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Prehistoric Populations from lllinois

By Alan H. Goodman,' George J. Armelagos' and Jerome C. Rose?

ABSTRACT

Enamel hypoplasias, deficiencies of enamel thickness resulting from systemic
growth disturbances, were used as indicators of previous growth disruptions and
stress in a sample of 111 adults from the Dickson Mound archaeological population,
Lewiston, Lllinois (A.D. 950-1300), The distance of hypaplasias from cemento-
enamel junctions determines the age at which stresses occurred. Simultaneous
occurrences of hypoplasias on different teeth of the same adult provide a “memory”
of systemic growth disruption and stress which occurred between birth and age
seven. This method provides an indicator of the teeth most susceptible to growth
disruption. '

The number of individuals with one or more growth disruptions-hypoplasias

increased significantly (p = .01) between the Late Woodland (45%), the Mississip-
pian Acculturated Late Woodland (60%) and the Middle Mississippian periods
{80%}. No significant differences in the frequency of growth disruptions were found
between males and females. The occurrence of hypoplasia at yearly intervals is
presented as evidence of an annual cyele of stress. The increase in growth
disruption-hypoplasias over time is probably related to an increased reliance on
maize agriculture.

Stress is a central, stereotypic physiological response (Levi, 1972). This
response, which is common to all stressors, involves the activation of the
pituitary-adrenal cortical axis and the sympathetic-adrenal medullary axis
with increased release of adrenal cortical and adrenal medullary hor-
mones (Selye, 1971). The stress syndrome is thought to be generally
adaptive since it activates and orients organisms with respect to environ-
mental conditions that often need to be changed. However, if stress is
long-lasting, severe, and uncontrolled it may have a devastating effect on
individuals and the groups to which they belong (Selye, 1956). Individual
physiological changes resulting from stress may cause populational in-
creases in morbidity and mortality, coupled with decreases in productive
and reproductive capacities (Christian, 1968). Thus, stress is a potentially
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significant force for change in fitness of cultural and biological systems, ,
topic of central concern among anthropologists.

One product of stress is growth disruption (Acheson, 1960; Park
1964), and disruptions of growth often leave permanent markers of stres;
on the skeleton. Such markers are usually the only means for reconstrye.
tion of stress in extinct populations and are perhaps the best retrospective
indicators of previous physiological stress for living populations. Thege
markers provide a “memory” of earlier metabolic events.

Enamel hypoplasia, a deficiency in enamel thickness due to a disrup.
tion of ameloblast activity, is a promising marker of previous stregg.
Hypoplasias are found on teeth, the most commonly recovered skeletal
remains, and are easily identified. They are widely considered to be valid
indicators of stress and by virtue of their regular, ring-like growth may
provide a longitudinal record of stress during their development (Giro,
1947; Kreshover, 1960; Massler et al. 1941: Sarnat and Schour, 1941,
Schour and Massler, 1945),

Although enamel hypoplasias have been frequently associated with 5
wide variety of stressors in experimental and clinical research, field or
naturalistic studies are rare. In this paper we present results from a study
of enamel hypoplasias of the permanent dentition in three archaeological
populations from Dickson Mounds, Lewiston, Illinois {approximately
950-1300 A.D. ). Such data may contribute information on the major stres-
sors effecting these groups, the most stressed sub-groups, the most stress-
ful ages in individuals’ lives, the broad association of stress and cultural
change, annual variation in stress levels and the later effects of childhood
stress. The specific purposes of this paper are to establish the overall
frequency of hypoplastic growth disruptions per individual in our samples
and to address the following questions: 1) Is there an increase in growth
disruptions (hypoplasias) over time at Dickson? 2) Is there a different

frequency of growth disruptions by gender? 3) Is there evidence for an
annual cycle of growth disruptions?

Archaeology and Paleoepidemiology of Dickson Mounds

The skeletal samples used in this analysis are from the Dickson
Mounds. The site, which consists of hoth burial and habitation areas, is
located near the confluence of the Illinois and Spoon Rivers, 4.8km
southeast of Lewiston, Illinois. The environment is composed of four
zones: a wet flood plain, talus slope forest, highland forest, and a plains-
prairie area. The faunal and floral assemblages and their potential for
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aboriginal exploitation have been described by Harn (1971). The three
cultural horizons that are associated with the Dickson cemetery are de-
seribed below.

