regard to a rather limited
subseries from the site.

POPULATION SIZE: SANTA
CATALINA DE GUALE

By applying two methods of estimating
population size and by including the entire
contact sample -both juveniles and adults-
a minimum synchronic population size es-
timate has been calculated for Santa Catalina
de Guale. Because preadults are likely under-
represented in the sample, the synchronic
population size estimates must be considered
a minimum value.
The first estimate of population size for

Santa Catalina is derived from the method
described by Ubelaker (1984: 96). Population
size is measured by the formula:

_ (1000)(N)
MT

where P = population size; N = number of
deaths represented by number of individuals
recovered; M = crude mortality rate (number
ofdeaths per 1000 individuals per year); and
T = number ofyears the cemetery was in use.
For the Santa Catalina de Guale sample,

the minimum number of individuals re-
covered from the cemetery (N) is 431. The
crude mortality rate (M) is represented as a
product of l/ex (ex = life expectancy at birth,
calculated from data provided in table 3-4
[see Ubelaker, 1984, for formula]) and 1000.
Crude mortality (M), therefore, is 47.24 years.
Finally, we estimate that the cemetery was
used for 73 years (1607-1680) (see Larsen,
this volume). Therefore, population size (P)
is estimated at 125 individuals.
The second method of population size es-

timation that we applied is that derived by
Acsadi and Nemeskeri (1970):

P= K + (D)(ex)
T

where P = population size; K = constant (10%
ofT); D = number ofindividuals represented
in the cemetery; e, = life expectancy at birth;
and T = number of years the cemetery was
used. By this formula, population size at San-
ta Catalina is 132 individuals.

In sum, the minimum synchronic popu-
lation size estimate for Santa Catalina is 125
to 132 individuals. Swanton (1946) noted that
in 1670, the English had observed some 300
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men in the mission on St. Catherines Island.
Ethnohistoric accounts such as this may tend
to overestimate population size for the Guale
coast, however. Other scattered census data
available from the late 17th century indicate
very small populations for towns in the re-
gion (G. Jones, 1978).
As pointed out above, given the underrep-

resentation ofjuveniles, especially infants, in
the Santa Catalina series, it is almost certain
that the population estimates presented above
are extremely conservative. Comparison with
other contact period skeletal samples illus-
trates this point. For example, in a contact
period Arikara skeletal sample from South
Dakota, Owsley and Bass (1979) found that
71 percent of the individuals they recovered
(N = 621) were less than 20 years of age. In
the Santa Catalina de Guale sample, only 41
percent ofthe individuals recovered were less
than 20 years old.

Other confounding problems in a demo-
graphic analysis involving mission period
human remains is the degree to which mo-
bility ofpopulation might influence vital sta-
tistics and demographic profiles. It is known
that the latter part of the contact period, es-
pecially the second half of the 17th century,
represents a time of continuous movement
ofpopulation in this much disputed territory.
It is quite possible that part ofthe Santa Cat-
alina population is buried elsewhere.

Until we have evidence to the contrary, we
must assume that the mission cemetery with-
in the church is representative of the indi-
viduals and population living in and around
Santa Catalina. Undoubtedly, continuing ex-
cavation of noncemetery contexts at Santa
Catalina as well as study of written docu-
mentation for the time period will help elu-
cidate settlement pattern and population size
from the archaeological record.

and contact Georgia coastal demographic
profiles suggest that the contact population
had longer survivorship than the precontact
agricultural community, but was not as ro-
bust as the precontact preagricultural popu-
lation.
A single explanation cannot be posited for

these results. It is plausible that there may
have been some rebound in overall popula-
tion health and demographic robusticity dur-
ing the contact period compared to the preag-
ricultural period. Alternatively, a reduction
in growth (reduced fertility and birthrate) may
have contributed to higher age-at-death dur-
ing the contact period in the context of a
closed population. It can be argued that es-
timation of health through demographic
means may be best represented by levels of
fertility. If reduction in fertility did occur in
the contact period-for whatever reason-
then we may in fact be looking at a population
undergoing decline. However, the incom-
pleteness of at least some of the age cohorts
in all three subsamples suggests that paleo-
demography is not a strong enough tool to
stand on its own in explaining the demo-
graphic implications ofEuropean contact with
the Guale. By utilizing the resources of other
independent indicators of lifeway and health
in the Santa Catalina de Guale sample (see
other chapters in this volume), a clearer pic-
ture of the impact of changing lifeways as-
sociated with European intervention is
emerging.
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CHAPTER 4. STRESS AND LIFEWAY CHANGE:
THE EVIDENCE FROM ENAMEL HYPOPLASIAS

DALE L. HUTCHINSON AND CLARK SPENCER LARSEN

ABSTRACT
Analysis of human remains from the Georgia

coast has revealed decline of health in the tran-
sition from hunting and gathering to agriculture.
Additional stressors present during the contact pe-
riod in this region-namely, European-introduced
diseases, increased emphasis on maize agriculture,
warfare, and famine-undoubtedly contributed to
an overall decline of native populations.

This study focuses on physiological stress in these
populations by examination of dental growth ar-
rest markers known as hypoplasias. For purposes
ofanalysis, the sample has been divided into three
periods: precontact preagricultural, precontact ag-
ricultural, and contact. Comparisons are made for
percent of individuals affected and width of hy-
poplasias.

In general, there is an increase in percent of
individuals affected by enamel hypoplasia in the
contact period Santa Catalina de Guale population
relative to the precontact agricultural population.
Moreover, there is an increase in widths of hy-
poplastic events over time with the greatest widths
in the contact period. These findings suggest either
an increase of duration of stress, or an increase in
severity of stress events, or a combination ofboth.
Although the contact period Santa Catalina dental
series exhibited the greatest widths ofhypoplasias,
the amount of increase is larger in the preagricul-
tural to agricultural transition than in the agricul-
tural to contact transition. Therefore, the greatest
increase in stress may have occurred prior to con-
tact by Europeans in this region.

INTRODUCTION

Assessment ofmetabolic stress provides an
important measure of the relative health of
populations. In this sense, stress has been de-
fined by Huss-Ashmore and co-workers as
"the physiological disruption ofnormal met-
abolic activity ofan organism resulting from
environmental perturbation" (1982: 396). It
is a product of three factors: environmental
constraints, cultural systems, and host resis-
tance (Goodman et al., 1984). The degree of
stress experienced is related both to the se-
verity ofenvironmental stressors and the de-
gree of host resistance (Huss-Ashmore et al.,
1982).
In the present investigation, we utilize an

indicator of growth disruption known as
enamel hypoplasia. Enamel hypoplasia is a
deficiency in enamel thickness on the tooth
crown and is manifested by pitting, linear
furrowing, or in extreme cases, total lack of
enamel (Samat and Schour, 1941: Bhaskar,
1986; Suckling et al., 1986; see fig. 4-1). Giv-
en the changing profiles of nutrition and dis-
ease throughout the record of prehistory and
into the contact period on the Georgia coast,
this region represents an ideal focus of study
dealing with indicators of stress in human
populations (see Larsen, this volume).

BACKGROUND AND PREVIOUS
RESEARCH

Several skeletal indicators of general epi-
sodic stress have been utilized by various re-
searchers. These indicators include growth
velocity oflong bones (D. Cook, 1984; Good-
man et al., 1984; Himes et al., 1975; Gain,
1970; Hummert, 1983), stature decrease
(Larsen, 1982), Harris (transverse) lines (Gain
et al., 1968; Goodman and Clark, 1981; Maat,
1984), and enamel defects (e.g., Wilson lines,
Retzius striae, enamel hypoplasia, and enam-
el hypocalcification) (references cited below).
Study of Harris lines and enamel defects are
important in that their respective occurrence
in bones and teeth can be traced to specific
years in the growing and developing individ-
ual. However, because at least some Harris
lines are known to be lost through normal
bone remodeling episodes, they are not a de-
sirable stress indicator in past human pop-
ulations except in a very general sense (Good-
man et al., 1984; Hummert and Van Gerven,
1985; McHenry and Schulz, 1976). Enamel,
on the other hand, does not remodel and it
is subject to changes occurring only within
the lifetime of the individual. Therefore, hy-
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poplasias on tooth enamel represent a chron-
ological memory of events that are not lost
except through cariogenic, other pathologi-
cal, or attritional processes.
Enamel deposition begins at the occlusal

tip or surface of the tooth crown and occurs
in a wavelike pattern that proceeds toward
the cementoenamel junction at approximate-
ly 4 microns per day (Bhaskar, 1986; see fig.
4-1). Disturbances that cause injury to ame-
loblasts and temporarily suspend their activ-
ity can cause numerous subsurface dental de-
fects as well as abnormalities in enamel
translucency (Suckling and Thurley, 1984).
Disturbances of relatively greater severity
cause early ameloblast maturation and death
thereby resulting in enamel hypoplasias.
Suckling and Thurley (1984) have demon-
strated in experiments using sheep that both
demarcated opacities and hypoplasia oc-
curred on the same tooth surface following a
localized disturbance affecting secretory and
postsecretory cells. Severe systemic insult, on
the other hand, ". . . preferentially affected
secretory cells producing hypoplastic le-
sions" (Suckling and Thurley, 1984: 361; see
also Suckling et al., 1983, 1986). Hillson
(1986) provided a thorough discussion of
enamel formation, pointing out that hypo-
plasias can best be understood and explained
as an exaggeration of perikymata and the
mechanisms through which they are formed
(see also Boyde, 1970).
Enamel prisms, Retzius striae, and Wilson

bands are microscopic dental structures which
provide detailed information about environ-
mental stress (e.g., Cook, 1981). These struc-
tures appear to be relatively more sensitive
to metabolic disruption than hypoplasias
(Condon, 1981; Hillson, 1986; Rose, 1977;
Rose et al., 1985). Unfortunately, the meth-
ods required for data collection are restric-
tive. Most importantly, the tooth must be
partially destroyed in order to prepare the
thin sections for microscopic analysis. Con-
sequently, most studies utilizing microscopic
enamel defects have concentrated on one or
two teeth, usually the mandibular canine (e.g.,
Rose, 1977; Condon, 1981).
These approaches provide detailed infor-

mation about enamel pathology of a partic-
ular tooth type, but examination of different
tooth types from the same individual can po-

Fig. 4-1. Cross-section oftooth showing major
anatomical features discussed in this paper.

tentially reveal differences about susceptibil-
ity to enamel defect formation across dental
polar fields. It has been suggested by a num-
ber of workers that polar teeth are the most
developmentally stable and under the great-
est genetic control (see Butler, 1939; Dahl-
berg, 1945; Lombardi, 1978). The polar teeth
include the maxillary central incisors, man-
dibular lateral incisors, canines, third pre-
molars, and first molars.
Goodman and Armelagos (1985a) found

that within the tooth row anterior teeth are
frequently more hypoplastic than posterior
teeth. Similarly, they indicate that the more
developmentally stable polar teeth exhibit
more hypoplasias than nonpolar teeth. In a
follow-up study of maxillary incisors and
mandibular canines, Goodman and Arme-
lagos (1985b) found that the pattern of de-
fects is similar for location on the tooth crown
but dissimilar with regard to age of occur-
rence. Moreover, ". . . there is a low fre-
quency of defects in the incisal third and gin-
gival sixth ofthe crown, and a high frequency
in the remaining half of the crown" (Good-
man and Armelagos, 1985b: 505).

Several studies indicate that both macro-
scopic and microscopic enamel defects pro-
vide information about nutrition and disease
stress (cf. Rose et al., 1985). Attempts to cor-
relate the two types of defects have been less
than successful, however. Rose (1977) doc-
umented differences between the peak ages
of Wilson bands (1.5-3.5 years) and enamel
hypoplasias (3.0-3.5 years) for mandibular
canines from the Dickson Mounds skeletal
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series. Jacobi and Corruccini (1987) exam-
ined teeth from a Caribbean slave population
and found that enamel hypoplasias which
were deeper, wider, and associated with sub-
surface anomalies (major growth arrests) had
a later peak of occurrence than other hypo-
plasias. Rose and co-workers (1985; citing
Condon, 1981) suggested that Wilson bands
represent shorter (1-5 day) periods of stress
than enamel hypoplasias (weeks to months).

Hypoplasia results from a disturbance in
the first stage of matrix deposition (Bhaskar,
1986). Because enamel is deposited in con-
secutive layers form the occlusal surface to
the cervical region of a tooth, some research-
ers have argued that width of hypoplasias
provides a reasonable quantification of du-
ration of a stress event or series of events
(Samat and Schour, 1941; Blakey and Ar-
melagos, 1985; Walker, in press; Hutchinson
and Larsen, 1988). Suckling and co-workers
(1986) have demonstrated, however, that se-
verity of stress events plays a vital role in the
extent and width ofhypoplastic lesions. They
noted that

... a range ofhypoplastic defects was produced
in which the amount of missing enamel was
related to the severity of the systemic reac-
tion.... With insults of increasing severity,
fewer ameloblasts retained the capacity for
complete or partial recovery of their normal
activities. Thus, in sheep, hypoplastic lesions
follow damage to the secretory cells by an insult
of short duration, the extent and appearance of
the affected enamel being determined by the
severity of the insult (1986: 432).

A variety ofclinical associations have been
made between hypoplastic defects and nu-
tritional disorders or disease or both, ranging
from metabolic disturbances (e.g., gastroin-
testinal disorders) to infectious diseases (e.g.,
syphilis, tuberculosis) (see Cutress and Suck-
ling, 1982; Goodman et al., 1984; Goodman
et al., 1987; Hillson, 1986; Hutchinson, 1986;
Pindborg, 1970, 1982; Rose et al., 1985). In
laboratory animals, hypoplasias have been
induced by fever (Kreshover and Clough,
1953b), alloxan diabetes (Kreshover and
Clough, 1 953a), and tuberculosis (Kreshover,
1944), among other pathogens. Nikiforuk and
Fraser (1981; see also Pindborg, 1970) sug-
gested that enamel hypoplasia in deciduous
incisors resulted from hypocalcemia caused
by chronic diarrhea. Suckling and co-workers

(1983) demonstrated similar results for sheep
with induced parasitism. They found that
acute diarrhea was associated with more se-
vere forms of hypoplasia. Skinner and Hung
(1989) have suggested that minor localized
trauma may cause enamel defects.
Attempts in clinical situations to correlate

specific diseases and hypoplasia in a causal
relationship have generally not been success-
ful (Massler et al., 1941). Consequently, most
researchers follow the conservative steps of
Kreshover (1960) in recognizing that hypo-
plasia is a nonspecific indicator of metabolic
stress usually resulting from nutritional de-
ficiencies or infectious disease or a combi-
nation of the two (see also Suckling et al.,
1986). In archaeological series, there have
been attempts to relate specific diseases with
hypoplasia occurrences (e.g., Knick, 1981),
but until a clearer understanding of the etiol-
ogy of disease and its impact on the devel-
oping dentition is made, conclusions should
be considered tentative in this regard.

MATERIALS AND METHODS

The Santa Catalina de Guale population is
represented by 229 dentitions in this study.
In addition, teeth representing 141 individ-
uals from precontact preagricultural Georgia
coastal mortuary localities dating before A.D.
1150, and 140 individuals from the precon-
tact agricultural Irene Mound site (A.D. 1 150-
1450) were also selected for analysis (table
4-1).

Prior to study, all tooth surfaces were
cleaned with acetone to remove debris. Fol-
lowing cleaning, the labial surface of each
tooth was examined at the midsagittal plane
by use ofa stereozoom, binocular microscope
at a fixed power of approximately 10 x. The
superior and inferior margins of hypoplasias
were measured relative to the cementoenam-
el junction of each tooth using a micrometer
mounted on the eyepiece of the microscope
and set at 0.1 mm increments at the level of
tooth observation. It is our experience that
the use of a microscope greatly facilitated the
location of enamel defects and provided a
more consistent means ofmeasurement than
with use of calipers. Figure 4-2 shows a hy-
poplastic canine at the approximate magni-
fication used in measurement.
Many dentitions exhibited some degree of
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TABLE 4-1
Dentitions from Georgia Coastal Mortuary Sites

N
Site (total = 510) Reference

Precontact preagricultural
Cunningham Mound C 2 Thomas and Larsen, 1979
Cunningham Mound D 2 Thomas and Larsen, 1979
Cunningham Mound E 1 Thomas and Larsen, 1979
McLeod Mound 11 Thomas and Larsen, 1979
Seaside Mound I 8 Thomas and Larsen, 1979
Seaside Mound II 5 Thomas and Larsen, 1979
Marys Mound 2 Larsen and Thomas, 1982
Johns Mound 28 Larsen and Thomas, 1982
Airport Site 19 Larsen, 1982
Deptford Site 10 Larsen, 1982
Cannons Point 6 Larsen, 1982
Sea Island Mound 17 Larsen, 1982
Charlie King Mound 17 Larsen, 1982
South End Mound I 1 Larsen and Thomas, 1986
South End Mound II 12 Larsen and Thomas, 1986

Precontact agricultural
Irene Mound 140 Caldwell and McCann, 1941

Contact
Santa Catalina 229 Larsen, this volume

occlusal attrition which might obliterate hy-
poplastic events, thereby potentially lending
a bias to results. One approach to eliminate
bias which might result from differential de-
grees of attrition has been to report the ratio
of cases examined to those exhibiting hypo-
plastic defects for each age category (cf. Pow-
ell, 1988; Walker, in press). Goodman and
Armelagos (1985a) reported that most hy-
poplasias occur in the middle and cervical
thirds of teeth (see also Condon, 1981). Only
one-fifth or fewer occur on the occlusal third
of tooth crowns on the teeth studied from
Santa Catalina and other Georgia coastal
populations discussed here. Therefore, it is
unlikely that dental attrition would account
for the differences observed between samples
(see below).

Hypoplasias on eight permanent teeth were
recorded and analyzed -the mandibular and
maxillary central and lateral incisors (Il, I2),
canines (C), and first molars (Ml) (table 4-2).
Ages were determined for hypoplastic events
within half-year intervals utilizing the de-
velopmental chronology developed by Mas-
sler and co-workers (1941), and modified for
use by Swiirdstedt (1966) and Goodman et
al. (1980). Hutchinson (1986; Hutchinson and

Larsen, 1988) has presented a more detailed
discussion of methodology elsewhere.

In order to avoid duplication of hypoplas-
tic events through the use of paired teeth,
teeth from the left side of the dentitions were
examined. In the case of a missing tooth, the
right tooth was substituted if available. Re-
sults in this study are reported by individual
tooth types because of differential suscepti-
bility and timing of hypoplastic defects be-
tween different tooth types (cf. Goodman and
Armelagos, 1985a, 1985b).
Two measures of hypoplastic enamel were

obtained for this study. The first measure in-
cludes area which is the sum total of widths
of hypoplastic enamel within each half-year
age interval. This measure, therefore, can in-
volve either one or more hypoplasias in that
it represents a sum of individual hypoplastic
episodes within a half-year. The second mea-
sure includes event which consists ofthe total
continuous width of a single hypoplastic oc-
currence regardless ofage boundary (fig. 4- 1).

RESULTS
All tooth types, except the first molars,

demonstrate that a higher percentage of pre-
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TABLE 4-2
Number of Teeth Examined

Precontact
preagri- Precontact
cultural agricultural Contact

Tooth (N) (N) (N)

Mandibular
II 40 65 84
12 57 77 90
C 79 97 138
Ml 64 61 102

Maxillary
I1 53 65 77
I2 49 66 77
C 67 81 128
Ml 62 56 89

Total 471 568 785

Fig. 4-2. Labial surface of permanent right
mandibular canine. Note the presence ofa groove

and adjacent line of pits located within a contin-
uous zone of hypoplastic activity extending from
the mid-crown to the cementoenamel junction
(approximately lO x ).

contact preagricultural individuals experi-
enced at least one episode of growth arrest
when compared with individuals interred at
Santa Catalina (fig. 4-3). Statistically signifi-
cant differences (p < 0.05: chi-square) in the
number of individuals affected were found
for the mandibular lateral incisor and first
molar, and the maxillary lateral incisor.
The number of individuals affected by at

least one hypoplasia during the contact pe-
riod is more similar to the precontact agri-
cultural period than to the precontact preagri-
cultural period (fig. 4-3). For all tooth types,
except the mandibular lateral incisor, more
individuals were affected in the contact pe-
riod Santa Catalina sample than in the pre-
contact agricultural period. This difference is
statistically significant (p < 0.01: chi-square)
for the mandibular first molar and the max-
illary first molar.

Comparison ofmean area, the total amount
(width) of enamel affected by hypoplasia
within half-year age intervals, shows that for
all tooth categories, except the mandibular
central incisor, the contact individuals ex-
perienced more stress than the precontact
preagricultural individuals (fig. 4-4). Signifi-
cant differences were indicated for the max-
illary central incisor (p < 0.05: Student's
t-test), and for the mandibular and maxillary
canines (p < 0.01: Student's t-test).
The contact Santa Catalina and precontact

agricultural comparison of mean area shows
much the same relationship (fig. 4-5). For the
mandibular canine and first molar, and the
maxillary lateral incisor, canine, and first mo-
lar, the contact period teeth have a higher
mean. Hypoplastic area is significantly dif-
ferent for the mandibular central incisor be-
tween the two populations (p < 0.05: Stu-
dent's t-test).
Comparison ofmean hypoplasia events of

the contact and precontact preagricultural
populations as measured by single continu-
ous hypoplastic bands shows significantly
higher means for all teeth from the contact
mission population except the mandibular
central incisor (fig. 4-6). This difference is
statistically significant (p < 0.01: Student's
t-test) for the mandibular canine and the
maxillary lateral incisor and canine. How-
ever, with the exception of the mandibular
lateral incisor, all tooth categories had a
greater mean for the contact population.
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Fig. 4-3. Comparison of precontact preagricultural, precontact agricultural, and contact individuals
affected by hypoplasia.

The mean ofhypoplasia events for the pre-
contact agricultural Irene Mound population
compared to the contact population is dis-
played in figure 4-7. In half of the tooth cat-
egories, precontact agricultural individuals
experienced stress events that were wider than
contact individuals. These differences be-
tween the two populations were significant (p
< 0.05: Student's t-test) for the mandibular
central incisor and maxillary canine. When
considering the frequencies ofcontinuous hy-
poplasias, however, precontact agricultural
individuals experienced fewer hypoplasias for
all tooth types except the mandibular canine
and lateral incisor (see fig. 4-12).

The age at which growth arrest occurs is
an important variable in attempting to delin-
eate the conditions under which stress oc-
curred. For the present study, therefore, we
have chosen two measures ofthe relative ages
of enamel defect formation for the mandib-
ular canine and maxillary central incisor: (1)
frequency of enamel defects by age category;
and (2) enamel defect area by age category
(cf. Goodman and Armelagos, 1985b).
Frequency of defects here follows the ap-

proach defined by Blakey (1981): hypoplasias
which occur across age interval boundaries
are counted as one event per age interval of
their occurrence. Frequency, in this sense,
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Fig. 4-4. Comparison of precontact preagricultural and contact hypoplasia area (mean of widths
within half-year age intervals).

measures the sum of partial or whole enamel
hypoplasias or both in each age interval. On
the other hand, the sum ofthe widths ofthese
hypoplasias bounded by age increments is the
area of hypoplasia activity.
The percentage of total hypoplasia area

contributed by each half-year period for the
maxillary central incisor is shown in figure
4-8. The peak of hypoplasia activity occurs
at ages 2.5 to 3.5 years. Mean area for the
same tooth shows a similar pattern (fig. 4-9).
Mean frequency of defects for the mandib-

ular canine shows that a peak of hypoplasia
activity occurs later, between the ages of 3.5
to 4.5 years (fig. 4-10). Mean area shows a
similar pattern (fig. 4-1 1).
Comparison of the mean frequency and

mean width of continuous enamel hypopla-
sias for each tooth type for the precontact and
contact samples is presented in figure 4-12.

With regard to dental field analysis, we are
unable to address the issue of susceptibility
of the first molars relative to other teeth in
their dental field because other teeth in that
particular dental field were not examined. In
agreement with the results of other workers
(e.g., Goodman and Armelagos, 1985a,
1985b), Georgia coastal anterior teeth are
clearly more hypoplastic that the posterior
teeth (fig. 4-3). As expected, when consider-
ing mean frequency of enamel defects, the
mandibular lateral incisors appear to be rel-
atively more susceptible to hypoplasia than
central incisors. With the exception of the
precontact preagricultural group, maxillary
incisor defect patterning exhibits the expect-
ed pattern of increased susceptibility for the
central incisor.
The field theory, however, explains less with

regard to differences in widths of continuous
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Fig. 4-5. Comparison of precontact agricultural and contact hypoplasia area (mean of widths within
half-year age intervals).

hypoplastic events between tooth types. In
half of the fields examined, the expected pat-
tern is exhibited while the other fields exhibit
the opposite pattern (see fig. 4-12). Therefore,
the results presented here suggest that fre-
quency ofdefects and quantification ofdefect
widths do not reveal the same kind of infor-
mation about growth arrest episodes in re-
lation to specific polar fields.

DISCUSSION

Previous studies based on populations
worldwide have shown that the transition
from a hunting-gathering lifeway to one based
on agriculture is associated with a decrease
in general health (Cohen and Armelagos,
1984; Larsen, 1982, 1984). With this tran-

sition on the Georgia coast, the addition of
maize agriculture to the subsistence economy
likely reduced resource diversity and dietary
quality (see Larsen, 1982, 1984, this volume;
Schoeninger et al., this volume). Maize is a
rather poor source of protein, and popula-
tions dependent on maize exhibit a general
decline in dental health, particularly as re-
vealed by an increase in cariogenic activity
and deficient enamel development (cf. Cohen
and Armelagos, 1984).

In general, malnutrition and infectious dis-
ease are characterized by a synergistic rela-
tionship. Poor nutrition, especially protein
deficiency, will lower an individual's resis-
tance to infection and depress the cell-me-
diated immune response (Hoffman-Goetz,
1986; Mims, 1982). Infectious disease inter-
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Fig. 4-6. Comparison of precontact preagricultural and contact hypoplasia events (mean of widths
for hypoplasia event regardless of age).

feres with nutrition by altering absorption in
the digestive system and increasing the phys-
iological needs for nutrients, especially pro-
tein. Consequently, when an organism is
placed under stress, it will either slow or cease
growth while nutrients are oriented to com-
bat stress (Acheson, 1960).

