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Biological Relationships and Popularion History
of Native Peoples in Spanish Florida and
the American Southeast

Mark c. Griffin, Patricia M. LambeG and Elizabeth Monahan Driscoll

This study was conducted in order to estimate population distances befween
Native American skeletal samples from the southeastern United States and
to place Guale in particular in the I arger landscape of biological distance and
population history in this region. Previous research (Griffin t989,1,993;
Griffin and Nelson 1'996) using dental and cranial nonmetric traits has
placed some of these samples in a local perspective. This study takes a
broader regional perspective, examining population samples from North
Carolina, Tennessee, Georgia, and Florida. These additional samples rep-
resent a diverse cross section of cultural and linguistic groups from the
southeastern United States.

In order to assess population affinitg biological distances are calculated
using dental and cranial morphological data.Previous studies have demon-
strated that this combined approach of including more than one source of
data provides complementary rather than redundant results (Corruccini
'l'97 4;Trinkaus 1.97 8 ;Kennedy 1.9 Br ;Molto 1.9 83 ;Hanihara j,9 92;Griffin
1993). The rwo sets of traits were chosen because of their demonstrated
usefulness in describing population relationships. Dental morphology-
more specificallg the number, configuration, and size of cusps and other
surface features of teeth-has been shown to be highly correlated with
genetic ancestry below the level of reproductive population and often to
the level of family group (Scott and Turner 1997). Cranial morphologg
specifically the presence, number, and placement of ossicles, foramina, and
other features of the skull, has similarly been shown to be highly correlated
with genetic ancestry (Hauser and De Stefano t9891. Biological distance,
in the sense used here, refers to a statistical expression of morphological
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similarity between populations that is derived from genetically controlled
traits.

Dental and cranial nonmetric traits have been extensively used to assess

population affinity and patterns of microevolution (Saunders and Popo-
vich'197 8; Pietrusewsky L 9 8 i., 1,9 84 ; Greene 1,9 821' Turner 1,9 8 6a, 19 I 6b,
L987a, t987b, 1990; Dodo '1.987; Sofaer et al. L986; Katayama 1988;
Haeussler et al.'1.9 89; Nichol 1.9 89, 1.99 0 ;Ishida 19 9 0 ;Sciulli L9 9 0 ;Town-
send et aL.1.990;Lukacs and Hemphill 1991; Dodo et al. t99L;Ishida and
Dodo t993; Scott and Turner 1997). Recent research using both types of
nonmetric traits has focused on population microdifferentiation. That is,
nonmetric traits in recent research have been used to differentiate between
local populations rather than between large, aggregate, geographically
defined populations (e.g., between groups of Native Americans rather than
between Native Americans and Europeans). The present study is also fo-
cused on population microdifferentiation.

Materials

Skeletal samples from L3 archaeological sites used for this study all derive
from the southeastern United States. The geographic locations of the sites

are indicated in figure 9.1,, andthe population samples are summarizedin
table 9.1. Culturally, the population samples included here represent a di-
verse cross section of the protohistoric Southeast spanning a period from
around e.p. 1200 to L700. In broad geographic terms, they can be divided
into three physiographic areas: coastal plain, piedmont, and ridge and
valley.

Three of the coastal samples have been archaeologically and ethno-
graphically identified as Guale. These samples come from the geographic
area described by David Thomas as La Florida (Thomas 1,957). The Guale
skeletal samples examined here were recovered from three sites: (L) Irene
Mound in Chatham County, Georgia (9Ch1), (2) Santa Catalina de Guale
(9Li274) on St. Catherines Island, Georgia (hereafter referred to as Santa

Catalina), and (3) Santa Catalina de Guale de Santa Maria (8Na41) on
Amelia Island, Florida (hereafter referred to as Santa Maria).

The first of the Guale sites, Irene Mound, is located in coastal Georgia
near the Savannah River mouth. This prehistoric site was occupied from
around e.n. 1150 to 1,450 (Caldwell and McCann 1941). The second
Guale site, Santa Catalina, is located on St. Catherines Island, Georgia,
and represents the first of a series of Spanish missions. The mission was
occupied from e.o. 1608 to L580. The third Guale site, Santa Maria, is
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Fig. 9.1. Geographic locations of population samples for biodistance study.

located on Amelia Island, Florida, and represents the last in this same series
of Spanish missions. This mission was occupied from n.o. L686 to L702.
Ethnographic records indicate that the Guale inhabitants of the Santa
Catalina and the Santa Maria missions were descendant populations from
the pre-contact Guale of Irene Mound.

A fourth sample from the coastal plain area is from the Spanish mission
of Santa Maria de Yamasee (8Na4ld) on Amelia Island, Florida. This skel-
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etal sample, tentatively identified as Yamasee (Bushnell 1986; Saunders

1988), was recovered immediately south of the Santa Catalina de Guale de

Santa Maria cemetery on Amelia Island. The population sample is referred
to here as Santa Maria de Yamasee. The Yamasee, like the Guale, were
refugees from northern Georgia and lower South Carolina and are consid-
ered inland relatives of the coastal Guale (Mooney t969). Although it is

clear that the Yarnasee were probably close linguistic and cultural relatives
of the Guale, the biological affinity of these two groups is unclear.

The final two coastal plain samples derive from the Late'Woodland
Baum (31Ck9) and Piggot (31Cr14)prehistoric Carolina Algonquian sites.

