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ABSTRACT This study uses two prehistoric Amerin-
dian populations of hunter-gatherer subsistence patterns
to determine whether levels of sexual dimorphism in
humeral bilateral cross-sectional asymmetry are related
to sex-specific differences in activities among these popu-
lations. Results confirmed that males of the California
Amerind population who engaged in the more uni-
manual activities of spear hunting and warfare were
more asymmetrical than were their female counterparts
who engaged in the more bimanual activities of grinding

Directional bilateral asymmetry, which differs from
fluctuating asymmetry, is nonpathological in human
upper limbs and relates to handedness. Fluctuating
asymmetry is defined as the random difference between
measures of a bilateral trait that results from disturban-
ces in the environment during growth, which is indica-
tive of pathology, nutritional stress, or other factors
affecting health (Fields et al., 1995). Evidence of activ-
ity-induced bilateral asymmetry in humeral bones comes
primarily from research on athletes (Jones et al., 1977;
Krahl et al., 1994; Kannus et al., 1995; Haapasalo et al.,
2000; Kontulainen et al., 2003). Haapasalo and co-
workers (2000) using computer tomography examined
upper limb bilateral humeral asymmetry in male tennis
players (N = 12) and control subjects (N = 12) who were
matched for age and weight, and who had all begun
their playing careers early in life. Tennis players had
greater asymmetry levels in mid- and distal humeral
measurements than did the control group. Variation
within each group was large, implying that additional
factors affect asymmetry. Kannus et al. (1995) studied
females by examining bone mineral density using DXA
scanners on tennis and squash players (N = 105) and a
nonplaying female control group (N = 50) to determine
the effects of activity and age on bone. Levels of upper
limb asymmetry were higher in the female athletes com-
pared with the nonplaying females. Athletes who started
playing before menarche had two times greater bone
remodeling in the playing arm than individuals who
started playing after menarche. However, athletes who
started playing after the onset of their menstrual cycles
still exhibited greater asymmetry values than non-
players. Kontulainen and coworkers (2003) examined
female racquetball players (N = 36 for young starters;
N = 28 for old starters) and a nonplaying control group
(N = 27) to determine the effect of sports on upper limb
cross-sectional shape, which were assessed using periph-
eral quantitative tomography. Racquetball players had
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acorns. California Amerind males were also more asym-
metrical than British Columbian Amerind males who
rowed (using both arms) extensively. Sex differences
within British Columbian Amerinds were not statisti-
cally significant, nor were female differences between
populations. In general, levels of humeral asymmetry
appear to be more dependent on sex and population-spe-
cific behaviors rather than broad subsistence patterns.
Am J Phys Anthropol 140:19-24, 2009. ©2009 Wiley-Liss,
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greater asymmetry values compared with the control
group and those who started playing at young ages had
the greatest degrees of asymmetry. Nevertheless, indi-
viduals who started playing racquetball as adults had
greater asymmetry levels than those who did not play
racquetball.

Thus, research on athletes supports the assumption
that activity differences can cause measurable differen-
ces in upper limb bone bilateral asymmetry. Based on
this, anthropologists have utilized humeral cross-sec-
tional asymmetry to examine the effects of such behav-
ioral distinctions as sexual division of labor and differ-
ences in subsistence patterns (e.g., Bridges, 1989, 1996;
Fresia et al., 1990; Stock and Pfeiffer, 2004; Westcott
and Cunningham, 2006; Maggiano et al., 2008; Sladek
et al., 2007; Sparacello and Marchi, 2008).

Fresia and coworkers (1990) found changes in activity
patterns among Georgia coast Amerinds who were asso-
ciated with hunter-gatherer and agricultural subsistence
patterns and contact with Europeans by examining pre-
contact and postcontact populations (N = 51). Female
humeri became less asymmetrical upon the adoption of
agriculture (which involved grinding maize with mortars
and pestles) while male asymmetry decreased most fol-
lowing Amerind contact with Europeans.

Maggiano and colleagues (2008) linked sex differences
in humeral asymmetry of Mayan populations (250-700
AD)—in a location that developed from a salt-producing
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city to a commercial port—to a division of labor. Females
(N = 35) had consistently low levels of asymmetry (asso-
ciated with childcare and food preparation). Males (N =
47) experienced a significant decrease in asymmetry,
which may have been related to an increase in adminis-
trative work.