Studies utilizing enamel hypoplasia as a
stress indicator have generally demonstrated
an increase in frequency or widths of defects
in the transition from hunting and gathering
to agriculture (see various studies in Cohen
and Armelagos, 1984; but see Hodges, 1987).
At Dickson Mounds, for example, Goodman
et al. (1984) reported an increase in hypo-
plasias from 45 percent for the Late Wood-
land to 80 percent for the Mississippian pop-
ulations. Similarly, Perzigian and co-workers

(1984) reported that the Mississippian Fort
Ancient teeth have three times as many hy-
poplasias as the earlier Middle Woodland or
Archaic Ohio groups.
With the arrival of Europeans in Spanish

Florida and subsequent establishment of
mission centers, further emphasis was placed
on agriculture not only for maintenance of
Native Americans and Europeans at these
centers, but for St. Augustine to the south as
well. These problems were probably com-
pounded by other stressors (Larsen, this vol-
ume; Crook, 1986). In particular, the intro-
duction of Old World infectious diseases,
forced labor, demands of food tribute, ha-
rassment by local military, and retaliation for
native revolts resulted in destruction ofcrops
and stored foods (cf. Jones, 1978; Dobyns,
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Fig. 4-7. Comparison of precontact agricultural and contact hypoplasia events (mean of width for
hypoplasia event regardless of age).

1983; Milner, 1980; Loucks, 1979; Bushnell,
1987).
The mission effort in the region also re-

sulted in a greater nucleation of local popu-
lations into a few population centers associ-
ated with the missions. The spread of
infectious diseases, both of New World and
Old World derivation, was undoubtedly en-
hanced by these settlement changes.
Comparison of precontact preagricultural,

precontact agricultural, and contact period
populations from the Georgia coast shows a
general increase in the width of continuous
hypoplasias. The greater width ofhypoplastic
defects could be indicative of either severity
or duration or perhaps both. Recent develop-
ments in counting incremental growth mark-
ings of teeth (e.g., Dean, 1987; Beynon and

Dean, 1988) have added greater precision to
timing of tooth growth. By counting these
markings (e.g., Retzius striae) in hypoplastic
teeth, it may be possible to determine by in-
dependent means the time involved in pro-
ducing a hypoplastic event or series ofevents
(Condon, personal commun.).
Teeth that appear to be more susceptible

to physiological stress-incisors and ca-
nines-show an increase in frequency of de-
fects. It is not entirely clear to us why there
is an increase in defects in these teeth. Per-
haps of greater importance, however, is the
finding that the teeth that seem to be least
susceptible to hypoplasia -the molars -have
the highest number of defects in the contact
period Santa Catalina population relative to
the precontact populations. Goodman and
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Fig. 4-8. Comparison of precontact preagricultural, precontact agricultural, and contact frequency
(in percent) of total hypoplasia area by age for maxillary central incisor.

Armelagos (1 985a) suggested that the pres-
ence of hypoplasias on less susceptible teeth
may reflect relatively greater severity of stress.
Certainly given the extreme environmental
conditions that these populations experi-
enced, the greater frequency of enamel de-
fects in contact period molars compared to
precontact period molars may indeed reflect
greater stress loads in these later populations.
The decline in percentage of individuals

affected by growth arrests for the Santa Cat-
alina population with concomitant increase
in stress hypoplasia width suggests that stress
may have become more acute. In this regard,
Goodman and co-workers (1980) compared
populations from Illinois sites and demon-
strated that the hunter-gatherer population
exhibited signs of seasonal stress as mani-
fested by enamel hypoplasia. This chronic

form ofstress may have had its primary effect
on morbidity. Mortality, on the other hand,
may have been more affected by a later com-
bination of stressors, particularly those pres-
ent during the contact period and not before.
Comparison of the contact period Santa

Catalina and precontact agricultural Irene
Mound populations reveals a relatively great-
er similarity in pattern of hypoplasia events,
frequency of continuous hypoplasias, and
percentage of individuals affected than com-
parison of the Santa Catalina and precontact
preagricultural populations. One possible bias
that may have influenced these findings is the
less homogeneous precontact preagricultural
sample. That is, both the contact and the pre-
contact agricultural populations are repre-
sented by dentitions from single sites of rel-
atively short periods of cemetery use (Santa
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Fig. 4-9. Comparison of precontact preagricultural, precontact agricultural, and contact mean hy-
poplasia area by age for maxillary central incisor.

Catalina = 73 years; Irene Mound = ca. 300
years). In contrast, the precontact preagri-
cultural sample comprises individuals from
a number of sites spanning a relatively long
period of cemetery use (ca. 1500 years). Lar-
sen (1982) has suggested, however, that ar-
chaeological evidence indicates general uni-
formity of subsistence in the precontact
preagricultural period (see also discussion in
Schoeninger et al., this volume).
We have argued that those individuals from

the Santa Catalina population who experi-
ence stress earlier in life are predisposed to
increased morbidity and mortality (Simpson
et al., 1986, this volume). If increased mor-

tality played a major role in the aboriginal
contact experience, then those individuals
who experienced acute stress due to epidemic
disease might not develop morbid indicators
of that stress (e.g., hypoplasias).
The studies on contact period mission pop-

ulations are too sparse to provide a basis for
broad comparisons in this regard. Storey
(1986) has compared precontact and contact
period dental remains from the Florida pan-
handle and found that the later dentitions
showed a reduction in frequency of enamel
defects. Walker (in press) compared historic
mission and prehistoric populations from the
Santa Barbara Channel area ofsouthern Cal-
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Fig. 4-10. Comparison of precontact preagricultural, precontact agricultural, and contact frequency
(in percent of total hypoplasia area by age for mandibular canine.

ifornia. In contrast to the findings from the
Georgia coast, this investigator reported nar-
rower hypoplasias in the mission sample
compared to the earlier precontact sample.
He suggested that there was a reduction in
duration of stress in the contact period rel-
ative to the precontact period which may re-
flect superior health care in the later contact
period populations. The remains from Cali-
fornia are later than those from Santa Cata-
lina and may represent a population that had
more time to adjust to novel stressors arising
from contact with Old World populations.

It is clear from other studies (e.g., Good-
man and Armelagos, 1 985a, 1 985b) that there
is still much to be learned about the detailed
nature of differential effects of general met-

abolic stress on dental hard tissues. Several
areas ofinquiry require further attention. The
occurrence of hypoplasias at specific ages or
specific locations on the tooth crown is es-
pecially problematical.
With regard to specific ages, Sarnat and

Schour (1941, 1942) reported that about two-
thirds of hypoplasias in an American urban
population occurred in the first year after
birth. Only 2% of this population developed
hypoplasias after the third year. Subsequent-
ly, this age of occurrence was adopted as a
standard by the dental profession (Giro, 1947;
Massler et al., 1941; Vila, 1949; and see dis-
cussion by Goodman [1988]). Examination
ofarchaeological dentitions does not support
such an early age of peak hypoplasia occur-
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Fig. 4-1 1. Comparison of precontact preagricultural, precontact agricultural, and contact mean hy-
poplasia area by age for mandibular canine.

rence, however. The peak occurrence of 2.5-
4.5 years demonstrated for the coastal Geor-
gia populations is comparable to that found
in other studies of Amerindian samples (see
table 4-3).
The peak in hypoplasia occurrence at three

to four years has been interpreted most com-
monly as representing the stress of weaning
and a shift to a poor diet (Black, 1979; Clarke,
1980; Corruccini et al., 1985; Goodman et
al., 1984). Infant diarrhea quite often occurs
in the shift from milk provided by the mother
to poor nutrition. The resulting introduction
of previously unexperienced pathogens may
be influential in causing malnutrition during

these critical years of growth and develop-
ment.
With regard to specific locations on the

tooth crown, Black (1979) found no hypo-
plasias on the apical half of any teeth, not
even for individuals whose other teeth were
growing in the cervical half at the same time
and had hypoplasias. Other researchers re-
port similar findings for the age ofoccurrence
of hypoplasia (e.g., Jacobi and Corruccini,
1987; Rose, 1977). As discussed above,
Goodman and Armelagos (1985a, 1985b)
have reported that hypoplasias in the Dick-
son Mounds series occur most frequently in
the cervical and middle thirds of the tooth
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Fig. 4-12. Comparison of precontact preagricultural, precontact agricultural, and contact mean fre-
quency and mean width of continuous enamel hypoplasias for each tooth type.

crown, thereby suggesting a region-specific
nature of hypoplastic activity in teeth.
An important factor in determining where

on the tooth crown hypoplasias occur during
growth and development may be related to
the way enamel forms. Hillson (1986: 139)
noted:

Hypoplasia is usually only visible at the sur-
face of a crown after the formation of the "last
dome" ofenamel. It is events at the edge ofeach
sleeve of enamel deposited thereafter that are
recorded. Thus only a part of each crown will
yield information at the surface. Likewise, hy-
poplasia becomes more prominent towards the
slower growing cervical region.

Rate of enamel matrix deposition and
crown development may also be of vital im-
portance in determining where on the crown
hypoplasias form. Condon (1988), for ex-
ample, suggested that the middle portion of
incisors, canines, and premolars exhibits a

slower rate of enamel matrix deposition,
thereby increasing susceptibility of hypopla-
sia formation (but see Goodman and Ar-
melagos, 1985b).

CONCLUSIONS

Measurement of stress utilizing only the
presence or absence of enamel hypoplasia
does not take into consideration other data.
We have demonstrated that the measure-
ment of the quantity of growth disturbances
in Georgia coastal dentitions provides a more
precise measure of stress and the nature of
change in episodes of stress events.
The precontact preagricultural population

experienced more single stress events than
either the Irene Mound or Santa Catalina
populations, but the mean width of hypopla-
sias was narrower. Similarly, more precon-
tact preagricultural individuals were affected
than either ofthe other two groups. Although
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TABLE 4-3
Comparative Ages of Hypoplasia Occurrence

Source Period Age range Age peak

Berryman, 1981 Mississippian 0.0-12.5 0.5-5.5
Corruccini et al., 1985 Historic 0.0-6.5 3.0-4.0
Goodman et al., 1980 LW/MALWa 0.0-6.0 3.0-3.5

Mississippian 0.0-5.5 2.5-3.0
McManamon et al., 1986 Late Woodland 0.0-6.0 2.5-5.5
Powell, 1988 Mississippian 1.5-6.0 2.5-4.5
Rose et al., 1978 Middle Woodland 0.5-4.0 even

MALWb 2.0-4.5 2.0-2.5
Mississippian 1.0-3.5 1.75, 3.25

Schulz and McHenry, 1975 Prehistoric 1.0-7.0 4.0-5.0
Swiirdstedt, 1966 Medieval 2.0-4.0
Walker, in press Prehistoric 1.0-6.5 2.0-5.0

Contact 2.5-6.0 3.0-5.0

a Late Woodland/Mississippian Acculturated Late Woodland.
b Mississippian Acculturated Late Woodland.

we do not fully understand the causal factors
involved in the decline in lifeway discussed
here, one thing is certain: the precontact ag-
ricultural and contact periods are more sim-
ilar to each other in levels ofmetabolic stress
than either is to the precontact preagricultural
period. Moreover, analysis of these data sug-
gest that the transition from a lifeway based
on hunting and gathering to one based at least
in part on maize agriculture occasioned rel-
atively greater increase in metabolic stress
than did the transition in lifeway associated
with the arrival of Europeans and the estab-
lishment of mission centers. These conclu-
sions are especially clear cut in comparison
ofmean of events of hypoplastic activity be-
tween the three periods. We suggest that the
greater widths of individual hypoplasias in
the precontact agricultural and contact pop-
ulations represent either an increase in se-
verity or duration of stress or both.
We should provide the caution, however,

that this study reports on one stress indicator.
Future research will focus, in part, on utiliz-
ing this approach in concert with other ave-
nues of investigation. Incorporation of other
lines of evidence, both biological and non-
biological, will probably be needed in order
to delineate further those changes in health
and lifeway that pertain specifically to either
the precontact agricultural or contact lifeway
transitions.
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CHAPTER 5. COPING WITH STRESS: TOOTH SIZE,
DENTAL DEFECTS, AND AGE-AT-DEATH

SCOTT W. SIMPSON, DALE L. HUTCHINSON, AND CLARK SPENCER LARSEN

ABSTRACT

This study examines the relationship between
age-at-death and dental stress indicators by anal-
ysis oftooth size and frequency, width, and timing
of hypoplasias. Within populations, there is a dif-
ferential ability to mitigate the effects of extrinsic
stressors. Individuals that are less able to reduce
the effects of the external stress environment (e.g.,
infectious disease and nutritional deprivation)
should exhibit higher morbidity and increased fre-
quency of developmental defects. Therefore,
younger individuals in a stressed setting should
exhibit a greater frequency or severity of devel-
opmental anomalies-including smaller teeth and
greater hypoplastic activity-than older individ-
uals. This may involve a different temporal pattern
of stress events in individuals who died at an ear-
lier age relative to individuals who survived long-
er.

This hypothesis was tested by examination of
the Santa Catalina de Guale dental material. Com-
parisons were made for tooth size (breadth) and
enamel hypoplasias (frequency, location, and
width) in two mortality cohorts: preadults (less
than 18 years) and adults (18 years and older).
The analysis of data demonstrates that the

preadult cohort has smaller tooth crowns than the
adult cohort. However, no clear differences were
found in frequency of hypoplastic activity, timing
of metabolic disruption, or width of hypoplasias
between the preadult and adult cohorts. These
findings suggest that individuals stressed earlier in
life were more predisposed to subsequent stress,
thus reducing their ability to survive into later life.

INTRODUCTION

Differential survivorship in human popu-
lations is a result of many causes relating to
environment, diet, society, and constitution.
It is one ofthe elements ofevolution through
which we can examine and interpret the ways
that humans adapt to their environment
through biosocial processes. In a complex en-
vironment, there will be a differential or non-
random ability of individuals within a pop-
ulation to mitigate ambient stressors.
Individuals who are not able to reduce the
effects of stressors should exhibit generally
higher morbidity and mortality. Individuals
in a population who die at younger ages tend
to be those who are less capable of reducing
the effects of stressors. Individuals who die
at earlier ages, therefore, should exhibit a
greater frequency and severity of stress in-
dicators.
As a follow-up to the previous chapter

(Hutchinson and Larsen), we examine the
juxtaposition oftwo factors, age-at-death and
the presence of dental stress indicators. An
inverse relationship between age-at-death and
the presence, frequency, and severity ofstress
indicators in teeth is hypothesized. This hy-

pothesis was tested by a comparison of the
stress indicator profiles of preadult and adult
death cohorts representing the contact period
Santa Catalina de Guale skeletal series from
the Georgia coast.

TEETH AS AN INDICATOR OF
STRESS

The use ofteeth as a physiological indicator
of stress has been widely applied on the mi-
croscopic level to examine deviances in the
enamel microstructure, such as Wilson bands
and striae ofRetzius (Molnar and Ward, 1975;
Rose et al., 1978), and on the macroscopic
level for enamel hypoplasias (Rose, 1977,
1979; Sciulli, 1978; Goodman et al., 1980,
1984; Huss-Ashmore et al., 1982; Larsen,
1987; Hutchinson and Larsen, 1988, this vol-
ume), circular caries (Cook and Buikstra,
1979), fluctuating dental asymmetry (Doyle
and Johnson, 1977; O'Connell, 1983), and
tooth size (Gain et al., 1979; Guagliardo,
1982).
Tooth size has been shown to have a sig-

nificant nongenetic, environmental compo-
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nent. Townsend and Brown (1978), for ex-
ample, estimated that up to 36 percent ofthe
total variance in tooth crown size is due to
environmental factors. Although other esti-
mates vary widely in this regard (see, for ex-
ample, Corruccini and Potter, 1981; Potter
et al., 1968, 1976; Osborne et al., 1958; Al-
vesalo and Tigerstedt, 1974; Goose, 1971;
Goodman, 1965), the consensus has devel-
oped that environment can potentially influ-
ence tooth crown size. The period of growth
and development of tooth crowns (four
months in utero to 12 years) corresponds with
a time of greater stress in most human pop-
ulations (Gordon et al., 1963). Therefore, in
the absence of gene flow or selection, tooth
size differences may reflect the degree ofvari-
ance resulting from extrinsic (environmental)
factors during the period of tooth develop-
ment.
Tooth size reduction and developmental

anomalies due to external disturbances or in-
creased stress loads have been documented
in living populations (Evans, 1944; Bailet et
al., 1968; Goose, 1971; Gain et al., 1979,
1980). However, differences in tooth size re-
sulting from differential stress have only re-
cently been used in biocultural reconstruc-
tions of past populations (e.g., Guagliardo,
1982; Larsen, 1982, 1983c).
Enamel hypoplasia is a deficiency in enam-

el development that results from disruption
of ameloblastic apposition. Tooth size has
received only minor recognition as an indi-
cator of stress (e.g., Guagliardo, 1982), but
the, use ofenamel hypoplasias as well as other
enamel developmental defects has had a
longer and more prolific history in both clin-
ical and anthropological settings (Massler et
al., 1941; Schour and Massler, 1945; Swiird-
stedt, 1966; Schulz and McHenry, 1975;
McHenry and Schulz, 1976; Goodman et al.,
1980; Goodman and Armelagos, 1985a,
1985b; and others).
Tooth size and enamel hypoplasia were se-

lected for this study because of their analo-
gous response in the face of metabolic dis-
ruption. Tooth size provides a rough measure
of deviation from the genetic growth poten-
tial and enamel hypoplasias can provide doc-
umentation for the timing and possibly ex-
tent of growth disruption. Thus, factors
influencing absolute tooth crown size and for-

mation ofenamel hypoplasias have different,
yet overlapping, temporal windows of de-
velopment.

Tissue maturation is best interpreted as a
complex combination of developmental and
growth processes. The tenor of tissue devel-
opment is influenced by both genetic and en-
vironmental factors. The critical denomina-
tor during the growth process is the
availability of an adequate nutrient supply.
Malnutrition during gestation has been dem-
onstrated to result in a number of problems
in offspring at both the cellular and the tissue
levels (Minckler et al., 197 1). These problems
include low birth weight, shorter neonates,
elevated morbidity and mortality, reduced
growth in general and ofthe neural and dental
tissues in particular (summarized in DePoala
and Kuftinec, 1976; Frisancho et al., 1977;
Whitney and Hamilton, 1981; Stinson, 1985;
Garn et al., 1979).
Growth of cellular structures is dependent

on the availability of amino acids, a factor
ultimately regulated by diet (DePoala and
Kuftinec, 1976) and the health status of the
individual. Protein synthesis is necessary for
normal growth. Fetal growth is more com-
plex because proteins are not transmitted
across the placental barrier. Only the protein
substrates (amino acids) are passed by the
mother to the fetus, and the fetus must then
synthesize its own protein. In the absence of
this pool ofavailable amino acids, severe de-
velopmental problems can result, including
retardation ofgrowth (Minckler et al., 197 1).
This deficiency may result in decreased

metabolic activity, thereby influencing the
growth and maturation of the developing
structure. The genetic control of a structure
is manifested in two broad categories: (1) the
timing of the histodifferentiation, and (2) the
setting of the minimal and maximal limits of
size. Environmental factors modify growth
by changes in the timing ofenzymatic activity
or by limiting the ability ofa cell or structure
to attain the full genetic potential as a result
of a reduction in the availability of the sub-
strates for growth, the amino acids.
Developmental irregularities during the

hyperplastic and hypertrophic stages may
have different consequences for the final mor-
phology of teeth. Disruption during the hy-
perplastic (differentiation) stage ofdental de-
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velopment, such as that caused by vitamin
deficiency (Bhaskar, 1986), may result in a
number of severe anomalies (e.g., agenesis,
irregular morphology, reduced or supernu-
merary cusps, delayed eruption). Whereas,
growth disruptions during the hypertrophic
phase would result in alterations in the size
of the developing structure.

Alterations of the overall enamel dimen-
sions can also occur during the period ofame-
logenesis or during the apposition ofenamel.
A delay in enamel production during calci-
fication or matrix formation could reduce the
thickness of the enamel walls, thereby re-
ducing their relative contribution to the final
crown dimension. The size of the dental pa-
pilla is not altered once amelogenesis com-
mences. Although local attenuation of the
enamel crown through ameloblastic slow-
down (hypoplastic waisting) is a possible in-
fluencing factor for a measured reduction in
the breadth ofthe enamel crown, hypoplastic
activity is usually very shallow in depth and
rather narrow in breadth. These areas of
enamel hypoplasias are generally bounded by
adjacent areas of normal enamel indicating
that ameloblastic activity was not impaired.
What this means for overall tooth dimension
is that changes in the enamel crown are gen-
erally localized and tend not to contribute to
the overall diminution of the tooth.
Although there is a strong relationship be-

tween congenital anomalies-for example,
Down's syndrome, hypodontia, cleft palate-
shown to have a reducing effect on tooth size
and age-at-death (Cohen et al., 1977; Town-
send et al., 1984), the very low frequencies
at which these individuals are present in a
normal population probably does not signif-
icantly skew the tooth size profile of the
preadult cohort. The effects of congenital
anomalies are probably not, therefore, a con-
founding factor in this analysis.

MATERIALS AND METHODS

Dental samples representing 238 individ-
uals from Santa Catalina de Guale were ana-
lyzed. Crown breadths (buccal-lingual di-
ameter) were recorded for all individuals in
the series and for all permanent teeth, ex-
cluding the maxillary and mandibular third
molars. Crown length (mesial-distal diame-

ter) is not included here due to its age-related
change in size through interproximal attrition
(Wolpoff, 1971; Brace et al., 1987). Crown
dimensions were measured to the nearest 0.1
mm following procedures described else-
where (Larsen, 1982).

Of the 238 individuals, 219 (144 adults,
75 preadults) were examined for hypoplasias.
Widths and location of hypoplastic defects
relative to the cementoenamel junction were
recorded on the maxillary and mandibular
permanent central incisor (I 1), lateral incisor
(12), and canine (C) following procedures out-
lined by Hutchinson and Larsen (1988, this
volume). Hypoplastic events of less than 0.2
mm were not included.
For purposes of analysis, the samples were

divided into two age-at-death cohorts, pread-
ult (<18 years) and adult (18 + years). Age
was determined following dental develop-
ment and functional age changes outlined by
Russell and co-workers (this volume).

RESULTS

TOOTH SIZE: Table 5-1 and figure 5-1 show
the percentage and absolute size differences,
respectively, for preadult and adult crown
breadths. Comparison of preadult and adult
tooth crown breadths reveals a clear pattern
ofsmaller size preadult teeth. Ofthe 14 tooth
types examined, nine of them are smaller in
the preadult cohort than the adult cohort.
The remaining five tooth types show no dif-
ference in size for one tooth and smaller size
in adults for the remaining four. All of the
statistically significant differences noted (Stu-
dent's t-test: p < 0.05) are in the direction of
smaller size teeth for the preadult group
(mandibular canine, third premolar, fourth
premolar). Evaluation of the individual dis-
tributions ofeach tooth type for both samples
indicates that all of the distributions approx-
imate normality and that their respective
shapes are neither skewed nor kurtotic.
An examination of figure 5-1 shows that

the mandibular teeth exhibit a greater amount
of size difference between the preadult and
adult cohorts than the maxillary teeth. Ofthe
three statistically significant differences, none
ofthem are found in the maxillary dentition.
These data suggest that the mandibular teeth
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TABLE 5-1
Mean Tooth Breadth Comparisons for the Preadult and the Adult Cohorts from Santa Catalina de

Guale

Preadult Adult Percent
Tooth N Mean SD N Mean SD differencea

Maxillary
I1 (16) 7.66 0.56 (33) 7.48 0.40 -2.4
I2 (23) 6.94 0.39 (37) 6.91 0.36 -0.4
C (28) 8.59 0.66 (55) 8.64 0.47 0.6
P3 (34) 10.12 0.59 (70) 10.09 0.49 -0.3
P4 (25) 9.77 0.56 (72) 9.89 0.64 1.2
Ml (38) 11.93 0.68 (77) 12.14 0.51 1.7
M2 (21) 12.09 0.67 (85) 12.01 0.68 -0.7

Mandibular
I1 (20) 5.84 0.38 (22) 5.89 0.33 0.8
12 (27) 6.23 0.40 (47) 6.34 0.38 1.7
C (32) 7.51 0.57 (77) 7.85 0.53 4.3c
P3 (37) 8.09 0.46 (95) 8.30 0.44 2.5b
P4 (33) 8.42 0.52 (95) 8.63 0.47 2.4b
M1 (45) 11.11 0.49 (72) 11.24 0.52 1.2
M2 (31) 10.76 0.57 (87) 10.76 0.61 0.0

a Computed by the formula: 100 - [100 x (min. mea
bp < 0.05 (Student's t-test).
cp < 0.01 (Student's t-test).

may be more developmentally sensitive than
the maxillary teeth (see also Guagliardo, 1982;
Simpson, 1987).
ENAMEL HYPOPLASIAS: The hypoplasia

profiles are not greatly different between the
preadult and adult age cohorts (table 5-2).
Examination ofindividual tooth types shows
a great range in percent difference between
preadults and adults. Inspection ofthese data
indicates that fewer adults are affected by hy-
poplasia than preadults (table 5-2). The dif-
ference ranges from 5 percent (maxillary ca-
nine) to 12 percent (mandibular central and
lateral incisors, and maxillary canine). Only
one tooth-the mandibular canine-shows a
higher percent in adults than preadults. None
of the differences are statistically significant
(chi-square: all values of p > 0.05). Never-
theless, preadults show a tendency for a great-
er frequency of hypoplastic individuals than
the adults at Santa Catalina, although non-
developmental factors (e.g., dental attrition)
(see below) may account for this difference.
The pattern ofonset ofthe hypoplasia pro-

ducing episodes is not significantly different
between the preadult and adult cohorts (figs.
5-2, 5-3). Close examination of these data

n/max. mean)].

indicates, however, that the preadult group
shows, in general, a slightly earlier age of on-
set. Similar frequencies of hypoplastic epi-
sodes are distributed relatively evenly across
the age categories although some insignificant
variation is present. For example, in the man-
dibular central incisor and the maxillary ca-
nine, hypoplasias are present in two half-year
age categories earlier in the preadult group
than the adult group. The pattern is reversed
for the mandibular lateral incisor. That is,
the adult group exhibits a small percentage
of hypoplasia area one age class earlier than
does the preadult cohort.
The other teeth (mandibular canine, max-

illary central and lateral incisors) exhibit little
difference in this respect. Overall, the total
age-specific patterns of hypoplasia onset for
all of the tooth types tend to approximate
each other.
The width of hypoplastic bands does not

appear to correlate with age-at-death (table
5-3). Three of the tooth comparisons show
wider bands in the preadult group (mandib-
ular central incisor, canine, maxillary central
incisor), and likewise, three comparisons show
wider bands in the adult group (mandibular
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Fig. 5-1. Comparison of preadult and adult tooth size differences (preadult mean - adult mean)
* = p < 0.05; ** = p < 0.01).