Prior to European contact, the North Carolina coastal region was occupied
by two distinct cultures, the Carolina Algonquians of the Tidewater zone

and the Tuscarora of the Inner Coastal Plain (Phelps 1983). Two local
phases have been established for these Late 'Woodland cultures of the

North Coastal region: Colington is the phase name given the Algonquian
culture of the Tidewater zone, and Cashie is applied to the territory of the
Tuscarora, Meherrin, and Nottaway in the interior Coastal Plain (Phelps

1983). Current radiocarbon dates for the Colington phase range from a.o.
860 + 85 to 1315 r.70 (Phelps L977). The North Carolina population
samples used here are all from the Colington phase Algonquian cultural
tradition. Three of the Algonquian population samples included in this
study were recovered from the Baum site. The Baum site, located in coastal
North Carolina, covers at least five acres and contains a Middle l(oodland
period component (300 B.c.-A.D. 800) and aLate Woodland component
(e.o. 800-1550). Five ossuary-type burials have been recovered from the
Baum site in excavations from 1,972 to 1983. All five ossuaries have been
found overlying the Middle Woodland component, indicating a Late
'Woodland, Colington phase affiliation. A radiocarbon date for the Burial
1 ossuary of n.o. 1315 +70 confirms this association (Phelps 1980b). The
remaining ossuary sample was recovered from the Piggot site (31Cr14).
The Piggot site is located in Carteret Counfy, North Carolina, near the

southern boundary of the traditional Algonquian distribution (Phelps

1980a). The site has been radiocarbon dated to A.D. L230 + 65. The pattern
of deposition in the ossuary suggests that it is associated with the Colington
phase (Truesdell t995).

The population samples from the Piedmont include Town Creek Mound
(3IMg2 and 3) and Upper Saura Town (3lSkla), both located in North
Carolina. Town Creek is a late prehistoric Pee Dee phase palisaded mound
and village dating to about e.o. 1200 to L400 ('Ward and Davis 1"999).The



Biological Relationships and Population History .l 231

site is located on the southern piedmont near the confluence of the Pee Dee
and Little rivers. The so-called Pee Dee people who occupied this site had
cultural traditions distinct from those observed at more northerly pied-
mont settlements. According to Coe (1995), physicai traits (e.g., nose form
and stature), the practice of fronto-occipital cranial deformation, ceramic
sfyles, and mound construction link Town Creek biologically and cultur-
aliy more closely with South Appalachian Mississippian traditions better
known at sites like Irene Mound than to northern Siouan villages like Up-
per Saura Town. Upper Saura Town, the second piedmont sample included
here, is a historic Siouan village dating to the latter part of the tTthcentury.
The site is located along the Dan River on the norrhern piedmont, well
outside the sphere of Mississippian cultural influence (Ward and Davis
1.eee).

The population samples from the ridge and valley area include'Warren
'lTilson (3IBn29) and Coweeta Creek (3tMa34) in North Carolina; Led-
ford Island (15By13) in Tennessee; and the King (9F15) and Little Egypt
(9Mul02) sites in Georgia. The Warren'Wilson site is a Pisgah phase pali-
saded proto-Cherokee village dating to about e.n. L200 to 1400. The site
is located on the Swannanoa River east of Asheville, North Carolina. Co-
weeta Creek is an early Qualla phase Cherokee village dating to the early
LTth century. According to Ward and Davis (1,999),the prehistoric moun-
tain villages in this area were part of the South Appalachian Mississippian
cultural tradition.

The remaining three sites, Ledford Island, King, and Little Egypt are all
from the Lamar/Dallas/Mouse Creek traditions. The Mouse Creek phase
site of Ledford Island was a large Mississippian town located in the Hi-
wassee River of eastern Tennessee on an island of the same name. The site
of Ledford Island was likely inhabited from around n.o. 1400 to 1500. The
final rwo sites, the King and Little Egypt sites, are from the Late Mississip-
pian Lamar cultures. The King site is an early historic town located in
northwest Georgia in the floodplain of the Coosa River, approximately 20
miles west of the city of Rome, Georgia. The site was occupied in the 15th
century for less than 50 years. According to Crowder (1988), the cultural
affiliation of the King site has been archaeologically identified as Creek.
The Little Egypt site is located on the south side of the Coosawattee River,
approximately 35 miles northeasr of Rome, Georgia. The predominant
occupation of Little Egypt was during the Late Mississippian period, from
e.o. L350 to 1500. According to Hally (1980), Little Egypt was probably
the center for the paramount chiefdom of Coosa.



232 | Mark C. Griffin, Patricia M. Lambert, and Elizabeth Monahan Driscoll

Previous Studies: Guale

Previous examination of the Guale samples included here (Griffin 1989,
1993; Griffin and Nelsontgg6) indicate a number of interesting relation-
ships. Univariate and muitivariate analyses demonstrated that the Guale
samples in the present study are particularly diverse in terms of expression
of dental and cranial nonmetric traits. Flowever, despite the diversiry dem-
onstrated by statistically significant differences in frequencies in a large
number of cranial and dental traits, the Guale samples from Santa Catalina
and Santa Maria were consistently placed close to one another in multi-
vafiate analyses (figs. 9.2,9.3,and9.4).This result supports the contention
that Santa Maria is a descendant population from that of Santa Catalina.
The sample from Santa Maria de Yamasee was consistently placed close to
the Santa Maria sample in multivariate analyses. This outcome may sug-

gest a close biological affiliation between these rwo populations. The rela-
tionship between the Santa Catalina sample and the Santa Maria de Ya-

masee sample was less clear but may also suggest a biological affiliation
between the two groups. The ethnographic record indicates that the Guale
and Yamasee were distinct groups (Bushnell L986; Mooney t969). How-
ever, evidence presented in this analysis may suggest a closer affinity than
the ethnographic record indicates. It may be that historically the Guale and
Yamasee were distinguished solely by geographic location and not by cul-
tural, linguistic, or biological differences.

The Santa Catalina population has been identified as the descendants of
the prehistoric inhabitants of Irene Mound. The degree of dissimilarity
suggested by univariate and multivariate analyses casts some doubt on this
relationship. Separate multivariate analyses of dental and cranial nonmet-
ric traits in the Griffin (1993) study consistently placed this sample rela-
tively far from the other Guale samples and closer to the inland sample
from Ledford Island. This result is especially notable with regard to the
placement of the other Guale samples quite far from the Ledford Island
sample and distinct from the Irene Mound sample. These results do not
necessarily indicate a biological relationship betn'een the population
samples from Irene Mound and Ledford Island, but they do call into ques-

tion the putative relationship between the inhabitants of Irene Mound and
the historic Guale.

