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ABSTRACT Anthropologists frequently use musculo-
skeletal stress markers to reconstruct past activity pat-
terns. Yet, researchers have called into question the reli-
ability of muscle marker measurements in part because
body size and age affect muscle marker scores. In this
study, the author examined an aggregate upper limb mus-
cle marker to determine if after controlling for the effects of
body size and age, one could reconstruct activity patterns
of a prehistoric Amerind population. Analyses were made
of a sample of 102 (43 males, 59 females) prehistoric central
California Amerinds. Muscle markers were measured
using two-point observer rating scales; body size was meas-
ured by humeral articular surfaces; age and sex were deter-
mined previously through standard procedures. Using sex

separated rankings and partial correlations, disaggregated
muscle markers were examined for correlations with age
and size to determine if specific muscle markers may be
useful in pinpointing to activity patterns. Aggregate upper
limb muscle marker correlated with: age, r ¼ 0.44; humeral
size, r ¼ 0.44; and sex, r ¼ 0.43; Ps < 0.001. Older individu-
als had greater muscle markers, as did larger individuals,
and males. Rankings seemed to be confounded by the effect
size had on the muscle markers. However, based on partial
correlations controlling for size and age, the differences
that remained between males and females could be used to
reconstruct male activities of throwing in hunting and
interpersonal aggression acts. Am J Phys Anthropol
133:931–940, 2007. VVC 2007 Wiley-Liss, Inc.

Muscles leave distinct markers on bones where the
muscle, tendon, or ligament inserts into the blood-sup-
plying periosteum and the underlying bony cortex. These
markings are known as muscle markers or musculoskel-
etal stress markers. According to bone remodeling theory
when muscle insertion sites are subjected to stress, blood
flow is increased, which stimulates bone forming cells
that result in bone hypertrophy and increased size of
musculoskeletal stress markers (Chamay and Tschantz,
1972; Woo et al., 1981; Weiss, 2003, 2004; Ruff et al.,
2006). Bones experience forces from muscle use through-
out an individual’s life to which the bone must respond
to prevent breakage. Theoretically, muscle use is impor-
tant in remodeling bones and maintaining strength
because muscle usage places the stress on bones neces-
sary to activate osteoblasts (Hamill and Knutzen, 1995).
Where muscles attach, activity increases bones robustic-
ity. Consequently, anthropologists typically view more
pronounced muscle markers as being the direct result of
muscle use.
Anthropologists have concluded using bone remodeling

theory that large muscle markers are due to of continued
muscle use in daily and repetitive tasks (especially when
started at a young age and continued through adult-
hood), which has made muscle markers ideal for recon-
structing past lifestyles. In the last two decades, anthro-
pologists using muscle markers have addressed issues
regarding sexual division of labor, group differences in
specific activities related to culture, effects of agriculture
on past populations, plus others (e.g., Cohen, 1989; Lai
and Lovell, 1992; Hawkey and Merbs, 1995; Chapman,
1997; Hawkey, 1998; Peterson, 1998; Nagy, 1999; Cook
and Dougherty, 2001; Toyne, 2003; al-Oumaoui et al.,
2004; Eshed et al., 2004; Hayden et al., 2004; Papatha-

nasiou, 2005; Salles et al., 2005; Drapeau, 2006; Jones
et al., 2006; Molnar, 2006; Zabecki, 2006).
Some clear patterns in muscle marker research have

emerged regardless of the population examined. Re-
searchers, for instance, consistently find that older indi-
viduals have more pronounced muscle markers than do
younger individuals, which many anthropologists relate
to the stress of activity patterns that accumulate over
time (Nagy, 1998; Robb, 1998; Wilczak, 1998; e.g., Mol-
nar, 2006). Anthropologists using muscle markers to
reconstruct past lifestyles frequently consider age differ-
ences to enable accurate reconstructions (e.g., Hawkey
and Merbs, 1995; Nagy and Hawkey, 1995).
Sex differences have also emerged in skeletal studies