TABLE 5-2
Percent of Preadult and Adult Santa Catalina de
Guale Individuals with at least One Hypoplasia

Preadult Adult Percent
Tooth N % N % differencea

Mandibular
II (34) 44 (47) 32 -12
I2 (33) 55 (56) 43 -12
C (48) 81 (90) 86 5

Maxillary
I1 (29) 69 (53) 64 -5
12 (31) 77 (46) 67 -10
C (45) 85 (85) 73 -12

a Adult % - preadult %.

lateral incisor, maxillary lateral incisor and
canine). None of these differences show sta-
tistical significance (Student's t-test: all val-
ues ofp > 0.05).

DISCUSSION

Stress has been studied in a variety of an-

thropological contexts, including determi-
nation of relative importance of the extrinsic
stressors ofcertain elements ofthe group, and
the identification of stress inducing or stress
reducing phenomena (Brown, 1981). Broadly
defined, stress can be considered to be the
friction between an individual and his social,
physical, nutritional, and disease environ-

PREADULT/ADULT TOOTH BREADTH DIFFERENCES
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Fig. 5-2. Comparison of preadult and adult age distribution of hypoplasia area (mandibular teeth).
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ment. Such stressors are assumed to elicit a
stereotypic, nonspecific physiological re-
sponse for adaptive activity in the body
"which includes the activation of homeo-
static mechanisms" (Selye, 1956). The adap-
tive response to stressors includes increased
cardiac output and respiratory activity, di-
lation ofthe blood vessels ofthe skeletal mus-
cles, increased alertness and desensitization
to pain, the sum of which increases the ca-
pability of the body in dealing with external
stressors.
Although the stress response is initially

adaptive, exposure to severe chronic or acute
stress overloads the body's ability to contin-
ually and successfully adapt to the proximate
and causative stressors, thereby leading to a
detrimental biological response. It has been
shown that chronic or prolonged stress leads
to a variety of maladaptive physiological re-
sponses, including reduced resistance to dis-
ease (Selye, 1956; Stini, 1969), decreased fer-
tility (Arvay, 1969), and retardation ofgrowth
(Kowarski et al., 1968; Frisancho et al., 1977).

Physiological disruptions in the hard tis-
sues are a result of a rerouting of essential
nutrients from growth processes to mainte-
nance functions in response to disease or di-
etary stress (Cohen and Hansen, 1962). A
number ofphysiological, developmental, and
morphological anomalies resulting from pe-

riods of stress have been documented, in-
cluding decreased stature (Acheson, 1960),
enamel defects (Sarnat and Schour, 1941,
1942; Molnar and Ward, 1975; Rose, 1977;
Gamn et al., 1979), Harris (growth arrest) lines
(Acheson, 1960; Gain and Schwager, 1967;
Gain et al., 1968; although see Mensforth,
1985), reduced vertebral neural canal dimen-
sions (Clark et al., 1986), and growth retar-
dation in general (Tanner, 1962; Stini, 1969;
Frisancho and Baker, 1970; Gain et al., 1979;
Cook and Buikstra, 1979; Larsen, 1982, 1984;
Cohen and Armelagos, 1984; and many oth-
ers) in a variety of human groups, both past
and present.

Physiological stress indicators have addi-
tional interpretive value because they are

readily quantifiable, they are comparable
across ethnic and cultural boundaries, and
they are reasonably representative ofambient
stress levels (Brown, 1981). The proximate
stressor may vary across cultures, but the

TABLE 5-3
Comparison of the Mean Width (in mm) of Pread-
ult and Adult Hypoplasia Events for Santa Cata-

lina de Guale

Preadult Adult Percent
Tooth N Mean N Mean differencea

Mandibular
II (29) 0.51 (28) 0.50 -2.0
12 (36) 0.54 (36) 0.58 6.9
C (93) 0.83 (171) 0.78 -6.0

Maxillary
Il (48) 0.66 (75) 0.58 -12.1
I2 (63) 0.67 (54) 0.76 11.8
C (87) 0.73 (126) 0.81 9.9

a Computed by the formula: 100 - [100 x (min. mean/
max. mean)].

stress response does not. Therefore, stress
level measurements are thought to be com-
parable between human groups with a wide
temporal and spatial diversity as an indica-
tion oftheir respective stress loads and degree
of biocultural integration.
The study ofage-at-death and dental stress

indicators has suggested that there is a non-
random co-occurrence between the two. For
example, Rose and co-workers (1978), Good-
man and co-workers (1983), and White (1978)
examined widely different dental samples, yet
all observed that individuals exhibiting one
or more enamel defect tended to have a youn-
ger age-at-death than individuals not exhib-
iting one or more enamel defects.
Some individuals within a population

might not experience the same kinds of stres-
sors or degrees of stress that affect mortality
as others. Weanlings, for example, face an
age-specific and generally traumatic suite of
stressors during the dietary transition be-
tween maternal dependence and postweaning
diet. Food sources other than mothers' milk
are generally less sanitary and of poorer nu-
tritional quality, thus leading to diarrhea, re-
duced host resistance, and metabolic and
growth disruptions (Scrimshaw, 1964; Gor-
don et al., 1963). The nutritional needs of a
one-year-old are roughly 150 percent ofthose
of a three-year-old (Whitney and Hamilton,
1981). Co-occurring with the needs of the
infant are dramatically increased nutritional
needs of the mother.
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TOOTH SIZE: Because of the high degree of
heritability in teeth, a number of theoretical
models based primarily on selective factors
have been proposed to explain smaller teeth
in the younger age-at-death categories in hu-
man populations. Perzigian (1975), for ex-
ample, suggested that individuals with small-
er teeth were selected out of the population
as a result of an inability to attain a critical
tooth size necessary to resist attrition. That
is, smaller-toothed individuals were relative-
ly less fit than larger-toothed individuals,
thereby resulting in a greater mortality rate
for the smaller-toothed individuals. This hy-
pothesis appears unlikely because the reduc-
tion of crown breadth by substantially less
than a millimeter will not automatically and
inexorably lead to mortality. If the selective
intensity was great enough to maintain a min-
imal crown area, then what factors explain
the great amount of size overlap between the
two age-at-death cohorts?
Undoubtedly, in the contact period pop-

ulation at Santa Catalina, disease resistance
was under a very great selective intensity,
particularly in light ofthe great magnitude of
Native American mortality at this time. One
can suggest that although the co-occurrence
of larger teeth and immunological compe-
tence or successful stress mitigation cannot
be denied, the probability that tooth size and
disease resistance are somehow genetically
linked in some fashion (pleiotropy) is low.
That is, because both traits are polygenic, the
amount of residual overlap may be insignif-
icant. However, because they are polygenic
traits, this is not possible to prove. Regard-
less, the mechanisms of selection most likely
act very differently on each character. Hence,
the implication that small teeth and poor dis-
ease resistance are genetic aliases of one
another is not valid.

It is well known that tooth crown size is
sexually dimorphic: females have smaller
dental dimensions than males (Larsen, 1982;
Frayer and Wolpoff, 1985; and others).
Therefore, the possibility remains that small-
er tooth crowns in the preadult cohort may
be due not to an inability of those younger
individuals to reach their genetic growth po-
tential, but rather, the presence of more fe-
males in this group than in the adult cohort.
In this regard, Stinson (1985) has reviewed
evidence for sex-specific mortality rates. That

is, there is some evidence that females may
exhibit a greater relative mortality rate in very
stressed environments due to cultural pref-
erence for keeping males alive and not fe-
males. Both Perzigian (1975) and Guagliardo
(1982) have proposed that the differences that
they noted between preadult and adult tooth
size could be due to differential sex compo-
sition.
The poor skeletal preservation in part of

the Santa Catalina cemetery precluded sex
determination for many of the adults in the
skeletal series. Of the 431 individuals re-
covered in the cemetery, it was possible to
determine sex for less than 20 percent of the
adult cohort. Therefore, it is not possible to
examine potential biasing effects of sex ratio
in this skeletal series. However, the lack of
significant imbalance in sex composition in
other skeletal series that have been examined
demographically would suggest that a dis-
proportionate number of females in the
preadult component of the population does
not exist (cf. Acsadi and Nemeskeri, 1970;
Owsley and Bass, 1979; Mensforth, 1986; and
others). We suspect, therefore, that sex bias
is not a major factor in interpreting these
results.
The relative completeness of the dental

samples in this study should be also consid-
ered as a potential bias factor. Figure 5-4 il-
lustrates the dental completeness ofthe tooth
size samples. Tooth representation at Santa
Catalina is similar between the preadult and
the adult groups. The only marked differ-
ences are seen in the mandibular central in-
cisor and first molar and the maxillary second
molar. Overall it appears that tooth type
completeness does notbias preadult-adult dif-
ferences.
Although sampling bias may influence es-

timation of preadult and adult tooth size, it
is considered to be of little significance in the
explanation oftooth size differences reported
here. Therefore, metabolic disruption during
the period ofdental growth is considered to be
the primary factor in explaining these differ-
ences. Despite the apparent strength of this
relationship, it cannot be used in a predictive
sense due to the great natural variation in
tooth crown size and morphology as well as
a general lack of understanding regarding the
factors which contribute to tooth size.
Our findings of relative smaller preadult
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Fig. 5-4. Comparison of preadult and adult completeness of dental samples.

tooth size in this population are consistent
with those reported from other regions where
stress is documented. With regard to the
aforementioned study by Guagliardo (1982),
for example, a comparison of preadult and
adult tooth size in dental series from Ten-
nessee (Averbuch site) and South Dakota
(Larson site) revealed differences in preadult
and adult tooth size. Both series are repre-
sentative oflate prehistoric or historic period
populations experiencing elevated stress
levels, and like the series from St. Catherines
Island, most tooth types are smaller in pre-
adults than in adults. Interestingly, both the
comparisons reported by us and by Guagli-
ardo (1982) show that the greatest degree of
size differences tend to be in the posterior,
mandibular teeth. We are in agreement with
Guagliardo (1982) that these tooth size dif-
ferences reflect high levels ofchronic stresses
in the populations. Quite clearly, environ-
mental stress plays an important part in the
expression ofultimate tooth size in the grow-
ing individual (cf. Townsend and Brown,
1978).
ENAMEL HYPOPLASIAS: If the relationship

between an earlier onset of hypoplasia-pro-
ducing events and a younger age-at-death is
real and not simply an artifact of sampling
(see below), then this relationship is of clear

importance in understanding both timing of
stress episodes and survivorship. Because all
periods ofdental development are not equal-
ly important in terms of subsequent devel-
opment, disruptions occurring during certain
periods of growth may predispose those in-
dividuals to later metabolic problems or re-
duce their ability to adequately meet future
and novel changes in their environment. Un-
fortunately, the size and equality ofthis sam-
ple precludes such an in-depth analysis. Fu-
ture work must rely on a more complete
skeletal sample which is more fully censused
in terms ofdemographic and epidemiological
parameters.

Pinpointing an explanation for the differ-
ent hypoplasia widths for the preadult and
adult cohorts is problematical. If hypoplasia
width represents an estimate ofstress episode
duration (cf. Samat and Schour, 1941; Blakey
and Armelagos, 1985) or severity (see dis-
cussion in Hutchinson and Larsen, this vol-
ume), then what factors allow a coincident
greater duration or severity? One explanation
is that the individuals with the greater hy-
poplastic widths survived long periods of
subnormal development. Therefore, individ-
uals who could not adapt to increased envi-
ronmental stress were selected out and en-
tered the mortuary sample prior to the
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TABLE 5-4
Comparison ofthe Mean Tooth Crown Heights (in
mm) for the Preadult and Adult Cohorts from San-

ta Catalina de Guale

Preadult Adult Percent
Tooth N Mean N Mean differencea

Mandibular
I1 (32) 8.8 (44) 7.3 -17.0b
12 (30) 9.9 (52) 7.8 -21.2b
C (43) 11.4 (84) 9.3 -18.4b

Maxillary
I1 (24) 11.2 (49) 9.5 -15.2b
12 (27) 10.1 (43) 8.6 -14.9b
C (39) 10.9 (77) 9.1 -16.5b
a Computed by the formula: 100 -

max. mean)].
b p < 0.05 (Student's t-test).

[100 x (min. mean/

termination of the stress episode or prior to
the completion of the formation of their re-
spective dental crowns. This interpretation
parallels the study of Meindl and Swedlund
(1977), which concluded that a population is
made "stronger" as a whole after passage
through a severe stress window.

Other nondevelopmental factors could lead
to similar hypoplasia-onset profiles ofthe two
cohorts. For instance, the absence of hypo-
plasias in the occlusal, or earliest developing,
portion ofthe teeth in the older death cohort,
may simply be due to attrition, and not the
result of an absence of metabolic disruptions
during this time. Age and attrition are strong-
ly and positively correlated; therefore, the
earliest age categories may not have been
sampled in the adult cohort, and their un-
derrepresentation may, therefore, be an ar-
tifact of wear.

If it can be shown that the differences of
the mean tooth heights ofthe two cohorts are
minor, then little or no information was lost
through attritional processes, especially as it
relates to age-of-onset of hypoplasia. With
regard to the Santa Catalina series, occlusal
surface wear should be considered in pre-
adult/adults comparisons.

In the Santa Catalina sample, mean tooth
crown heights (measured from the top of the
tooth crown to the mesial aspect of the ce-
mentoenamel junction) are significantly
greater in the preadult cohort than in the adult

cohort (Student's t-test: p < 0.05) (table 5-4).
Percent differences in means in preadult and
adult crown heights range from 14.9 percent
(maxillary lateral incisor) to 21.2 percent
(mandibular lateral incisor).

In light of the marked reduction in adult
crown height, it is clear that hypoplasias aris-
ing during the earliest stages of crown de-
velopment would have been obliterated by
occlusal surface wear. Therefore, effects of
attrition quite likely compromise the use of
enamel hypoplasias in looking at questions
of age-at-onset of defects.
The use of hypoplasia data is important,

however, in considering the overall differ-
ences in frequency ofteeth affected by defects
in preadults and adults. As shown above, there
is a consistently higher frequency of preadult
individuals than adult individuals with at least
one hypoplasia (table 5-2). It is possible that
some of this variation might be explained by
greater occlusal wear in adult teeth than
preadult teeth, resulting in fewer hypoplasias
in the former. Occlusal surface wear obviates
the use of earliest appearance data of meta-
bolic disturbance, although other data for hy-
poplasias located adjacent to the occlusal sur-
face may be evaluated. Goodman and
Armelagos have shown that within teeth there
are "biological gradients in susceptibility to
ameloblastic disruption" (1985a: 479), with
the middle and cervical thirds of the dental
crown generally responding more readily to
metabolic insult than the occlusal third ofthe
crown. This observation was supported by
the work of Hutchinson (1986) on material
from the Georgia coast. Although one study
reported that the occlusal third of the crown
displays less than 33 percent ofthe total num-
ber of hypoplasias observed (13-22%, mean
= 17.3% [Goodman and Armelagos, 1985a]),
this is not an insignificant fraction ofthe total
hypoplasia profile. By combining the effects
of enamel attrition and differential crown
susceptibility to metabolic insult, we can as-
sess the effects of attrition in the older cohort
and estimate the percentage difference in hy-
poplasia frequency which would merely re-
flect different ages of the cohorts. This per-
centage difference represents the null
hypothesis value. In the Santa Catalina sam-
ple, the adult cohort would be expected to
have 10 percent fewer hypoplasias than the
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preadult cohort based on amount of enamel
missing (20% in the adult cohort or 61% of
the occlusal third of the crown) times the
mean number of hypoplasias in the occlusal
third ofthe anterior teeth (17%). Because this
value either approximates or exceeds the ob-
served differences, the null hypothesis cannot
be rejected based on these findings.

In summary, the study of tooth size and
enamel defects in the Santa Catalina series
has demonstrated that metabolic disruption
during the period of dental development
leaves a legacy of subsequent growth altera-
tion. These data suggest that teeth are im-
portant indicators of the health status of a
population. Under the tenets of the null hy-
pothesis, ifthe factors ofmortality and ability
to resist growth disruption were independent
of each other, then the preadult and adult
groups would have similar stress profiles. We
suggest that this is not the case. Neither mor-
tality factors nor the ability to resist exoge-
nous stressors are random events. In this con-
text, then, stress is a selective factor of
evolution; mortality is one of its effects. The
inability to lessen or cope with the ambient
stressors indicates that these preadults were
less fit in that environment. This does not
imply that smaller teeth or more hypoplasias
cause death or reduce survivorship, but rath-
er that factors which cause widespread and
generalized physiological and developmental
disruptions, as indicated by smaller tooth
crowns and a younger age-at-death, are in-
timately linked. Reduced survivorship and
reduced growth potential result from the in-
ability to mitigate the cumulative effects of
the external stressors and this reflects the bi-
ological inability ofthose individuals to with-
stand the rigors of life.

CONCLUSIONS

null hypothesis proposes that the stress in-
dicator profiles for the two groups would be
similar. The conclusion drawn from accep-
tance of the null hypothesis would be that
factors ofmorbidity and mortality, with their
concomitant suite of growth disruptions, are
independent of each other. Analysis of tooth
crown size data indicates, however, that the
null hypothesis can be rejected because the
adult cohort tends to have larger tooth crowns
than the preadult cohort. Primarily because
of factors associated with occlusal surface at-
trition, the hypoplasia results are more prob-
lematical. That is, frequency of affliction,
width of stress events, and timing of hypo-
plasia onset data are not sufficient to reject
the null hypothesis.
Nondevelopmental or sampling factors un-

doubtedly contributed to the differences ob-
served in the hypoplasia profiles between co-
horts. However, a developmental explanation
ofcrown size variation between the age groups
seems to be the most parsimonious of the
alternative hypothesis. Overall, these data
support the contention that the ability to re-
sist metabolic insult has an effect on subse-
quent survivorship, thus demonstrating a de-
pendent relationship between these factors.
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CHAPTER 6. DECREASE IN DIET
QUALITY BETWEEN THE
PREHISTORIC AND THE
CONTACT PERIODS

MARGARET J. SCHOENINGER, NIKOLAAS J. VAN DER MERWE,
KATHERINE MOORE, JULIA LEE-THORP, AND CLARK SPENCER LARSEN

ABSTRACT
Archaeological data indicate that for most of

prehistory, Georgia coastal native populations fo-
cused on wild foods that were extracted from both
terrestrial and marine environments. By the later
part of prehistory (12th century A.D.), maize ag-
riculture provided an important component ofdiet.
This dietary shift involved, then, the incorpora-
tion of a relatively poor quality nutritional re-
source. This paper presents data on stable isotopic
ratios of carbon and nitrogen in bone organic res-
idues (collagen) to indicate certain components of
diet in prehistoric and contact period Georgia
coastal populations. Three subsamples are ex-
amined: (1) precontact preagricultural (Refuge-
Deptford and St. Catherines periods); (2) precon-
tact agricultural (Savannah period); and (3) contact
agricultural (mission period).

There is a clear trend for lower 15N values and
higher 613C values in the precontact agricultural
and contact periods compared with the precontact
preagricultural periods. These data indicate an
overall decrease in marine foods (primarily mol-
luscs and fish) and an increase in terrestrial foods,
namely maize. Consistent with the archaeological
record of dietary reconstruction (see Reitz, 1988),
marine resources remain important dietary items
late in prehistory as well as in the contact period.
The use of a more limited repertoire of dietary
items in concert with other stressors during later
prehistory and in the contact period by native pop-
ulations may have contributed to their extinction.

INTRODUCTION
As discussed in other chapters in this vol-

ume, various changes in subsistence strategy,
settlement pattern, and health occurred
among the human populations inhabiting St.
Catherines Island throughout its nearly 4000
years of occupation. This paper concentrates
on the dietary adaptations of both the pre-
historic and postcontact inhabitants, which,
in combination with the other studies in the
St. Catherines Island project, should eluci-
date the interactions among these variables
and provide a greater understanding of the
final extinction of these populations.
The specific technique uses stable isotope

ratios ofcarbon and nitrogen in bone organic
residues (referred to in this paper as collagen)
to indicate certain components in human diet.
In most studies of this nature, the stable car-
bon isotope ratios in bone collagen are used
to document the incorporation of maize into
human diet (e.g., Vogel and van der Merwe,
1977; Bender et al., 1981). Along the Georgia
coast, however, the potential dependence on
marine foods, also reflected in stable carbon
isotope ratios, confounds such direct appli-

cation. The use of nitrogen stable isotope ra-
tios as the primary indicator ofmarine foods
permits use of carbon stable isotope ratios in
monitoring the introduction of maize as an
item in diet.

In order to determine whether or not
changes in human diet correspond to changes
evidenced by the archaeological record, hu-
man bone samples from cultural periods rep-
resenting precontact preagricultural, precon-
tact agricultural, and contact agricultural
adaptations were analyzed. Although the gen-
eral aspects of human subsistence activity
along the Georgia coast are fairly well known
(see discussions in Thomas, 1987; Reitz,
1988; Larsen, this volume), information
about the percentages of particular diet com-
ponents and the manner of change through
time has not been determined. Such infor-
mation is particularly important because of
reported evidence from recovered human
skeletons that changes in behavior and nu-
trition or both took place over this period of
time (reviewed in Larsen, this volume). The
significant decrease in skeletal robusticity
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(Ruff et al., 1984) and the increase in inci-
dence of skeletal pathologies related to me-
chanical stress (Larsen, 1982) suggest behav-
ioral changes associated with evidence for
maize agriculture. Intimations of changes in
the adequacy of the nutritional base are (1)
the increased frequency of certain infectious
diseases (Larsen, 1982); (2) the presence of
tuberculosis and nonvenereal treponemato-
sis at the Irene Mound site (Powell, this vol-
ume); (3) the increased stress as indicated by
abnormal enamel formation patterns (Hutch-
inson and Larsen, 1988, this volume; Hutch-
inson, 1986); and (4) the increased incidence
of dental caries (Larsen, 1982).

It is not possible to tease apart the debi-
litating effects of infectious disease exacer-
bated by close living conditions from those
effects brought about by nutritional stress.
Yet, the overall effect of the interplay be-
tween diet and disease may account for the
demographic data presented by Russell and
co-workers (this volume; Russell, 1987). Di-
etary insufficiencies during the agricultural
periods may explain some of these observa-
tions, for, as discussed elsewhere in this vol-
ume (Hutchinson and Larsen), maize is a no-
toriously poor protein source. Clearly, more
specific information on diet is necessary.

This study provides an ideal test case for
the use of stable isotope ratios ofcarbon and
nitrogen in a situation in which marine foods
were of major importance prior to the intro-
duction ofmaize. As discussed in more detail
below, use of carbon isotope ratios in coastal
regions of the New World is not an accurate
method of estimating the inclusion of maize
in diets because the carbon isotope signature
of marine foods (van der Merwe, 1982;
Schoeninger and DeNiro, 1984) is equivalent
to that produced by a partial maize diet. For
this reason, an alternative indicator of use of
marine foods is necessary in such cases. A
previous study demonstrated that nitrogen
isotopes can, in many instances, be used to
distinguish between dependence on marine
versus dependence on terrestrial foods
(Schoeninger and DeNiro, 1984; Schoeninger
et al., 1983). It was suggested that by using
nitrogen isotope ratios to indicate marine food
use, carbon could then be used to indicate
maize use. The application has been attempt-
ed only once previously, in a very compli-

cated and, therefore, less easily interpretable
situation (Keegan, 1987). The present study
is an ideal application because the baseline
carbon and nitrogen isotope values can be
established using precontact preagricultural
period samples and then these values can be
compared with those from precontact agri-
cultural and contact period agricultural sam-
ples.

DIETARY CONTEXT

Prior to the introduction of maize agricul-
ture in the Georgia coastal area, the inhab-
itants appear to have been foragers who de-
pended on various wild foods extracted from
both the marine and terrestrial environments
(Larsen, 1982; Reitz, 1985, 1988). The Ref-
uge period (1100-400 B.C.) is the earliest pe-
riod for which skeletal remains are available.
During parts ofthe period, shellfish were used,
yet middens representing parts of the period
are noted for their lack of shell, suggesting
relatively little use of shellfish in diet. Marine
and estuarine fish were collected throughout
the period, although sea level varied from
significantly lower than present to that of
modern levels (DePratter and Howard, 1977,
1978). This variation in sea level and con-
comitant reduced availability of certain mol-
luscs has been proposed as an explanation for
the presence of sites with different combi-
nations of food remains (Larsen, 1982: 164).
Among the land mammals, deer predomi-
nated, although smaller mammals such as
raccoon, rabbit, and squirrels were also hunt-
ed. Several plant species were used, most
commonly hickory and acorns. Hickory nuts
may have been processed for oil while the
acorns were eaten as a bread (Larson, 1980;
Hann, 1986b).
The succeeding Deptford period (400 B.C.-

A.D. 500) appears to have included subsis-
tence opportunities similar to those available
during the Refuge period. Sea level had
reached the modern level, and a large variety
of marine and estuarine fish, molluscs, and
even some sea mammals were exploited. In
addition, deer and other mammals, plus acorn
and hickory continued to be included as diet
items (Thomas and Larsen, 1979).
The same general picture continued in the

last two preagricultural periods, the Wil-
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mington period (A.D. 500-1000) and the St.
Catherines period (A.D. 1000-1 150). Larsen
(1982) has noted, however, that few data on
plant and animal remains have been reported
from sites dating to either period. Available
data suggest that the same regime appears to
have been followed, although it is interesting
to note that at some sites most of the animal
remains are molluscs.