Between A.D. 950 and A.D. 1050, the Dickson site was occupied on a
temporary seasonal basis by a relatively small (75-125) indigenous Late
Woodland (I..W.} population whose subsistence economy was directed
toward the extensive utilization of a broad range of flora and fauna. Dur-
ing the same time period, the Middle Mississippian culture was develop-
ing at Cahokia in the American Bottom, 180km to the south near what is
now East St. Louis, Illinois. The Late Woodland culture at Dickson
Mounds eventually came under the influence of the Middle Mississippian
culture. The cultural manifestation of this influence is termed the Missis-
sippian Acculturated Late Woodland (M.A.L.W. or transitional), dated
about A.D. 1050-1200. An example of this adaptation is the Eveland site
which is located 230m to the southwest of the Dickson Mounds burial
complex. During this period there is long distance trade and a gradual
alteration in subsistence techniques with the introduction of maize culti-
vation.

The Middle Mississippian at Dickson Mounds represents the culmina-
tion of trends toward 1) increased maize cultivation, 2) increased popula-
tion density and settlement, and 3) participation in Mississippian trade
networks. The Myer/Dickson site {A.D. 1200-1300) is an agricultural
hamlet of 3-4 hectares in extent. The houses are arranged in rows about
an open plaza (Harn, 1971). The Myer/Dickson site along with six other
hamlets and 31 camps are associated with the Larson ceremonial center,
11km to the southeast.

The introduction and intensification of trade networks, increased
population density, sedentarism and introduction and extension of maize
agriculture suggest rapid and perhaps deleterious change. New trade net-
works coupled with increased population density suggest an increased
chance for the spread and maintenance of infectious pathogens. Increased
reliance on maize suggests potential dietary stress. The rapid change in
cultural adaptation may be an additional stressor on the population.

Lallo et al. (1978) showed that dietary and infectious related pathol-
ogies increased over time at Dickson. They report an increase in the
frequency and severity of infectious pathelogies and an increase in death
rates. These results, along with previously reported increase in porotic
hyperostosis, a sign of iron deficiency anemia (Lallo et al. 1977), are
probably indicative of an increase in nutritional deficiencies at Dickson.
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MATERIALS AND METHODS

Materials

The total sample of all the available Dickson skeletons with neqy com.
plete permanent dentitions numbers 111 individuals (Table 1). The study
sample has a more homogeneous age structure than the original popula.
tion since the younger and older individuals have been disproportionately
excluded due to an insufficient number of remaining permanent teet},

There are no significant sex or age differences between samples from the
three cultural horizons.

Evaluation of Enamel Hypoplasias

All teeth and enamel crowns were thoroughly cleaned in order to
remove calculus and foreign substances. Macroscopic observation of the
color and texture of the enamel was aided by use of a dental probe and 3
zoom binocular microscope. In this manner, hypoplasias were easily iden-
tified and were not readily confused with other features of the dental
enamel.* Hypoplasias are operationally defined as developmental enamel
defects that are observed as transverse areas of depressed enamel. The
depressions may either be continuous (a line or band) or discontinuous
(pitted).

The presence or absence of 28 permanent teeth was recorded. The
third molars, which are too variable in developmental timing for line
matching, were not used. Loss of enamel was recorded. Attrition, which
was often severe, was graded on a nine point scale. This yielded a record
of all dental enamel which was available for analysis.

The position of all hypoplasias was measured to the tenth of a millime-
ter with a Helios thin-tipped caliper (see Swirdstedt, 1966) as the dis-
tance from the center of the hypoplasia to the cemento-enamel! junction.

*In the preliminary methodology hypoplasias were graded by type and severity, How-
ever, these delimitations were not utilized in our final analysis because of the continuous and
homogenous nature of the hypoplasias found. Sarnat and Schour's (1941) classification of
pitted and smooth hypoplasias was tried in our preliminary analysis but was not used in the
main analysis because most of the hypoplasias were clearly intermediate to their “types”.
Similarly, Mellanby's classification of severity (Farmer, 1966), which includes five grades
from no hypoplasia to defined clinical hypoplasia, was tried in our preliminary analysis but
was not used subsequently because the two most severe grades were very rare (approxi-
mately one per one thousand teeth) and the two least severe hypoplastic grades were not
easily distinguished from each other.
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Table 1

