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Chapter 9

Living on the Margins:
Biobehavioral Adaptations
in the Western Great Basin

CLARK SPENCER LARSEN, ROBERT L. KELLY, CHRISTOPHER
B. RUFF, MARGARET J. SCHOENINGER,
DALE L. HUTCHINSON, AND BRrIAN E. HEMPHILL

Since the founding of anthropology, a great deal of attention has been paid to
characterizing the adaptive “efficiency” or “affJluence” of human populations
dependent upon hunting and gathering as a primary means of acquiring
sustenance. For many years, the Hobbesian portrayal of hunter—gatherer
lifeways as “nasty, brutish, and short” dominated much of the scientific and
popular perceptions of foraging human groups. In his widely used archaeolo-
gy textbook, Braidwood (1967:113) depicted the hunter-gatherer lifestyle as “a
. savage’s existence, and a very tough one . . following animals just to kill them
...to eat, or moving from one berry patch to another [and| living just like an
animal.” However, within a short time following the epic “Man the Hunter”
conference in 1966 (Lee and DeVore 1968), this image of hunter-gatherers
took an about-face in response to data suggesting that far from being
nutritionally deprived and subject to excessive demands of work devoted
principally to the food quest, hunter-gatherers apparently have adequate
nutrition. Nor are they subject to overbearing amounts of work; in fact, their
lives are leisurely, and food is plentiful. According to Sahlins (1972:1-39), they
are the “original affluent society.” ‘
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Stimulated by the 1966 conference and especially by the provocative observa-
tions of Lee (1979) on the Juw/hoansi of southern Africa, researchers initiated
ecologically-oriented projects among extant foragers in diverse settings. These
studies examined affluence and quality of life among the worlds foraging
societies {see Hill and Hurtado 1989; Kelly 1995a). Contrary to earlier assess-
ments, these studies pointed to a high degree of variability in hunter-gatherer
lifestyles. Far from demonstrating uniformity, they showed that by virtually any
measure—food selection, food preference, nutritional quality, mobility pattern,
workload, disease stress, and demography—foraging populations do not fit into a
single pattern. The only common theme appeared to be a reliance on nondomes-
ticated plants and afiimals as the primary food source.

The archaeological record contributes an important perspective on hunter-
gatherer lifeways. This record gives a crucial diachronic perspective.
Archaeologists working in the North American Great Basin have revealed key
aspects of human foraging behavior because of the availability of a rich archae-
ological record (e.g., Bettinger 1989; Heizer and Krieger 1956, Jennings 1957,
1978; Kelly 2001; Simms 1999; Thomas 1985, 1988; see reviews by Grayson
1993; Kelly 1997) supplemented by accounts of native groups written by 19th-
century pioneers and explorers (e.g., Simpson 1876) and by 20th-century
ethnographers (e.g., Fowler 1992; Lowie 1924; Steward 1938; Wheat 1967).

Throughout many regions of the world, biological anthropologists have made
important contributions to studies of adaptive processes in human societies {see
Cohen and Armelagos 1984; Katzenberg and Saunders 2000; Larsen 1997: Larsen
and Milner 1994; Steckel and Rose 2002; Wing and Brown 1979). Skeletal and
dental tissues are remarkably sensitive indicators of human interaction with the
environment, providing a cumulative biological history or “memory” of an indi-
viduals lifetime, including dietary stress, nutritional quality, disease history, mobil-
ity pattern, and physical activity. Many regional studies across the globe rely upon

human remains for biocultural mferences about extinet lifeways (e.g., Buikstra

1988; Cybulski 1992; Domett 2001; Hodges 1989; Hutchinsonr 2002; Lambert
2000; Larsen 2001; Martin et al. 2001; Papathanasiou 2001; Peterson 2002;
Pietrusewsky and Douglas 2001; Steckel and Rose 2002: Ubelaker 1994
‘Whittington and Reed 1997; Williamson and Pfeiffer 2003).

Compared to other regions of North America, few human remains are found

in the Great Basin (see Larsen 2006). Consequently, few researchers have

attempted to use this source in the investigation of Great Basin hunter-gatherer

lifeways. The meager record for mortuary behavior changed dramatically in the
mid-1980s. Between 1982 and 1986, record high winter precipitation caused

massive floods in several Great Basin wetlands {(Hermphill and Larsen 1999),
including the Stillwater Marsh, located in the Carson Desert of western Nevada
(Figure 9-1). The retreating floodwaters exposed dozens of previously unknown

archaeological ‘sites’ and hundreds of human skeletal remains. From 1985 to
1987, two separate teams collected human remains in danger of destruction in. .

the Stillwater Marsh (see Larsen and Kelly 1995; Tuchy et al. 1987).
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Figure 9-1. North American Grea: Basin, showing location of Stillwater Marsh and
other Great Basin settings discussed in this chapter {adapted from Hemphill and Larsen
1999:Tigure 1.1; reproduced courtesy of The University of Utah Press}. Dotted line
shows the Great Basin.

The study of this unprecedented collection of human remains allows us to
characterize hunter-gatherer lifeways in a geographic setting that was relatively
unknown from a biocarchaeological perspective. In this case study, we use skele-
tal and dental data to address competing reconstructions of the pre-Columbian
use of wetland resources in the Stillwater Marsh and to document some gener-
al aspects of the human conditicn in this region.

Previously, researchers argued over two reconstructions of ancient lifeways
in the Stillwater Marsh. Proponents of one reconstruction, called the lim-
nosedentary model, argue that wetldnd resources could provide sufficient food
and other resources to support a sedentary hunter-gatherer population (Heizer
and Napton 1970). Alternatively, proponents of the limnomobile model assert
that although wetlands may have anchored a settlement system, {fuctuations
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The first approach uses pathological changes on joint articular margins and
surfaces that are commonly associated with the disorder. These changes
include beny lipping aleng joint margins, joint surface porosity, and polishing
(eburnation) of joint surfaces due to direct bone-bone contact following
destruction of articular cartilage (Hough 2001). Osteoarthritis develops over
the course of an individual’s lifetime from daily wear and tear on the joints
arising from physically demanding, repetitive activities {(Radin et al. 1972,
Sharma 2001).