The degree of dissimilarity observed between the Irene Mound sample
and the other Guale sarnples cannot be adequately explained by random
genetic drift. Other mechanisms must be invoked to explain this difference.
This is not to suggest that inhabitants of Irene Mound migrated from Ten-
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Fig. 9.3. Results of multidimensional scaling analysis of southeastern U.S. dental

samples, sites as identified for figure 9.2 (after Griffin t993).

nessee. It does, however, cast some doubt on the contention that the Irene

Mound sample and the later Guale samples are a continuous population.
It has been inferred from the ethnographic record that the Guale were a

derivative group from the inland Creek (Spencer andJennings L977). That

the Guale sample from Irene Mound and the population sample from Led-

ford Island are quite similar in terms of dental and cranial morphology

suggests a close biological connection between these groups. 'While the

results of multivariate analyses of dental morphology consistently placed

the Irene Mound and Ledford samples close to one another, the results

obtained from analysis of cranial morphology were less consistent. The

somewhat equivocal results of the cranial analyses with regard to the place-

ment of Irene Mound and Ledford Island samples may suggest a less

straightforward relationship than that suggested by analyses of dental

nonmetric traits. It should also be noted that the term Guale was used

interchangeably by Spanish explorers to mean a geographic location and a
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Fig.9.4. Results of multidimensional scaling analysis of southeastern U.S. cranial
samples, sites as identified for figure 9.2 (after Griffin 1,9931.

culturaVlinguistic group (Jones 1978). Therefore, referring ro a group as

Guale may have connoted geographic location and not necessarily linguis-
tic, cultural, or biological affiliation. It may also be the case that while the
Guale represented a distinct linguistic and cultural group, they did not
represent a distinct biological one.

If the historic Guale populations of the Georgia coast derive from the
late prehistoric Irene Mound population, quite substantial population
changes must have occurred. If this is the case, extensive gene flow from
other populations was likely involved because of the relatively brief time
interval between the occupation of Irene Mound and that of Santa Catalina
de Guale (-100 years). Given the particularly unstable political and social
conditions among the Guale after European contact and the extensive pe-
riod of missionization of the native inhabitants, aggregarion of local popu-
lations could have precipitated such gene flow.

%u

. Ledford
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Methods

Dental Traits

Morphological observations were made on 100 dental crown and root

variables using the stand atdtzed Arizona State University dentatr anthro-

pology system (Turner et al. 1,991).This system consists of a wide range of

dental morphological variables, including multitooth expression of a single

trait and traits iniolving a single pair of antimeres. This information facili-

tates the identification tf .n. most variable tooth or site for trait expres-

sion. The ASU system has proven particularly useful for distinguishing

between local populations as well as larger regional series (scott and

Dahlberg 1,982;Torn., 1985). Most of the traits in this study are observed

using ordinal scales with several grades

Previous research on population samples from the southeastern united

States has demonstrated that 35 traits from the ASU system are particularly

useful for population distance studies in this area (Grif finL989,t993\'The

traits were identified on the basis of intra-observer reliability, wear sensi-

tivity and ease of observation. The traits consist of 35 dental nonmetric

traits and two cranial nonmetric traits. The dental nonmetric traits used in

the present study are summaized in table 9'2'

Cranial Traits

Morphological observations were made on 25 nonmetric cranial traits

described by Berry and Berry (1967) and Hauser and De Stefano (1989)'

Numerou, ,torr*.rric cranial traits have been described in the literature'

but these descriptions generalty lack information on the reliability of spe-

cific traits in describing and comparing populations' This creates a situa-

tion in which the researcher must tely to a large degree on precedents set by

other workers or on personal preference'

The traits selected for this study were chosen on the basis of three cri-

reria: (L) reliabiliry of scoring and observation, (2) demonstrated ability to

discrimin"r. popolations, ""a 
(E) low intercorrelation with sex and age'

The 25 traits included in this study are listed in table 9'3' The traits used

here were observed recording presence or absence of the trait' No ordinal

scales are used because these tend to be highly subjective (see Kennedy

1981).
Dental nonmetric traits were scored along a continuum of expressron m

each population sample using the methodotogy provided by Turner and

others (1,9g1).Cranial nonmetric traits were recorded as present or absent'

with present representing any degree of trait expression' The dental
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Table 9.3. Cranial morphological traits

Trait References

Ossicle at larnbda
Lambdoid ossicles
Ossicle at asterion
Parietal notch bone
Epipteric bone
Bregrnatic bone
Coronal ossicle
Metopism
Fronto-temporal articulation
Supraorbital foramen

Frontal notch
Auditory torus
Foramen of Huschke
Condylar facet double
Precondylar tubercle
Foramen ovale
Foramen spinosurn
Accessory lesser palatine foramen
Falatine torus
Maxillary torus
Parietal foramen
Posterior condylar canal patent

Mastoid foramen exsutural
Anterior condylar canal double

Zy gonatico - faci al foramen
Accessory infraorbital foramen

Bennett L 965; Berry and Berry L967; Molto 1983
Bennett L 965; Berry and Berry L967; Herzog 1,968
Berry and Berry 1,967; Sucht.y 1,97 5; Molto L983
Oetteking 1,930; Berry and Berry 1967; Ossenberg 1969
Wood-Jones 1'930a, b, ci Berry and Berry L957; Molto 1983
Wood-Jones 1,930a, b, ci Berry and Berry 1967
Wood-Jones 1'930a, b, c ; Sublett 1966; Berry and Berry 1,967
Limson 1924; Bolk 1,93L;Torgersen 195L
Collins L926, 1930; Ossenberg 1"959