In sum, the precontact preagricultural sub-
sistence economy ofthe people inhabiting St.
Catherines Island and the Georgia coast ap-
pears to have focused on the collection of
marine, estuarine, and terrestrial fauna. The
availability of molluscs varied according to
sea level during the earliest period considered
in this study. Plant foods consisted mainly
of acorn and hickory nuts. A summary of
plant food remains found in the Southeast
(Yarnell and Black, 1985) includes four cul-
tigens (squash, bottle gourd, sunflower, and
sumpweed) and several small grains (may-
grass, knotweed, chenopodium, and ama-
ranth). There appears to be no evidence of
"gardening" in the Georgia coastal area prior
to maize agriculture, nor have significant re-
mains ofthe small grains been reported from
this region. The most recent discussions of
food production in the Southeast report no
evidence contradicting this statement (Ford,
1985; Smith, 1986; Steponaitis, 1986). Lar-
sen (1982: 167) has maintained that the sites
from these periods "represent isolated short-
term occupations." A recent overview of the
seasonality of shellfish use along the Georgia
coast supports this opinion (Claassen, 1986a).

Evidence for maize agriculture first appears
on the Georgia coast during the two cultural
periods following the St. Catherines period.
Also, during these two periods, Savannah pe-
riod (A.D. 1150-1300) and the Irene period
(A.D. 1300-1550), a change occurred in set-
tlement pattern (Larsen, 1982, this volume).
Sites are larger, and Larsen (1982) has sug-
gested that human populations were more
sedentary than in the earlier periods. These
dietary and settlement changes are consistent
with other developments in eastern North
America that are associated with the Missis-
sippian period in general.
With the exception of maize, however, the

same foods appear as were used previously.
Reitz (1985) reported a continued emphasis

on fish, especially small fish which would have
been collected in the marshes. This use of
shallow water resources is also indicated by
the recovery of marsh-edge turtles and mol-
luscs in sites dating to these periods (Reitz,
1985, 1988). Other evidence indicates that
oysters, always the most abundant mollusc
species recovered in middens, became even
more important during the Savannah and
succeeding periods (Claassen, 1986b). It is
possible that this reflects intensification of
exploitation of molluscs in general (Larsen,
this volume; Quitmyer et al., 1985). Few birds
were taken by the aboriginal inhabitants, and
Reitz (1985) suggested that only with the in-
troduction of Spanish firearms was bird cap-
ture an energy efficient activity. Among ter-
restrial mammals, deer continued to be the
most common.
Thus, the precontact agricultural periods

display the same mix of food items as was
available before the introduction of maize
agriculture. There may have been some in-
creased dependence on molluscs (particularly
oysters) relative to other fauna. The level of
dependence on maize has not been estimated,
but maize has been recovered from sites dat-
ing to the precontact agricultural Savannah
and Irene periods.
The contact (Spanish) period (post-A.D.

1550) follows the Savannah and Irene pe-
riods. By 1576, a town with a mission had
been established on St. Catherines Island
(Jones, 1978). The populace probably in-
cluded the descendants of earlier inhabitants
ofthe island, and also people from the main-
land who had been moved there at the di-
rection of the Spanish (Larsen, this volume;
Thomas, 1988). Bushnell (1987), Loucks
(1979), and others have pointed out that the
populations associated with a number of the
missions, including Santa Catalina de Guale,
were required to supply the Spanish with
maize. Further, Reitz (1985) has suggested
that the decrease in relative quantity of deer
bones recovered from middens in areas of
Spanish Florida can be explained by trade of
deer to the Spanish resulting in a decrease in
use ofdeer by the contact period natives. She
also noted that none of the European do-
mesticates, plants or animals, were of great
importance to the native inhabitants along
the Georgia coast (Reitz and Scarry, 1985;
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Reitz, 1987). They continued using the plants
(maize, acorn, hickory) and animals (deer and
molluscs) on which they depended prior to
the incursions by the Spanish. Fauna re-
covered from Santa Catalina shows an un-
usually high percentage of deer (Duncan,
1987). These remains, however, quite likely
reflect European diet at this mission rather
than native diet (Reitz, 1988).

MATERIALS AND METHODS

SAMPLES: The samples analyzed are listed
in table 6-1 by cultural period. Individuals
from the precontact preagricultural Refuge
and Deptford periods have been combined
into a single sample because it was not pos-
sible to attribute individuals to one or the
other period with any accuracy (Thomas and
Larsen, 1979). No samples were available
from the Wilmington period on the island;
therefore, this period is not represented in
the present study. Human skeletal material
which can be assigned to the earliest agri-
cultural period on the island (the Savannah
period) was also not available for analysis.
Because it was extremely important to ana-
lyze individuals from this cultural period,
bone from a burial locality at the Irene Mound
site known as "The Burial Mound" was ana-
lyzed. This locality dates primarily from the
Savannah period component of the Irene
Mound site (A.D. 11 50-1300) (Caldwell and
McCann, 1941).
Some differences in subsistence procure-

ment may have occurred between the Irene
Mound site and St. Catherines, but they were
probably minor. In fact, it is probable that
the preagricultural St. Catherines Island and
the agricultural Irene Mound inhabitants were
related biologically. Several lines ofevidence
presented by Larsen (1982) support this con-
tention. First, prior to the Savannah period
(before A.D. 1150), most sites are small and
widely dispersed, probably representing short-
term occupations. During the later Savannah
and Irene periods (after A.D. 1150), many of
the sites are large and the deposits are sig-
nificantly deeper than those of the earlier pe-
riods. It appears as if some consolidation or
increase in population had occurred. Con-
solidation would have entailed movement of
people from smaller habitation areas to large

ones like Irene. Second, the ethnohistory of
the region indicates that at the time of the
earliest Spanish contact, the Georgia coast
and its barrier islands were part of a consor-
tium of interacting towns. In all likelihood,
this interaction occurred during the Savan-
nah and Irene periods as well. Taken togeth-
er, it is most reasonable to assume that the
populations on St. Catherines and those on
the mainland coastal region of Georgia had
similar subsistence/dietary adaptations be-
cause they were all part of a single large pop-
ulation.
The human bone samples in table 6-1 which

have been assigned to the contact period were
recovered from Santa Catalina de Guale.
These skeletons represent people from the
mainland who were moved to the island, peo-
ple living on the island at the time the mission
was established, and people born on the is-
land following the establishment of the mis-
sion. Analysis of pottery (discussion in Lar-
sen, 1982) shows that the contact populations
and their prehistoric forebears were likely
from the same population. That is, there are
no sudden breaks in either method ofceramic
production or style, suggesting little or no
migration of populations from regions out-
side of the Georgia coast until the arrival of
Europeans and movement of native popu-
lations during the later decades ofthe Spanish
period.
DIET ESTIMATION: The relative importance

of different plants and animals in a diet is
difficult to assess from the remains of those
food items recovered from archaeological sites
(Smith, 1979). Although plant or animal foods
may often be ranked in importance based on
their abundance in middens, it is impossible
to measure the dietary importance of plant
foods relative to animal foods overall. This
is true particularly in cases like the present
where the list of diet items (with the excep-
tion ofmaize) remained the same throughout
the period ofnative occupation. Information
on certain aspects ofdietary composition can,
however, be obtained by analysis ofthe stable
isotope composition of the organic material
in bone.
The stable carbon isotope ratio ('3C/'2C)

in an animal's bone collagen reflects the iso-
topic composition of that animal's diet. This
relationship has been demonstrated by a se-
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TABLE 6-1
Georgia Coastal Bone Samples for Isotopic Analysis

Period Lab no.a Site 613C (PDB)%o 5'5N (AIR)%o

Precontact preagricultural
Refuge-Deptford

St. Catherines

Precontact agricultural
Savannah

UCT 386
388
389
391
392
393
394
396
370
371
372
373
374
375
376
377
378
379
380
381

UCT 349
350
351
352
353
355
356
357
358

Seaside Md. II

McLeod Md.

Cunningham Md. C
Cunningham Md. D
Johns Md.

Marys Md.

Irene Md.

Contact agricultural
Mission

-13.8
-13.4
-17.1
-18.6
-13.8
-13.6
-16.0
-13.9
-14.1
-14.2
-14.2
-14.2
-13.7
-14.4
-13.9
-14.6
-14.3
-13.4
-14.3
-14.7

10.6
13.2
13.1
12.9
12.6
12.4
14.4
12.9
13.0
13.3
11.6
12.9
12.3
12.7
13.6
13.3
13.5
13.1
11.8
12.9

9.6
10.4
10.6
9.5

10.5
10.1
11.2
10.8
13.3

-14.0
-13.3
-10.0
-10.8
-12.4
-16.4
-13.9
-14.4
-11.5

Santa CatalinaMS 2835
2836
2838
2839
2840
2841
2844
2848
2849
2850
2851
2857
2859
2861
2862
2865
2869
2871
2876
2877
2879
2032

-9.6
-11.7
-12.4
-11.6
-11.0
-10.4
-12.0
-11.8
-9.7

-11.0
-11.2
-12.1
-12.6
-10.8
-12.9
-11.2
-11.6
-11.0
-10.6
-11.4
-11.3
-14.3

7.4
9.6
9.6

10.4
9.8
8.5
9.5
9.9
7.5
9.7
8.9
9.0
9.6

10.8
9.9

10.2
9.3
8.9

10.0
9.8
9.4
9.5
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TABLE 6-1 (Continued)

Period Lab no.a Site 613C (PDB)Ooo 6'5N (AIR)%oo

Modem fauna
White-tailed deer MS 2768 St. Catherines Island -22.2 4.4
Catfish 2779 -11.4 11.6
Loggerhead turtle 2776 -14.9 10.5

Archaeological plant
Maize MS 3074 Santa Catalina -12.1 2.2

a UCT refers to samples analyzed at the University of Cape Town; MS refers to samples analyzed at Harvard
University.

ries of controlled laboratory studies (DeNiro
and Epstein, 1978; Bender et al., 1981; Tiesz-
en et al., 1983). Because the concentration of
13C in the biosphere is very low, the ratio
('3C/'2C) cannot be measured directly. Rath-
er, in the manner followed in this paper, the
ratio is represented as a delta (6) value in parts
per thousand (read as "per mil," represented
by the symbol 91oo). This value is the result of
comparing the isotope ratio in the sample
with the same ratio in a nationally recognized
standard. The equation is shown below:

Zj1l3C = I3C/1I2C saml - I x I1 000</OO
(13C/12)standard

astandard = Peedee belemnite (PDB) carbonate

The carbon stable isotope ratio in bone col-
lagen is not identical to the diet isotope ratio.
Rather, a fractionation occurs between diet
and bone collagen. This fractionation results
in a 613C value in bone collagen that is more
positive (less negative) than the value in diet.
There remains some uncertainty concerning
the actual magnitude (Vogel, 1978 versus
DeNiro and Epstein, 1978 and Bender et al.,
1981), and whether or not the fractionation
factor is constant across all diets (Bumsted,
1983, 1984). For the purposes of this study,
however, we can assume constancy, because
the expected variation across diets is not large
enough to effect any change in the magnitude
of the fractionation factor. In making rough
estimates of diet composition, the fraction-
ation factor is assumed to be 5%oo as observed
in field studies (Vogel, 1978) and as is com-
monly used in human diet studies.
The 613C value of bone collagen has been

demonstrated to separate two major dietary
categories. The first distinction is between two
groups of plants which follow separate pho-

tosynthetic pathways and differ significantly
in the amount of 13C incorporated in their
tissues. C4 plants (tropical grasses such as
maize) and consumers ofC4 plants have 6' 3C
values that differ by about 14%oo, on average,
from those ofC3 plants (the majority of leafy
plants) and consumers of C3 plants (Bender,
1971; Smith and Epstein, 1971; DeNiro and
Epstein, 1978; Vogel, 1980; O'Leary, 1981).
This difference is reflected in the bone col-
lagen ofpeople who obtain their calories from
one or the other category (van der Merwe et
al., 1978; van der Merwe, 1982; Land et al.,
1980; Schoeninger et al., 1983; Bumsted,
1984). Because ofthis relationship, 613C val-
ues have been used successfully to monitor
the introduction ofmaize agriculture into in-
terior mainland areas ofthe New World (Vo-
gel and van der Merwe, 1977; van der Merwe
and Vogel, 1978; van der Merwe et al., 1981;
Bender et al., 1981; Farnsworth et al., 1984;
Schwarcz et al., 1985; Lynott et al., 1986;
Buikstra et al., 1987; and Keegan, 1987).
The second major category of diet indi-

cated by 6I3C values is the inclusion ofmarine
foods. Marine fish and mammals have 613C
values that are more positive by about 6%oo,
relative to terrestrial animals feeding on C3-
based foods and about 7%oo less positive than
terrestrial animals feeding on C4 (maize)-
based foods (Schoeninger and DeNiro, 1984;
Schoeninger et al., 1983). In other words, ma-
rine animals have 613C values that fall be-
tween the two extremes represented by C3-
and C4-based food chains. In areas in which
maize or other C4 plants are not eaten by
humans, the 613C value of human bone col-
lagen has been used to indicate the inclusion
ofmarine foods in human diet (Tauber, 1981;
Chisholm et al., 1982; Schoeninger et al.,
1983; Hobson and Collier, 1984; Sealy and
van der Merwe, 1986). On the Georgia coast,
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maize was introduced into a diet which in-
cluded a significant amount of marine foods.
Identical bone collagen 6'3C values could be
produced from a diet of 90% marine food
and 10% C3-based food as well as a diet of
50% maize and 50% C3-based food. For this
reason, it is not possible to use 6'3C values,
in isolation, to monitor the introduction of
maize into the Georgia coast. Nitrogen iso-
tope ratios are used to clarify the situation.
As with carbon, both field studies (Wada,

1980; Wada et al., 1975; Wada and Hattori,
1976) and controlled feeding experiments
(DeNiro and Epstein, 1981; Fogel, personal
commun.) demonstrated that the I5N/14N ra-
tio in an animal's tissues (including bone col-
lagen) reflects the 15N/'4N ratio of the ani-
mal's diet. As is true for 13C, the concentration
of 15N in the biosphere is very low, thus, the
results of the analyses are presented as delta
(6) values in parts per mil (%oo) as shown be-
low:

1N [C(5N/14N)sample 1 x 1000%'N [(5N/14N)standarda

astandard = Atmospheric Nitrogen (AIR)

As with carbon isotope ratios, the bone col-
lagen nitrogen isotope ratio is not identical
to the diet nitrogen isotope ratio. A fraction-
ation of 2.5-3.0%oo occurs which results in the
bone collagen having more positive delta val-
ues than those found in diet.

In many geographical regions, the 6'5N val-
ues of terrestrial organisms differ from the
values in marine organisms by about 10%oo
on average (Schoeninger and DeNiro, 1984).
In these areas, the 6I5N value ofbone collagen
can be used to determine the use of marine
foods by human groups (Schoeninger et al.,
1983). A preliminary analysis of marine and
terrestrial fauna from St. Catherines Island
(see table 6-1) confirmed that the Georgia
coast is an area in which stable nitrogen iso-
tope ratios distinguish between marine and
terrestrial food sources.

Therefore, the nitrogen stable isotope ratio
in human bone collagen can be used to es-
timate the dependence on marine foods by
the populations along the Georgia coast who
also practiced maize agriculture. Thus, if the
nitrogen isotope ratio becomes less positive

through time (indicating increasing depen-
dence on terrestrial foods), or remains con-
stant, but the carbon isotope ratio becomes
more positive through time, then it can be
concluded that maize has been included as a
diet item (see fig. 6-1). We expect that the
preagricultural populations will fall some-
where along the line shown in figure 6-1. The
exact placement will depend on the actual
mix of dietary items. In the agricultural pe-
riods, we expect to see values along a line
connecting the preagricultural position and
"C4-no marine" in figure 6-1.
SAMPLE PREPARATION AND ANALYSIS: Or-

ganic material was extracted from bone fol-
lowing the procedures used previously
(Schoeninger and DeNiro, 1984; Sealy and
van der Merwe, 1986). Only bone samples
with organic residues that were over 5 percent
ofthe original bone weight (fresh bone yields
about 25% organic residue) and that had
atomic carbon: nitrogen ratios between 2.7
and 3.3 were analyzed. Bone samples with
lower percentage organic and different C:N
ratios have been shown to have delta values
that are not reflective of biological values
(Schoeninger and DeNiro, 1982; DeNiro,
1985). For the contact period, 66 human bone
samples were prepared. Ofthese, only 22 had
over 5 percent organic material and had C:
N ratios in the acceptable range. Collagen
samples were combusted using a modified
version of the Stump and Frazer (1973)
method (Northfelt et al., 1981). The resulting
CO2 and N2 were separated and purified in a
vacuum system by cryogenic distillation prior
to determination of their isotope ratios by
mass spectrometry.
Samples from the precontact preagricul-

tural Refuge-Deptford and St. Catherines pe-
riods and the precontact agricultural Savan-
nah periods were analyzed in N. J. van der
Merwe's laboratory at the University ofCape
Town. The samples from the contact period
were analyzed in M. J. Schoeninger's labo-
ratory at Harvard University.
As a general interlaboratory comparison

unrelated to this project, a set of bone sam-
ples from the Georgia coast dating to the
Deptford period (not the samples reported in
this study) was analyzed at the University of
California in Los Angeles (U.C.L.A.) and at
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Fig. 6-1. Graph showing values expected theoretically in human bone collagen from each of three
diets. The first with low nitrogen and low carbon values would be produced from a diet of terrestrial
foods all of which have C3 plants at the base of the food chain. The second, with high nitrogen and
intermediate carbon values, would be produced from a diet ofmarine foods. The third, with low nitrogen
and high carbon values, would be produced from a diet of terrestrial foods, all of which have C4 plants
at the base of the food chain. Based on the archaeological evidence from the Georgia coast, we expect
to find the human sample from preagricultural periods to fall somewhere along the line connecting the
first two model diets. Further, we expect that the agricultural humans should plot somewhere along a
line connecting the first line with the third model diet (see text for explanation).

the University of Cape Town (U.C.T.). The
results demonstrate that isotope ratios from
bone collagen produced by the two labs are
identical within acceptable limits (tables 6-2
and 6-3).

In addition, three bone samples from a pre-
vious study (Schoeninger et al., 1983) and
several standards were analyzed at both the
University of California in Los Angeles and
Harvard University. The similarity of these
results (tables 6-2 and 6-3) demonstrates that
analyses from the U.C.L.A. and Harvard lab-
oratories can be compared directly. Taken

together, the isotope ratios produced by the
three labs are directly comparable.

RESULTS

Results of this investigation are presented
in tables 6-1, 6-4, and 6-5 and figures 6-2,
6-3, and 6-4. The set ofsamples from the two
precontact preagricultural periods have av-

erage 615N values which are virtually iden-
tical (see table 6-4). Even so, the range of
values in the Refuge-Deptford period sample
is large (4%00) relative to that previously ob-

:
0-o

0
z
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TABLE 6-2
Interlab Comparisons of Nitrogen Isotopic Analysis

515N%oo (AIR)

Lab Sample N Mean ±SD V, % Range

Archaeological samples
UCLA Deptford site 6 10.2 1.3 12 8.3, 11.6
Cape Town Deptford site 10 11.1 1.1 10 9.6,12.9

Standards
UCLA Thiourea 27 -1.1 0.2 20
Harvard Thiourea 6 -1.3 0.2 17 -1.6, 1.0
UCLAa Peptone 2 7.1 0.1 - -

Harvard Peptone 58 7.0 0.3 4 6.3, 7.9
UCLA Pig bone standard 15 5.3 0.4 7 4.9, 5.8
Harvard Pig bone standard 6 5.3 0.3 5 5.0, 5.8

Modem samples
UCLAb Walrus 1 12.4 - - -

Harvard Walrus 1 12.4 - - -

UCLA Bowhead whale 1 1 15.4 - - -

Harvard Bowhead whale 1 1 15.6 - - -

UCLA Bowhead whale 2 1 16.5 - - -

Harvard Bowhead whale 2 1 17.2 - - -

a Taken from Nevins et al., 1985.
b Represents replication of UCLA samples prepared and analyzed at Harvard.

TABLE 6-3
Interlab Comparisons of Carbon Isotopic Analysis

613C%oo (PDB)

Lab Sample N Mean ±SD V, % Range

Archaeological samples
UCLA Deptford site 6 -16.0 1.3 8 -16.9, -13.5
Cape Town Deptford site 10 -15.9 1.9 12 -18.6, -12.6

Standards
UCLA Thiourea 27 -23.1 0.3 1
Harvard Thiourea 4 -23.1 0.03 - -23.1, -10.0
UCLAa Peptone - - - -

Harvard Peptone 18 -14.9 0.1 1 -15.0, -14.6
UCLA Pig bone standard 15 -12.5 0.1 1 -12.6,-12.4
Harvard Pig bone standard 1 -12.6 - -

Modem samples
UCLAb Walrus 1 -13.6 - - -

Harvard Walrus 1 -13.0 - - -

UCLA Bowhead whale 1 1 -16.4 - - -

Harvard Bowhead whale 1 1 -16.5 - - -

UCLA Bowhead whale 2 1 -15.3 - - -

Harvard Bowhead whale 2 1 -15.3 - - -

a Carbon not reported by Nevins et al., 1985.
b Represents replication ofUCLA samples prepared and analyzed at Harvard.
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TABLE 6-4
Nitrogen Isotopic Analysis Summary Statistics

615N%oo (AIR)

V,
Period N Mean ±SD % Range

Precontact preagricultural
Refuge-Deptford 8 12.7 1.0 8 10.6, 14.4
St. Cathernnes 12 12.8 0.6 5 11.6, 13.6

Precontact agricultural
Savannah 9 10.7 1.1 11 9.5, 13.3

Contact agricultural
Mission 22 9.4 0.8 8 7.4, 10.8

ModeMa
Eskimo 15 18.1 0.8 4 17.3, 20.0
Pueblo 11 8.0 1.5 18 5.8, 11.5

aTaken from Schoeninger et al., 1983.

served in animals on monotonous diets (2%oo:
DeNiro and Schoeninger, 1983). The range
of 615N values in the subsequent preagricul-
tural St. Catherines period is smaller (2%oo),
and we interpret this as representing a greater
homogeneity in diet (and, we presume, ad-
aptation) than was true for those individuals
analyzed in the earlier period. It should be
recalled that Refuge period middens vary in
their contents, especially in the presence of
molluscs. Further, the time represented by
the combined Refuge and Deptford periods
totals over 1500 years compared with 150

years in the St. Catherines period. It is likely
that the individuals in the earlier sample rep-
resent various adaptations from different
times within the precontact preagricultural
period.
The carbon isotope ratios are more posi-

tive in the St. Catherines period relative to
the Refuge-Deptford period (table 6-5). Al-
though the difference, on average, is only 1%oo,
the range ofvalues differs markedly. The range
of values for carbon is much smaller within
the St. Catherines period (%loo) than in the
Refuge-Deptford period, similar to the pat-
tern seen in nitrogen. It is possible that this
represents sampling error; but more likely it
reflects a more focused dietary adaptation
within the short time span represented by the
St. Catherines period (150 years). This range
is similar to that reported previously for an-
imals on monotonous diets (DeNiro and
Schoeninger, 1983).
The human sample from the earliest ag-

ricultural period, the Savannah period, has
more positive carbon delta values and less
positive nitrogen delta values, on average,
than in the preagricultural sample. Both trends
suggest decreasing reliance on marine foods
and increased reliance on terrestrial plants
and animals. The coefficients ofvariation for
both values are high (6'3C = 15%, 615N =

1 1%) indicating that a variety of dietary ad-
aptations were practiced during this period.
The contact period sample shows a contin-

TABLE 6-5
Carbon Isotopic Analysis Summary Statistics

613C%o (PDB)

Period N Mean ±SD V, % Range

Precontact preagricultural
Refuge-Deptford 8 -15.1 1.6 1 1 -18.6, -13.6
St. Catherines 12 -14.2 0.4 3 -14.7, -13.4

Precontact agricultural
Savannah 9 -13.0 2.0 15 -16.4,-10.0

Contact agricultural

Mission 22 -1.5 1.0 9 -14.3, -9.6

Moderna
Eskimo 15 -14.6 1.8 12 -16.5, -11.5
Pueblo 11 -8.0 0.9 11 -10.6, -7.3

a Taken from Schoeninger et al., 1983.
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uance of the trend of increasing carbon delta
values and decreasing nitrogen delta values.
The coefficients of variation are smaller in
this sample relative to the Savannah period,
but the range of values is larger than was
observed in animals raised on monotonous
diets.