Sparacello and Marchi (2008) examined 33 humeral
pairs from a Neolithic population (6,000-5,500 BP) and a
medieval population (10th—15th Century) in Italy and
found asymmetry decreased in males, which they tied to
stone axe use by Neolithic males. Female asymmetry
was low throughout time, which they connected to mor-
tar and pestle use for grinding grains. Another study of
remains looked at humeral comparisons between Late
Upper Paleolithic and Neolithic Europeans (N = 22) and
also found that asymmetry decreased (Marchi et al.,
2006). In this case, as well, low asymmetry in females
was associated with grinding grains while decrease in
males was linked to a concurrent decrease in hunting.

In England, Mays (1999) examined humeri of 111 indi-
viduals from the 11th to 16th Centuries to look at sex
differences. Males were more asymmetric than females,
which Mays coupled with craftsmanship (such as wood-
working). Symmetry in females was probably due to
their versatility; they created textiles, prepared foods,
and engaged in craftsmanship. Monks were less active
than laypersons and had accordingly symmetrical
humeri.

Bridges and coworkers (2000) looked at humeri of
Native Americans (N = 372) who had subsisted in a
hunter-gatherer period (50 BC-200 AD), a transitional
period when native seeds were ground (600-1050 AD),
and a maize agricultural period (1050-1250 AD).
Throughout time, male asymmetry decreased slightly,
but female asymmetry increased in the maize agricul-
tural period, which may be due to easier processing of
maize compared with that of native seeds. Westcott and
Cunningham (2006) examined humeri of 16th—19th Cen-
tury horticultural Great Plaines Amerinds (N = 222)
and found a decrease in sex differences as a result of an
increase in male asymmetry. Females showed greater
asymmetry than males, which could be due to food proc-
essing methods without the use of mortars and pestles.

In the current study, two Amerindian prehistoric
hunter-gatherer populations were examined to deter-
mine whether levels of sexual dimorphism in humeral
bilateral cross-sectional asymmetry could be related to
differences in activities along sex lines in these popula-
tions. It was predicted that the populations would have
sex differences in bilateral asymmetry and that these
sex effects would be different between the two popula-
tions due to cultural differences in activity patterns,
which are discussed in detail in the following Materials
and Methods section.

MATERIALS AND METHODS
Samples

A skeletal sample of 136 individuals from two popula-
tions (British Columbian Amerinds, N = 18 males, 7
females; California Amerinds, N = 47 males, 64 females)
was used in this study. Cybulski (1990, 1992) and
Jurmain (1990) previously sexed and aged all individu-
als. Ages were recorded in intervals of 18-29 years, 30—
44 years, and 45 years or older (Table 1). Only individu-
als possessing both humeri, without pathologies, were
utilized.
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TABLE 1. Age distribution in British Columbian
and Californian Amerinds

British
Columbians Californians
Age Males Females Males Females Total
18-29 6 5 11 22 44
30-44 7 2 33 36 78
45+ 5 - 3 6 14
Total 18 7 47 64 136

The British Columbian Amerinds are from Prince
Rupert Harbour and come from the Middle Period that
dates from 3,500 years BP to 1,300 years BP (Cybulski,
1992). The site is located on British Columbia’s north-
west coast 50 km south of the Alaska Panhandle. Due to
the moderating effect of the Pacific Ocean, the climate is
relatively mild year-round compared with the colder and
harsher land-locked inland regions of British Columbia.
Prince Rupert Harbour lies between the eastern moun-
tains and the Pacific Ocean, an area highly forested on
the east, but sparse on the west. For the Amerinds of
Prince Rupert Harbour, the habitable land was narrow,
lying between the sea and the mountains. On land, the
Amerinds gathered berries, edible roots, and tubers simi-
lar to potatoes (Drucker, 1955). The coastal waters and
nearby rivers were rich in fish, such as salmon, herring,
tuna, and trout (Drucker, 1955). Inland, up natural
channels and rivers, open forests were home to numer-
ous lakes and a rich wildlife where the Amerinds found
and hunted elk, deer, marmot, fox, mink, and many
other animals (Brown, 1977; Fladmark et al., 1990).
Canoeing was the main form of transportation. The oars
used to propel the canoes for coastal and inland travels
were of the single bladed variety, which required use of
both arms.