Mean Ages of The Dickson Sample by Cultural Horizon and Sex
(Sample Sizes in Parenthesis)

Males Females Adolescents Total

Late Woodland 40.0 (6) 33.0 (12 12.5 (2) 33.1 (20)
Mississippian

Acculturated

Late Woodland 36.6 (23) 36.0 (1T 12.5 (5} 34.0 (45)
Middle

Mississippian 36.2 (21} 32.5 (21) 12.5 (4) 32.7 (46)
TOTAL 37.1 (50 34.3 (50) 12.5 (11) 33.3 (111)

Evaluation of the Number and Timing of Growth Disruptions

An important step is the conversion from a recording of hypoplasias on
teeth to a recording of the number and time of development of growth
disruptions per individual so that statistical analysis may focus not on
teeth as the unit of analysis but on individuals, and not on hypoplasias as
datum but on growth disruptions.

Hypoplasias were located on teeth by the half-year period in which
they developed, from between birth and six months to between 6.5 years
and 7.0 years. This assessment of age of onset of hypoplasia was per-
formed with reference to the graph of enamel crown development of
Massler et al. (1941) which has been modified for metric analysis by
Swirdstedt (1966} (see Figure 1).

The time of development of hypoplasias across teeth was examined in
order to ascertain temporal patterns of systemic growth disruptions for
individuals. Each half-year period was given one of three classifications: 1)
positive evidence for systemic growth disruption; 2) negative evidence for
systemic growth disruption; or 3) not enough evidence for grading, e.g.,
sufficient data is not available. A half-year period was graded as positive
for growth disruption if two or more teeth exhibited a hypoplasia that de-
veloped during that period. A half-year period was graded negatively if at
least four sections of enamel were available for analysis and no more than
one of them was hypoplastic. A half-year section was not graded if four
sections were not available and less than two were hypoplastic.

Data on the frequency of growth disruptions have been compiled in
two forms: 1) by mean number of growth disruptions per individual and 2)
by percent of individuals with at least one growth disruption. Data are

e 1T i
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iy PM? M’ M2 presented for the complete sample and then analyzed by cultural horizon
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s 70 " An annual cycle of growth disruptions was assessed by the following
se > 0 65 method. A unit of analysis or case was defined as two occurrences of
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" s disruptions within the individual are independent events, then the occur-
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as 4.0 . :: occurrence of growth disruptions separated by a year. If the frequency of
solsa 182 ops2 [ 48 occurrences of growth disruptions separated by a year does not equal the
a0 e frequency of occurrences separated by a half year, then events will be
28 0.51 ] shown to be somehow dependent. If disturbances more often follow a
J asdas | aod 12 yearly pattern, t.hen this may be evidence of an am_lugl (.fycle of s'tress.
20l a4 S Significance of differences was tested by use of the bl}fomlal test (Siegel,

1956). J
RESULTS

Growth Disruption per Individual

A clear trend of increased growth disruptions per individual is evident
from the Late Woodland to the Mississippian Acculturated Late Wood-
land to the Middle Mississippian with means of 0.90, 1.18 and 1.61 re-

151 2.5
20 20 i :T: _"” spectively (Table 2). The trend of increased growth disruptions over time
w5tz asles 1o 2.0 4 in individuals with complete measurement (no individuals with extensive
5.2 . . . . - . - S1s
0 . as bae wear) is evidence th:f\t this trend is not due to differential availability of
- e enamel because of differential attrition (Table 2B).
4s zo 50 1 Chi-square tests were performed in order to analyze the above trend
0126 5026 25426 for statistical significance. The sample was divided into those without
55 as 23 evidence for growth disruption and those with one or more disruptions®
0 L ap bl (Table 3). The Middle Mississippian was found to differ significantly from
’j ”j 5.5 1 both the Mississippian Acculturated Late Woodland and Late Woodland,
odo odo sl mJ 0 {p = .05, p = .01 respectively) (Table 4). When all three cultural horizons

— — - = were compared, a significant difference was again found (p = .01).
the human permanent dentition. Teeth
s the right of each line are the lengths of
s-enamel junctions. The numbers to the
ages at which the sections of enamel
66 from the developmental sequence of

4f growth disruptions occurred at both a half year and a year after another growth
disruption, then this was not considered a unit of analysis, nor was the case of two growth
distuptions separated by more than a year considered a unit of analysis.