DISCUSSION

GENERAL: Overall, there is an obvious trend
of lower b'5N values and higher 613C values
in the precontact Savannah and the contact
agricultural periods compared with the pre-
agricultural periods (fig. 6-2). The decrease
in cI5N values between the preagricultural pe-
riods (Refuge-Deptford and St. Catherines
periods) and the two agricultural periods (Sa-
vannah and contact periods) is 2.5%Yo on av-
erage (table 6-5). The magnitude of this dif-
ference approaches that previously observed
between trophic levels (i.e.,3Noo: Wada, 1980;
Schoeninger and DeNiro, 1984; Schoeninger,
1985), although it is unlikely to represent a
dietary change of such magnitude. It is more
likely that the difference represents a decrease
in use ofmarine foods. The difference in 6'5N
values obtained in a previous study (Schoen-
inger et al., 1983) between southwestern U.S.
pueblo agriculturalists and Eskimos was 10%oo
(table 6-5). This difference includes a trophic
level separation of 3%oo between the more
meat-dependent (carnivorous) Eskimos and
the more plant-dependent (herbivorous)
pueblo agriculturalists (Schoeninger and
Spielmann, 1986). For comparison, the dif-
ference in 6'5N values previously observed
between marine and terrestrial fauna on the
same trophic level is approximately 6%oo
(Schoeninger and DeNiro, 1984). The differ-
ence observed in bone collagen of modern
marine and terrestrial animals analyzed in
this study was also 6%oo (table 6-1). Based on
this line of reasoning, it is most likely that
the human populations inhabiting the Geor-
gia coast during the preagricultural and ag-
ricultural periods altered their diets to in-
clude less marine foods. The 2.5%oo shift is
significant when it is considered that the larg-
est shift expected would be 6%/6.
The carbon isotope ratios become more

positive through time. This is the kind of
pattern which would be produced if maize is

replacing marine foods and previously ex-
ploited C3 plants and animals feeding on C3
plants (i.e., deer).
PREAGRICULTURAL DIETS: Figure 6-3 shows

the preagricultural samples compared with a
sample of Eskimo marine hunter/fishers
(Schoeninger et al., 1983). The Refuge-Dept-
ford period sample displays a range of 613C
values which overlaps the range observed for
the Eskimo, strengthening the conclusion that
there was significant use ofmarine foods by at
least some individuals within this preagri-
cultural period. Interestingly, there are two
individuals within the sample who have 5'3C
values (-18.6 and -17.0%oo) indicative of a
significant use of terrestrial foods. An indi-
vidual eating only terrestrial C3-based food
(acorn, hickory, deer, rabbit, and etc.) should
have a bone collagen 613C value of around
-21%oo (as observed in the deer in table 6- 1).
Thus, within the sample from the Refuge-
Deptford period, there are individuals who
had different lifelong dietary adaptations.
The 6'3C values for the sample from the

preagricultural St. Catherines period fall near
the center of the distribution for the Eskimo
sample (fig. 6-3). None ofthe individuals from
the St. Catherines period have 513C that are
as negative as observed in the earlier period.
This further supports the suggestion ofa more
focused dietary adaptation with less depen-
dence on C3 plants and animals feeding on
C3 plants. The nitrogen values, however, are
about the same and are, on average, 5%oo less
positive than those in the Eskimo sample. In
part, this reflects a trophic level separation
between carnivorous Eskimos and omnivo-
rous coastal Georgians.

It would appear, then, that some food item
enriched in 13C (but with similar nitrogen val-
ues) was being used by some individuals dur-
ing the Refuge-Deptford period and by all
individuals analyzed during the St. Cather-
ines period. Two possibilities present them-
selves. First, maize or some other C4 plant
(enriched in '3C but not in 15N) may have
been eaten. Because maize has a low protein
content, it would contribute little of the ni-
trogen which is incorporated into bone col-
lagen and thus would not affect the 615N value
of collagen (see discussion in Schoeninger,
1989). Admittedly, there is no archaeological
evidence in support of this possibility. Ex-
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Fig. 6-2. 615N and 613C values for the preagricultural sample (Refuge-Deptford and St. Catherines
periods) and the agricultural sample (Savannah and contact periods). Between the two archaeologically
identified adaptations, there is a decrease in nitrogen delta values and an increase in carbon delta values.
The trend indicates a decrease in use of marine foods coupled with increasing dependence on maize
(compare with fig. 6-1).

amination of St. Catherines period dentitions
from St. Catherines Island (Johns Mound,
Marys Mound) shows very few carious le-
sions, which has been interpreted as indicat-
ing little or no consumption ofmaize (Larsen
and Thomas, 1982). No botanical remains of
maize have been found in the St. Catherines
period or earlier sites. Nevertheless, it is worth
noting that:

... the fact that the remains of corn have not
been found in pre-Savannah period contexts
does not preclude the existence of corn as a
dietary foodstuff in earlier periods because, as
is obvious, the sample of ethnobotanical re-
mains is quite limited (Larsen, 1982: 166).

Second, increased use of a marine food from
a low trophic level might be able to produce

the same pattern of enriched 13C without en-
riched 15N. It is unlikely that seaweed, near
the base of the trophic system, became a sig-
nificant food, but an increased dependence
on molluscs might result in the observed pat-
tern. Preliminary results from a study ofmol-
luscs used by the prehistoric inhabitants of
Nantucket Island off the coast of Massachu-
setts indicate that mollusc t15N values fall at
the more negative end of the distribution of
marine animals (+ 6 to +10%oo) (Medaglia et
al., 1989). The 5'3C values from the same
study span a range of -20 to -14%oo. If mol-
luscs with the more positive values (-14%oo)
were being eaten selectively, then at least 50%
ofthe carbon in each person's skeleton would
have had to come from molluscs. Given our
present knowledge ofmetabolism, this would
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Fig. 6-3. 615N and 613C values of the two samples from the preagricultural periods (Refuge-Deptford
and St. Catherines) compared with the values from a sample of Eskimo from a previous study (Schoen-
inger et al., 1983). The individuals from St. Catherines Island have 515N values that are 5%oo lower, on

average, than the Eskimo. This reflects the use by Eskimo of animals higher in the trophic system (e.g.,
toothed whales) than those (molluscs and fish) used by coastal Georgians. It also reflects higher intake
of meat by the Eskimo. The 613C values of all groups overlap indicating significant use of marine foods
by the preagricultural inhabitants of St. Catherines Island.

mean that a minimum of 50% of these peo-
ples' calories would have come from mol-
luscs. Such a solution requires an overall de-
crease in the proportion of calories obtained
from plants.
At this point, it is not possible to draw

definitive conclusions. It is important to note,
however, that molluscs were harvested on the
coast during the winter months at a time when
their carbohydrate levels were high relative
to protein (Claassen, 1986a). This might serve

to alleviate the difficulty of obtaining suffi-
cient calories from molluscs. If, however, the
molluscs chosen for food had 6 13C values near
the - 20%oo end of the range, nearly 100% of

calories would have had to come from the
molluscs.
AGRICULTURAL DIETS: A marked differ-

ence in both carbon and nitrogen is obvious
in the Savannah period relative to the preag-
ricultural periods (tables 6-4 and 6-5). Figure
6-4 shows that the nitrogen isotope values
have dropped so that the distribution now

overlaps that ofa previously analyzed sample
of pueblo agriculturalists (Schoeninger et al.,
1983). The bulk of the data falls within the
range of +9.5 to + 1 1.5%o which is slightly
higher than that of the pueblo group, reflect-
ing continued use of marine foods. Further,
there is one individual with a 6'5N value of
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Fig. 6-4. 3'5N and 613C values of the sample of precontact agriculturalists from the Georgia coast
(Savannah period) and the contact period agriculturalists from St. Catherines Island compared with a
sample of Pueblo agriculturalists from a previous study (Schoeninger et al., 1983). The more positive
carbon and nitrogen isotope ratios in the coastal sample reflects continued use of marine foods although
the carbon values are too positive to be due to marine foods alone. Only the inclusion of a C4 plant,
such as maize, can account for such enriched values.

+ 13.3%oo, indicating that at least some of the
individuals from this time period continued
to include an amount of marine food similar
to previous periods. In other words, the range
ofvalues overall indicates a continued varied
range of diet items although a shift toward
dependence on terrestrial sources appears ob-
vious.
The carbon delta values also encompass a

fairly large range (6%o). The average value,
however, has shifted from that of the pre-
ceding period in the direction expected from
an increased inclusion ofmaize in diet. When
compared with the pueblo agriculturalists,
however, it is obvious that the precontact
maize agriculturalists of the Georgia coast

were not using maize to the same extent. Some
marine foods continued to be important, al-
though only a C4 plant like maize can account
for the relatively positive carbon signature
and low value of the nitrogen signature ob-
served in these samples. The precontact ag-
ricultural Savannah period represents a time
span on the order ofthe St. Catherines period
(150 years), yet the range of individual diets
is much greater in the Savannah period. This
is probably due to differential acceptance of
maize as a new economic endeavor and as a
diet item.
The average 6I3C value for the sample from

the contact period is -11.5%oo. This value is
over 3%00 less positive than the average for
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the pueblo sample. This indicates less de-
pendence on corn by the island inhabitants,
although the magnitude ofthe difference can-
not be assessed at present. Samples of maize
kernels recovered from Santa Catalina have
a 613C value of around - 129oo (table 6-4)
which is the value most often reported for
this C4 plant. In the absence of all marine
foods, a bone collagen 613C value of around
-8%oo (as seen in the pueblo sample) would
be expected for a diet in which the carbo-
hydrate staple is maize. The observed value
of- 1 . 5%oo suggests a significant contribution
from maize, while the slightly elevated nitro-
gen values suggest continued use of marine
foods. The large range of carbon isotope val-
ues compared with that in the pueblo sample
indicates that a greater range of food cate-
gories were used by individuals living in the
mission.
Compared with the precontact agricultural

Savannah period, the contact period popu-
lation appears to have been depending to a
greater extent on maize. This is suggested by
the lower 515N and higher 313C value and by
the difference in distribution ofthe values for
the two samples. The bulk ofthe sample from
the contact period displays isotope values in-
dicative oflower dependence on marine foods
and greater dependence on maize.

CONCLUSIONS

The overall pattern of change in human
dietary adaptation is that of decreasing use
of marine foods (particularly molluscs and
fish) and increasing use of maize. The data
from the earliest period (Refuge-Deptford:
1100 B.C.-A.D. 500) are more scattered than
would be expected for a single dietary regime.
The individuals analyzed probably enjoyed
diets that ranged from less than 30 percent
of calories from marine foods to over 50 per-
cent from marine sources. This fits well with
Larsen's (1982) assessment of the lifeway
during this period as being mobile, providing
the inhabitants with the opportunity to ex-
tract foods from several environments. At
certain times during the period, parts of this
population subsisted to a great extent on ter-
restrial food supplies. These may have been
the times of lower sea levels when molluscs
and marshland fish would not have been in

plentiful supply. At other times, the popu-
lation included a large quantity of marine
foods in diet.
There appears to be an increase in the car-

bon isotope ratio, on average, in the preagri-
cultural St. Catherines period (A.D. 1000-
1 150) as compared with the earlier Refuge-
Deptford period. This increase is coupled with
a stable nitrogen isotope ratio similar to that
documented in the earlier period. This pat-
tern could be produced by adding maize to
the diet, although there is as yet no archae-
ological evidence for the presence of maize
in this period. It is possible that increasing
dependence on a marine food low in the
trophic pyramid could also produce this pat-
tern. Reitz (1985) suggested that oysters be-
came more important as a diet component
during the St. Catherines period; and Claas-
sen (1 986a) noted that they were collected in
a season in which they had the highest car-
bohydrate concentration in the yearly cycle.
Such a solution would require that molluscs
provide 50-100 percent of total dietary cal-
ories. Neither alternative (maize nor mol-
luscs) can be strongly supported at this time.
The nitrogen stable isotope ratios indicate

that a marked decrease in use ofmarine prod-
ucts occurred around the time of the Savan-
nah period (A.D. 1150-1300), the period with
the earliest archaeological evidence for use of
maize. The large range in carbon stable iso-
tope ratios from the sample dating to this
period indicates that there was differential
dependence on maize within the population.
Even so, the majority of individuals within
the sample have carbon stable isotope ratios
that are too enriched in 13C to be explained
by dependence on marine foods. This is true
especially when the relatively low nitrogen
isotope ratio is considered.
The data for the contact period indicate a

diet in which a greater percentage of calories
is derived from maize, but in which a sig-
nificant proportion of the protein is marine
in origin. This pattern agrees with the ar-
chaeological evidence for diet and also with
written records concerning the life of the ab-
original populations within the mission sys-
tem (see Larsen, this volume). Such an in-
creased dependence on maize coupled with
the restriction in variety of alternative food
items may account for some of the patholo-
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gies noted elsewhere in this volume in the
contact period. The combination of stresses
produced by infectious disease, marginal nu-
trition, demands by the Spanish overlords,
and life in settled, perhaps crowded, com-
munities may have contributed to the even-
tual extinction of these populations.
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CHAPTER 7. POSTCRANIAL BIOMECHANICAL
ADAPTATIONS TO SUBSISTENCE STRATEGY

CHANGES ON THE GEORGIA COAST

CHRISTOPHER B. RUFF AND CLARK SPENCER LARSEN

ABSTRACT
Temporal changes in structural strength of the

femur and humerus in Georgia coastal populations
were evaluated by measuring bone geometric sec-
tion properties (cross-sectional areas and second
moments of area). Three locations were examined
through sectioning and direct measurement: mid-
distal humerus (35% ofbone length from the distal
end), midshaft femur (50% from distal end), and
subtrochanteric femur (80% from distal end). The
samples were divided into three temporal subsam-
ples-precontact preagricultural, precontact agri-
cultural, and contact. Cross-sectional properties
were standardized over powers of bone length to
allow for comparisons of relative strength in the
different temporal periods.
We reported elsewhere (Ruff et al., 1984) that

relative structural strength of the femur declines
between the precontact preagricultural and agri-
cultural periods in both females and males. Our
findings in the present investigation indicate that

this trend is reversed in the contact period, where
femoral strength increases, more so in females than
in males. The trend ofan initial decrease followed
by an increase in strength is also characteristic of
male humeri over the three periods. Female hu-
meri also show a decrease in relative strength in
the precontact agricultural period, but then show
no reversal, and continue to decrease in strength
in the contact period. General body size decreases
and sexual dimorphism in body size increases in
the precontact agricultural period. These trends
again reverse in the contact period.
These results indicate that the pattern of de-

creased postcranial skeletal robusticity previously
observed in the transition from hunting and gath-
ering to a lifeway based at least in part on maize
agriculture is not continued in the contact period,
except in the female upper limb. The behavioral
implications of these findings are discussed.

INTRODUCTION: MECHANICAL MODELS

Studies of postcranial skeletal adaptation
to changes in subsistence strategy have most
commonly concentrated on changes in whole
body size (stature), occasionally also includ-
ing general body proportions and overall ro-
busticity (e.g., see references in Larsen, 1982:
184; and reports in Cohen and Armelagos,
1984). This emphasis may stem partly from
an overriding concern with the direct dietary
effects on the skeleton of a subsistence strat-
egy change; that is, the impact of nutritional
factors on skeletal growth and development
(e.g., Guzman, 1968). However, other indi-
rect effects of change in subsistence technol-
ogy may also have a major bearing on both
skeletal size and shape characteristics. In par-
ticular, behavioral changes accompanying
such an environmental shift may have a large
effect on the mechanical forces applied to the
skeleton throughout life, leading to adaptive
bone remodeling in response. Attempts to
interpret differences in bone structure in terms
of mechanical factors, then, may lead to a
more complete understanding of the biobe-
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havioral changes which occurred concomi-
tant with a change in subsistence strategy.
The diaphyseal shape of long bones is one

structural characteristic which has been over-
looked or deemphasized in most recent stud-
ies of skeletal environmental adaptation. This
is true despite the fact that systematic changes
through the Holocene in diaphyseal shape
have long been recognized (Buxton, 1938;
Lovejoy, 1970; Brothwell, 1972), as has the
fact that bones remodel in response to changes
in applied mechanical loads (Wolff, 1892;
Liskova and Hert, 1971; Goodship et al.,
1979; Woo et al., 1981), albeit through a
mechanism which is still unclear (e.g., Lan-
yon, 1986). One reason for this relative ne-
glect is that changes in diaphyseal form may
be subtle and difficult to measure using tra-
ditional osteometric techniques (Martin,
1928), and there is large apparent individual
variation in overall shape which has proved
difficult to interpret in relation to consistent
patterns (e.g., Hrdlicka, 1934). However, us-
ing biomechanical beam theory first devel-
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oped by mechanical and civil engineers (Ti-
moshenko and Gere, 1972), it is possible to
reduce complex cross-sectional shapes oflong
bones to several critical properties which can
be interpreted in a relatively straightforward
mechanical sense. Because differences in me-
chanical loadings at least partly reflect dif-
ferences in behavior, results ofthese analyses
can be used to help reconstruct past behav-
ioral characteristics of the population sam-
ples under study.
Although the general approach of using

mechanical beam theory to analyze long bone
structure was used over 70 years ago by Koch
(1917), it was not until the late 1960s and
through the 1970s that this technique was
applied to samples larger than one bone (Kle-
nerman et al., 1967; Amtmann, 1971; Ki-
mura, 1971, 1974; Minns et al., 1975; Love-
joy et al., 1976; Piziali et al., 1976; Martin
and Atkinson, 1977; Miller and Piotrowski,
1977; Jungers and Minns, 1979). Even these
studies, however, were limited to small sam-
ples-in most cases 10 or fewer individuals-
by the tediousness ofthe manual calculations
involved in determining the necessary pa-
rameters. With the development ofmore au-
tomated techniques of measurement (e.g.,
Nagurka and Hayes, 1980), it has become
possible to carry out truly large-scale demo-
graphic studies ofvariation in cross-sectional
structural characteristics within and between
populations (Ruff and Hayes, 1983a, 1983b,
1984; Ruff et al., 1984; Sumner, 1984;
Bridges, 1985, 1989; Brock, 1985; Brockand
Ruff, 1988; Van Gerven et al., 1985; Ruff,
1987). These studies have readdressed a va-
riety of long-standing anthropological issues
using biomechanics theory, including behav-
ioral changes associated with shifts in sub-
sistence strategy, the relationship of sex dif-
ferences in activity patterns to subsistence
technology, and alterations in skeletal growth
and development in response to environ-
mental (including nutritional) changes.

In a mechanical beam model, the rigidity,
or strength of a long bone is determined by
two types of properties: area and second mo-
ments ofarea ofbone tissue in a cross section
through the diaphysis. The cross-sectional
area is proportional to strength in compres-
sion and tension applied noneccentrically
(that is, not off the central longitudinal axis

of the diaphysis), and second moments of
area, also referred to as moments of inertia,
are proportional to strength in bending and
torsion (twisting) of the shaft. Because (1)
most mechanical loadings are applied eccen-
trically due to bone curvature and the off-
center position ofmuscle insertions and other
related factors, (2) bone tissue is weaker in
tension and shear than in compression, and
(3) tension and shear will almost always be
the result ofbending and torsion, second mo-
ments ofarea are generally more critical than
area in evaluating bone mechanical function.
Second moments of area used in bending
strength analyses are calculated about an axis
running through the bone cross section and
are generally denoted "Ix,'" with "x" referring
to the axis about which the property is cal-
culated, while the analogous property used in
torsional analyses is denoted "J," the polar
second moment of area, and is calculated
about the center of the section (details can be
found in the references cited above). Differ-
ent long bone cross sections along the length
of a shaft may be characterized by different
combinations of area, I's in different planes,
and J, depending upon what particular com-
bination of mechanical forces it is designed
to withstand (see Ruff and Hayes, 1983a). J
also happens to be equal to the sum of any
two I's measured in perpendicular planes, and
so can be used as a measure of(twice) average
bending strength in all planes. This kind of
analysis assumes that geometric rather than
material properties of bones (i.e., density,
elasticity) are most important as indicators
of mechanical function; this assumption is
supported by experimental in vivo studies of
altered mechanical loadings and their effects
on bone structure (e.g., Woo et al., 1981).
One simple example will suffice to illus-

trate the altered perspective on bone struc-
tural adaptation which a biomechanical ap-
proach can provide. Percent cortical area
(PCCA), or percent cortical thickness (PCCT)
as it is sometimes calculated, is a measure of
compact cortical bone relative to subperios-
teal area or breadth which can be measured
or estimated from radiographs (e.g., Gain,
1970). This index has been widely used as a
health indicator in archaeological samples,
with lower indices generally interpreted to
mean a decline in nutritional status (e.g., D.
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Fig. 7-1. Diagrammatic example of the effects
of subperiosteal and endosteal expansion on geo-

metric properties oflong bone sections. While per-

cent cortical thickness (cortical thickness/total
subperiosteal breadth) and percent cortical area

(cortical area/total subperiosteal area) decline, both
cortical area and second moments of area, mea-

sures of bone strength, increase.

Cook, 1984; Brown, 1988), implying some
kind of "negative" effect on bone structure.
However, neither index has any relevance to
the structural strength or function of a bone,
and a lower index may even be associated
with an increase in strength. For example,
consider two circular long bone cross sec-
tions, the first with an outer diameter of 20
mm and an inner diameter of 10 mm, the
second with an outer diameter of 25 mm and
an inner diameter of 17 mm (fig. 7-1). In the
second section, cortical thickness has de-
clined 20 percent and PCCT and PCCA have
declined by about a third. However, due to
the relatively outward redistribution ofbone
(subperiosteal and endosteal expansion), cor-

tical area in the second section actually in-
creases by 12 percent and second moments
ofarea about double. Thus, what might have
been interpreted as a "decline" in nutritional
status may actually indicate an increase in
mechanical loadings (through activity or oth-
er changes)! This particular fallacy has been
noted with respect to adult skeletal aging
trends (in osteoporosis) (Ruff, 1981: 239), as

well as childhood growth and development
(Van Gerven et al., 1985).

It should be emphasized that obtaining
complete two-dimensional cross sections and
using relatively complex algorithms to cal-

culate geometric properties (Nagurka and
Hayes, 1980) are not as important in this
respect as the general approach (also see Ruff,
1987). Second moments of area can be esti-
mated from radiographic measurements us-
ing simple formulas (e.g., Klenerman et al.,
1967; Fresia et al., this volume), and the gen-
eral engineering principles underlying the
technique have now appeared in several an-
thropological reports, as noted above. The
present study and the following chapter by
Fresia and co-workers illustrate the ongoing
use of this method in the analysis of skeletal
material from the Georgia coast region.

PREVIOUS WORK

We have previously reported on changes
in bone structure ofthe femur which occurred
from precontact preagricultural to precontact
agricultural periods on the Georgia coast
(Larsen, 1982; Ruffet al., 1984). We showed
that with the transition to agriculture, femora
became not only shorter in length, but also
relatively weaker, even for a smaller body
size. This reduction in strength was brought
about by a contraction ofbone tissue toward
the medullary cavity, and not a change in
total bone volume or mass relative to length.
Furthermore, there was an increase in dia-
physeal circularity with the transition, indi-
cating less well-defined patterns of mechan-
ical loading, or applied forces. We concluded
that the agricultural sample was character-
ized by a relative decrease in mechanical
loadings ofthe lower limb, in addition to any
changes in overall body size brought about
by a combination of dietary and behavioral
factors. The decrease in mechanical loadings
was about equal for males and females, al-
though other evidence indicated that a re-
duction in nutritional quality per se may have
been greater among females. There was also
some indication that types of mechanical
loadings, i.e., forces applied in different planes
ofthe lower limb, may have changed to some
degree between periods, especially among
males.

In the present study, we have extended the
investigation to include the major upper limb
bone-the humerus. We also now include
both humeri and femora from the contact
period on the Georgia coast. Thus, we can

% Cortical Thickness: -33%
% Cortical Area: -33%
Cortical Area: +12%
Second Moments of Area: +100%
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now examine changes in both upper and low-
er limbs, as well as the effects of the new
environmental changes occurring after the ar-
rival of Europeans.

MATERIALS AND METHODS

A total of 62 femora and 80 humeri from
the Georgia coast were included in the study
(table 7-1). Each sample is approximately
evenly divided between adult males and fe-
males, right and left sides, and precontact
preagricultural, precontact agricultural, and
contact temporal periods. Only one humerus
or femur or both was studied for each indi-
vidual, with about 60 percent of the upper
and lower limb bones matched (i.e., from the
same individual). Sex was determined pri-
marily on the basis of pelvic morphology as
well as other indicators (Larsen, 1982; Lar-
sen, unpubl. data), and age was estimated pri-
marily on the basis of functional dental wear
(Larsen, 1982; Russell et al., this volume).
The provenience of the precontact samples
has been described previously (Larsen, 1982;
Ruffet al., 1984; see also table 7-1). The con-
tact sample was derived principally from the
mission cemetery ofSanta Catalina de Guale,
although several specimens were also includ-
ed from other contact period sites at the near-
by Pine Harbor site and Mission Santa Cat-
alina de Guale de Santa Maria on Amelia
Island (F. Cook, 1980; Larson, 1980; Hardin,
1986; Larsen and Saunders, 1987; see also
table 7- 1). Only complete specimens with in-
tact ends and relatively unweathered subperi-
osteal surfaces were used in the study. This
largely explains the much smaller number of
individuals available for analysis than were
included in overall demographic studies for
these samples (Larsen, 1982; Russell et al.,
this volume).
Each bone was first oriented in standard-

ized anteroposterior (A-P) and mediolateral
(M-L) planes and locations of cross sections
to be analyzed were determined. For the fe-
mur, anatomical orientation and measure-
ment of length' (used in locating sections)
followed that described in Ruff and Hayes
(1983a). (Note that length' refers to the dis-
tance from the distal surfaces ofthe condyles
to the superior edge of the femoral neck, and
thus does not include the femoral head.) Two

TABLE 7-1
Sample Composition

Femora Humeri

Fe- Fe-
Temporal period/sitea Males males Males males

Precontact preagricultural
Sea Island Mound 1 5 2 4
Johns Mound 2 3 7 5
Marys Mound I
McLeod Mound I
Deptford 2 1 2 1
Airport 3 2 1
Cannons Point 2
Charlie King Mound 1 1

Total 8 12 15 12

Precontact agricultural
Irene Mound 11 9 15 14

Total 11 9 15 14

Contact
Santa Catalina de Guale 9 6 10 6

(St. Catherines Island)
Santa Catalina de Guale 2 2 2 3
(Amelia Island)

Pine Harbor 3 1 2

Total 11 11 13 11

Grand total 30 32 43 37

a A discussion of the precontact sites is presented in
Larsen (1982) and Ruffet al. (1984). Provenience for the
contact sites is presented in Larsen (this volume), Saun-
ders (1987), and F. Cook (1980).

cross sections were included-at 50 percent
(midshaft) and at 80 percent (subtrochanter-
ic) of length' measured from the distal end
of the bone (fig. 7-2).
For the humerus, the following orientation

was used: the coronal (M-L) plane is defined
by the mediolateral articular axis of the ca-
pitulum and trochlea and the anteroposterior
midpoint of the diaphysis at the level of the
surgical neck; the sagittal (A-P) plane is per-
pendicular to the coronal plane and intersects
the M-L midpoint of the surgical neck and
the lateral lip of the trochlea parallel to the
longitudinal axis of the shaft. One cross sec-
tion at 35 percent of bone length' measured
from the distal end was included (fig. 7-2).
(Length' is the length of the humerus from
the proximal surface of the humeral head to
the distal edge of the lateral lip of the troch-
lea.) This location was chosen for analysis
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50% 80%

Length'

L I

Length'9

Fig. 7-2. Locations of femoral (top) and humeral (bottom) sections included in the study. See text
and Ruff and Hayes (1983a) for description of length' measurement.

because it avoids the flexor and extensor
ridges and the deltoid tuberosity, and thus
should minimize the effects of localized
stresses due to muscle insertions. It is also
convenient for radiographic measurement
(e.g., Fresia et al., this volume) and has been
used in the past as a site of measurement for
humeral structural analyses (Bloom and Laws,
1970; Ruff and Jones, 198 1).
After preorientation and identification of

section locations, bones were sectioned trans-
versely using a fine-toothed band saw at each
location. Section surfaces were photographed
and rear-projected onto a digitizer screen, and
subperiosteal and endosteal boundaries traced
(Ruff and Hayes, 1983a). Point coordinates
were input to program SLICE, which calcu-
lates geometric section properties (Nagurka
and Hayes, 1980). These include cortical area
(CA), medullary area (MA), total subperios-
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teal area (TA), maximum and minimum sec-
ond moments of area (Imax and min, respec-
tively), second moments of area about x
(mediolateral) and y (anteroposterior) axes (Ix
and I, respectively), and polar second mo-
ment of area (J). The mechanical interpre-
tation of these properties has been discussed
above.
Although approximately equal numbers of

right and left sides were included in each sex/
temporal period grouping, the inclusion of
both sides in the analysis will increase the
sample variances due to bilateral asymmetry,
especially in the upper limb (Fresia et al., this
volume). Therefore, prior to statistical com-
parisons, "side adjusted" values for all hu-
meral geometric properties were calculated
based on radiographic estimates of bilateral
asymmetry (Fresia et al., this volume). Per-
centage differences between right and left sides
for all properties were calculated for all in-
dividuals in the radiographic study (N = 49).
The directly measured geometric properties
used in the present study were then adjusted
upward or downward by this factor depend-
ing on the direction ofasymmetry and wheth-
er the sectioned bone was from the left or
right side. The same procedure was carried
out for those individuals not included in the
radiographic study using the mean bilateral
asymmetry values for that sex and temporal
period. In effect, this establishes "average hu-
merus" properties for each individual and
should eliminate the effect of side differences
in the analysis. No similar procedure was per-
formed for femora, because bilateral asym-
metry is much less marked in the lower limb
(Ruff and Jones, 1981).
Because there are length ("size") differ-

ences between the samples analyzed (Larsen,
1982; Ruffet al., 1984; also see below), cross-
sectional data were analyzed both before and
after standardizing for "size" variation. For
size-standardized analyses, all cross-section-
al areas were divided by bone length2 and
second moments ofarea by bone length4 (Ruff,
1984).