As represented in the ethnographic and archaeological
literature, male tasks seemed to include fishing and
hunting as well as making tools, such as bolas and har-
poons, necessary for subsistence activities (MacDonald
and Inglis, 1975; Halpin and Seguin, 1990). Males expe-
rienced greater mobility than females and canoed exten-
sively. Females, on the other hand, engaged in weaving,
hide cleaning, gathering vegetation (such as tubers and
berries), catching small animals, and collecting shellfish
(Drucker, 1955; MacDonald and Inglis, 1975; Halpin and
Seguin, 1990). Domestic duties have been coupled with
low asymmetries in females (e.g., Maggiano et al., 2008),
but artisan activities (such as weaving and sewing) are
often unilateral due to the coordination required for
these tasks. Male activities, such as hunting, have been
connected to high levels of asymmetry (Marchi et al.,
2006), but as mentioned earlier, rowing requires use of
both arms and, therefore, may result in a reduction of
asymmetry.

The California site of Ryan Mound (CA-Ala-329) is
located on the southeastern side of the San Francisco
Bay and contained many indicators of rich natural envi-
ronmental resources, such as large quantities of shell-
fish, waterfowl, and mammal bones (Leventhal, 1993).
The temporal span of the site is 2,180-250 BP. Leventhal
(1993) stated that cultural continuity existed due to sim-
ilarities in mortuary practices and artifacts. Agriculture
was not adopted by these Amerinds and hunting and
gathering continued throughout the time span. The
entire period encompassed a precontact era.
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The Amerinds from CA-Ala-329 were hunter-gatherers
with a diet that heavily relied on acorns and was supple-
mented by game (Jurmain, 1990, 1993; Leventhal, 1993).
Obsidian points, shafts, hooks, and harpoons were in
abundance at CA-Ala-329 (Leventhal, 1993). Sex differ-
ences in burial goods were evident: harpoons, hooks, and
obsidian points were associated with male burials, and
females were buried with pestles (Leventhal, 1993). This
indicates a clear emphasis on hunting as a male activity,
while gathering and grinding acorns were activities
closely linked to females.

In summary, both Amerind populations occupied loca-
tions of rich resources. Males from both populations
hunted and fished, although uses of marine resources
and travel by canoes were far more extensive among the
British Columbian Amerind population. Females from
both populations were gatherers. In California, females
utilized acorns as a staple food and ground acorns with
mortars and pestles. Females of the British Columbian
population had no evidence of mortar and pestle use, but
did engage in activities of gathering, preparing hides,
and weaving.

Cross-sectional measurements

To obtain cross-sectional data, the British Columbian
Amerinds’ humeri were radiographed at the Canadian
Museum of Civilization in Hull, Quebec and the Califor-
nia Amerinds’ humeri were radiographed by the Health
Center at San Jose State University in San Jose, Califor-
nia. Following Ruff and Larsen (1990), humeral lengths
were used to mark 35% of the bone length (where 100%
is the proximal end), at which point cross-sectional geo-
metries were calculated. Humeri were arranged on film
in the anteroposterior orientation (i.e., the anterior side
of the bone faced upward); then, they were arranged in
the mediolateral orientation (i.e., the medial side of the
bone faced upward). Both left and right humeri were
radiographed in these orientations. Magnification errors
were removed using the formula:

Source to film distance/(source to film distance
— object center to film distance)

Biplanar radiographs are likely to overestimate true
cross-sectional values (see O’Neill and Ruff, 2004), but
other methods for obtaining cross-sectional data, such as
CT scans, were not available. Correction formulae for
biplanar radiograph data are currently unavailable for
humeral properties. Nonetheless, O’Neill and Ruff (2004)
stated that the values produced by biplanar radiographs
can be used in research as long as one does not compare
the calculated data using biplanar radiographs with data
collected by different methods.

Each radiographed humerus was measured for inner
and outer diameters and the values were used to calcu-
late the derived values: total cross-sectional area (TA),
cortical cross-sectional area (CA), area moment of inertia
about the mediolateral plane (Iml), area moment of iner-
tia about the anteroposterior plane (Iap), and polar
moment of inertia (J). Total area was calculated with the
formula:

TA =1I X (ML outer diameter X AP outer diameter/4)

Medullary area (MA) was calculated with the formula:

MA =1II X (MLinner diameter X APinner diameter/4)

Then, CA was calculated by subtracting the medullary
area from the total area (CA = TA — MA) (Biknevicius
and Ruff, 1992).