The second approach involves the application of beam theory as developed
by civil and mechanical engineers for structural analysis of building materials
{(Lanyon and Rubin 1985, Ruff 2000). One can model human long bones
(e.g., femur, humerus) as hollow beams and measure the structure of these
beams via a series of properties called cross-sectional geometric properties.
These properties measure the strength or resistance of bone to bending and
torsion (twisting), the two primary forces to which human long benes are
subject in life. Hence, physically active individuals will display higher values
of cross-sectional geometric properties in their long bones than those individ-
uals who are not.

The second objective of this study is to reconstruct diet. With this informa-
tion in hand, inferences about nutritional quality can be made and place of ori-
gin of particular foods consumed by native groups can be identified. Some
foods in the Carson Desert are available primarily in the marsh and lowlands.
These include Indian rice grass (Oryzopsis hymenoides}, bulrush (Scripus sp.),
cattail (Typha latifolia), needle and thread {(Stipa comata), water birds, fishes,
and agquartic mammals. Other foods are available in the uplands, such as piny-
on nuts (Pinus monophylla) and mammals, especially bighomn sheep. A
few grasses, such as wild rye (Elymus sp.), are available in both marsh and
nonmarsh areas. Therefore, the central question for this discussion is: What
foods were consumed in the Great Basin and were those foods extracted pri-
marily from marsh settings, uplands settings, or some combination of both?
This question is closely linked to with our inquiry abeut the degree of mobil-
ity of hunter-gatherers in the region. If it can be demonstrated that a signifi-
cant component of the dietary regime was obtained from both marsh and
uplands habitats, then these populations, or at least a particular component
{e.g., adult males), were necessarily moebile.

There is a long history of interest in Great Basin foodways, but aside from doc-
umenting the kinds of foods eaten through archaeobotany, zooarchaeology, and
ethnographic observation, knowledge of the actual menu of foods consumed and
the relative proportions of these foods to overall diet composition is elusive. Food
remains often are not preserved, or not preserved in the propottion consuined,
thus limiting understanding of diet and nutrition in archaeological settings, The
vagaries of qualitative approaches to dietary reconstruction via the identification
of plant and animal remains are partly alleviated by stable carbon and nitrogen

isotope analysis {Katzenberg 2000; Schoeninger 1995).
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Stable isotope analysis is based on the assumption that the isotopic composi- THE RE(
tion of human bone reflects the isotopic composition of the foods consumed. In
other regions of North America, isotopic studies for plant and animal communi- The Carsc
ties have produced diagnostic signatures of nitrogen and carbon stable isotope alkaline n
ratios (N/Y"N and BC/2C, respectively). The bimodal distribution of stable car- Forming
bon isotope ratios {expressed in parts per mil %o relative to a standard) in ter- the sink ¢
restrial plants is the most familiar and is instrumenial in tracking the introduc- ecological
tion and intensification of maize (Zed mdys) in the Americas. The distribution ' Kelly 200
reflects the manner in which plants fix carbon in photosynthesis: Maize fixes : ; Archae
carbon through the C, photosynthetic pathway, although most other economi- ' located wi
cally important plants fix carbon through the C, and, to a lesser extent, CAM ' 1987). Fie
pathways. Worldwide, marine and terrestrial organisms express a bimodal pat- : Human r
tern of stable nitrogen isotope ratios. This pattern facilitates the identification of - throughou
human consumption patterns relating to sea versus land-based foods as well as _ : of skeletor
other settings (Schoeninger 1995; Schoeninger et al. 1983; Schoeninger and Cheps did rnot bu
Moore 1992). Data for freshwater marshes are not available, however. ' the sites cc
Nevertheless, it is possible that carbon and nitrogen cycling in the Carson Desert et al. (19
marshes could be different from that in the surrounding desert and nearby : completen
uplands and that these differences could be detected in human skeletal remains. is likely ch

As our third and final objective, we hope to provide new information about T wide, althe
health status inferred from evidence for physiological stress in Stillwater hunter- : E Buikstra 1
gatherers. The study of stress, physiological disruption resulting from impover- ' considered
ished circumstances, has taken on increasing importance in interpreting adaptive The pre
efficiency in human populations, both living and extinct (see overview in Larsen E = is incomp!
1997). We utilize a stress indicator that reflects growth disruption and is known : they encor
as linear enamel hypoplasia. Hypoplasias are deficiencies or defects of enamel that ' 270 B.C. 10
are manifested as circumierential pitting, linear furrowing, or, in extreme cases, : and Kelly
lack of enarmel (Larsen 1997). The result of a cessation of activity in the cells that : tile points
lay down enamel during - the development of the tooth crown (called . based on ©
ameloblasts), these defects are linked to a plethora of stressors in living and . | gests that
archaeological settings, including, but not limited to, starvation, malnutrition, : sequential
and various infectious diseases {Larsen 1997). ' _ and the s

For this discussion, we present data on the width of these enamel defects. ' Parks 199(
Because hypoplasias arise during the process of the growth and development This dis
of the enamel, from the tip of the crown to the junction between the crown and - - - e remains fc
root, widths of defects represent an approximation of stress-episode duration precise ter
or degree of severity or some combination of both (Blakey and Armelagos = - remains ar
1985; Guita 1984; Larsen and Hutchinson 1992; Suckling et al. 1986). : of years of
Hypoplastic activity appears to be largely restricted to incisors and canines tative of th
(Goodman and Armelagos 1985). e 5 and we (L

The number of Stillwater skeletons is about 35, depending on the type of _ skeletal me
study. Tor a fuller accounting of methods of analysis of osteoarthritis, cross- These find
sectional geometric properties, stable isotopes, and dental defects, see Larseri culturally ¢
and Kelly (1995) and various papers in Hemphill and Larsen (1999).
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THE REGIONAL AND MORTUARY CONTEXT

The Carson Desert is an extensive area of sand dunes, atkali flats, and slightly
alkaline marshes covering an area of about 2800 km? in west central Nevada.
Forming one of the lowest points in this area of the Great Basin, it represents
the sink or drainage terminus of the Carson River. The Stillwater Marsh, an
ecologically rich area, is the most significant feature of the region (Figure 9-1;
Kelly 2001).