Statistical evaluation of sex and temporal
period differences was carried out using two-
way analysis of variance (sex, period), one-
wayANOVA within sexes (period), and t-tests
between temporal periods within sexes. Dif-
ferences were considered statistically signif-

icant at the p < 0.05 level, and near-signifi-
cant between p < 0.05 and p < 0.10.

RESULTS

TEMPORAL TRENDS: WHOLE BONE Di-
MENSIONS AND AGE: Temporal differences in
bone length of the femur and humerus and
two angular measurements of the femur are
presented in table 7-2. Average ages of the
samples, by sex, are also listed. Bone lengths
include both maximum length and length',
as defined in Ruff and Hayes (1983a) and
above. The cervicodiaphyseal and antetor-
sion angles of the femur are measures of the
relative angulation of the femoral head and
neck in the frontal and transverse planes, re-
spectively, and are also defined in Ruff and
Hayes (1983a).

In table 7-2 and in subsequent tables, means
and standard errors are shown by sex and the
three temporal periods (precontact preagri-
cultural, precontact agricultural, and con-
tact), along with the mean differences be-
tween each pair of temporal periods and the
results of the one-way ANOVAs carried out
over the three periods within sex. Results of
the two-way ANOVAs for all properties are
given in table 7-9.
As shown in table 7-2, femoral bone length

shows significant temporal variation in fe-
males. Females first decline in length from
the precontact preagricultural to the precon-
tact agricultural periods, then increase again
in the contact period, although not to as great
a length as in the precontact preagricultural
period. Female humeri show the same gen-
eral temporal trends, although the differences
(except precontact agricultural to contact) are
not significant. Male femora exhibit similar,
but smaller variation in length between pe-
riods, with no differences reaching signifi-
cance. Male humeri show very little temporal
variation in length, with precontact agricul-
tural and contact humeri essentially identical
in length on average. Temporal trends in bone
length are illustrated graphically in figures 7-3
and 7-4.

Antetorsion of the femur also shows sig-
nificant temporal variation in both sexes.
Precontact preagricultural and precontact ag-
ricultural femora have relatively high angles,
with a significant increase between the pe-
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TABLE 7-2
Temporal Differences in Whole Bone Dimensions and Age

Preag. Agric. Contact Group differences 1-Way

Propertya Mean SE Mean SE Mean SE Ag-Pre Cont-Ag Cont-Pre ANOVA

Male femora
Max. In. 450.9 7.9 437.4 3.6 449.2 6.9 -13.5b 11.8 -1.7
Length' 424.9 7.9 411.2 3.7 421.5 6.4 -13.7b 10.3 -3.4
CD ang. 131.0 1.5 129.8 1.1 129.7 2.1 -1.2 -0.1 -1.3
Ant. ang. 23.2 2.2 23.6 2.0 14.8 2.3 0.4 -8.4 -8.8d d
Age 25.5 1.4 23.8 1.3 32.5 2.1 -1.7 9.7e 8.Od e

Female femora
Max. In. 440.2 6.5 400.3 5.2 430.6 6.4 -39.9e 30.3d -9.6 e
Length' 415.2 6.0 376.4 5.0 401.2 5.6 -38.8e 24.8d -14.0 e
CD ang. 129.8 0.9 133.4 1.7 129.4 1.3 3.6b -4.0b -0.4
Ant. ang. 23.2 2.7 31.9 2.9 16.8 2.0 8.7c -15.le -6.4b d
Age 30.3 3.2 26.1 1.5 35.9 2.6 -4.2 9.8d 5.6 b

Male humeri
Max. ln. 322.6 5.3 317.5 2.7 317.2 3.6 -5.1 -0.3 -5.4
Length' 318.3 5.1 312.5 2.6 313.2 3.5 -5.8 0.7 -5.1
Age 29.6 2.3 26.8 1.8 31.9 2.0 -2.8 5.1 2.3

Female humeri
Max. ln. 308.9 7.9 294.1 2.9 305.5 4.7 -14.8b 11.4' 11.4
Length' 305.8 7.8 290.2 2.8 302.2 4.7 -15.6b 12.0' -3.6 b
Age 29.8 3.6 29.0 1.8 37.0 2.5 -0.8 8.Oc 7.2

a Properties are maximum length (Max. ln.), length used in determining cross-section locations (Length') (see text
and Ruff and Hayes, 1983a), cervicodiaphyseal angle (CD ang.), and antetorsion angle (Ant. ang.). Lengths are in
mm, angles in degrees, age in years.
Significance levels for t-tests between groups and 1-Way ANOVA between groups within sex:

b p < 0.10;

cp < 0.05;
d p < 0.01;
e p < 0.001.

riods in females. However, the antetorsion
angle then declines greatly in contact femora
in both males and females. In contrast, the
cervicodiaphyseal angle remains relatively
constant, with no significant temporal differ-
ences.
The contact period sample is older on av-

erage than either of the other two samples.
This is especially true in the male femora
sample, and is least marked in the male hu-
meri sample. There are no significant age dif-
ferences between the two precontact samples.
TEMPORAL TRENDS: FEMORAL CROSS-

SECTIONAL GEOMETRY: Cross-sectional geo-
metric properties of the femur unstandard-
ized for length differences are shown for the
midshaft (50%) section in table 7-3 and the
subtrochanteric (80%) section in table 7-4.

Overall, these properties show a decline from
the precontact preagricultural to precontact
agricultural periods, as reported previously
(Ruff et al., 1984). However, they then in-
crease from the precontact agricultural to
contact periods, paralleling changes in bone
length. This temporal pattern is again much
more marked in females than in males, al-
though male differences reach statistical sig-
nificance in most cases.
Temporal changes in several geometric ra-

tios are also shown in tables 7-3 and 7-4.
Although, as discussed earlier, percent cor-
tical area is not a valid index of mechanical
function, it is included here for comparison
with other researchers' results. PCCA shows
a significant decrease in male femora (both
sections) between the precontact agricultural
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Period

Fig. 7-3. Temporal changes in femoral length'.

and contact periods, which may be partly re-
lated to the older average age of the contact
sample (table 7-2), because PCCA declines
with age (Gamn, 1970; Ruff, 198 1). PCCA also
increases in the male subtrochanteric section
between the precontact preagricultural and
precontact agricultural periods, which again
may be partly related to the lower average
age of males in the precontact agricultural
period.
The ratios Imax/Imin and IX/IY are cross-sec-

tional "shape" indices which reflect the rel-
ative distribution of bone in perpendicular
planes (Ruff and Hayes, 1983a; Ruff, 1987).
Imax/Imin measures maximum to minimum
bending strength, and IX/Iy measures relative
anteroposterior to mediolateral bending
strength. Because the orientation of the sub-
trochanteric section makes interpretation of

IX/IY difficult (e.g., see Ruffand Hayes, 1 983a:
fig. 7-6), only Imax/Imin is given for this sec-
tion. The only statistically significant change
in these ratios in the midshaft section is a
decline in IX/IY in males between the precon-
tact preagricultural and precontact agricul-
tural periods, although there is also a near-
significant decline in this index in females
between precontact preagricultural and con-
tact periods. In general, females decline in
this index through time, while males first de-
cline, then increase. In the subtrochanteric
section, both sexes show a decline through
time in Imax/Imin (figures 7-5 and 7-6).
Theta measures the orientation of the ma-

jor axis, or direction ofgreatest bending rigid-
ity of a section, here measured counterclock-
wise from the lateral direction looking distally
(see Ruff and Hayes, 1983a). It should be

TEMPORAL CHANGES IN LENGTH: FEMUR
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Fig. 7-4. Temporal changes in humeral length'.

noted that the mean theta value for the pre-
contact agricultural female 50 percent section
has been changed from the original descrip-
tion of this sample (Ruff et al., 1984), due to
a revision in the way in which theta ranges
were determined (for details see Ruff, 1981).
Among males, theta of the midshaft is sig-
nificantly greater (i.e., nearer the A-P axis) in
the precontact preagricultural period than in
the other two periods; females show no sig-
nificant trends. Variation in theta ofthe sub-
trochanteric section parallels variation in the
antetorsion angel (also see Ruff, 1981), being
closer to 1800 (i.e., mediolateral) when the
antetorsion decreases, or approaches a more
mediolateral orientation (table 7-2).
Temporal changes in cross-sectional geo-

metric properties of the femur standardized
for bone length ("size") differences are shown
in tables 7-5 and 7-6. Size standardized cor-

tical area (CA) shows no temporal variation
among males or among females in the first
two temporal groups. However, contact fe-
males show a significant increase in size stan-
dardized CA at both midshaft and subtro-
chanteric sections. In terms of relative
positions of the subperiosteal (TA) and end-
osteal (MA) surfaces (see Ruff et al., 1984),
both males and females show a relative "con-
traction" of the femoral cortex from precon-
tact preagricultural to precontact agricultural,
leading to declines in standardized TA and
MA, but not in CA. This process is then re-

versed in the contact period, with an increase
in standardized TA and MA in both sexes.
However, TA increases more than MA in
females, leading to an increase in CA as well
in the contact period.
The effects of these changes in cortical ge-

ometry are generally to decrease second mo-

TEMPORAL CHANGES IN LENGTH: HUMERUS
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Fig. 7-5. Temporal changes in 1x/Iy the ratio of anterior-posterior (A-P) to medial-lateral (M-L)
bending strength, of the midshaft section of the femur.

ments of area in the precontact agricultural
period, then increase them in the contact pe-
riod. In males, these temporal trends are only
significant in the subtrochanteric section,
while females show significant changes at both
locations. In general, females show more of
an increase from precontact agricultural to
contact in second moments of area than
males. Temporal trends in length-standard-
ized CA and J of the femoral midshaft are
illustrated in figures 7-7 and 7-8.

In sum, whether analyzed as raw data or
standardized over powers ofbone length, the
precontact preagricultural and contact period
femora from both sexes are relatively similar
in terms ofoverall mechanical strength, while
precontact agricultural femora are relatively
weaker. However, this is not necessarily true

with respect to bone "shape" ratios (Ix/I, or
'max/Imin) which show monotonic declines
through time, except in the male femoral
midshaft.
TEMPORAL TRENDS: HUMERAL CROSS-

SECTIoNAL GEOMETRY: Unstandardized geo-
metric properties of the humeral 35 percent
section are listed in table 7-7, and length-
standardized properties are listed in table 7-8.
Temporal trends in unstandardized proper-
ties generally parallel those in humeral bone
length, with both sexes decreasing between
precontact preagricultural and precontact ag-
ricultural, then increasing (nonsignificantly)
between precontact agricultural and contact.
The IX/I "shape" ratio shows a monotonic
temporal increase in males (significant be-
tween precontact agricultural and contact),

TEMPORAL CHANGES, AP/ML BENDING STRENGTH:

MIDSHAFT FEMUR
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Fig. 7-6. Temporal changes in Im.,/Imin, the rat
subtrochanteric section of the femur.

but not in females. Theta decreases, then in-
creases, in females; a much weaker (nonsig-
nificant) trend is also characteristic of males.

Length-standardized humeral properties
show a pattern of continuous decline in fe-
males over all three periods, although none
of the differences reach statistical signifi-
cance. Males also decline between precontact
preagricultural and precontact agricultural, in
some cases significantly, but then reverse this
trend between precontact agricultural and
contact periods. Thus, whereas humeri ap-
pear to show a pattern of temporal change in
mechanical strength similar to femora be-
tween the first two periods (decline) and in
males between the last two periods (reversal
and increase), they show a different pattern

tio ofmaximum to minimum bending strength, of the

in females between the last two periods (con-
tinued decrease). Temporal variation in
length-standardized polar second moment of
area of the humerus is illustrated in figure
7-9.

Results of the two-way ANOVAs (sex,
temporal period) for age and all whole bone
and cross-sectional geometric properties are
given in table 7-9. These essentially recon-
firm the patterns of variation noted above.
In addition, after length standardization, sec-
tion properties show the most significant
temporal tends in the femoral subtrochan-
teric section followed by the femoral mid-
shaft and the humerus, the latter of which
shows no significant temporal effects in this
analysis. These results show that even after

TEMPORAL CHANGES, MAX/MIN BENDING STRENGTH:
SUBTROCHANTERIC FEMUR
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TABLE 7-5
Temporal Differences in Midshaft Femoral Cross-sectional Dimensions-Standardized

Preag. Agric. Contact Group differences 1-Way

Propertya Mean SE Mean SE Mean SE Ag-Pre Cont-Ag Cont-Pre ANOVA

Males
CA/In2 233.6 14.0 234.5 7.4 234.0 9.8 0.9 -0.5 0.4
MA/In2 82.2 8.8 61.8 4.0 88.7 4.8 - 20.4c 26.9e 6.5 d
TA/In2 315.8 12.5 296.3 7.7 306.7 12.8 -19.5 10.4 -9.1
Ima1/in4 88.6 8.3 77.9 5.0 87.6 4.8 -10.7 9.7 - 1.0
Imin/In4 65.5 4.8 61.0 2.9 62.3 3.8 -4.5 1.3 -3.2
I1/ln4 86.8 8.1 71.7 4.0 80.5 4.5 -15.1 b 8.8 -6.3
I/In4 67.3 4.8 67.2 4.4 69.4 5.0 -0.1 2.2 2.1
J/ln4 154.1 12.6 138.9 7.5 149.9 7.6 -15.2 11.0 -4.2

Females
CA/in2 190.2 10.8 186.4 7.8 210.0 5.5 -3.8 23.6c 19.8
MA/in2 93.2 9.1 70.5 5.0 76.2 6.7 -22.7b 5.7 -17.0 b
TA/in2 283.5 5.9 256.9 10.1 286.2 6.3 - 26.6c 29.3c 2.7 c
I,a,,x/in4 63.4 3.7 54.8 4.2 68.9 2.8 -8.6 14.ld 5.5 c
Imin/In4 51.9 2.5 44.9 3.6 54.4 2.4 -7.0 9.5c 2.5 b
1,/in4 62.0 3.9 50.6 5.0 61.9 3.2 -11.4e 11.3' -0.7 b
I /ln4 53.4 4.6 49.2 4.2 61.4 2.3 -4.2e 12.2c - 15.6c c
J/ln4 115.4 5.9 99.8 7.8 123.3 4.7 -15.6 23.5' 7.9 c

a In = length'; other properties as in table 7-3; area indices (CA, MA, TA) multiplied by 105; second moments of
area indices (Imax, Imin, Ix,, IY, J) multiplied by 108.
Significance levels for t-tests between groups and 1-Way ANOVA between groups within sex:
bp < 0.10;
cp < 0.05;
d p < 0.01;
ep < 0.001.

"size" standardization there is still significant
sex-related variation in all cross-sectional
geometric properties, except medullary area
(see below). Sex has a significant effect on
antetorsion angle of the femur as well. Age is
affected by temporal period but sex is not.
SEXUAL DIMORPHISM: The effects ofchanges

in cortical geometry and "size" (length) on
sexual dimorphism in the three temporal pe-
riods are shown in table 7-10. Only length-
standardized cross-sectional properties are
included, because ofthe expected larger over-
all body size in males. Results are presented
as percent differences between males and fe-
males with differences t-tested.

Sexual dimorphism in body size, as as-
sessed by femoral and humeral length, is
greatest in the precontact agricultural period
and smaller in both contact and precontact
preagricultural periods. The very small 2.3
percent dimorphism for bone length in pre-

contact preagricultural femora may be a re-
sult of sampling error, although it is close to
that calculated for a larger sample from the
same region and time period (Larsen, 1982).

Consistent with the results of the two-way
ANOVAs reported above, even after length
standardization, almost all cross-sectional
geometric properties still show significant
sexual dimorphism in all temporal periods,
with males larger. (The one exception is med-
ullary area, which in any event is a kind of
"negative" area property.) Femoral midshaft
sexual dimorphism is greatest in the precon-
tact preagricultural and precontact agricul-
tural periods and declines in the contact pe-
riod. The same is true to a lesser extent in
the femoral subtrochanteric section, although
some properties (e.g., Imax) exhibit their great-
est decline in sexual dimorphism between
precontact preagricultural and precontact ag-
ricultural periods. In contrast, sexual dimor-
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TABLE 7-6
Temporal Differences in Femoral Subtrochanteric Cross-sectional Geometry-Standardized

Preag. Agric. Contact Group differences 1-Way

Propertya Mean SE Mean SE Mean SE Ag-Pre Cont-Ag Cont-Pre ANOVA

Males
CA/In2 225.0 10.4 220.8 7.1 232.9 7.3 -4.2 12.1 7.9
MA/In2 123.6 11.0 83.6 6.1 114.7 6.4 -40.0d 31.Id -8.9 d
TA/In2 348.6 15.7 304.3 9.0 347.6 9.6 -44.3c 43.3d -1.0 d
Imax/in4 124.6 12.2 92.6 5.2 110.0 5.8 -32.0c 17.4C -14.6 c

1mnn/ln4 59.1 4.4 51.5 3.4 67.5 4.2 -7.6 16.Od 8.4 c
J/ln4 183.7 16.2 144.1 8.3 177.5 9.5 -39.6c 33.4c -6.2 c

Females
CA/In2 191.5 10.8 190.4 5.7 216.4 6.2 -1.1 26.0d 24.9b b
MA/In2 120.2 12.7 88.6 6.0 99.2 7.9 -31.6b 10.6 -21.0 b
TA/In2 311.7 6.9 279.0 9.2 315.6 11.0 -32.7d 36.6c 3.9 c
Ima,,/in4 94.7 4.7 81.8 5.9 95.0 6.3 -12.9 13.2 0.3
Im.n/In4 44.9 2.5 39.2 2.3 54.7 3.8 -5.7 15.5d 9.8c d
J/ln4 139.6 6.6 121.0 7.8 149.7 9.5 -18.6b 28.7c 10.1 b

a Properties as in table 7-3 and table 7-5.
Significance levels for t-tests between groups and 1-Way ANOVA between groups within sex:
bp < 0.10;
cp < 0.05;
dp < 0.01.

phism in humeral properties first declines
from precontact preagricultural to precontact
agricultural, then increases to its largest val-
ues in the contact period. This latter finding
reflects the continued temporal decrease in
humeral properties among females and re-
versal of this trend in contact males.

Sex differences in cross-sectional "shape"
ratios also show some interesting temporal
variation. Sexual dimorphism in Ix/Iy of the
femoral midshaft first decreases, then in-
creases greatly to almost 19 percent (near-
significant difference), with males always
greater. The ratio Imax/Imin ofthe femoral sub-
trochanteric section is always greater in fe-
males but reaches its peak (significant) dif-
ference in the precontact agricultural period.
The ratio IX/IY of the humeral section is 13
percent (significantly) greater among precon-
tact preagricultural females, but this sex dif-
ference then declines to essentially zero over
the next two temporal periods.

DISCUSSION

The first conclusion to be drawn from these
results is that the decline in both body size
and bone strength relative to body size noted

previously between preagricultural and ag-
ricultural precontact periods on the Georgia
coast (Larsen, 1982; Ruff et al., 1984) does
not continue uniformly into the contact pe-
riod. Based on femoral length, overall body
size increases from the precontact agricul-
tural period to near precontact preagricul-
tural levels in both contact period males and
females. In general, differences in body size
between temporal periods are relatively
greater among females than among males. In
particular, females show a very large decrease
in size in the precontact agricultural period,
which also leads to the largest sexual dimor-
phism in size. These size trends are also gen-
erally reflected in the humerus, although not
to the same extent as in the femur. Ifchanges
in body size largely reflect changes in nutri-
tional status (Larsen, 1982; Ruffet al., 1984),
then these results would seem to indicate a
general decline, then improvement, in nutri-
tional status through time in the samples
studied, particularly females. This "improve-
ment," however, may have been mainly in
nutritional quantity, not quality, as discussed
further below.

Relative strength of the femur, standard-
ized for differences in bone length, also first
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Fig. 7-7. Temporal changes in cortical area (CA) of the midshaft section of the femur, standardized
over (bone length')2 (and multiplied by 105).

declines, then increases through time in both
sexes. This pattern is also characteristic of
the humerus among males. However, among
females, relative humeral strength first de-
clines between precontact preagricultural and
precontact agricultural periods and then con-
tinues to decline in the contact period. Thus,
among females a different pattern of change
appears to be characteristic of the upper and
lower limbs between the precontact agricul-
tural and contact periods, with the upper limb
becoming relatively weaker in the contact pe-
riod.

It was hypothesized previously (Ruffet al.,
1984) that the decline in relative strength of
the femur from the precontact preagricultural
to precontact agricultural periods was due to
a decline in mechanical loadings ofthe lower
limb in the precontact agricultural period
brought about at least partly by a decline in

general activity levels. "Shape" characteris-
tics ofthe femur (i.e., second moment ofarea
ratios) were hypothesized to be more reflec-
tive of types of activities carried out, and, for
example, were shown to be more similar in
precontact agricultural samples from the
Georgia coast and Pecos Pueblo, New Mex-
ico (Ruffand Hayes, 1983a), than either was
to the precontact preagricultural sample from
the Georgia coast. The addition ofthe contact
period sample from the Georgia coast, the
upper limb as well as the lower limb, and a
more extensive comparative base (Ruff, 1987)
allows these hypotheses to be further refined
and expanded here.
LOWER LIMB: Cross-sectional shape differ-

ences in the lower limb bones are considered
here first because they avoid the problems
associated with "size" standardizing of data
and because they have been the subject of a
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Fig. 7-8. Temporal changes in polar second moment of area (J) of the midshaft section ofthe femur,
standardized over (bone length')4 (and multiplied by 108).

previous comparative study (Ruff, 1987). One
finding of the previous study was that males
tend to exhibit relatively greater anteropos-
terior bending strength of the lower limb
bones from the midfemur to the midtibia
(higher Ix/Iy ratios). However, there is also a

systematic variation in this sexual dimor-
phism related to subsistence strategy, with
bone shape sex differences most pronounced
in hunter-gatherers, reduced in agricultural-
ists, and almost nonexistent in industrial
populations. Both biomechanical and eth-
nographic evidence indicate that this asso-
ciation is a consequence of more long-dis-
tance travel over uneven terrain in male
hunter-gatherers (producing high A-P bend-
ing loads near the knee), with a progressive
reduction of this sex difference in behavior
in agricultural and industrial populations (see

discussion in Ruff, 1987). Thus, changes in
the lx/Iy shape ratio ofthe midfemur through
midtibia can be used as an index of relative
changes in long-distance mobility.
In the Georgia coast samples studied here,

females decline through time in the femoral
midshaft IX/IY ratio, while males first decline
in the precontact agricultural period, then in-
crease in the contact period (table 7-3). Sex-
ual dimorphism in this index declines from
precontact preagricultural to precontact ag-
ricultural periods, then increases greatly in
the contact period (table 7-10). These values
for sexual dimorphism are plotted in figure
7-10 along with the ranges and median values
for a number of other population samples
grouped by subsistence strategy (from Ruff,
1987). As shown here, the Georgia coast pre-

contact preagricultural and precontact agri-
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TABLE 7-8
Temporal Differences in Humeral Cross-sectional Dimensions-Standardized

Preag. Agric. Contact Group differences 1-Way

Propertya Mean SE Mean SE Mean SE Ag-Pre Cont-Ag Cont-Pre ANOVA

Males
CA/ln2 215.0 11.2 201.2 6.9 204.7 8.6 -13.8 3.5 -10.3
MA/In2 83.2 9.5 70.9 7.8 88.3 8.4 -12.3 17.4 5.1
TA/In2 298.2 11.8 272.1 6.7 293.1 10.5 -26.1b 21.0 5.1
Imax/1n4 73.8 5.3 62.8 2.9 71.1 4.6 -11 .Ob 8.3 -2.7
In,n/In4 61.1 4.8 48.8 2.7 57.3 5.0 -12.3c 8.5 -3.8
1jln4 66.4 4.8 56.0 2.9 66.4 4.3 - 10.4b 10.4 0
I/In4 68.6 5.5 55.5 2.4 62.0 5.5 -13.Id 6.5 -6.6
J/ln4 135.0 10.1 111.6 5.1 128.4 9.5 -23.4c 16.8 -6.6

Females
CA/In2 179.4 10.8 173.2 7.7 166.6 6.3 -6.1 -6.6 -12.8
MA/In2 72.5 8.9 71.7 7.4 65.5 5.6 -0.8 -6.2 -7.0
TA/In2 251.9 10.7 244.9 7.0 232.1 7.0 -7.0 -12.8 -19.8
I,,,.a,/n4 53.9 4.3 50.8 2.7 45.3 3.1 -3.1 -5.5 -8.6
Im.n/In4 40.7 3.6 38.4 2.6 34.2 2.5 -2.3 -4.2 -6.5
I/in4 50.4 4.5 45.8 2.7 41.8 3.0 -4.6 -4.0 -8.6
I /In4 44.3 3.4 43.4 2.6 37.5 2.5 -0.9 -5.9 -6.8
J/ln4 94.6 7.8 89.2 5.1 79.5 5.4 -5.4 -9.7 -15.7

a In = length'; other properties as in table 7-3 and table 7-5.
Significance levels for t-tests between groups and 1-Way ANOVA between groups within sex:
bp < 0.10;
cp < 0.05;
dp < 0.01.

cultural mean values are close to the median
values oftheir respective subsistence strategy
categories, and show the expected decline in
sexual dimorphism through time. However,
the average contact period sexual dimor-
phism is much higher, actually above the me-
dian value for hunter-gatherers. A closer ex-
amination of individual data reveals that the
unexpected increase in the mean male value
of IX/IY in the contact period is due mainly
to relatively large values among 5 of the 11
male femora (index greater than 1.30), with
a distinct break between these and the other
six male contact femora (index less than 1.15),
also reflected in the relatively large standard
error for this property and group (table 7-3).
No such bimodal distribution is present in
any of the other sex/period groupings.