The formulas used for calculating Iml and Iap were:

Iml = I1/64 X (Tml X Tap® — Mml x Map®)
Iap = I1/64 X (Tap X Tml® — Map X Mml®)

where, Tml = total mediolateral breadth; Tap = total
anteroposterior breadth; Mml = medullary mediolateral
breadth; and Map = medullary anteroposterior breadth
(Biknevicius and Ruff, 1992).

Polar moment of area was calculated using the for-
mula:

J =Iml + Iap

Cortical area value reflects compressive strength. Total
area value provides information on relative distribution
of bone within cross-sections. Inertial values (Iml, Iap, /)
reflect bending and torsional strength.

Bilateral cross-sectional asymmetries were then calcu-
lated by using the above data and the below formula
provided by Auerbach and Ruff (2006):

100 X [(rightvalue — left value)/(right value + left value) /2]

Bilateral asymmetry calculations do not need to be
standardized for body size since within-individual ratios
make up the asymmetry comparisons (Trinkaus et al.,
1994; Ruff, 2000).

Statistical analysis

Data were analyzed using the statistical software pro-
gram SPSS version 16.0. All of the measures met the
assumptions required to run parametric tests, and the
relationships between variables were linear. Levene tests
were run to determine homogeneity of variance. Keeping
in mind that significance levels less than 0.05 indicate
nonhomogeneous variance, all variables were homogene-
ously varied (significances of 0.06-0.78). Kolmogorov-
Smirnov tests were run to determine whether data were
normally distributed. As significance levels less than
0.05 indicate that the data differs from normal distribu-
tion, all variables were normally distributed (signifi-
cances of 0.52-0.77).

Means and standard errors were calculated for bilat-
eral asymmetry data. ¢-Tests were run on sex differences
within populations and population differences within
sexes. In addition, a two-factor analysis of variance
(ANOVA) design was used to analyze the data. The two
independent factors were population and sex. The de-
pendent variables were CA asymmetry, TA asymmetry,
Tap asymmetry, Iml asymmetry, and J asymmetry. Inter-
actions between the factors were also examined with sig-
nificant interactions being examined via box plots. The
critical o levels were set at 0.05.

RESULTS

Table 2 presents the means and standard errors
for asymmetry variables in percentage difference
between left and right cross-sectional scores for British
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TABLE 2. Comparisons of bilateral asymmetry (%) within and between population samples

Differences between sexes, within population

Differences

British Columbia

California between populations,

Males (N = 18) Females (N = 7)

Males (N = 47)

Females (IN = 64) within sex

Mean SE Mean SE Mean

SE Mean SE Males Females

TA
CA
Iap
Iml
J

3.215
4.264
3.764
9.749
6.667

1.613 3.302
1.925 5.582
3.671 9.373
3.330 6.271
3.244 7.311

5.686
8.290
15.219
9.099
12.081

8.518
8.459
17.555
16.197
16.841

1.204
1.523
2.749
2.337
2.403

3.808*
4.631

8.890%*
7.033*
7.946*

1.141 *
1.690
2.484 *
2.644
2.415 *

*P < 0.05, t-tests.

TABLE 3. 2-factor ANOVA significance levels
bilateral asymmetry variables

Variable

TA
CA
Iap
Iml
J

Sex

0.590
0.973
0.765
0.275
0.686

Sex-population

0.086
0.179
0.033*
0.344
0.098

Population

0.410
0.927
0.426
0.626
0.484

# Sum of squares = 1,718.816, df = 1, F = 4.625.

Columbian and Californian Amerinds, and separately for
both males and females. Significant results are asterisked
for sex differences within populations and within-sex pop-
ulation differences. There are significant sex differences in
the California population. California males are more
asymmetrical than their female counterparts on four out
of five dimensions (Table 2). When looking at sex differen-
ces between populations, California Amerind males are
more asymmetrical than British Columbian males in TA,
Iap, and J (Table 2). No significant sex differences are
present in the British Columbian population, but there is
a trend of higher female asymmetry values compared with
British Columbian male asymmetry values. Additionally,
no significant results appear between British Columbian
and California females, but there is a trend of higher
asymmetry values in British Columbian females compared
with California females. The lack of significant results in
these mentioned trends may be the result of the small
sample size of British Columbian females.