Archaeological survey and testing revealed that most mortuary sites were
located within a 16 km? area of the marsh (Larsen and Kelly 1995; Tuohy et al.
1987). Field reconnaissance identified at least 38 sites with human remains.
Human remains were excavated from mostly isolated graves scattered
throughout the marsh area rather than cemeteries containing a group or groups
of skeletons. This noncemetery burial pattern indicates that these populations
did not bury deceased individuals in formal areas. On the other hand, some of
the sites containing human remains yielded a large number of skeletons. Brooks
et al. (1988), for example, list some 58 individuals in varying states of
completeness from a single site (26CH1043). The Stillwater mortuary pattern
is likely characteristic of many ethnographically known foraging groups world-
wide, although this pattern has not been observed universally (see Charles and
Buikstra 1983; Charles et al. 1986), especially when archaeclogical cases are
considered.

The precise length of time that the Stillwater Marsh was used for burial
is incompletely understood. Only six skeletons are radiocarbon-dated and
they encompass a period of time that spans nearly two millennia, from circa
270 B.C. to A.D. 1644 (corrected dates) (see Brooks and Brooks 1990; Larsen
and Kelly 1995). Moreover, few temporally diagnostic artifacts (i.e., projec-
tile points) are associated with human remains. Chronological evidence
based on other classes of archaeological sites (e.g., middens}, however, sug-
gests that the region was most heavily utilized by populations from two
sequential phases, the latter half of the Reveille phase (1300 B.c.—A.D. 700)
and the succeeding Underdown phase (A.p. 700-1300) (Raymond and
Parks 1990). ‘

This discussion highlights the problems besetting the analysis of human
remains found in the Stillwater Marsh, especially regarding the lack of
precise temporal control and cemeteries. Because the Stillwater human
remains are drawn from many sites that span hundreds (if not thousands)
of years of native use of the region, it is possible that they are not represen-
tative of the populations from which they were drawn. Brooks et al. (1988)
and we (Larsen and Kelly 1995), however, have noted the homogeneity of
skeletal measurements as well as cranial morpholoegy in the Stillwater series.
These findings suggest that the series can be regarded as a biologically or
culturally cohesive unit of study amenable to analysis and comparison.
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OSTEOLOGICAL ANALYSIS OF ACTIVITY, DIET, AND STRESS

Activity

Analysis of osteoarthritis and cross-sectional geometric properties indicates a
lifeway that was physically demanding. Over three quarters (76%) of individu-
als in the series are affected by osteoarthritis; all individuals older than 30 years
are arthritic. Consideration by specific joint region shows that the lowest preva-
lences occur in the hands (13%) and the highest in the lumbar vertebrae (67%).
The cervical vertebrae and the elbow have frequencies of 50% or more. In
males, arthritis frequencies range from the lowest values for the hand (18%) to
the highest values for the cervical, shoulder, and elbow joints (all are 61%). In
females, values range from none in the ankle to 75% in the lumbar vertebrae.
The overall high prevalence of osteoarthritis in the Stillwater series is borne out
by comparison with other populations. For example, the prevalence is higher
than either hunter-gatherer or agricultural populations in the southeastern
United States, where most values are under 20% (cf., Bridges 1992).

Analysis of cross-sectional geometric properties of Stillwater femora and
humeri reveals a number of important tendencies. Cortical area (CA) and per-
cent cortical area (PCCA) measure the amount or mass of bone in a cross sec-
tion. Compared with other populations, Stiflwater bone mass is at the low end
of the range (Figure 9-2). Total subperiosteal area (TA), however, 2 measure of
the outer dimension of a long bone in cross section, is on the upper end of the
range of comparative samples. The latter indicates that the bones of Stillwater
individuals are very large and robust despite low values of CA and PCCA.

The meaning of large values of TA is clarified by comparing cross-sectional
geometric properties called second moments of area. These values measure the
cross-sectional distribution of bone around an imaginary central (or “nentral”)
axis corresponding to the longitudinal axis of the bone shaft. Low values of

second moments of area réflect 4 distributidn of bone close to this céntral axis; ™

conversely, high values reflect a distribution of bone located far from the cen-
tral axis. According to beam theory, the higher the value of second moments
of area, the greater the strength of the bone;and hence the greater ability of the
bone to resist high levels of mechanical loading, particularty bending (I) and
torsion (J} that occur during walking, running, and other physical activities.

Simply stated, greater values of second moments of area represent stronger’

bones that develop in tesponse to a lifetime of physically demanding activities.

In general, the Stillwater J values, representing an overall average of bending -

strength in a cross section, are quite high for Holocene human populations,
especially for males (Figure 9-3) (e.g., see Bridges et al. 2000; Holt 2003;
Ledger et al. 2000; Ruff 1991, 1994, 1999; Ruff and Larsen 2001: Ruff et al.
1993; Stock and Pleiffer 2001, 2004).