Le Double L903; Berry and Berry L967; Ossenberg 1969;
Korey 1970

'IVood-Jones L930a, b, ci Berry and Berry 1967
Wood-Jones I930a, b, ci Berry and Berry 1967
Anderson 1,962; Berry and Berry L967; Molto 1983
Anderson 1962; Berry and Berry L967; Kennedy 1981
Inglemark L947; Berry and Berry 1967
'Wood-Jones L930a, b, ci Berry and Berry L967
Berry and Berry 1967; Korey 1,970; Suchey I975
Berry and Berry 1,967

Suzuki and Sakai 196A; Turner et al. L99I
Berry and Berry 1,967

Berry and Berry 1,967; Ossenberg 1969; Molto 1983
Boyd L930; Berry and Berry 1,967; Ossenberg 1969;

Korey L970
Berry and Berry 1,967

Berry and Berry 1,967; Korey L970; Ossenberg 1,959;
Molto L983

Berry and Berry 1967; Molto 1983
Berry and Berry 1,967

nonmetric traits were dichotomized f.or the statistical analyses involving
angular transformations using the criteria suggested by Turner (L987a).
Dental and cranial morphological trait frequencies are presented in appen-
dices 9.A and 9.8.

Trait Intercorrelation

\fith the large number of genetic and nongenetic factors influencing the
expression of nonmetric traits, the number of traits that are statistically
correlated is expected to be low. Research has shown this presumption to
be generally false (Suzuki and Sakai 1960;DeVilliers 1968;Buikstra 1,972;
Corruccini 1'97 4; Ossenber g t97 6; Molto 1 983 ). Molto (19 83) attributes
the higher than expected frequencies of correlations to four major factors:
nonmetric traits (1) are ofcen alternative expressions of a single underlying
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variable, (2) often have a common regional of embryological origin' (3)

can be affected by similar developmental phenomena' and (4) may be af-

fected by the shared interaction of some combination of the foregoing.

Given these factors, frequencies of nonmetric traits are expected to show a

considerable number of positive correlations. Arguabl5 nonmetric traits

offer redundant information in the real population'

Many authors have simply assumed a priori that correlations between

frequency of expression for nonmetric traits are nonexistent (Berry and

Berry 1967;Benfer 1,970;spence 1'97I;Berry 1'972).In part, this decision

was based on studies of Mus musculus (Truslove L961) andHomo sapiens

(Berry and Berry t967; Kellock and Parsons !970a; corruccini 1974)'

Other researchers have suggested significant correlation between classes of

tfaits (Suzuki and Sakai 1.960;DeVilliers 1968;Ossenberel'976)' That is,

traits that have similar developmental pathways (e.g., hypostotic, hyper-

stotic, oral tori, basicranial forarnina) will have similar degrees of expres-

sion in an individual. However for the most paft,as Corruccini (L974) has

pointed out, the natufe of such correlations often differs randomly from

group to group.
The question here is not whether nonmetric traits are correlated. Some

very clearly are. The real issue is what to do with those that are significantly

correlated. Many approaches have been used to deal with this issue. Ken-

nedy (1981) reasoned that because correlations are usually "random"

when compared between populations, they could be ignored' Sjovold

(1977) has taken a similar approach, claiming that the pattern of low cor-

relation will not cause serious distortion of the results. Buikstra (1'972) has

taken a reductionist approach by simply eliminating traits until the matrix

was free of all significant correlations. Ossenberg $976) has taken yet a

different approach by amalgamating significantly intercorrelated matrices

of common traits as a single trait. A reductionist approach approximating

Molto,s (1983) is adopted here. Traits that have significant correlations

and clear etiological connections are eliminated from the analyses of popu-

lation distance.

Many authors have recommended the use of the phi coefficient rather

than other coefficients to detect the correlations between nonmetric traits

in place (Benfer t97\;sjovold 1.977;Molto 1983). Another related statis-

tic, Tau-b (Goodman and Kruskal 1954, !959,1,963), is used here because

many of the tfaits are not exclusively dichotomous, as required for phi

correlation analysis. Tau-b,like phi, gives a close approximation to the chi-

square distribution and therefore is more sensitive to this task than are
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other coefficients of association (Thomas 1986). Correlation coefficients
were calculated for both classes of traits in this study.

The statistics commonly used to amalyze nonmetric trait variation do
not take into account the existence of intertrait correlations and depend on
the assumption that the traits used are not statistically correlated (Kennedy
1,981). For this reason the dental and cranial traits chosen for this analysis
were tested separately in pair-wise combinations via rwo-way contingency
tables and Tau-b correlation coefficients. These analyses were performed
in order to detect statistically significant and strong intertrait correlations.

A number of strong correlations were observed between traits in this
study. 'Without exception, these correlations result from the nature of the
traits. That is, in each case either the traits involved occur on multiple teeth
(i.e., field effects) or the traits are different manifestations of the same

complex. An example of the lafter would be central incisor curvature and
central incisor double-shoveling. By definition, these traits vary inversely.
Therefore, they are strongly negatively correlated. Two of the traits show-
ing a strong association with each other are central incisor shoveling and
lateral incisor shoveling. The traits eliminated from the analysis because of
intercorrelation are central incisor curvature, upper first molar hypocone,
upper second molar metaconule, lower second molar cusp number, lower
first molar cusp five, lower first molar cusp six, and mastoid foramen ex-
sutural.

Population Distance

The objective of this study is to estimate biological distances among a rime-
successive series of Guale samples and place them in a context with other
culturally and linguistically distinct Native American groups. A number of
different statistical procedures are employed to compare these groups.
Among these procedures are estimations of mean measures of divergence
(Green and Suchey L976; Sofaer et al. 1986),cluster analysis (Aldenderfer
and Blashfield 1.984), and multidimensional scaling (Kruskal and 'Sfish

1.e78).