There are no significant sex or population differences
in the two-way ANOVA. However, there is a significant
sex-population interaction for Iap (Table 3). This reflects
the greater asymmetry of California males compared
with females, and a reversal of this pattern in the Brit-
ish Columbian sample (Figure 1). While this same gen-
eral contrast is evident for other variables (Table 2), as
mentioned before, sample size constraints may explain
the lack of statistical significance.

DISCUSSION

Studies have found that mechanical stress due to ac-
tivity (in conjunction with other uncontrolled factors)
affects upper limb bone bilateral asymmetry (Jones
et al., 1977; Krahl et al., 1994; Kannus et al., 1995; Haa-
pasalo et al., 2000; Kontulainen et al., 2003). Here, lev-
els of sexual dimorphism in humeral bilateral cross-sec-
tional asymmetry were examined to determine if asym-
metry in two hunter-gatherer Amerind populations were
related to differences in activities along sex lines in these
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Fig. 1. Iap asymmetry (%) in British Columbian and Califor-
nian samples, male data are displayed in white boxes and
female data are displayed in speckled boxes. Box represents the
interquartile range; horizontal line within the box represents
the median value.

populations. Statistically significant results showed male
California Amerinds to be more asymmetrical than their
female counterparts and more asymmetrical than male
British Columbian Amerinds. In addition, trends
indicated that British Columbian females were more
asymmetrical than both their male counterparts and
females from California. These trends do not reach sta-
tistical significance likely due to the small sample size of
British Columbian females.

It should be mentioned that Ruff and Jones (1981) and
Trinkaus et al. (1994) also examined bilateral asymme-
try of Amerinds from Ryan Mound; these remains were
housed at Stanford University and have since been
reburied. Ruff and Jones (1981) examined total area and
cortical area asymmetry; the averages were close to the
results reported here. For example, males had an aver-
age asymmetry in TA of 7.1% and the California males
in the current sample had a TA asymmetry of about
8.5%. Additionally, in both total area and cortical area
asymmetry, females of the current study and the earlier
Ruff and Jones (1981) study showed less asymmetry
than the males. Trinkaus et al. (1994) reported similar
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findings for CA and J asymmetries, but medians rather
than means were published. These similarities in results
are reassuring, and further support the findings here for
Ryan Mound.

In comparison with other previously published data,
British Columbian males seem to have low levels of
asymmetry. Maggiano et al.’s (2008) data on Mayan pop-
ulations located at a commercial port (250-700 AD) have
the most comparable asymmetry levels with the British
Columbian males. For example, the Mayan males had
an average CA asymmetry of 4.3% for the earlier period
examined, which is the same as the British Columbian
male CA average. California Amerind males, on the
other hand, have values similar to Georgia Coast Amer-
inds and Italian Neolithic populations. For example, in
both the California sample and in Georgia Coast agricul-
turalists TA measures of asymmetry are about 8%
(Fresia et al., 1990). The males in the Italian Neolithic
population have an average asymmetry in / of 15.8%
while the California Amerind males have an average
asymmetry in J of 16.8% (Marchi et al., 2006). California
females have values similar to agricultural Georgia
Coast Amerinds; for example, the average TA and CA
asymmetries for both populations are around 4% (Fresia
et al., 1990; Trinkaus et al., 1994). British Columbian
females have asymmetry values that fall between the
lower asymmetries published (e.g., those of Georgia agri-
culturalists) and the higher asymmetries published (e.g.,
those of South African hunter-gatherers) (Fresia et al.,
1990; Ledger et al., 2000). In summary, broad subsist-
ence categories alone are not sufficient for predicting lev-
els of bilateral asymmetry or sexual dimorphism in bilat-
eral asymmetry; as detailed below, these asymmetries
appear to be more dependent on population-specific dif-
ferences in behavior.