The biomechanical shape of the femoral midshaft in cross-section as denoted

by a ratio or index of 1 /I, (the ratio of bending strength in anteroposterior to
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Figure 9-2. Comparison of cross-sectional areas of Stillwater femora and humert with
other skeletal series. Key: {CA} cortical area; (PCCA) percent cortical area; (TA) total
subperiosteal area. Cultural units: Stillwater (1300 p.c—a.D., 1300); Georgia
Preagricultural (500 B.c—A.D. 1150); Great Plains Precoalescent {(4.0. 400-1600); Pecos
Pueblo (a.p. 1300-1650); Great Plains Coalescent (a.D. 1600-a.D. 1850); Georgia
Agricultaral (4.p. 1150-1550) (Data from Ruff 1994,4999; Ruff and Larsen 2001).

mediolateral planes) represents an approximation of degree of mobility in
human populations (Ruff 1987). Ruff (1987) has found a decline in the index
from hunter-gatherers to agriculturists to Western industrial populations.
Agriculturists have values closer to 1 (reflecting a perfectly round cross section,
or relatively little mechanical stress) than hunter-gatherers, thus indicating
greater anteroposterior orientation of bending strength in femora of hunter-gath-
erers, Not surprisingly, 20th-century Americans have very low ratios, reflecting
their highly sedentary nature. The Stillwater I /T ratio shows that males are on
the high end of the range in comparison with other populations, while females
are less so (Larsen et-al. 1995; Ruff 1999}, Consistent with the great difference
in the ratio and the great difference in degree of mobility between males and
females, Stillwater and other Great Basin populations express a very high level of
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Figure 9-3. Comparison of polar second moment of area in torsional analysis (J) in
Stillwater femora and humeri with other skeletal series. Cultural units: Stillwater (1300
B.C.—A.D. 1300); Georgia Preagricultural (500 B.c.—A.D. 1150); Great Plains
Precoalescent (A.p. 400-1600); Pecos Pueblo (a.p. 1300-1 650); Great Plains Coalescent
(a.p. 1600-1850); and Georgia Agricultural (4.p. 1150-1550) (Data from Ruff 1994,

1999; Ruff and Larsen 2001). o

sexual dimorphism (Figure 9-4). Indeed, these populations are the most
sexually dimorphic from any archacological setting studied by physical
anthropologists. '

Diet

Stable carbon and nitrogen isotopic analysis of human skeletal samples
reveals that a variety of foods were likely consumed by aboriginal
populations in this region. To summarize these data, 3C values range
from -18.9%0 to —14.4% (average: —17.1%s), and §'°N values Tange
from 8.7%o to 16.7%o (average: 11.4%o). Several key findings emerge.
The juvenile-samples analyzed fall completely within the range of
adults, suggesting that there are no detectable age-related differences in
diet (juvenile average 3"3C: —17.6%o juvenile average 3U°N: 12.7%o).
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Figure 9-4. Comparison of sexual dimorphism in “shape” (I /I, ratio) of Great Basin
(Great Sait Lake, Stillwater Marsh, Malheur Lake in black hoxes) midshaft section of
femora compared with other skeletal series arranged in descending order (HG: hunter-
gatherers; AG: agriculturalists). Cultural units: Grear Salt Lake {4.p. 600-1380): Stillwater
(1300 B.c.~a.D. 1300); Malheur (a.D, 1000-1700); Delaware (a.p. 750-950); Tennessee
(6000-1000 ®.c.); Great Plains Precoalescent (a.D. 400-1600); Georgia (300 B.C~A.D.
1150); New Mexico (a.p. 500-1150); Pecos (a.D. 1300-1650; Great Plains Early
Coalescent (a.n. 1600-1740); Great Plains Late Coalescent {4.D. 1740-1850); Tennessee
{a.D. 1200--1500); Georgia (A.D. 1150-1550), New Mexico (a.p. 1150-1540) (data from
Bridges 1989; Brock and Ruff 1988; Robbins et al. 1989; Ruff 1994, 1999: Ruff and
Larsen 2001} {(adapted from Ruff 1999:Figure 14.6; reproduced cowrtesy of The
University of Utah Press).

For adults of known sex, the female and male means for both carbon and
nitrogen are within 0.1%o of each other (female average 8'°C: ~17.2%o inale
average 83C: ~17.1%o [emale average 8°N: 11.0%o male average 8'°N:
11.0%o0). There are no differences by site (Schoeninger 1995, 1999). Thus,
there are no apparent differences in food consumption by age, sex, or burial
location, at least as they are represented by stable isotope values. o
On the other hand, the wide dispersion of isotopic values of the series as a

whole indicates that a variety of plants and animals were consumed by people




172 CLARK SPENCER LARSEN ET AL, - LIVING ¢

in the Stillwater Marsh. Experimental laboratory animals fed monotonous sexual d
diets show a range of less than 2%o in carbon and nitrogen (DeNiro and ' females ;
Schoeninger 1983}, far less than the samples analyzed here. On the basis of EXCEPL
comparisons with known data of C, and C, plants and their animal consumers, osteoarth
some Stillwater individuals could have eaten only C, plants and their con- were Tesy
sumers, while others ate a significant amount of foods with a C, signature. The ' the mosi
nitrogen isotope data suggest a similar variety foods eaten. ' females.
differenc
Physiological Stress ' (females:
. square, p
Two-thirds (64%) of the individuals examined possessed at least one : mented }
hypoplastic defect. Measurement of widths of hypoplastic events for maxil- - pattern p
lary and mandibular incisors and canines reveals that they ranged from an _ resource
average of (.23 mm (mandibular first incisor) to 0.60 mm (mandibular excessive
second incisor). In order to evaluate the relative degree of stress, it is activity, p
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Osteodrthritis. Analysis of osteoarthritis in the Stillwater series indicates that
these foragers engaged in physically demanding activities. This level of
demand is reflected in the high frequency of osteoarthritis, particularly in the
spine. The spine is subjected to high levels of mechanical loading. A number
of Stillwater individuals exhibit, in addition to extensive lipping, other patho-
logical changes reflecting mechanical demand. For example, several individu-
als have vertebral compression fractures, most of which are restricted to the
lower thoracic and lumbar vertebrae. In addition, several individuals have
depressions on the vertebrae arising from herniated intervertebral disks (called
Shmotls nodes). These pathological modifications are consistent with a
population experiencing pronounced levels of mechanical stress, probably
generated by the frequent transportation of heavy loads on foot.