Thus, these results indicate that among
some ofthe males in the contact period, long-
distance travel had increased greatly from the
average levels documented prior to contact,
while in other males and all females, long-
distance travel either stayed about the same

or declined. In fact, historic written records
for this region indicate that at least some males
of the local Guale populations were being
pressed into service by the Spanish under the
Repartimiento labor system and forced to
make periodic long-distance trips to St. Au-
gustine and other localities (Bushnell, 1981;
Hann, 1988, personal commun.; Lyon, n.d.;
Larsen, this volume). Thus, changes in cross-
sectional geometry of the midshaft femur are
consistent with certain behavioral changes
among these populations known to occur
during the mission period.

In the proximal femoral diaphysis (subtro-
chanteric section), both sexes show a decline
through time in the Imax/Imin ratio, an index
of "noncircularity" or A-P flattening analo-
gous to the inverse of the traditional meric
index (table 7-4). Females always have higher
indices, or less circular shafts here than males
(table 7-10). This sex difference is also char-
acteristic of other population samples re-
gardless of subsistence strategy, and is most
likely a result ofincreased mediolateral bend-

NO. 68



LARSEN: SANTA CATALINA DE GUALE. 2

Fig. 7-9. Temporal changes in polar second moment ofarea (J) ofthe midshaft section ofthe humerus,
standardized over (bone length')4 (and multiplied by 108).

ing loads placed on the proximal femur due
to relatively wider hips among females re-
lated to childbirth (Ruff, 1987). Here, we hy-
pothesize that the temporal decrease in this
index-that is, the increase in circularity of
the proximal femoral shaft-observed in both
sexes is indicative of a decrease in general
activity level. The reasoning behind this in-
terpretation is as follows. Due to its lateral
position with respect to the body center of
gravity, almost any activity places mediola-
teral bending loads on the femur which are
highest in the proximal diaphysis (Rybicki et
al., 1972). However, structural characteris-
tics which reflect adaptation to relatively spe-
cialized activities, such as femoral midshaft
shape as related to long-distance travel, are
not correlated with changes in proximal fem-
oral diaphyseal shape, either across popula-

tions (Ruff, 1987) or within the Georgia coast
samples themselves. For example, there is no
correlation between shape of the femoral
midshaft and shape of the subtrochanteric
region among contact period males who, as
discussed above, appear to show wide vari-
ability in long-distance mobility. Thus, be-
cause the shape of the proximal femoral di-
aphysis seems not to reflect specialized
mechanical loadings of the lower limb, but
should reflect all weight-bearing activity and
consequent increase in loads applied to the
femur, the most parsimonious explanation is
that this shape characteristic is a general in-
dex of mechanical loads placed on the hip
joint, i.e., an index of general activity level.
This interpretation is also consistent with a

general worldwide trend toward greater cir-
cularity ofthe femoral subtrochanteric region
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TABLE 7-9
Two-Way Analysis of Variance (Sex, Temporal

Period)

Femur Humerus

Propertya Sex Periodf Sex Period

Max. length e e c
Length' e e e b
CD ang. _ _
Ant. ang. e
Age b e c

Femur Humerus

50% section 80% section 35% section

Propertya Sex Periodf Sex Period Sex Period

CA e d e e e c
MA b b e e e
TA e e e e e e
Imax e e e e e e
Imin e e e e e e
Ix e e - - e e
IY e e - - e e
J e e e e e e
PCCA b c d
Inaxllmin c c e c
Ix/Iy c c d b
Theta c c b
CA/In2 e e c e
MA/In2 d e
TA/in2 e c e e e
Imai/In4 e c e d e
Imin/in4 e e e e
I./In4 e c - - e
I /In4 e - - e
J/ln4 e b e d e

a Properties as in tables 7-2, 7-3, and 7-5.
Significance levels:
hp < 0.10;

''p < 0.05;
dp < 0.01;
ep < 0.001.
'No significant sex-period interactions except for fem-

oral thetas.
- Not applicable.

in Western industrialized populations rela-
tive to preindustrial populations (e.g., Bux-
ton, 1938; Larsen, 1982).

This, then, would indicate that general ac-
tivity levels were decreasing throughout time
on the Georgia coast. However, ifthis is true,
how can we explain the increase in length-
standardized cross-sectional areas and sec-
ond moments of area in these samples in the

contact period (tables 7-5 and 7-6)? These
results, unlike the cross-sectional shape re-
sults, indicate first a decrease from precontact
preagricultural to precontact agricultural but
then an increase from precontact agricultural
to contact in mechanical loads placed on the
lower limb as a whole.
One possible explanation is that body

weight relative to stature changed systemat-
ically for the Guale living under the Spanish
mission system. Mechanical loading of the
lower limb should be proportional to body
weight multiplied by a factor related to ac-
tivity level. By dividing section properties by
powers of bone length to "size standardize"
them, we have assumed that body weight/
bone length remained constant. However, this
may not have been the case. In other words,
by length-standardizing these properties, we
have actually set up two variables which could
have affected cross-sectional properties-ac-
tivity level and body weight/bone length.
Stated mathematically, because section prop-
erties cx body weight activity level, section
properties/bone length oc (body weight/bone
length)-activity level. Because bone length
should be highly correlated with stature, this
is really equivalent to asking whether body
weight/stature (the "ponderal index") ofthese
populations changed in the contact period.

In fact, it is plausible that body weight/
stature increased in the missionized Guale
relative to previous or nonmissionized con-
temporary populations due to increased se-
dentism, a disruption of precontact ways of
life, and dietary changes. Larsen (this vol-
ume) discusses the aggregation ofnative pop-
ulations into centralized villages associated
with the missions, and the increasingly fo-
cused economy and sedentism characteristic
ofthe contact period (also see Loucks, 1979).
Thomas (1988) also noted the relatively "reg-
imented life" ofNative Americans associated
with missions in Spanish Florida. Stable iso-
tope analysis for these populations (Schoen-
inger et al., this volume) indicates that the
contact period population underwent a def-
inite shift toward increased maize consump-
tion, tying in well with the ethnohistoric de-
scriptions. This dietary change would also be
consistent with the greater average stature
(bone length) of the contact period sample
-(table 7-2). The combination ofincreased se-
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TABLE 7-10
Sexual Dimorphism

Femur Humerus

50% section 80% section 35% section

Propertya Preag. Agric. Contact Preag. Agric. Contact Preag. Agric. Contact

Length' 2.3 9.2e 5.Oc _ - - 4.1 7.8e 3.6b
CA/In2 22.8c 25.8d 1.4b 17.5c 15.9d 7.6b 19.8c 16.2c 22.9d
MA/In2 -11.8 -12.3 16.4 2.8 -5.6 15.6 14.8 -1.1 34.8c
TA/In2 11.4c 15.3d 7.2 11.8c 9.0b 10.1C 18.4"d 1.1C 26.3e
Imaa/in4 39.7c 42.2d 27.1d 31.6c 13.2 15.8b 36.9d 23.6d 57.0e
Imi,n/n4 26.2c 35.9d 14.5b 31.6c 31.4c 23.4c 50.ld 27.1d 67.5e
I1/ln4 40.4c 42.8d 30.0d - - - 31.7c 22.3c 58.9e
I /ln4 25.6c 35.5c 13.0 - - - 54.9d 27.9d 65.3e
J/ln4 33.5c 39.3d 21.6d 31.6c 19.1b 18.6c 42.7d 25.Id 61.5e
Imax/Imin 9.8 3.7 11.7 -2.2 - 13.Oc -6.1 - 8.6c -3.0 -5.1
Ix/iy 9.8 5.0 18.7"b - - 13.1d -4.6 - 1.1

a Properties as in table 7-3 and table 7-5; sexual dimorphism calculated by the formula: [(male-female)/female] x
100.
Significance levels for t-tests between groups and I-Way ANOVA between groups within sex:
bp < 0.10;
cp < 0.05;
dp < 0.01;
e p < 0.001.

dentism and confinement (with the exception
of periodic forced travel for some males) and
increased consumption of carbohydrates
could have led to relatively greater weight
gain in the missionized population. This in
turn would increase the body weight/bone
length ratio, and thus the length-standardized
cross-sectional properties in the lower limb
(tables 7-5 and 7-6), despite a generally lower
activity level.

This interpretation is consistent with body
weight and dietary changes in North Amer-
ican native populations undergoing similar
transitions. Hrdlicka (1908), for example,
found that although obesity is present in all
western North American native groups that
he observed, it occurs almost exclusively in
reservation populations. He pointed out that
these populations engage in far less strenuous
activities in the shift to a more sedentary life-
way, thereby resulting in relative gain in body
weight. Hrdlicka noted:

The men ... used to be hunters. This mode
of life they had to abandon on the reservation,
and it is probably the change from their past
active outdoor life to the present state of not a
little indolence which is the prime cause oftheir
obesity. (1908: 156-157)

In a review of published anthropometric
variation of Native American populations,
Johnston and Schell (1979) reported that de-
spite a general heterogeneity in these samples
there is a tendency for high body weight and
high percentage ofobesity. Moreover, groups
that have moved to an urban setting show a
higher frequency of individuals with exces-
sive body weight than their relatives remain-
ing on the reservation (see, for example,
Johnston et al., 1978). These data suggest yet
more gain in body weight with increase in
sedentism.
Although the mechanisms-environmen-

tal or otherwise-for weight gain in North
American native populations remain un-
clear, these populations seem to be predis-
posed to higher body weights, especially as
the diets shift to those of nonnative North
Americans (Johnston and Schell, 1979), which
are high in carbohydrates and fats (cf. McElroy
and Townsend, 1979).
Although our interpretation ofbiomechan-

ical change on the Georgia coast is tentative,
it is the only hypothesis which incorporates
all ofthe observed temporal change in cross-
sectional geometry of the femur, both cross-
sectional shape as well as cross-sectional size
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arranged by subsistence strategy are shown (from Ruff, 1987, fig. 4) together with the relative positions
of the three temporal period samples from the Georgia coast examined in the present study for I./IY
(ratio of second moments of area about x and about y axes). Da./Dml (ratio of A-P to M-L external
diameters) is also included for comparative purposes (see Ruff, 1987). H-G = hunter-gatherer; AG =
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subsistence strategy category.

relative to bone length. As shown below, it
is also consistent with upper limb bone data
for these samples.
UPPER LIMB: Comparative data for the up-

per limb bones are unfortunately much more
rare than for the lower limb. We are aware
of only one previous study which reported
on upper limb bone cross-sectional geometric
properties in an archaeological sample
(Bridges, 1985, 1989). Bridges's study is dis-
cussed in the next section of this paper.

As stated earlier, geometric properties of
femora and humeri in the present study sam-
ple tend to follow similar temporal trends,
with one major exception. Unlike femora (or
male humeri), female humeri continue to de-
crease in strength relative to bone length in
the contact period. Thus, it appears that fe-
males in the contact period were placing rel-
atively lower mechanical loads on their upper
limbs than in any other period. If the polar
second moment of area, J (a good measure
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ofoverall strength), is compared between up-
per and lower limbs, ratios of humeral/fem-
oral strength vary between 0.8 and 0.9 in all
periods and sexes, except contact females,
where the ratio declines to 0.64 (using length-
standardized data, because the samples ofhu-
meri and femora are not completely matched
[see Materials and Methods]).
The lower strength of contact period fe-

male upper limbs relative to their lower limbs
is consistent with the hypothesized changes
in general activity level and relative body
weight among the missionized Guale pre-
sented above. Because a relative increase in
body weight would affect primarily the weight-
supporting lower limb, the decrease in upper
limb bone cross-sectional dimensions rela-
tive to length could be reflecting a true de-
crease in activity level, without the counter-
acting effects ofa relatively larger body mass.
The lack of a corresponding decrease in

male upper limb bone dimensions relative to
length in the contact period could be due to
a combination of factors: (1) contact males
did not decline in general activity level to the
same extent as females, and (2) contact males
increased relative use of their upper limbs.
Both factors are supported by other skeletal
features. First, contact females show by far
the most drastic decline in Imax/Imin, or in-
crease in circularity of the femoral subtro-
chanteric section of any inter-temporal pe-
riod comparison (table 7-4), indicating a
possible larger decline in activity level. Sec-
ond, temporal comparisons ofhumeral cross-
sectional shape indicate possible different
customary uses of the upper limb among
males in the contact period than in earlier
periods.

Specifically, relative anteroposterior bend-
ing strength (Ix/ly) of the humerus increases
in contact males over earlier periods (near-
significantly from precontact agricultural val-
ues and significantly from precontact pre-
agricultural values) (table 7-7). Females
always show relatively greater A-P bending
strength of the humerus than males (table
7-10), but sexual dimorphism in this char-
acteristic shows a continuous decrease from
the precontact preagricultural period to the
contact period. There is ethnographic evi-
dence that as agriculture is introduced and
then increases in intensity, sex differences in

subsistence-related tasks progressively de-
crease (see Ruff, 1987). Anteroposterior
bending loads in the distal humerus would
be largely generated by flexion and extension
ofthe elbow. Many subsistence-related tasks,
such as field preparation, plowing, and car-
rying supplies, involve this type of move-
ment. Ethnohistoric records indicate that
these tasks were traditionally largely carried
out by females in Southeastern native society
(Swanton, 1946; Hudson, 1976). However,
at least one ethnohistoric account of mis-
sionized populations documents pounding of
maize into flour as the responsibility ofyoung
males (Hann, 1986b; Larsen, this volume).
It is quite possible, then, that males became,
either by default or by force, more involved
in agricultural tasks during the contact peri-
od, particularly among the missionized In-
dians, partly because earlier male pursuits
such as hunting and warfare (Hann, 1986b)
were no longer as tenable, and because of the
increasingly focused food-producing econo-
my (Larsen, this volume). This would have
placed more similar types ofmechanical loads
on male and female upper limbs, leading to
a decline in sexual dimorphism in humeral
cross-sectional shape, as well as a possible
increase in relative loads placed on the upper
limbs in males.

Thus, taken as a whole, the structural data
for the femur and humerus presented here
support the following hypothesized scenario
for the populations ofthe Georgia coast. First,
from the precontact preagricultural to agri-
cultural periods, nutritional level and general
activity level declined among both sexes.
Long-distance travel declined in males, who
also began to take on some agriculturally re-
lated tasks. Second, from the precontact ag-
ricultural to contact periods, general activity
level continued to decline, but due to nutri-
tional changes, particularly higher intakes of
carbohydrates (maize), stature and body
weight relative to stature increased. Some
males engaged in periodic long-distance trav-
el, while other males and females became
more sedentary. Males as a whole became
more involved in agriculturally related activ-
ities.
OTHER STUDIES: Bridges (1985, 1989) has

reported the data most relevant to the current
study. Bridges investigated changes in exter-
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nal dimensions and cross-sectional geometry
in Archaic and Mississippian period limb
bones from the Tennessee River Valley in
northern Alabama. Her comparisons are thus
most germane to the preagricultural-agricul-
tural comparisons of the present study. Tra-
ditional osteometric measurements of exter-
nal dimensions were carried out on all upper
and lower limb long bones in 266 individuals,
and cross-sectional properties at five loca-
tions in the femoral and humeral diaphyses
were determined (through computed tomog-
raphy) in a smaller subset (n's of 6 to 18 for
sex/period groupings).

In general, Bridges's findings for the Ten-
nessee River Valley are contradictory to those
reported here for the Georgia coast with re-
spect to changes in overall bone size (length)
and cross-sectional dimensions relative to
length, but are more consistent with respect
to changes in bone cross-sectional shape. In
the Tennessee River Valley sample, all long
bones tend to increase in length from Archaic
to Mississippian, and some measures of rel-
ative strength of the limb bones increase as
well. Thus, these populations were appar-
ently becoming larger and, at least in some
parts of the appendicular skeleton, relatively
stronger with the transition to agriculture. The
increases in relative strength are most marked
among females near the elbow, and in males
in the lower limb as a whole. Males show no
changes in upper limb relative strength and
female changes in the lower limb are smaller
and more inconsistent. The female upper limb
changes were interpreted as adaptations to
increased mechanical loads resulting from
maize grinding in the agricultural period. The
male lower limb changes were largely unex-
plained, although it was hypothesized that
they might result from adoption of ball play-
ing games (Bridges, 1985: 138) or simply from
a lack ofnew agricultural tasks placing higher
loads on the upper limb as in females.
(Changes in bilateral asymmetry of the limb
bones noted by Bridges are discussed in Fre-
sia et al., this volume.)

In contrast, changes through time in bone
cross-sectional shape, particularly midshaft
femoral shape, are similar in the Tennessee
River Valley and Georgia coast samples. Rel-
ative anteroposterior bending strength of the
midshaft femur declines with the transition

to agriculture among males ofboth geograph-
ic regions, indicating a reduction in long-dis-
tance travel. Sexual dimorphism in shape de-
clines, a finding that is consistent with general
hunter-gatherer to agricultural trends (Ruff,
1987). The proximal femoral diaphysis be-
comes more circular in Bridges's cross-sec-
tional analysis offemales, which is similar to
overall temporal trends in the present sam-
ple. However, her osteometric analysis of ex-
ternal dimensions in her larger sample does
not support this finding, so this result must
be considered tentative. (Also, her most
proximal section is about 64% ofbone length
from the distal end, which is not truly a "sub-
trochanteric" section.) Sexual dimorphism in
A-P/M-L bending strength of her most distal
humeral location (closest to our 35% section)
declines marginally, similar to what we found,
but her shape differences between the sexes
here are quite small in general, so this simi-
larity must also be considered tentative.
(Similar to our findings, sexual dimorphism
in relative humeral strength at this location
declines markedly through time in the Ala-
bama sample.) In any event, Bridges's results
for proximal femoral and middistal humeral
shape are not contradictory to ours.
Thus, although certain effects of the tran-

sition from a preagricultural to agricultural
subsistence strategy appear to have been dif-
ferent in the Tennessee River Valley and
Georgia coast (general body size, relative
skeletal robusticity, at least at certain skeletal
locations), other effects were more similar
(decline in long-distance mobility in males
and possibly sexual dimorphism in certain
uses of the upper limbs). Some of the specific
differences between the studies may be due
to methodology. For example, in order to
standardize her cross-sectional second mo-
ments ofarea, Bridges divided by the product
of maximum fiber length and bone length
squared, rather than bone length to the fourth
power as was done here. (Our method will
tend to reduce changes in cross-sectional di-
mensions which parallel bone length, while
hers will increase them.) We also used two-
tailed t-tests for all of our statistical com-
parisons, and Bridges generally used one-
tailed t-tests, which will tend to increase the
number of significant differences found.
However, there are still some obvious differ-
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ences between temporal changes in behavior
and possibly diet occurring in the two geo-
graphic areas. It may be that preagricultural
groups on the Georgia coast lived in a rela-
tively rich (marine and estuarine) environ-
ment (see Larsen, 1982, this volume; Reitz,
1988) compared to inland Archaic popula-
tions, and that the transition to agriculture
involved more of a decrease in nutritional
quality, accounting for the difference in gen-
eral size trends in the two areas. It should be
noted that many (although not all) studies of
other geographic areas also show a reduction
in general body size with the transition to
agriculture (see Ruff et al., 1984 and Cohen
and Armelagos, 1984, for references). There
may have been a heavier dependence on
maize during the inland Mississippian period
relative to Georgia coast agricultural popu-
lations, leading to more discernible effects on
female upper limb bones due to maize grind-
ing. This heavier dependence on maize may
not have developed until the contact period
on the Georgia coast, at which time tradi-
tional methods of food production and pro-
cessing may have changed sufficiently (in-
cluding more male participation) so that this
specific effect is not seen. Regardless, those
results of the two studies that are contradic-
tory serve as a warning against overly sim-
plistic reconstructions of "global" changes
occurring with environmental transitions
which are based on an analysis ofonly a single
geographic area.
Another relevant study of bone cross-sec-

tional geometry is that of Brock and Ruff
(1988; also see Brock, 1985), who investi-
gated changes occurring in the femur from
A.D. 500 to 1540 in the American Southwest.
Results ofthis study are consistent with those
ofthe present study in that relative A-P bend-
ing strength of the femur declines through
time in both sexes, indicating less long-dis-
tance travel. Overall size (bone length) de-
creased among females in the last, intensive
agricultural stage of the sequence, paralleling
the Georgia coast, where females showed the
most size reduction with the transition to ag-
riculture. Relative strength increased from the
earliest temporal period to a transitional pe-
riod of cultural and physical disruption, then
decreased again in the final intensive agri-
cultural period. As in the present study, the

subtrochanteric region became more circular
through time among females. However, males
first increased in subtrochanteric circularity,
then decreased in the last period. Thus, in
several respects, temporal/subsistence strat-
egy changes in the Southwest produced effects
similar to those seen on the Georgia coast,
but the pattern of change in the skeleton was
not identical, probably reflecting specific re-
gional variations in environment and behav-
ioral adaptation.

CONCLUSIONS
The size and shape oflong bone diaphyses,

ifviewed from a mechanical perspective, can
yield important information on the kinds of
forces placed on a bone during life. Overall
size of a long bone will depend on both di-
etary and mechanical factors, but the relative
size and shape of a bone are more likely to
be related to mechanical factors. Mechanical
loads on the weight-supporting lower limb
bones will represent a function of both body
mass and behavioral use of the limb; me-
chanical loads on the upper limb will repre-
sent a function primarily of behavioral use.
Comparative data for the lower limb are more
plentiful than for the upper limb; consequent-
ly, certain variations in cross-sectional ge-
ometry (such as shape of the femoral mid-
shaft) can be interpreted in a behavioral sense
with more certainty.
Both upper and lower limb bone data in-

dicate a reduction in both size and relative
strength from the precontact preagricultural
to the precontact agricultural periods on the
Georgia coast. In addition, evidence from the
lower limb indicates that both males and fe-
males, but especially males, were becoming
less mobile, especially with regard to long-
distance travel. These changes are consistent
with a reduction in dietary quality and an
increase in sedentism with the transition to
a food economy incorporating agriculture in
this region. There is also some evidence for
a reduction in sexual dimorphism in use of
the upper limb, possibly related to males tak-
ing on a few of the tasks associated with food
production.

Overall body size in the contact period in-
creased from the precontact agricultural pe-
riod, possibly reflecting an increase in dietary
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quantity, if not quality. Females and some
males continued to decline in mobility, but
some males, possibly those participating in
the Spanish Repartimiento forced labor sys-
tem, underwent an increase in periodic long-
distance travel. Relative body mass to stature
may have increased due to a disruption of
normal behavioral patterns and a diet in-
creasingly focused on carbohydrates (maize).
Male and female differences in use of the up-
per limb continued to decline, possibly re-
flecting more male participation in agricul-
tural responsibilities.
These interpretations should be treated as

hypotheses which await further testing using
both additional skeletal samples and other
techniques of skeletal analysis (e.g., see the
other contributions to this volume). In par-
ticular, analysis of features such as joint ar-
ticulations (relative size, development of os-

teoarthritis) and muscle attachment areas, and
complementary osteometric data on a larger
sample ofcontact period individuals will help
to refine these hypotheses and establish the
generality of the trends observed here be-
tween the precontact and the contact periods.
Using such functional approaches will even-
tually make possible a more detailed recon-
struction ofpast lifeways, and provide a fuller
understanding of the biological and behav-
ioral adaptations of past populations.
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CHAPTER 8. TEMPORAL DECLINE IN BILATERAL
ASYMMETRY OF THE UPPER LIMB ON THE

GEORGIA COAST

ANNE E. FRESIA, CHRISTOPHER B. RUFF, AND CLARK SPENCER LARSEN

ABSTRACT

Precontact preagricultural, precontact agricul-
tural, and contact period groups from the Georgia
coast were evaluated for differential mechanical
use of the left and right arms. Bilateral pairs of
humeri were radiographed in anteroposterior and
mediolateral planes, and subperiosteal and corti-
cal breadths were measured at 35 percent ofbone
length from the distal end. From these linear mea-
surements, bone areas and second moments of
area (measures of axial, bending, and torsional
strength) were calculated for each side assuming
an oval cross-sectional shape.