Assessment of biological distance is best achieved by expressing the de-
gree of dissimilarity between populations with a single numerical value,
rather than trying to evaluate relationships on a trait by trait basis using
univariate statistics (Cybulski 1,975; Molto 1983). The single numerical
value is calculated using multivariate statistics and is derived from the sum
of the squared differences between corresponding variates of two popula-
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tion samples (Smith 1972). 'S7hen the populations are similar, the coeffi-

cienr value should be small, and when the populations are dissirnilar, it
should be large. Dissimilarity in population studies is equated with biologi-

cal distance. The distance for population models is usually defined in terms

of Euclidean distance. In other words, populations are plotted relative to
one another in terms of their values f.or a given set of variables. Euclidean

distance is the distance between the plotted positions. In the simplest case'

one could describe rwo populations in terms of two variables, X and Y.

Plotting the populations two-dimensionally and measuring the distance

between the rwo points on the graph gives one the Euclidean distance be-

t\4reen the populations. As more variables are added, calculation of Euclid-

ean distance becomes more complex and requires the use of distance coef-

ficients.
Most of the distance coefficients used for nonmetric morphological data

are based on C.A.B. Smith's mean measure of divergence (Grewal' t962).

This statistic uses an angular transformation of the original trait frequen-

cies for each population sample being compared. The angular transforma-

tion stabilizes the variance so that sampling error does not distort the esti-

mation of distance. This is necessary with dichotomous traits because the

variance of the sarnple proportion is a function of the population pfopof-

tion (Sjovold 1,977; Molto 1933). The mathematical foundation of the

Mean Measure of Divergence as an appropriate distance measure using

nonmetric data has been substantiated by Sjovold (1977). This is the most

widely utilized statistic for estimating population distance for nonmetric

data (Sjovold 1,977; Molto 1983). However, use of the mean measure of
divergence without corrective statistics on small population sample sizes

has been cautioned against (Green and Suchey 1,976;Sjovold 1,977). There

are a number of transformations currently used to remove the effects of
small sample size (Anscombe 1,948;Freeman and Tukey 1950). The useful-

ness of each technique is dependent on how quickly and effectively they

stabilize the variance (Molto 1983). The transformation devised by Smith

(in Grewal 1962) has been widely used (Pietrusewsky 1.969, 1"971; Jantz
1970; Kellock and Parsons'!"970a, b; Buikstta 1.972; Lane and Sublett

197 2; Corruccin i 1.97 4 ; Cybulski t97 2; Finnegan t97 2; Rightmire 1.97 2;

Birkby t973; Berry 1.974; Gaherty 1,974; McWilliams 1.974). Green and

Suchey (1976) have demonstrated that this transformation produces in-

flated variances for small sample sizes combined with small trait frequen-

cies. Thus the variance is not adequately stabilized and tests of significance

befween samples are unreliable.
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Other researchers have proposed the use of alternate transformations
(Green and Suchey 1"976; De Souza and Houghton 1977; sjavold 1,9771.
The best are those of Freeman and Tukey (1950) and Anscombe (L949).
According to Molto (1983), there is little empirical difference berween the
two transformations. However, the Freeman and Tukey transformation is
slightly more efficient at stabilizing the variance of very small proporrions,
which are common in archaeological samples (Green and Suchey L976;
Sjovold L977).

The mean measures of divergence for this study were calculated using the
Freeman and Tukey transformation and the method suggested by Green
and Suchey (1,9761. The angular transformation for each trait was carried
out using the formula suggested by Freeman and Tukey (1950). The stan-
dard deviation of the mean measures of divergence was calculated using the
method suggested by Sofaer and others (1985). A mean measure of diver-
gence equal to or greater than twice its standard deviation is considered to
be statistically significant at the p < 0.05 level (Molto L983). 'lfhen two
samples have identical frequencies of each variant or sample sizes are small,
the mean measure of divergence assumes a negative value (Turner and Bird
1981'). As Constandse-'Westermann (t972:3) points our, "lack of signifi-
cance usually does point to a close association of populations." Howeveq
nonsignificant distance does not necessarily mean that the samples being
compared are drawn from the same population (Constandse-'Westermann
t97 Z;Hiernaux t97 2;Rightmire L97 2;Sjovold 1977).It is equally mislead-
ing to interpret statistically significant distances as indicating samples from
different populations. As Griineberg (1,952, 1963) has noted, disrances
between populations may increase at a constant rate over generations due
to random generic drift.

Taxonomic Statistics

Interpreting biological relationships from alargematrix of distance coeffi-
cients can be quite a confusing task. In order to make interpretation easier,

two related taxonomic statistical techniques have traditionally been em-
ployed (Lukacs and Hemphill 1991; Molto 19s3). These rwo techniques
are cluster analysis and multidimensional scaling. Both of these procedures
express biological dissimilarity in terms of Euclidean distance (Molto
1e83).

Affinity of the groups is assessed using cluster analysis, a metric ap-
proach leading to the establishment of clusters of similar groups (Alden-
derfer and Blashfield 1984; Anderberg 1973; Blashfield 1,976; Everitt
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1974). The object of the analysis is: given a sample of nobjects, each of
which has a score on p variables, devise a scheme for grouping the objects
into classes so that similar ones are in the same class. The objects here are
the population samples and the scores are the arcsine transformed trait
frequencies. The method must be completely numerical and, unlike in dis-
criminant function analyses, the number of classes is not known.