The - Stillwater “remains exhibit a pattern of sexual dimorphism in
osteoarthritis prevalence; males are generally more affected than females. ...
In archaeological skeletal series, there is a surprising amount of variation in
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sexual dimorphism (reviewed in Bridges 1992). Only rarely, however, do
females in archaeological populations show more osteoarthritis than males,
except with regard to specific joints. For example, one might find
osteoarthritis in the temporomandibular joint in communities where females
were responsible for hide processing (e.g., Eskimos [see Merhs 1983]). For
the most part, however, Stillwater males show more osteoarthritis than
females. The statistically significant or near-significant levels of sex
differences were revealed for the shoulder (females: 23%:; males: 61%), hip
(females: 6%; males: 40%), and ankle (females: 0%; males: 45%) joints (chi-
squate, p 0.05). Considering the kinds of foods eaten in the region as docu-
mented by ethnographic and other observations {e.g., Fowler 1992), this
pattern probably reflects sex differences in mechanical demands related to
resource procurement in general and hunting in particular. In this setting,
excessive use of the shoulder in males may have arisen from thrusting
activity, perhaps in spear throwing,

Osteoarthritic involvement of the hip and ankle likely reflects the mechan-
ical demands associated with running and walking. The presence of signifi-
cantly greater osteoarthritis prevalence in males than in females suggests that
it was acquired through a lifetime of activity, perhaps in difficult terrain, such
as in the uplands surrounding the Stillwater Marsh. 1t is exceedingly difficult
to traverse the muddy areas of the marsh, and this, too, would have placed
demands on the lower limbs in ambulatory activities. It is probably not the sole
factor, however, because it would have affected males and females equally.

One of the outstanding characteristics regarding the presence of
osteoarthritis is the unusually high prevalence in comparison with that in
other skeletal samples {cf., Bridges 1992 and studies in Cohen and Armelagos
1984, Steckel and Rose 2002}. Some insight into the behavioral context of the
high prevalence is provided in the ethnographic literature. For example,
Brooks et al. (1988) summarize the various activities recounted by Steward
(1938) and Wheat (1967) in their ethnographic studies of Great Basin native
populations. Among other behaviors that could lead to articular joint deterio-
ration, activities they reported include carrying heavy loads, cutting animal
hides, seed grinding and pounding with mortars and pestles, stone tool pro-
duction, and the use of the bow and arrow. Given the ubiquity of osteoarthri-
tis in the Stillwater remains, we are not able to say what specific behaviors were
responsible, but clearly the Stillwater peoples were highly active. In sum, these
findings suggest that the Carson Desert groups may have traversed many kinds
of terrain, probably including the nearby mountains. On the other hand, it is
our impression that slogging through the marsh on a daily basis over the
course of a lifetime could increase the prevalence of the disorder. We must
therefore turn to structural analysis in seeking answers to the question sur-
rounding the degree of mobility.

Cross-Sectional Geometric Properties. Comparisons of cross-sectional geo-
metric properties in various archaeological samples show a consistent pattern
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of elevated bone strength in the Stillwater series relative to comparative sam-
ples, which we interpret to reflect high bending and torsional loading modes.
Low values of CA and PCCA are somewhat more difficult to interpret. Humans
begin to lose bone mass after about age 40, resulting in osteoporosis in older
adulthood (Garn et al. 1964). The Stillwater series contains a numnber of older
adults (>>40 years), which suggests the presence of age-reiated bone loss in the
sample and, hence, low values of CA and PCCA. However, the average age at
death for a number of the North American comparative samples used here is
actually greater than that for the Stillwater group (Larsen et al. 1995). Thus,
age at death is likely not a significant factor in interpreting these results.
Aside from age, a very hiiportant factor in determination of adult bone mass
is nutritional quality. In human populations experiencing protein-calorie mal-
nutrition, the growth spurt associated with adolescence is delayed, resulting in
reduced amounts of bone, which is reflected by low CA and PCCA values in
adults (Garn 1966; Gamn et al. 1964). Therefore, in the absence of age factors
for interpreting lower bone mass relative to other archaeological samples, we
suggest that suboptimal nutrition may explain these values. We speculate that
periods of reduced availability of some plants and animals during drought years
or during winter months in the Carson Desert contributed to recurrent bouts of
episodic undernutrition. More important periods of stress may have been in the
early Spring, when foods collected during the previous year began to run out.
A functional/mechanical interpretation for the distribution of bone tissue in
Stillwater long bone cross-sections is supported by the presence of consistently
greater differences in femur midshaft robusticity compared to humerus middis-
tal robusticity. Especially important in these observations is the presence of low
robusticity (low values of TA and second moments of area) and low values of

CA and PCCA in the Stillwater humeri. In other words, limitation of high

robusticity to the femur indicates a localized effect, that is, a functional
interpretation (increased mechanical loading on the lower limb); whereas, the

low CA and PCCA values for both the femur and the humerus are more likely -

related to the effects of nutritional quality.

These findings, by themselves, do not provide additional insight into degree
of mobility in the Stillwater populations. They basically show that the bones
from Stillwater reflect a physically robust and highly active population.
Comparison of the index I/I , however, reveals some key differences that shed
light on the problem. Shape of the femnoral shaft is expressed as the ratio of I
to I, which measures the relative anteroposterior-to-mediolateral bendmg

strength Greater femoral midshaft I /1, values match the conclusion of Ruff .

(1987) that hunter-gatherers, espeaal}y males, have the highest ratio values,
reflecting greater bone strength in the anteroposterior direction in foragers due
to mobile behaviors, which includes long distance travel. Moreaver,

comparison of Stillwater males and females shows that the Stillwater popula: -
tions are highly dimorphic (Figure 9-4), which is consistent with his -

comparison of hunter-gatherers, agriculturists, and Western industrial
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populatmns (see also Ruff 2000). That is, males have higher I /I ratios than
females, indicating that males were more mobile than females. These findings
reflect a pronounced degree of sexual division of labor, with males engaged in
long-distance activities such as hunting excursions and other types of forays.
Females, on the other hand, were likely less mobile and were perhaps relative-
ly more “tethered” to the marsh setting. This particular sexual division of labor
is quite common among living hunter-gatherers (Kelly 1995a).