Examining the present results in detail with specific
attention to previously published material and knowl-
edge of the populations’ artifacts can explain why asym-
metry is higher in certain groups of individuals com-
pared with other groups of individuals. Starting with the
most robust finding, male Californian Amerinds were
more asymmetrical than were their female counterparts
on four out of five asymmetry variables (TA, Iap, Iml, J).
The California hunter-gatherer males at Ryan Mound
expended much of their physical energy hunting and
engaging in warfare with the use of spears. Leventhal
(1993) and Jurmain and Bellefemine (1997) found males
to be most often buried with obsidian arrowheads, and
victims of these weapons were commonly males. Previ-
ously published data support the view that hunters who
used primitive weaponry were prone to having asymmet-
rical humeri (e.g., Ledger et al., 2000). California males
were about twice as asymmetrical as California females,
who had low levels of asymmetry with ranges of 4-9%
differences between left and right humeral cross-sec-
tions. Anthropologists have found similar low levels of
asymmetry in other hunter-gatherer and agricultural
populations where females used mortars and pestles to
grind grains (e.g., Fresia et al.,, 1990; Bridge et al.,
2000). The California Amerinds staple food was acorn,
which required the use of mortars and pestles, and mor-
tuary practices support the female link to such tools
(Leventhal, 1993). Females participated in grinding
acorns requiring the use of both arms. Thus, mortar and
pestle use seems to reduce bilateral asymmetry in hum-
eral cross-sections regardless of whether a population is
hunter-gatherer or agricultural.

Further support for the mortar and pestle connection
comes from studies that have found high asymmetry lev-
els in populations where grinding is not an activity. West-
cott and Cunningham (2006), as mentioned earlier, found
higher levels of asymmetry in female Arikara Amerinds
than in their male counterparts. These females were not
engaged in grinding grains. Ledger and colleagues (2000)
found highly asymmetrical humeri in females of South
Africa who employed digging sticks and pulling out
tubers, which requires one arm for the majority of the
labor. In the current study, the asymmetry differences
between females of the California population and the
British Columbian population were in the predicted direc-
tion, but did not reach statistical significance (likely due
to small sample size). The trend showed more asymmetry
in British Columbian females than in California females
for all the variables, which may relate to the fact that
British Columbian females did not use mortars and pes-
tles. British Columbian females wove baskets, mats, nets,
and clothing from bark and other fibers (Halpin and
Seguin, 1990). The females of the British Columbian pop-
ulation also cleaned and sewed hides for clothing or trade.
The labor intensive artisan activities mentioned above
were likely unilateral due to the skills needed to complete
them; for example, when sewing hides for clothing most
individuals are not ambidextrous enough to sew with
both hands.

Within the male populations, California Amerinds had
more asymmetry in TA, Iap, and J measures than did
British Columbian Amerinds. British Columbian males
actually had lower levels of bilateral asymmetry in Iap
than California females (Table 2; Fig. 1). These low lev-
els of asymmetry are likely linked to the rowing that
British Columbian males engaged in. They spent much
time rowing on streams and in the ocean, which required
use of both limbs (especially when boating alone or in
small groups such as in a canoe) (Brown, 1977; Cybulski,
1992; Dawson, 1992). As an aside, the British Columbian
females were more asymmetrical than were their male
counterparts, but this difference did not reach statistical
significance likely due to sample size constraints. None-
theless, this trend may be due to a combination of the
female activities that required skilled unilateral labor
rather than the use of both arms as in rowing.

CONCLUSIONS

Specific activities between the two examined popula-
tions differed (as evidenced by the archaeological record)
although both populations occupied areas of rich envi-
ronmental resources and did not adopt agriculture. The
cultural variation between the two populations best
explains the humeral asymmetry patterns found in the
current study. Low levels of bilateral asymmetry were
found in California female Amerinds who ground acorns
with the use of both hands. Low levels of asymmetry
also were found in British Columbian males, who uti-
lized both arms in rowing canoes, compared with Califor-
nia males. Higher asymmetry values were found in Cali-
fornia male Amerinds whose activities were dominated
by hunting and warfare with spears. British Columbian
females who did not use mortars and pestles showed an
overall trend of greater asymmetry compared with both
California females who ground acorns with mortars and
pestles and British Columbian males who canoed exten-
sively, but ultimately these results were not statistically
significant.