There are several hierarchical methods available for cluster analysis.
These methods operate on a distance matrix to construct a dendrogram
that illustrates the relationships among the popularion samples. Agglom-
erative hierarchical methods in cluster analysis start with the calculation of
the distances of each individual to all other individuals. Groups are then
formed by a process of agglomeration. All objects start by being alone in
groups of one. Close groups are then gradually merged until finally all
individuals are in a single group. Of the methods available, Ward's mini-
mum variance provides the most accurate results for the type of data used
here (Blashfield 1,976; Molto 1983). This method is designed to generate

clusters so that the variance within clusters is minimal ('Ward 1953). The
procedure uses an error sum of squares function that computes the sum of
squares of the distance frorn each point to its parent cluster. At each step,
it combines those two clusters, which results in the least increase in the
within-group sum of squares objective function. A cluster formed by this
method can, therefore, be defined as a group of entities such that the error
sum of squares among the members of each cluster is minimal (Blashfield
1e76).

The next procedure used to illustrate population distances is multidi-
mensional scaling (Torgersen1"952;Kruskal and l7ish t978; Schiffman et
al. 1981). Multidimensional scaling is a technique that attempts to position
objects in space according to distance measures rather than classifying
them as in cluster analysis. The objects in this case are again the population
samples, and the distances used are the standardized mean measures of
divergence derived with the Freeman-Tukey transformation and using the
method of Sofaer and others (1986). A point is usually specified in terms of
its coordinate location in reference to a set of axes. An axis defines a direc-
tion of movement and the number of axes defines the dimensionality of the
space. The reference axes are assumed to be at right angles to each other
and can be referred to as a Cartesian coordinare system (Molto 1983).

The procedure for multidimensional scaling is iterative and the groups
are moved around within a space of specified dimensionality in order to
find a monotone function expressing the original distances and the dis-
tances in the configuration. The fit between the two distances and a mono-
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tone function is expressed as a measure referred to as "stress" (Kruskal
t964a, b). The stress is computed as the square root of the sum of the
squared deviations of the distances in the configuration space from the
monotone function divided by the sum of the squares in the configuration
space (Kruskal t964a, b). This statistic has a theoretical range from 0 to L

with the larger the value the weaker the fit of the data to a given configu-
ration. After a series of iterations has produced a configuration of minimal
stress in some number of dimensions, the procedure is terminated. Gener-
ally, increasing the number of dimensions improves the fit of the data to a
configuration. However, beyond three dimensions, interpretation becomes
problematic.

In multidimensional scaling, the position of the objects in space can be

described in one dimension (if the objects fall on a line), in two dimensions
(if the objects lie on a plane), in three dimensions (if the objects can be

represented by points in space), or in a higher number of dimensions (in
which case an immediate geometrical representation is not possible). In this
studg the representations are in three dimensions because interpretation of
more dimensions is problematic at best.

Results

Biological distance is most easily evaluated by expressing the degree of
divergence befween the populations with a single numerical value rather
than by trying to evaluate relationships on a trait by trait basis using uni-
variate statistics (Cybulski L975;Molto 1983). The single numerical value
chosen for this analysis is the mean measure of divergence based on the
method of Green and Suchey (1976) and standardized mean measures of
divergence using the method of Sofaer and others (1986).

Standardized mean measures of divergence were calculated by dividing
each mean measure of divergence by its standard deviation. The standard-
ized mean measures of divergence are more appropriate for comparison of
distances among groups of populations with greatly varying sample sizes

($ofaer et aL.1986). In order to be considered statistically significant at the
p < 0.05 level, the mean measure of divergence must be at least nvice its
standard deviation. An examination of the distance matrices for the dental
and cranial traits (tables 9.4 and 9.5) reveals that the vast majority of the
mean measures of divergence are statistically significant. Two notable and
consistent exceptions to this are the comparisons of Santa Maria with
Santa Maria de Yamasee and Town Creek with Upper Saura Town. Both
dental and cranial morphological measures of divergence for these com-



245 | Mark C. Griffin, Patricia M. Lambert, and Elizabeth Monahan Driscoll

parisons are quite small and with one exception are not staristically signifi-
cant.

As one can see, it is impossible to assess simultaneously the relationships
among large numbers of population samples from a matrix of distance
coefficients. In order to make interpretation easier, fwo related taxonomic
statistical techniques were used: cluster analysis and multidimensional
scaling.

Cluster Analysis

For the first multivariate method, arcsine transformed trait frequencies
were used as input for a cluster analysis program (Cluster, SYSTAT Inc.,
'Sfilkinson 

1988a). This program is designed to construct dendrograms in
Euclidean space based on 'Ward's Minimum Variance method ('Ward
1'963). The results of cluster analyses are reported in figure 9.5. Examina-
tion of cluster analyses derived independently from the dental and cranial
traits reveals some differences in results.

In the dental analysis, the eleven population samples form four distinct
clusters. Some of these clusters are somewhat unexpected. According to
ethnographic accounts, the Irene Mound, Santa Catalina, and Santa Maria
population samples represent part of a temporally successive and biologi-
cally continuous series. Cluster analysis suggests, however, that the Irene
Mound sample is biologically more similar to the population samples from
Ledford Island and the King site than to the other Guale samples. In fact,
this cluster separates as a distinct isolate from the other eight sites at a
higher level than even the Carolina Algonquian samples. The results of
cluster analysis also suggest that the Santa Maria and Santa Maria de
Yamasee samples are biologically similar. However, the results of this
analysis do not indicate such a close relationship between Santa Catalina
and Santa Maria. Two notable isolates from the other clusters are the
Baum sample and the Town Creek-Upper saura Town clusrer. The Al-
gonquian are archaeologically and ethnographically identified as quite
separate from the other southeastern U.S. populations examined here. This
analysis reflects that separation. Some have speculated that the Guale of
Irene Mound and the inhabitants of Town Creek are biologically affiliated
(Coe t995). This analysis does not confirm rhar relationship.

The clusters produced by the cranial analysis'are slightly different {rom
those produced by the dental traits. In this analysis, Irene Mound does not
separate from the other Guale samples as in the dental analysis. Instead a
close cluster is formed by Irene Mound and Santa Maria. The Santa Maria
and Santa Maria de Yamasee samples are separated by two hierarchical
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levels rather than clustered together. Ttre Baum site is still separated into a

unique isolate in the cranial analysis. A widely divergent cluster is formed

by the sites of Upper Saura Town, Town Creek, and'Warren'Wilson. These

are slightly different relationships from those suggested by the dental

analysis. The Baum sample and the other three North Carolina samples

reflect much the same relationship as indicated by the dental analysis.