As such, we contend that the limnosedentary and limnomobile hypotheses
are oversimplifications because they assume that the mobility patterns of
females and males were similar, if not identical. Our findings indicate that this
is not the case, and that males Were more mobile than females.

Dietary Reconstruction: Stable Carbon and Nitrogen Isotopes

Similarly, stable isotope analysis reveals that diet was probably quite variable.
The more general question, however, is whether the resources in the Stillwater
Marsh could have [ully supported the native groups or whether supplements
from outside the marsh were necessary. Examination of stable isotope values
suggests that nonmarsh foods were used by some portion of the population. The
313C values for the human samples have a range of —18.9 to —14.4. Individuals
with the less negative values must have eaten a significant amount of C, foods
throughout their lifetimes, yet a nonsystematic survey of the plants available in
the marsh (Schoeninger 1995, 1999 [based on Raven and Elston 1989]) revealed
that the majority are C,. Of the 10 plants ranked highest by Raven and Elston
(1989), the first-ranked plant, cattail, is C,; of the remaining nine plants, three
are C, and six are C,. Although it is not possible to estimate the relative
contributions of these plants to overall diet, the presence of such marsh-based
C, plants does not contradict the use of upland C, plants as an explanation for
the C, signature of these individuals. In addition, two animal samples used as a
comparison with the human samples have 33C values of —12.7 (hare [Lepus
sp.]) and —11.2 {diving duck [Aythya spp.]), indicating that up to 70% of the
diets of these animals was one or more C, plants or one or more CAM planis
with a C, signature. This estimate is based on the assumptions that a value in
hone of —21 represents a 100% C, diet, that a value in bone of —7 represents a
100% C, dief, and that there is a linear relationship between diet composition
and the §!3C values (Schwarcz and Schoeninger 1991; Tieszen 1991). This result
suggests that these animals were selectively eating C, plants, that they migrated
into the marsh from the uplands, or that they were hunted in areas away from
the marsh. The more negative 8°C values in the humans can be accounted for
by resources found inn the marsh.

The variability in plant 8'°N stable nitrogen values provides important
insight into reconstruction of foodways. The 3°N values for the bulk of
the human samples have a range of 8.7-14.4 (with an outlier value of
16.7). These values are more positive than those reported for people eating
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non-marine-based diets. Interestingly, analysis of cattail and desert-blite
(Sugeda sp.) reveals very positive values (12.1 and 11.4, respectively) even
though other marsh plants (e.g., bulrush) have values of around 6.0
(Schoeninger 1995). Large ranges of variation also are found in environments
such as South Africa (Vogel et al. 1990) and Isle Royale in Lake Superior,
Michigan (Bada, Schimmelmann, Peterson, and Schoeninger 1990, unpub-
lished data; see Figure 9-1, Chapter 2, this volume). These data suggest that
there is variation in the isotopic ratio of the nitrogen that is available to dif-
ferent plants. Kuhlbusch et al. (1991) report, for example, that up to 50% of
organically-bound nitregen is lost as nitrogen gas (N,) during biomass
burning. The remaining nitrogen would presumably be enriched in the
heavier isotope (}*N) because the lighter isotope (*N) wouid be lost first. The
mechanism of fire followed by plant uptake of soil with enriched organically
bound nitrogen could account for the very positive nitrogen isotope values
observed in some of the plants discussed here, but it is simply not known
whether a fire had occurred in the area where these plants were collected.

In any case, the presence of relatively positive 81N values in the Stillwater
samples (9 and higher} argues against the use of pinyon as a major component
of diet because the 3'°N value for pinyon itsell is close to zero. That is to say,
if pinyon contributed a major portion of diet, then the 8'°N values for the
human skeletal samples analyzed should be much lower than those observed
in the series analyzed. In contrast, cattail and desert-blite had very positive
8N values (12.1, and 11.4, respectively). Both plants are considered highly
valued foods (see Raven and Elston 1989), suggesting that they were the
source of the high 8°N values in the Stillwater Marsh human samples.

In general, then, comparison of data derived from human skeletal remains
with data from living and archaeological plants and animals from the region
indicates that the diet of the majority of the Stillwater individuals depended on

plants and animals similar to those analyzed for this study. These data do not

refute a model suggesting that people remained year-round in the vicinity of
the marsh. On the other hand, they certainly do not argue against forays into
surrounding regions, perhaps for lengthy periods of time on a frequent basis.
Indeed, the variation we observed in the isotope values argues for a highly var-
fed diet derived from a combination of both marsh and nonmarsh habitats.

Specifically, the mote negative human bone collagen 8'°C values (-19 10 ~17)""

can be accounted for by a combination of plants and animals from the inume-
diate marsh region. These data support archaeological reports that the majori-
ty of identifiable quids found at Hidden Cave are bulrush and cattail (see
Thomas 1985), both of which are C, plants. This finding is consistent with
ethnographic ohservations indicating that these plants were chewed like cel-
ery, especially during the spring {see Fowler 1990). :
The small group of individuals with the least negative 8*C values is not eas-

ily interpreted in light of the food items available to them. Perhaps foods con- .
sumed that resulted in these isotope. values. were from exclusively non-marsh
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(e.g., uplands) areas. Certainly the skeletal structural analysis indicates that
the Great Basin populations in general were very mobile, particularly males.
Thus, it would be expected that at least some of the individuals would have
values reflecting non-marsh food consumption.

Physiological Stress: Enamel Defects

Observations of physiological stress in the Stillwater population indicate that
environmental perturbation was not, on one hand, rampant or, on the other hand,
infrequent. This finding is supported by comparisons of hypoplasia frequencies in
other populations (e.g., Guatélli-Steinberg et al. 2004; Mack and Coppa 1992;
Ubelaker 1992). Moreover, compared with the Georgia coastal samples represent-
ing subsistence strategies ranging from exclusively hunting and gathering to
partial agricultural dependence, the Stillwater series shows relatively low levels of
hypoplasia prevalence. Taken as a whole, however, the Stillwater prevalence
(64%) is moderately high and even exceeds that in some modern populations
from the eastern United States with elevated stress (cf., Steckel and Rose 2002).
Thus, although physiological stress was not severe in the Stillwater Marsh popu-
lations, it was present at appreciable levels.