Bilateral asymmetry in strength of the humerus
(right > left) generally decreases through time in
these samples. Somewhat different patterns of
temporal change are found in males and females.
Asymmetry is greatest in precontact preagricul-
tural females and declines most from this period

to the precontact agricultural period. Males show
more of an even decline in asymmetry from the
precontact preagricultural through the contact pe-
riods. Sexual dimorphism in bilateral asymmetry
is least in the contact period. These results suggest
that (1) during the precontact periods females and
males were engaged in more dissimilar activities
which placed different degrees and types of me-
chanical demand on the left and right upper limbs,
and that activity patterns became more similar in
the contact period; and (2) in terms of differential
use ofthe right and left upper limbs, the shift from
a hunting and gathering subsistence regime to one
that incorporated maize had more of an effect on
females, while the arrival ofEuropeans and estab-
lishment of mission centers had more of an effect
on males.

INTRODUCTION

Bilateral asymmetry of metric and non-
metric traits is often noted in descriptions of
skeletal samples, both human and nonhu-
man (Hrdlicka, 1932; Schultz, 1937; Joli-
coeur, 1963; Latimer and Lowrance, 1965;
Laubach, 1967; Annett, 1972; Dalen and
Olsson, 1974; Gain et al., 1976; Coren and
Porac, 1977; Bresard and Bresson, 1983; Ruff
and Hayes, 1983b; Koffet al., 1983; Plato et
al., 1984; Schell et al., 1985). This pattern is
of interest to anthropologists because some
degree ofasymmetry has been found in every
human population studied and has been used
as a marker for genetic as well as functional
differences between and within populations
(Trinkaus, 1978).
Through the study of bilateral asymmetry,

certain anatomical patterns can be deter-
mined. For example, in limb bone length and
weight, human right upper limb bones are
consistently larger than left upper limb bones,
while the lower limb bones exhibit a pattern
of slight left dominance (Latimer and Low-
rance, 1965; Ruff and Jones, 1981).
The skeleton is known to respond to me-

chanical stresses through remodeling of cor-

tical bone areas and through increases in bone
density and mass (Nilsson and Westlin, 1971;
Watson, 1973; Woo et al., 1981). For this
reason, a number of researchers have ex-
amined long bone bilateral asymmetries in
view of their relationship to differences in
mechanical adaptations. More specifically,
bilateral asymmetry indicates differential use
of the limbs in response to activities which
rely on greater use ofone limb over the other.
Although most investigations have concen-
trated on experimental data in nonhuman
subjects and on measures in athletes (e.g.,
Buskirk et al., 1956; King et al., 1969; Chinn
et al., 1974; Jones et al., 1977), asymmetries
in bone mechanical strength in "normal" hu-
man samples have also been demonstrated
(e.g., Ruff and Jones, 198 1; Ruff and Hayes,
1983b; Bridges, 1985; Ben-Itzhak et al., 1988).
This study investigates changes in bilateral

asymmetry of structural properties ofhumeri
from precontact and contact period Georgia
coastal populations. These changes reflect al-
terations in mechanical loadings, and thus
activity patterns, in this region. Because these
samples represent populations from a rela-
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TABLE 8-1
Size and Composition of Samples from the

Georgia Coast

Temporal period/sitea Males Females Total

Precontact preagricultural
Johns Mound 2 3 5
Sea Island Mound 1 2 3
Deptford 2 1 3
Airport 1 I

Total 6 6 12

Precontact agricultural
Irene Mound 11 11 22

Total 11 11 22

Contact
Santa Catalina de Guale 7 5 12

(St. Catherines Island)
Santa Catalina de Guale 1 2 3
(Amelia Island)

Pine Harbor 1 1 2

Total 9 8 17

Grand total 26 25 51

a A discussion of the precontact sites is presented in
Larsen (1982) and Ruffet al. (1984). Provenience for the
contact sites is presented in Larsen (this volume), Saun-
ders (1987), and F. Cook (1980).

tively long period oftime, functional changes
related to the shift from a hunting-gathering
subsistence to agriculture as well as the
changes occurring at European contact can
be documented. The results of this study in-
dicate differential use of the upper limbs by
both sex and temporal period, thereby re-
flecting concurrent changes in activity pat-
terns associated with subsistence strategy
shifts.

MATERIALS AND METHODS

Right and left humeri representing 51 adults
from various Georgia coastal localities are
included in the study (table 8-1). Specimens
were selected for study on the basis of avail-
ability and completeness ofright and left sides,
absence of pathology, and availability of age
and sex data. The individuals included in the
study were divided into three temporal pe-
riods, including precontact preagricultural,
precontact agricultural, and contact.

All humeri were radiographed in standard-
ized anteroposterior (A-P) and mediolateral
(M-L) planes (see Ruff and Larsen, this vol-
ume). Measurements of individual cortices
and subperiosteal breadths were taken from
radiographs to the nearest 0.05 mm using
Helios dial calipers at 35 percent of length'
from the distal end. Length' is defined as the
length of the humerus taken from the most
proximal point on the head to the most distal
point on the lateral lip of the trochlea (fig. 8-
1). The 35 percent location was chosen for
study because it falls in the region of smallest
subperiosteal diameter and also minimizes
measurement complications that can arise
from radiographic shadowing due to the pres-
ence ofthe deltoid tuberosity proximally and
the flexor and extensor ridges distally. This
region has also been used in two previous
studies of the humerus (Bloom and Laws,
1970; Ruff and Jones, 1981). The use of two
planes for measurement of bone breadths
eliminates many of the errors in derivation
ofbone areas from linear measurements (see
also Van Gerven et al., 1969).
The measurements taken from the radio-

graphs were used to calculate cortical, sub-
periosteal, and endosteal areas using the fol-
lowing standard formulas extended for use
with data from two planes of measurement
(Ruff and Jones, 1981):

Total Subperiosteal Area (TA)
= ir(Tap/2)(Tmi/2)

Endosteal Area (MA) = 7r(Map/2)(MmI/2)
Cortical Area (CA) = TA - MA

In addition, the cross-sectional properties of
second moments of area about both A-P and
M-L axes (Iap and Iml, respectively), and the
polar second moment of area (J) were de-
rived. Their derivations were determined as-
suming an elliptical cross section (cf. Ti-
moshenko and Gere, 1972) from the
radiographic breadth measurements with the
following formulas:

Iml = 7/64 (TmiTap3 -MmiMap3)
Iap = 7r/64 (TapTM,I3 - MapMml3)
J = Iml + lap

For all formulas:
Tap = total anteroposterior breadth
TM, = total mediolateral subperiosteal

breadth
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Fig. 8-1. Location of humeral section used in this study. See text for definition of length'.

Map = anteroposterior endosteal breadth
Mm, = mediolateral endosteal breadth

Cross-sectional areas and second moments
of area are indices of strength at the section
location measured. Cortical area is an index
of strength in axial loadings. Second mo-
ments of area represent strength under bend-
ing and torsional loads (Ruffand Larsen, this
volume). The property Imi is a measure of
bending strength in the anteroposterior plane,
lap is a measure of bending strength in the
mediolateral plane, and J is a measure oftor-
sional strength and average bending strength
in both planes. Two cross-sectional "shape"
indices were also evaluated by the ratios of
the total A-P to M-L subperiosteal breadths
(Tap/Tm1) and Imi to lap (Iml/lap). In both in-
dices, a ratio close to 1.0 indicates a nearly
circular cross section. Thus, ratios that show
significant deviation from 1.0 indicate cross
sections with relatively greater breadth or
bending strength in one plane over the other
(> 1.0 indicates relatively greater anteropos-
terior bending strength).
Accuracy of the radiographic estimates of

geometric properties was determined by
comparison with the data obtained for cor-
responding sections by direct measurement
using the program SLICE (Ruff and Larsen,
this volume). Cortical area (CA) and the polar
second moment of area (J) were chosen for
comparison because each is an estimate using

all of the linear bone breadth measurements,
and thus should indicate any consistent error
between the radiographic and the direct mea-
suring techniques.

Scatterplots for cortical area and polar sec-
ond moment of area are shown in figures 8-
2 and 8-3, respectively. Both CA and J de-
rived from the linear radiographic data were
found to be highly correlated with the directly
measured values given by the SLICE pro-
gram (for CA, r = 0.83; for J, r = 0.97). Ex-
amination of these figures shows that the bi-
variate distributions are well described by a
line with a slope of 1.0. This finding is also
confirmed by least squares, major axis, and
reduced major axis regression analysis (Sokal
and Rohlf, 1969; Ricker, 1973; Thomas,
1976). On average, the radiographically de-
rived properties slightly overestimate true
parameters. However, the overestimate is
relatively constant. Thus, bilateral differ-
ences between bones using radiographic es-
timates should accurately reflect differences
between true parameters.
Asymmetry between the right and left sides

was evaluated using t-tests for paired obser-
vations; differences were considered statis-
tically significant at p < 0.05. Results are
expressed as percent differences to avoid
problems associated with variation in body
size between sexes and among temporal pe-
riods. The percent differences between right
and left sides were calculated from the for-
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Fig. 8-2. Scatterplot for comparing radiographically estimated and directly measured cortical area
(CA) (in mm2). The line plotted is a theoretical line with a slope of 1.0, running through the means of
estimated and directly measured properties.

mula: 100 x [(right - left)/right]. Therefore,
a percent difference that is greater than zero
indicates that the right side is larger. Con-
versely, a percent difference that is less than
zero indicates that the left side is larger. Fi-
nally, a one-way analysis ofvariance was used
to investigate differences in asymmetry among
the three temporal periods within both sexes.

RESULTS

The overall length ofthe humerus generally
increases in asymmetry throughout the tem-
poral span in both males and females (table
8-2). In the precontact preagricultural group,
the difference between right and left sides for

both sexes is less than 0.5 percent. This level
of side difference continues in the precontact
agricultural females. However, there is a
higher degree of asymmetry in the contact
females in which the difference increases to
the statistically significant level of 1 percent.
The males ofboth the precontact agricultural
and the contact periods exhibit significant
asymmetry in humeral length of approxi-
mately 1 percent.
The greatest and most consistent degree of

bilateral asymmetry is found in cortical and
endosteal areas. Both measures of area show
marked percent differences between right and
left sides for all time periods (table 8-2). Cor-
tical area in both sexes is significantly greater
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Fig. 8-3. Scatterplot comparing radiographically estimated and directly measured polar second mo-
ment of area (J) (in mm4). The line plotted is a theoretical line with a slope of 1.0, running through the
means of estimated and directly measured properties.

on the right side in the precontact preagri-
cultural group as well as the two later groups.
There is, however, a marked decline in asym-
metry from the preagricultural to the agri-
cultural periods with no further decline seen
in the contact period. Endosteal area also
shows a high degree of asymmetry which,
unlike cortical area, is maintained through-
out the temporal span and is larger on the
left side than on the right side. Total area,
like cortical area, is greater on the right side
in the preagricultural period. Bilateral asym-
metry in total area then declines in the ag-
ricultural period with no further change in
the contact period females. Males, however,
continue to decline in asymmetry. Overall,
the degree of asymmetry in total area is not
as great as that in either cortical or medullary

areas. Thus, although the right side maintains
a somewhat greater cortical bone area through
narrowing of the medullary cavity, the rela-
tive contraction of the subperiosteal perim-
eter leads to a decrease through time in asym-
metry of axial, bending, and torsional
strengths (fig. 8-4).
Asymmetry in bending and torsional

strengths of the humerus shows a decline
through the temporal span similar to that
found in the cross-sectional areas (table 8-3).
The preagricultural females exhibit signifi-
cantly stronger right humeri for torsion and
bending in both the A-P and M-L planes.
This declines sharply in agricultural period
females and remains close to 0 in the contact
period. Although asymmetry of these prop-
erties declines through time in the males, the
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TABLE 8-2
Bilateral Asymmetry in Humeral Length, Total, Cortical, and Endosteal Areas in Males and Females

Right Left Side diff. SE Percent diffia

Males
Length'

Preagricultural
Agricultural
Contact

Total area
Preagricultural
Agricultural
Contact

Cortical area
Preagricultural
Agricultural
Contact

Endosteal area
Preagricultural
Agricultural
Contact

Females
Length'

Preagricultural
Agricultural
Contact

Total area
Preagricultural
Agricultural
Contact

Cortical area
Preagricultural
Agricultural
Contact

Endosteal area
Preagricultural
Agricultural
Contact

314.7
312.7
318.8

334.9
290.6
303.3

258.4
226.5
232.9

76.5
64.0
70.6

320.2
289.7
302.0

266.9
225.9
219.7

209.9
176.7
171.9

56.4
49.2
47.8

314.0
309.0
315.8

319.7
282.2
300.4

219.5
204.1
211.3

100.3
78.0
89.1

319.0
289.3
298.5

246.5
230.5
223.3

157.0
151.6
147.7

89.5
78.8
75.7

0.7
1.2
3.0

15.0
8.4
2.9

15.1
22.4
21.6

-23.7
-14.0
-18.7

1.2
0.4
3.5

19.8
4.6

-3.7

52.6
25.9
23.4

-33.1
-30.4
-27.2

1.0
1.1
1.3

7.9
4.6
6.7

5.7
11.8
9.3

8.6
10.4
6.6

1.6
0.6
1.3

7.1
3.4
3.7

16.8
11.4
8.0

16.0
9.4
6.8

0.2
0.9b
1 .Ob

4.5
2.9
0.9

15.Ob
9.9
9.2b

-31.Ob
-58.7
-26.5b

0.4
0.1
1.1b

7.4b
-2.0
-1.6

25.2b
14.6
14.1b

-58.7
-60.2c
- 58.4c

a Percent difference calculated by the formula: 100 x (right - left)/right.
side is larger; a negative indicates left side is larger.
Significance levels:
bp < 0.05;
cp < 0.01.

pattern is somewhat different from that in males show
females. In the preagricultural males, strength strength of
in torsion and in bending in both planes is Side differ
greater in the right side than in the left side. (table 8-4) i
With the shift to agriculture, there is a de- tural and ag
crease in asymmetry in Iap but not a decrease generally m(
in asymmetry in Imi or J. These latter two resisting A-I
properties show a decline in asymmetry in disappears
the contact period relative to the precontact asymmetry
agricultural period. Thus, the contact period except in ti

A positive value indicates that the right

the least asymmetry in humeral
any of the three periods.
rences in both ofthe shape indices
indicate that among preagricul-
,ricultural females left humeri are
ore adapted than right humeri for
P bending. This shape asymmetry
in the contact period. Shape
among males is relatively small
he Iml/"ap index which indicates
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that in the agricultural period the right hu-
meri are more adapted for A-P bending.
Table 8-5 shows the one-way analysis of

variance within sex, between periods. These
results indicate that a significant temporal
change in bilateral asymmetry is found in the
females, but not in the males, for total sub-
periosteal area and the second moments of
area. Differences between males and females
in temporal patterns ofchange in asymmetry
in CA and J are shown in figures 8-5 and 8-
6, respectively. In both of these properties,
females show the greatest decline in asym-
metry between the preagricultural and the ag-
ricultural periods. Males, on the other hand,
show an overall decline in asymmetry that is
relatively more constant.

DISCUSSION
The general pattern of right-dominant bi-

lateral asymmetry in the humerus that we
have documented for the Georgia coast sam-
ple is similar to that reported by other re-
searchers for other human samples (e.g.,
Hrdlicka, 1932; Ruff and Jones, 1981; Ruff
and Hayes, 1983b; Bridges, 1985; Ben-Itzhak
et al., 1988). This pattern is characteristic of
most structural properties in both males and
females of all three temporal periods inves-
tigated here.
However, the degree of dominance of the

right side over the left within the Georgia
coast series is not constant, but rather shows
a decline throughout the temporal span ofthe
sample. This overall decrease in bilateral
asymmetry is associated with changes in sub-
sistence activities and is different in males
and females.

In the transition from a lifeway based ex-
clusively on hunting and gathering to that
based at least in part on maize agriculture,
females generally show much greater bio-
mechanical change than males. Although both
sexes exhibit some decline in bilateral asym-
metry, the females decline from significant
asymmetry in all measures of strength to a
relatively small percentage difference be-
tween the right and left sides. In contrast, the
contact period appears to represent a time of
relatively greater change for the males than
for the females. For males, all properties (ex-
cept lap) decline in asymmetry to a greater

Fig. 8-4. Schematic depiction of overall tem-
poral changes in relative subperiosteal (TA), cor-
tical (CA), medullary areas (MA), and polar sec-
ond moment of area (J) in right and left sides. +
indicates right side larger; - indicates left side
larger.

extent in that transition than between the first
two periods. At contact, females exhibit only
slight changes in the percent difference be-
tween right and left sides.
These data appear to show that the tran-

sition to a subsistence regime based partially
on agriculture had a more profound effect
upon the differential use of the upper limbs
among the females. The greater decrease in
asymmetry among the females relative to
males results in an increased amount of sex-
ual dimorphism in asymmetry in the agri-
cultural period, particularly in length and in
the second moments of area (with the excep-
tion of Iap). Sexual dimorphism then de-
creases in the contact period due to the great-
er decline in bilateral asymmetry among the
males (see table 8-6). Thus, in general, asym-
metry in use of the upper limbs in males and
females was most dissimilar in the precontact
agricultural period and most similar in the
contact period.
The temporal patterns of change in hu-

meral asymmetry found in the Georgia coast
are generally similar to those reported from
the Tennessee River Valley by Bridges (1985).
In particular, Bridges (1985) has also shown
an overall decline in bilateral asymmetry in
the transition to agriculture with the greatest
changes taking place within females. How-
ever, it is important to note that there is a
major difference in the findings of the two

TA+, MA-: MA-:
CA++, J+ CA+

Right Q > ©

Left Q 0X
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TABLE 8-3
Bilateral Asymmetry in Bending and Torsional Strengths in Males and Females

Right Left Side diff. SE Percent diffia

Males
Im.

Preagricultural 7893 7372 521 350 6.6
Agricultural 6474 5949 525 250 8.1
Contact 6814 6757 57 363 0.8

Iap
Preagricultural 7887 7351 535 446 6.8
Agricultural 5753 5670 83 135 1.4
Contact 6314 6425 -112 322 -1.8

J
Preagricultural 15,780 14,724 1057 711 6.7
Agricultural 12,227 11,619 607 355 5.0
Contact 13,128 13,183 -55 655 -0.4

Females
Imi

Preagricultural 4708 3907 801 286 17.0
Agricultural 3482 3472 10 102 0.3
Contact 3195 3348 -158 156 -4.4

lap
Preagricultural 5056 4404 652 196 12.9b
Agricultural 3743 3956 -213 180 -5.7
Contact 3578 3736 -158 156 -4.4

J
Preagricultural 9765 8311 1453 460 14.9b
Agricultural 7225 7428 -203 266 -2.8
Contact 6774 7084 -310 192 -4.6

a Percent difference calculated by the formula: 100 x (right - left)/right.
b p < 0.05.
Imi denotes bending strength in the anteroposterior plane.
Iap denotes bending strength in the mediolateral plane.
J denotes torsional strength.

studies. That is, precontact agricultural Geor-
gia coastal females are generally more asym-
metric in terms of size and strength of the
humeri than males, while in the Tennessee
River Valley, males are always more asym-
metric than females.

Bridges (1985) suggested that the decline
in asymmetry between right and left sides
(and the corresponding increase in sexual di-
morphism) in females in the transition to ag-
riculture without a concomitant change in
males may be due to the greater role that
women played in subsistence-related activi-
ties. Bridges suggested that maize grinding-
an activity that requires approximately equal
strength in both arms, especially in flexion
and extension of muscles crossing the elbow

joint-may have played a large part in de-
termining humeral morphology. Males,
though, took little part in either gathering or
agricultural activities, maintaining much the
same activity patterns (involving the upper
limb) as in the preagricultural period. The
Georgia coastal asymmetry data quite clearly
support this hypothesis.
The change in degree of asymmetry be-

tween hunting-gathering and agriculture in
Georgia and the Tennessee River Valley is
also generally the same for females. These
findings suggest that females of similar sub-
sistence strategy in both regions were engaged
in similar activities. The changes among the
males in these two regions are not as consis-
tent as those shown for females, however.
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TABLE 8-4
Bilateral Asymmetry in T.p/Tm. and 'ap/I in Males and Females

Right Left Side diff. SE Percent diff.a

Males
Tap/Tm,

Preagricultural 1.01 1.01 0 0 0
Agricultural 1.06 1.04 0.02 0.01 1.9
Contact 1.04 1.03 0.01 0.01 1.9

Im,/l.ap
Preagricultural 1.01 1.01 0 0 0
Agricultural 1.13 1.06 0.07 0.03 6.2b
Contact 1.08 1.06 0.02 0.02 1.8

Females
Tap/Tm1

Preagricultural 1.05 1.08 -0.03 0.01 -2.8
Agricultural 1.08 1.14 -0.06 0.03 -5.6
Contact 1.08 1.06 0.02 0.04 1.8

Imi/Iap
Preagricultural 1.09 1.14 -0.06 0.04 -5.3
Agricultural 1.05 1.08 -0.03 0.01 -2.8
Contact 1.13 1.11 0.02 0.05 1.8

a Percent difference calculated by the formula: 100 x (right - left)/right.
bp < 0.05.

Males in the Tennessee River Valley were
found to have a relatively high degree of
asymmetry in both the preagricultural and
the agricultural periods, with only a slight
decrease in the agricultural period. As dis-
cussed above, these males also exhibit a
greater degree ofasymmetry than that found
among the females. Bridges (1985) suggested
that the greater difference in use of the right
and left upper limb among males, particularly
in the preagricultural period, is due to the use
ofthe atlatl in hunting, an activity that places
relatively greater mechanical demands on the
right arm than on the left arm. It was sug-
gested that the slight decrease in bilateral
asymmetry among the agricultural period
males resulted from increased use ofthe bow
and arrow in hunting, thereby placing rela-
tively equal stresses on the right and left arms.
The relatively smaller bilateral asymmetry

among the Georgia coastal precontact males
suggests that these individuals may not have
engaged in hunting to the same extent as the
inland Tennessee River Valley group, espe-
cially hunting involving the use of the atlatl.
As discussed by Larsen (this volume), hunt-
ing on the Georgia coast was always second-
ary in importance to fishing and other activ-

ities associated with the acquisition ofmarine
resources. Therefore, it stands to reason that
males of these populations would have re-
duced levels oflimb bone asymmetry relative
to inland populations. In addition, the tran-
sition to a lifeway that included agriculture
had only a slight effect on the differential use
of the right and left upper limbs, suggesting

TABLE 8-5
One-Way Analysis of Variance of Bilateral
Asymmetrya Among Periods Within Sex

Males Females

Length' b
Total area d
Cortical area
Medullary area
Imi c
Iap d
J d
Extemal shape
Cortical shape

a Percent difference calculated by the formula: 100 x
(right - left)/right.
bp < 0.10;
cp < 0.05;
dp < 0.01.
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Male
------Female
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251-
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mmhm
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Precontact
Preagricultural

Precontact
Agricultural

Period
Fig. 8-5. Temporal comparisons of bilateral differences in cortical area (CA) in males and females.

TABLE 8-6
Sexual Dimorphisma in Bilateral Asymmetry

Precontact
preagri- Precontact
cultural agricultural Contact

Length' c
Total area d
Cortical area
Medullary area b c
Im. d
Iap b
J b c
Tap/Tm1 d
Imi/lap d

a Sexual dimorphism determined by two-sample t-tests
between males and females ofeach temporal period. The
tests were performed on the percent difference between
right and left sides. Percent difference calculated by the
formula: 100 x (right - left)/right.
bp < 0.10;
Cp < 0.05;
d p < 0.01.

only a small shift in activities among the males
of this period on the Georgia coast.
Ruff (1987) has suggested that increased

reliance on agriculture as a subsistence base
results in a reduction in the division of labor
by sex. The decrease in bilateral asymmetry
between males and females from the precon-
tact agricultural to the contact period pro-
vides further support for this hypothesis.
With regard to shape asymmetry in right

and left humeri, while females of the precon-
tact periods exhibit greater anterior-posterior
bending strength on the left side, males gen-
erally show greater anterior-posterior bend-
ing strength on the right side. In the contact
period, neither the males nor the females ex-
hibit any marked difference in relative bend-
ing strengths in different planes between the
right and left sides. Thus, like general strength
asymmetry, sexual dimorphism in shape
asymmetry is very low in the contact period.
This decline in sexual dimorphism may be
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Fig. 8-6. Temporal comparisons of bilateral differences in polar second moment of area (J) in males
and females.

due to increased male participation in agri-
cultural activities as a result of forced labor
by the Spanish beginning with European con-
tact (see discussion in Ruff and Larsen, this
volume).

CONCLUSIONS

Bilateral asymmetry in size and shape of
the humerus provides important information
regarding the functions and differential use

ofthe upper limb in general. Although overall
bone length may be related to general me-
chanical loadings of a specific skeletal ele-
ment, cross-sectional geometric properties are
more useful for defining particular differen-
tial stresses that are applied to the upper limb
and activities which involve the greater use
of one arm over the other.
The pattern reported here of overall larger

size and greater strength of the right side rel-

ative to the left side is consistent with that
reported in other studies. Comparisons ofthe
temporal periods reveal a decline in asym-
metry ofthe upper limb. We suggest that this
decline reflects activity patterns involving
change in the use of the upper limbs in the
shift to a lifeway that involves agriculture.
Changes in patterns ofasymmetry in axial,

bending, and torsional strengths indicate that
females were affected to a relatively greater
degree in the shift to agriculture than males.
The resulting increase in sexual dimorphism
is consistent with the suggestion that, while
females became very involved in new agri-
cultural activities, males maintained patterns
ofactivity (involving the upper limb) not dis-
similar from those of the preagricultural pe-
riod. European contact in the 17th century
saw a reduction in sexual dimorphism due in
large part to a further decline in bilateral
asymmetry among males. This decline in sex-
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ual dimorphism may reflect an increase in
the degree to which males as well as females
took part in agricultural activities.
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