3Because of the small number of individuals with greater than one growth arrest episode,
these individuals were combined with the individuals with one growth arrest episode.
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Table 2

Mean Number of Growth Disruptions per Individual in the
Dickson Populations

Mississippian
Late Acculturated Middle

Tot;
Woodland Late Woodland Mississippian Sam;;e
A, All individuals
I. Males 17 1.26 1.43 1.20
2. Females 1.42 .82 1.47 1.24
3. Adolescents .00 2.00 3.25 2.09
4. Total .80 1.18 1.61 1m
B.  Only individuals with complete measurements, birth-seven years
1. Males .00 1.25 1.43 1.25
2. Females 1.29 1.29 1.64 1.44
3.  Adolescents .00 2.00 3.25 2.09
4. ‘Total .90 1.45 1.86 1.52

Sex Differences in Growth Disruption

On the average, there is a slight difference between the frequency of

" growth disruptions in males and females, 1.20 and 1.24 respectively (see

Table 2A). This slight difference remains when differential loss of ename!
is controlled for (Table 2B).

Table 3

Number of Individuals without Growth Disruptions and the Number of

Individuals with One or More Growth Disruptions by Cultural Horizon
(Percentages in Parentheses)

No One or More
Hypoplasias Hypoplasias Total

Late Woodland (L. W.) 11 (55) 9 (45) 20 (100)
Mississippian

Acculturated

Late Woodland (M. A. L. W.) 18 (40} 27 (60} 45 (100)
Middle

Mississippian (M. M.) 9 (20) 37 (B0} 46 (100)
TOTAL 38 (34) 73 (66) 111 {100}
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Table 4

Summary of Chi-Square Tests where the Frequency of Individuals with
One or More Growth Arrest Episodes were Compared to Those without a
Growth Arrest Episode (See Table 3). Yates' Correction is used when
d.f. Equals 1 (d.f. in Parentheses)

Chi-Square Value

versus M. A. L. W. T

LW
L. W. versus M. M. 6.8 (1)**
M. A. L. W. versus M. M. 3.8 (1)*
L. W. versus M. A. L. W. versus M. M. 11.0 {2)**
* = p=.0b
w* = p=. 01

Approximately the same percentage of males and females have at least
one growth disruption, 62% and 66% respectively (Table 5). Neither this
overall difference nor any of the differences between gender within cul-
tural horizons are statistically significant.

Table 5

Number of Individuals with One or More Growth Disruptions and
Number of Individuals without Growth Disruptions by Cultural Horizon
and Sex (Percentages are in Parentheses)

No Growth Growth
Disruptions Disruptions Total
Late Woodland
Males 5 (83) 147 6
Females 4 (33) 8 (67) 12
Mississippian Acculturated Late Woodland
Males 10 (43) 13 (57) 23
Females 8 (47) 9 (53} 17
Middle Mississippian
Males 4 (19} 17 (81) 21
Females 5 {24) 16 (76) 21
Total Dickson Sample
Males 19 (38 31 (62) 50
Females 17 (34) 33 (66) 50
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Table 6

] parated by 4
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———
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.3 Years 1.0 Years (S

iegel, 1955)
Late Woodland

1 3 _
Mississippian

Acculturated

Late Woodland 5 12 072
Middle

Mississippian 10 14 271
TOTAL 16 29

-0336

Evidence of Circannual Growth Disruption

The frequency of occurrence of two growth disruptions separated by

Discussion
Evidence of Stress in the Dickson Population

Hypoplasias and hypoplastic growth disruptions are common in the
Dickson populations. A mean of approximately 1.5 growth disruptions
was found per individual. 66% of individuals had at least one growth
disruption.

The frequency of growth disruptions increased over time at Dickson.
$ is consistent with previous data on increased infectigus morbidity
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and increased death rates through time at Dickson. The increase in
growth disruption supports the hypothesis that stress increased with
change in subsistence at Dickson.

We found no clear pattern of differences in the occurrence of growth
disruptions by gender. These results are not unexpected as one could
predict that males would have more growth disruptions (since the grow-
ing male is more sensitive to stress) or that females would have more
growth disruptions (since females are often less culturally buffered from
stress). Research on living populations, in which the social status of males
and females within the society is known, would help clarify the impor-
tance of these countervailing forces. There is some evidence from studies
of Apache children {Infante and Gillespie, 1974) and from a Swedish
medieval population {Swirdstedt, 1966) that males have more hypoplasias
than females.