However, the relationships between the Guale samples and the sample

from Ledford Island appear more complicated.

Multidimensional Scaling

For the second multivariate technique, multidimensional scaling, arcsine

transformed trait frequencies were utilized in a mean measure of diver-

gence analysis. The standardized mean measures of divergence were used

as input for a multidimensional scaling analysis (MDS-Guttman, SYSTAT

Inc., 'Wilkinson 1988a). Guttman's (1968) coefficient of alienation was

used. Each analysis was stopped when a level of stress in fitting the coordi-

nate points to the monotonic function dropped below zero. The output
from this program results in a table of three-dimensional coordinates in
Euclidean space for each sample. These coordinates are then plotted in
three-dimensional space, giving a representation of the relative distances

between populations (Plot, SYGRAPH, \trTilkinson 1988b). The results of
multidimensional scaling analyses are reported in figures 9.6 and 9.7.

The results of multidimensional scaling of the dental trait frequencies in
many ways correspond with the conclusions derived from cluster analysis

of the dental traits. The same close placement of Irene Mound, the King
site, and Ledford Island are indicated here. Likewise as in the cluster analy-

sis, a close relationship between Santa Catalina, Santa Maria, and Santa

Maria de Yamasee is suggested. Two notable differences from the cluster

analysis are the cluster of Upper Saura Town, Little Egypt, and Coweeta

Creek and the isolation of Town Creek well away from all the other sites.

The results of multidimensional scaling derived from the cranial traits

also in many ways correspond with the conclusions derived from cluster

analysis of the cranial traits. The close relationship between Santa Maria
and Santa Maria de Yamasee is more clearly defined here. A similar rela-

tionship between Ledford Island and Irene Mound is also more clearly

defined here. As in all of the previous analyses, the Baum samples are

clearly demarcated from the rest of the samples. Slightly different from the

cluster analysis, a close relationship is suggested betvrteen Upper Saura

Town and'Warren'S0ilson, while Town Creek appears as a relative isolate.
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L-Egypt
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Fig.9.6. Results of multidimensional scaling analysis of dental samples. Baum =
Baum ossuary and Piggot ossuary; Coweeta = Coweeta Creek; Irene = Irene
Mound; King - King site; Ledford = Ledford Island; L-Egypt - Little Egypt; scDG
= Santa Catalina de Guale (Georgia); SCDGSM = Santa Catalina de Guale de
Santa Maria (Florida); SMDY = Santa Maria de Yamasee; T:Creek = Town Creek;
U-Saur - Upper Saura Town; .
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Discussion

The results of this study can be discussed in relation to at least fwo specific

issues: (1) the likely biological relationships between the three Guale

samples, and (2) the biological affinity olthe Guale to other groups from

the Southeast. Wirh regard to the suggested relationship among the Guale

samples, ethnographic sources indicate that the samples included here rep-

resent a continuous series of populations. According to independent analy'

ses of distance estimates generated from dental and cranial traits, the Guale

samples do not represent a continuous population'

Specifically, the assertion that the Santa Maria population represents

the migrants and descendants from the Santa Catalina population is sup-

portedby all of the analyses. The degree of dissimilarity between the Santa
-Catalina 

and Santa Maria samples, although statistically significant, is

relatively small compared to other sample distances. This degree of dissimi-

larity can best be explained by genetic drift. This interpretation is sup-

ported by the comparativeiy smaller sample size observed at Santa Maria,

which represents the temporally later sample.

An explanarion for the significant differences benveen Santa Catalina

and Santa Maria may be inferred from the differing degrees of diversity

observed within each sample. The Santa Catalina sample exhibits a Sreat

deal more variability in terms of trait expression than that observed for the

Santa Maria sample. Because Santa Catalina was one of the early missions

in the area and may have been char acterizedby the mixture of diverse gene

pools, one might expect that this sample would exhibit a wide range of trait

variability. Given that (L ) in terms of biological distance the Santa Catalina

and Santa Maria samples are quite close, (2) the Santa Catalina sample

temporally preceded the Santa Maria sample, and (3) the population of

Santa Maria most likely derived from that of Santa Catalina, the evidence

suggests a population "bottleneck" bet'ween the two temporal periods.

That is, the gene pool was sharply restricted between the temporal period

of Santa Catalina and that of Santa Maria. Considering the volatile social

circumstances at the time, many possible explanations for such a bottle-

neck exist (e.g., warf.arercircumscription, differential mortaliry and migra-

tion).
Separare analyses consistently placed the Irene Mound sample relatively

far from the other Guale samples and closer to the samples from theLamail

Dallas/Mouse Creek cultures. This degree of dissimilarity is not likely due

to the action of random genetic drift alone. This result casts some doubt on

the contention that the Irene Mound sample and the later Guale samples
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are a continuous population. The explanation may be that the Irene
Mound sample was more closely affiliated with prehistoric inland groups
rather than with the later Guale from Santa Catalina and Santa Maria.
Because populations in this geographic area were in a state of political and
social flux berween the temporal period of Irene Mound and that of the
later Guale samples, this interpretation is plausible. It should also be noted
that the termGwalewas used interchangeably as a geographic location and
a culturaUlinguistic group (Jones t978). Therefore, referring ro a group as

Guale may have connoted geographic location and not necessarily linguis-
tic, cultural, or biological affiliation.