American Journal of Physical Anthropology



24 E. WEISS

LITERATURE CITED

Auerbach BM, Ruff CB. 2006. Limb bone bilateral asymmetry:
variability and commonality among modern humans. J Hum
Evol 50:203-218.

Biknevicius AR, Ruff CB. 1992. Use of biplanar radiographs for
estimating cross-sectional geometric properties of mandibles.
Anat Rec 232:157-163.

Bridges PS. 1989. Changes in activities with the shift to agricul-
ture in the Southeastern United States. Curr Anthropol
30:385-394.

Bridges PS. 1996. Skeletal biology and behavior in ancient
humans. Evol Anthropol 5:112-120.

Bridges PS, Blitz JH, Solano MC. 2000. Changes in long bone
diaphyseal strength with horticultural intensification in West-
Central Illinois. Am J Phys Anthropol 112:217-238.

Brown V. 1977. Peoples of the sea wind: the Native Americans
of the Pacific coast. New York: Macmillan Publishing Co., Inc.

Cybulski JS. 1990. Human biology. In: Suttles W, editor. Hand-
book of North American Indians, Vol. 7. Northwest coast,
Washington: Smithsonian Institution. p 107-144.

Cybulski JS. 1992. A Greenville burial ground: human remains
and mortuary elements in British Columbia coast prehistory.
Archaeological survey of Canada mercury series paper 146.
Hull: Canadian Museum of Civilization.

Cybulski JS. 1994. Culture, change, demographic history, and
health and disease on the Northwest coast. In: Larsen CS,
Milner GR, editors. In the wake of contact: biological
responses to conquest. New York: Wiley-Liss. p 75-86.

Cybulski JS. 1999. Trauma and warfare at Prince Rupert Har-
bour. Midden 31:5-7.

Dawson A. 1992. Ice age earth: late quaternary geology and cli-
mate. New York: Routledge.

Drucker J. 1955. Indians of the northwest coast. New York: The
Natural History Press.

Fields SJ, Spiers M, Hershkovitz I, Livshits G. 1995. Reliability
of reliability coefficients in the estimation of asymmetry. Am J
Phys Anthropol 96:83-87.

Fladmark KR, Ames KM, Sutherland PD. 1990. Prehistory of
the Northern coast of British Columbia. In: Suttles W, editor.
Handbook of North American Indians, Vol. 7. Northwest
coast, Washington: Smithsonian Institution. p 229-239.

Fresia A, Ruff C, Larsen C. 1990. Temporal decline in bilateral
asymmetry of the upper limb on the Georgia coast. In: Larsen
C, editor. The archaeology of Mission Santa Catalina de
Guale: 2. Biocultural interpretations of a population in transi-
tion. Anthropological paper of the American Museum of Natu-
ral History, no. 68. New York: Anthropological Papers of the
American Museum of Natural History.

Haapasalo H, Kontulainen S, Sievdnen, Jannus P, Jarvinen M,
Vuori I. 2000. Exercise-induced bone gain is due to enlarge-
ment in bone size without a change in volumetric bone den-
sity: a peripheral quantitative computed tomography study of
upper arms of male tennis players. Bone 27:351-357.

Halpin MM, Seguin M. 1990. Tsimshian peoples: Southern
Tsimshian, coast Tsimshian, Nishga, and Gitksan. In: Sut-
tles W, editor. Handbook of North American Indians, Vol. 7.
Northwest coast, Washington: Smithsonian Institution. p
267-284.

Jones HN, Priest JD, Hayes WC, Tichenor CC, Nagel DA. 1977.
Humeral hypertrophy in response to exercise. J Bone Joint
Surg Am 59:204-208.

Jurmain R. 1990. Paleoepidemiology of a central California pre-
historic population from CA-ALA-329: IT degenerative disease.
Am J Phys Anthropol 83:83-94.

Jurmain R. 1993. Paleodemography and paleopathology. In:
Cartier R, Bass J, Ortman S, Jurmain R, editors. The archae-
ology of the Guadalupe Corridor. Santa Clara: Santa Clara
County Archaeological Society. p 79-88.

Jurmain R, Bellefemine VI. 1997. Patterns of cranial trauma in
a prehistoric population from Central California. Int J Osteo-
archaeol 7:43-50.