The occurrence of growth disruptions over time within an individual is
not random: growth disruptions seem to be dependent or linked to pre-
vious occurrences. Growth disruptions occur at yearly intervals more
often than at half-year intervals. The precise reason for this association
cannot be known retrospectively. It could be an artifact of the methodol-
ogy or due to an unknown biological cycle of growth disruption and
growth recovery. We believe that it is likely due to an annual cycle of
environmental stress such as that which may occur during the winter
season and is evidenced in the growth of teeth in other mammals (Ran-
som, 1966).

These data cannot be readily compared to observed frequencies of
hypoplasias in other populations. There are few studies of hypoplasia and
they typically follow very different methodologies. Infante (1974) states
that the frequency of hypoplasia is not known for a United States popula-
tion. Indeed, we are not aware of any report of hypoplasia frequencies for
any population undergoing infant-childhood stress. Hypoplasias have
been found in extinct populations—australopithecine (White, 1978),
Neanderthal (Brothwell, 1963), California Indian (Schulz and McHenry,
1975), Swedish Medieval (Swardstedt, 1966). Infante cites frequencies of
hypoplasias from 14% to 72% in malnourished children (1974, p. 155).
Our results would seem to fall within the upper limits of his findings, but
differences in methodology preclude direct comparison.

Methodological Implications

A methodology must be developed for the study of macroscopic
enamel hypoplastic growth disruptions that is easily performed, is repeat-




596 A. H. Goodman, G. J. Armelagos and . C. Rose

able and is a valid indicator of general stress. Such a methodology shoulg
be universally applied or, when deviated from, the effects of deviatiq,
should be known with certainty. Studies of single teeth are easily pe,.
formed and are highly repeatable (Schulz and McHenry, 1975, Ros,

1977). However, data are lost by studying a single tooth and hYpOpIasia;
caused by systemic stress can not be differentiated from those caused by
local disturbances. For these reasons, a multiple tooth analysis is
suggested. The multiple tooth technique yields a more valid indicator of
the frequencies and age of occurrence of systemic stress. However, thig
methodology is complicated by loss of enamel and by the distribution of
hypoplasias across teeth. It was thought that all enamel sections that are
developing at the time of a stressful event would be equally likely to bea,
a macroscopic enamel hypoplasia. However, analysis illustrates that cer-
tain teeth seem to be more susceptible to enamel hypoplasias. Study of
the distribution of hypoplasias over different teeth within the same indji.
vidual has shown a pattern of sensitivity in which some teeth will become
hypoplastic before others. When the time of development of hypoplasias
{etiological age) is controlled, a pattern emerges. Canines appear to pro-
vide the best records of stress from etiological ages 3 to 6.5 years. From
birth to 3, the incisors generally and, the maxillary central incisors specif-
ically, appear to be the best recorders of stress. From etiological ages 6.5
to 7 years, the mandibular lateral premolars appear to be the best re-
corders of previous stress.

We have reexamined those individuals in the present sample with the
most complete dentitions. Our study has not yielded a hypoplastic line on
a premolar or molar that did not have a matching line on a canine or
incisor. In effect, no information would have been lost if these molars and
premolars were not examined. Rather than study a single tooth, such as
the mandibular canine, our study supports the inclusion of at least one of
the incisors, which as a class appears to be a more sensitive recorder of
stressful events before age three. In the select sample, approximately
70% of the totally recorded growth disruptions were recorded on manibu-
lar canines, the highest single tooth total. When this tooth was studied
with the maxillary central incisor, over 95% of the total growth disrup-
tions were observed on at least one of these teeth. We suggest, therefore,
that future analyses might be limited to the two maxillary central incisors
and the two mandibular canines, thereby greatly saving time with mini-
mal loss of information.

Comparable and repeatable studies of growth disruption hypoplasias
would be helpful in comparing levels of stress and etiological age of stress-
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ful events between populations; prehistoric, historic, or contemporary.

However, comparability of growth disruption studies will not be obtained
unless: 1) the samples’ age structures are similar, 2) the same graph of
enamel crown development is used as a standard of age at the time of
formation of the hypoplasias, 3) minimal severity is standardized, 4) the
same teeth are studied, and 5) criteria for conversion of hypoplasias to

growth disruptions are standardized.
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