A variety of causes are linked to hypoplasia, including nutritional disorders,
disease, or other factors predisposing individuals to physiological stress, such
as low birthweight and socioeconomic status (see reviews in Ten Cate 1994;
Larsen 1997). Laboratory studies show that hypoplasia can be induced by
alloxan diabetes {Kreshover and Clough 1953a), fever (Kreshover and Clough
1953b), and parasitic infection (Suckling et al. 1986; Suckling and Thurley
1984), among other factors. Both malnutrition and disease likely lead to
hypoplasia owing to their synergistic relationship.

As with living populations, most attempts to link specific diseases or dietary
insufficiencies to hypoplasias in archaeological human populations are only
marginally successful (see Goodman and Rose 1990, 1991; Larsen 1997).
Consequently, researchers generally follow the conservative approach taken by
Kreshover (1960), interpreting hypoplasias as nonspecific or general indica-
tors of metabolic stress. Despite the nonspecificity of hypoplasia, however,
careful consideration of potential stressors can provide insights into specific
causes. In archaeological settings like the Stillwater Marsh, it is unlikely that
genetic disorders (which are linked to hypoplastic activity [Witkop 19701)
would be important factors because the individual would likely not have sur-
vived much beyond birth. Localized trauma to the oral cavity is associated with
hypoplasia (e.g., Skinner and Hung 1989), but facial trauma possibly resulting
in hypoplastic activity has not been observed in the Stillwater remains. A num-
ber of instances of fractured nasal bones are found (see Brooks et al. 1988), but
these fractures are likely not linked with hypoplasia.

A wide range of infectious diseases are linked to hypoplasias (Pindborg
1982). In the Stillwater series, however, skeletal pathologies reflecting
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infectious conditions are infrequent. Only 16% of individuals (10 of 61)
have some form of periosteal inflammation, mostly associated with tibiae.
This prevalence is either lower than or equal to that in most other North
American hunter—gatherer series (e.g., Rose et al. 1984). The inflammations
are largely localized periosteal reactions on single bones caused by patho-
genic organisms (e.g., the bacterium Staphylococcus aureus) introduced into
the bloodstream via skin penetration or by localized tranma (see Steinbock
1976). 1t is highly unlikely that these infections contributed to the kinds of
systemic insuits that could result in enamel defects.

It is possible that parasitic infections may be a causal factor in hypoplasia.
Parasites are present in coprolites excavated from the nearby Lovelock Cave as
well as from other areas of the Great Basin (Reinhard 1990). It remains unclear,
however, what the link between hypoplasias and parasites, if any, might be for
this region.

A number of studies report a causal link between enamel hypoplasias and pro-
tein—calotie malnutrition in living populations. In this regard, Goodman et al.
(1991} have compared two groups of individuals from the State of Puebla,
Mexico; one group received supplemental diets and the other group received
nonsupplemental diets. The latter group had generally more hypoplasias than the

former. This finding strongly implicates the linkage between nutritional quality

and likelihood of having enamel defects.

Given that genetic factors, trauma, and infectious disease were likely not
important factors in explaining the presence of hypoplastic teeth in the
Stillwater series, it seems that nutritional deficiencies were potentially the more
common sources of metabolic insult. In the Carson Desert setting, the availabil-
ity of edible plants and animals is closely tied to precipitation levels, which
average less than 10 cm/yr (see Raven and Elston 1989). Thus, most water
supplying the Stillwater Marsh is from snowpack melt from the Sierra Nevada

Mountains to the west. The availability of water fluctuates widely. I instances -

of excessive water, there can be loss of valuable plants and animals in the marsh
due to inundation {as documented in the 1980s floods). In the other extreme,
precipitation shortages can result in drying of the lakes resulting in a similar
reduction of edible plants, waterbirds, and other fauna, Therefore, we suggest
that hypoplasia in the Stillwater series is linked to occasional food shortages

perhaps caused by water fluctuations and availability of plants and animals as -~

well as seasonal shortages. - -

Stillwater hypoplasias are relatively frequent and narrow, especially com-
pared to the Georgia coast. Some investigators suggest that width of
hypoplasias provides a reasonable quantification of duration of stress events
(Blakey and Armelagos 1985; Hutchinson and Tarsen 1988, 1990; Sarnat and
Schour 1941, 1942). Guita (1984) links the width of hypoplasia to the length
of the period of stress. On the basis of research with laboratory animals,

Suckling and coworkers (Suckling 1989; Suckling et al. 1986) argue, however, ™~

that severity of stress plays a vital role in determination of hypoplasia width:
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Growth disruption duration has been studied via the analysis of growth incre-
ments called perikymata (Guatelli-Steinberg et al. 2004). Counting these
increments provides a more detailed picture of growth stress duration than
does measurement of the hypoplasia. Nonetheless, the overall size of the
hypoplasia provides an indication of the stress magnitude in the affected indi-
vidual. Our findings suggest that the magnitude of stress was relatively low in
these populations.

A nutritional interpretation [or the presence of hypoplasia is consistent with
the measurement of bone mass (CA and PCCA) in the Stillwater remains. Bone
mass values provide an important index of nutritional status in living human
populations {see Garn et al. 1964). The relatively low values in the Stillwater
series suggest that these populations likely experienced some nutritional dep-
rivation. Although numerous factors enter into the etiology of hypoplasias, our
assessment argues for nutrition or nutrition-related causes. The hypoplasias
are narrow, however, indicating that if nutritional problems were involved,
they were of short duration or severity or both.