American Jouwrnal of Physical Anthropology

Kannus P, Haapasalo H, Sankelo M, Sievidnen H, Pasanen M,
Heinonen A, Oja P, Vuori 1. 1995. Effect of starting age of
physical activity on bone mass in the dominant arm of tennis
and squash players. Ann Intern Med 123:27-31.

Kontulainen S, Sievidnen H, Kannus P, Pasanen M, Vuori I.
2003. Effect of long-term impact-loading on mass, size, and
estimated strength of humerus and radius of female racquet-
sports players: a peripheral quantitative computed tomogra-
phy study between young and old starters and controls.
J Bone Miner Res 18:352-359.

Krahl H, Michaelis U, Pieper U, Quack G, Montag M. 1994.
Stimulation of bone growth through sports: a radiologic inves-
tigation of the upper extremities in professional tennis play-
ers. Am J Sports Med 22:751-757.

Ledger M, Holtzhausen L, Constant LD, Morris A. 2000. Biome-
chanical beam analysis of long bones from a late 18th Cen-
tury slave cemetery in Cape Town, South Africa. Am J Phys
Anthropol 112:207-216.

Leventhal A. 1993. A reinterpretation of some Bay area shellmound
sites: a view from the mortuary complex from CA-Ala-329, the
Ryan Mound. ML A. thesis. San Jose, CA: San Jose State University.

MacDonald G. 1969. Preliminary culture sequence from the
Coast Tsimishian area. British Columbia. Northwest Anthro-
pol Res Notes 3:240-254.

MacDonald G, Inglis R. 1975. The dig: an archaeological recon-
struction of a west coast village. Ottawa: National Museums
of Canada.

Maggiano IS, Schultz M, Kierdorf H, Sosa TS, Maggiano CM,
Blos VT. 2008. Cross-sectional analysis of long bones, occupa-
tional activities and long-distance trade of the classic Maya
from Xcambé—archaeological and osteological evidence. Am J
Phys Anthropol 136:470-4717.

Marchi D, Sparacello VS, Holt BM, Formicola V. 2006. Biomechani-
cal approach to the reconstruction of activity patterns in Neolithic
western Liguria, Italy. Am J Phys Anthropol 131:447-455.

Mays S. 1999. A biomechanical study of activity patterns in a
medieval human skeletal assemblage. Int J Osteoarchaeol
9:68-73.

O’Neill MC, Ruff CB. 2004. Estimating human long bone cross-
sectional geometric properties: a comparison of noninvasive
methods. J Hum Evol 47:221-235.

Ruff CB. 2000. Biomechanical analysis of archaeological human
skeletal material. In: Katzenberg M, Saunders S, editors. Bio-
logical anthropology of the human skeleton. New York: Wiley-
Liss. p 71-102.

Ruff CB, Jones H. 1981. Bilateral asymmetry in cortical bone of the
humerus and tibia—sex and age factors. Hum Biol 53:69-86.

Ruff CB, Larsen CS. 1990. Postcranial biomechanical adapta-
tions to subsistence changes on the Georgia coast. In: Larsen
CS, editor. The archaeology of Mission Santa Catalina de
Guale: 2. Biocultural interpretations of a population in transi-
tion. Anthropological paper of the American museum of natu-
ral history, no. 68. New York: The American Museum of Natu-
ral History. p 94-120.

Sladek V, Berner M, Sosna D, Sailer R. 2007. Human manipula-
tive behavior in the central European late eneolithic and
early bronze age: humeral bilateral asymmetry. Am J Phys
Anthropol 133:669-681.

Sparacello V, Marchi D. 2008. Mobility and subsistence econ-
omy: a diachronic comparison between two groups settled in
the same geographical area (Liguria, Italy). Am J Phys
Anthropol 136:485-495.

Stock JT, Pfeiffer SK. 2004. Long bone robusticity and subsist-
ence behaviour among later stone age foragers of the forest
and fynbos biomes of South Africa. J Archaeol Sci 31:999-1013.

Trinkaus E, Churchill SE, Ruff CB. 1994. Postcranial robustic-
ity in homo. II. Humeral bilateralasymmetry and bone plastic-
ity. Am J Phys Anthropol 93:1-34.

Westcott DJ, Cunningham DL. 2006. Temporal changes in Ari-
kara humeral and femoral cross sectional geometry associated
with horticultural intensification. J Archaeol Sci 33:1022-1036.