As noted, the Spanish called the location Guale as well as using this
name f.or a cultural group. The sample from Santa Catalina likely repre-
sents an aggregate population. If this is the case, one would hardly expect
the prehistoric Irene Mound inhabitants to be similar to the population
sample from Santa Catalina. This is further complicated by the probability
that because it was a ceremonial center, Irene Mound likely was also an
aggregate population. Regardless of which interpretation one chooses, it is
clear from the results presented here that the prehistoric Guale from Irene
Mound were significantly dissimilar in terms of dental and cranial mor-
phology from the historic Guale of both Santa Catalina and Santa Maria.

If the historic Guale populations of the Georgia coast derive from the
late prehistoric Irene Mound population, quite substantial population
changes must have occurred. If this is the case, extensive gene flow from
other populations was likely involved because of the relatively brief time
interval between the occupation of Irene Mound and that of Santa Catalina
(less than 100 years).

In regard to the suggested relationships for the Guale and non-Guale
samples, with the exception of the Irene Mound sample, the coastal La
Florida samples appear fairly distinct from the inland samples from North
Carolina, Georgia, and Tennessee. This is especially true for the North
Carolina piedmont and ridge and valley samples. Considering the samples
one at a time, the population sample from Santa Maria de Yamasee was
consistently placed close to the Santa Maria sample in multivariate analy-
ses. This outcome may suggest a close biological affiliation berween these
two populations. The relationship benveen the Santa Catalina sample and
the Santa Maria de Yamasee sample was less clear but may also suggest a
biological affiliation berween the r'wo groups.

It is unexpected that the Santa Maria and Santa Maria de Yamasee
population samples consistently placed close together in a population dis-
tance analysis. The ethnographic record is unclear as to the cultural and
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linguistic affiliation of the Guale and Yamasee. However, these fwo groups
are usually considered distinct groups (Mooney 1"969; Bushnell 1,986\.
Evidence presented in this analysis may suggest a closer affinity than the
ethnographic record indicates. It may be that historically the Guale and
Yamasee were distinguished solely by geographic location and not by cul-
tural, linguistic, or biological differences.

A consistent result for all of the analyses is the close association of the
Irene Mound sample with the inland samples from Ledford Island and the
King site. This does not necessarily imply a biological connection between
these groups; however, the small standardized mean measures of diver-
gence are notable. The distinct similarity between these samples is in sharp
contrast to the consistent dissimilarity with the historic Guale.

Another consistent result for all the analyses is the marked dissimilafity
between the Guale samples and the samples from the piedmont. Nor only
do these samples consistently cluster separately in the cluster and multidi-
mensional scaling analyses but the standardized mean measures of diver-
gence are some of the highest of all the comparisons. This is especiaily true
for the Town Creek sample. This result does nor support the proposal of
biological affinity between Town Creek and coastal populations of La Flor-
ida.

In all analyses, the carolina Algonquian samples from the Baum and
Piggot sites are consistently identified as a distinct isolate from the other
southeastern United States samples. This outcome is not unexpected con-
sidering the ethnographic identification of the Algonquian as a group with
origins far to the north and unlike many of their geographically close
neighbors in the Southeast.

Conclusions

The results of this study support the earlier contention that the Native
American inhabitants of the Georgia and Florida coasts do not necessarily
represent a biologically continuous series of populations. As might be ex-
pected, the analyses suggest a complex series of relationships among these
populations.

Univariate and multivariate analyses indicate that the Guale population
samples examined here are particularly diverse in terms of expression of
dental and cranial nonmetric traits. This diversity cannot be fully ex-
plained in terms of in situ genetic drift. These results contradict, in part,
earlier assumptions of population relationships on the Georgia coast.
Given the unstable political and social conditions arnong the Guale after
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European contact and the extensive period of missionization of the native
inhabitants, aggregation of local populations could have precipitated such
gene flow.

There arc at least fwo alternative hypotheses thar the results of this
study could support. The first possibility is that the pre-conract Guale of
the Georgia coast and the post-contact Guale of the Georgia and Florida
coasts represent a single temporally and biologically continuous popula-
tion. If this were indeed the case, the results of this study should have
indicated a homogeneous population over all of the temporal periods with
few significant differences in frequency for the dental and cranial
nonmetric traits. Likewise, if the population samples in this study repre-
sented a temporally continuous population, it would be expected that the
biological distances berween the Guale samples would be small in compari-
son to distances from other non-Guale groups. In this case, comparison
with the non-Guale population samples should reveal a significant differ-
ence in trait frequencies and in biological distance. It would be expected
that the differences would be greater for those groups geographically more
distant from the Guale (e.g., Algonquian and inland groups) than for the
closer populations (e.g., Yamasee), which have a greater opportuniry for
gene flow.

The second possibility is that the results of this study could have indi-
cated a heterogeneous population with differing degrees of diversiry be-
fiMeen the temporal periods. This being the case, large biological distances
between the Guale samples would suggest the presence of discontinuous
populations. The possibilities for such an apparent lack of conrinuify in-
clude: (1) high levels of genetic drift occurred between generations of an in
situ population, (2) significant amounrs of gene flow from other popula-
tions altered the composition of the gene pool, or (3) the samples acrually
represent genetically different populations rather than a series of related
populations. Any one of these processes or a combination of them could
cause significant changes in composition of the gene pool berween tempo-
ral periods.

The results of this study support the later alternative. The Guale samples
examined here represent a diverse series of population samples in terms of
both dental and cranial morphology. Although biological continuity may
be argued for the post-contact Guale from Santa Catalina and Santa
Maria, the same argument does not seem to hold true for the relationship
between the pre-contact Irene Mound sample and the post-contact Guale
groups. The marked similarity between the inland population sample from
Ledford Island and the Guale sample from Irene Mound may suggest a
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biological connection between these populations. According to ethno-

graphic sources, the Guale are a derivative group from the Creek (Spencer

and Jennings t977). The similarity between the Ledford Island and Irene

Mound samples may therefore reflect the retention of ancestral

Muskogean traits in both samples. This contention cannot be fully ex-

plored without further comparative studies of other Muskogean groups.
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