COMPARISONS WITH OTHER GREAT BASIN SETTINGS:
MALHEUR LAKE, OREGON, AND GREAT SALT LAKE, UTAH

The flooding in the mid-1980s exposed archaeological sites in at least two other
Great Basin settings, namely Malheur Lake in the Harney Basin in Oregon
(Hemphill 1992; Nelson 1999; Oetting 1999} and the Great Salt Lake in Utah
(Bright and Loveland 1999; Simms 1999). Comparison of health and lifestyle
based on the study of human remains for the three regions shows a number of
important similarities and differences. The similarities suggest a common adap-
tive system for the vast region of the Great Basin, yet with some local response
and adaptation unique to the particular settings of Stillwater Marsh, Malheur
Lake, and Great Salt Lake (see various chapters in Hemphill and Larsen 1999).
In particular, physical behavior and activity appears broadly similar for the
three regions of the Great Basin. Osteoarthritis prevalence is high for all settings
(Hemphill 1999, 2005), indicating a demanding lifestyle for all three regions.
Similarly, analysis of cross-sectional geometry of long bones for all three regions
reveals high and homogeneous robusticity (Ruff 1999). On the other hand,
relatively low I /I ratios for Malheur indicates less long distance travel in this
setting compared to Stillwater and Great Salt Lake. Regardless, the three groups
are all highly sexually dimorphic, indicating very different patterns and degree
of mohility in comparing males and females.

Stable isotope data are available for Stillwater and Great Salt Lake only. The
differences between the two regions are striking (cf., Coltrain and Leavitt 2002;
Coltrain and Stafford 1999; Schoeninger 1999}. In this regard, the Great-Salt
Lake populations representing the Fremont Culture were not exclusive foragers.
That is, after .p. 400, stable carbon isotope ratios are less negative, but become
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more negative after A.D. 1150. The less negative values between A.D. 400 and A.D.
1130 reflect the period of time when the native populations occupying the
region were engaged in maize agriculture. Following the twelfth century, howev-
er, the maize-dependent populations reverted to a mmter-gatherer lifeway (or
abandoned the region and were replaced by a foraging population). Although the
reasons for the disappearance of agriculture are not well understood, a wide-
spread drought in the region likely contributed to the adaptive shift.

Evidence for health status variation shows a general pattern of low preva-
lence of indicators of poor health and physiological stress. In this regard, all
three settings show low prevalence of periosteal reactions. Only in the late
prehistoric (pre-a.n. 1800) component from Malheur does there appear 1o be
elevated frequency of periosteal reactions. In this setting, it appears that an
increase in infection coincided with increased population size and concentra-
tion {Nelson 1999). Across all three settings, the incidence of dental caries is
remarkably low, reflecting the low carbohydrate diet {except for the maize
agriculturalists in Great Salt Take; see Bright and Loveland 1999). Stress
indicators reveal a pattern of little evidence of iron deficiency anemia (low
prevalence of cranial porosities), but relatively high prevalence of systemic
stress (high prevalence of hypoplasias) for all three regions. The greater
systemic stress is likely linked to seasonal variation in food availability, a
common theme of life in marginal settings like the Great Basin (Hutchinson
and Larsen 1995; Larsen 2006).

CONCLUSION

The fortuitous exposure and subsequent recovery of human skeletal remains
from the west central and other settings in the Great Basin has allowed bioar-
chaeological research to address some long-standing questions about the rela-
tionship between hunter—gatherers and their environment. Several principal
findings emerge from this study. First, the human populations inhabiting this
region were physically robust, reflecting a demanding lifestyle. Analysis of
cross-sectional geometric properties of hone reveals that these populations
were mobile, particularly males. 1t is difficult to envision this mobility as being

entirely restricted to the marsh setting. These populations, then, were not

engaged in a primarily sedentary lifestyle in the marsh. This view implies that
although the marsh contained a variety of economically-important foods and
could probably support a population year-round, the Stillwater population was
mobile. In fact, research at rockshelters in the Stillwater Mountains finds that
when the Stillwater Marsh sites were occupied, foragers used the shelters as
short-term camps, with evidence of bighorn sheep hunting (Kelly 2005).
Comparison with-other Great Basin settings suggests that mobility was com-

monplace throughout the region, at least as can be determined from these ..

three settings.
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Second, diet was diverse. Based just on the analysis of carbon and nitrogen
stable isotope ratios, it is not possible to say conclusively whether or not foods
were extracted from primarily marsh or nonmarsh settings. Rather, subsistence
may have involved various combinations of both. In contrast to other regions
of the Great Basin, there can be little doubt that pinyor contributed only mar-
ginally to the diets of hunter—gatherers at Stiltwater Marsh. This may be
because pinyon was not present in abundance during the time period when the
Stillwater Marsh sites were occupied as the paleoecological research suggests
(reviewed in Kelly 2005). In general, both C, and C, plants and their animal
constumers were eaten, and there was little difference with respect to age, sex,
or burial locality.

Finally, the health of these populations was likely relatively good in that
physiological stress was present at moderate levels and of short duration or
severity or both. The presence of relatively low levels of bone mass in adults
suggests some nutritional deprivation, which may reflect seasonal or some
other form of variable resource availability.

Study of the Stillwater and other Great Basin skeletal series presents an
opportunity to address issues regarding hunter—gatherer adaptation using
archaeological data. Winterhalder (1993) remarks that the Iack of consensus
among anthropologists regarding labor in hunter-gatherers results from the
lack of an encompassing framework for work analysis. In a broader sense, our
discussion points to recent developmenis in bicarchaeological analysis that
can clarify work behaviors in human societies.

The study of human remains takes us closer to an understanding of human
ecology in the Great Basin and consequently toward understanding variation
in the hunting and gathering lifestyle. It is not important to say whether the
Hobbesian or the original affluent society model better portrays foraging soci-
eties in the Great Basin in particular or among hunter—gatherers in general, but
rather that there is variability among hunter—gatherers in terms of workload,
diet, and health status. Some hunter-gatherer populations alse will incorporate
agriculture where it is seen as advantageous, at least for a time (e.g., Coltrain
and Stafford 1999). The exercise becomes much more valuable when attention
is focused on the sources of this variation, rather than on a debate over which
model better characterizes all hunter-gatherers.
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