of muscle markers; males have higher muscle marker
scores than females in most skeletal samples (e.g.,
Cohen, 1989; Hawkey and Street, 1992; Steen and Lane,
1998; Nagy, 1999; Cook and Dougherty, 2001; Molnar,
2006). Higher muscle marker scores in females than in
males have been noted in several specific populations
(Nagy and Hawkey, 1995; Chapman, 1997; al-Oumaoui
et al., 2004); when reverse sex patterns are present,
these differences are more likely due to activity patterns
since they are the exception to the rule (see Weiss,
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2004). Yet, these differences may disappear, if one
employs aggregate variables in the studies. Anthropolo-
gists most often attribute sex differences to differences
in activity patterns (e.g., Chapman, 1997; Peterson,
1998; Wilczak, 1998; Cook and Dougherty, 2001; Molnar,
2006). Weiss (2003, 2004), however, examined sex differ-
ences in muscle markers in two populations and found
that males had higher muscle marker scores than
females, but this sex difference disappeared when con-
trolling for size. It is, therefore, possible that sex differ-
ences in muscle markers are often due to differences in
body size, rather than activity patterns. If the sex differ-
ences do not disappear when controlling for body size,
then attribution of sex differences to activity patterns
strengthens. Finally, it is important to note that it is
complicated to determine whether sex differences are a
result of size differences, which can lead to differences in
activity patterns, or whether the reverse is true.
Zumwalt et al. (2000) and Zumwalt (2006) have high-

lighted further difficulties in using muscle markers to
reconstruct activity patterns. In the 2000 study, they
examined upper and lower limb bones from nonhuman
primates and found that muscle markers correlated with
body weight and did not vary with locomotor type. Fur-
thermore, in her 2006 article, Zumwalt tested whether
muscle markers increase in exercised sheep; she found no
evidence of a correlation between muscle markers and the
exercise. Zumwalt (2006), nonetheless, pointed out that
perhaps the sheep were too mature or that the exercise
was not strenuous enough for changes to be significant.
As mentioned in earlier works (Weiss, 2003, 2004), an-

thropologists have concerns over the lack of objectivity
when collecting data on muscle markers and using these
data to reconstruct activity patterns (Jurmain, 1990, 1999;
Stirland, 1998; Zumwalt, 2005). Work by Hawkey and
Merbs (1995) and Robb (1998) have standardized less
subjective ways of collecting muscle marker data, some
of which the author uses in the present study. Plus,
Weiss (2003) advised the use of aggregated muscle
marker variables to improve muscle marker studies by
enhancing construct validity and reducing error variance
in the data. For more in depth discussions of muscle
marker issues see Jurmain (1999), Robb (1998), Stirland
(1998), and Weiss (2003). Zumwalt (2005) has suggested
using three-dimensional laser computer technologies, as
anthropologists have used in dental studies, to quantify
muscle markers more objectively, but this is an expen-
sive and time-consuming alternative. One of the benefits
of muscle marker studies has always been the relative
low cost and ease of data collection.
Since the above-mentioned studies (especially, Weiss,

2003, 2004, Zumwalt et al., 2000) drew attention to com-
plications of using muscle markers to reconstruct activ-
ity patterns, there has been little change to the way
muscle markers are studied. As mentioned previously,
Zumwalt (2005) has been exploring the use of some com-
puterized laser methods. Ranking is another method
that anthropologists are beginning to use to settle ques-
tions about sex differences. Eshed et al. (2004), for exam-
ple, employed ranking methods in their study of muscle
markers in Levant Natufian hunter-gatherers compared
to muscle markers of Neolithic farmers in the Levant.
Using rankings, the authors noticed the farmers had
higher upper limb muscle marker scores than did the
hunter-gatherers. Furthermore, males and females had
differences in muscle markers in both groups, which the
authors attributed to sex differences in labor. Size differ-

ences, however, may explain some of these differences
between males and females or even between the groups.
Ranking helps to resolve some size issues, but only if the
ranks do not correlate with size. Unfortunately, the skel-
etal preservation did not allow for aging; thus, age con-
trols were also absent. It is also possible that the differ-
ences observed relate to age and size differences in the
two populations.
Another recent study looked at muscle markers of 342

individuals from five populations to determine activity
patterns in the Iberian Peninsula (al-Oumaoui et al.,
2004). The authors found that after controlling for age
females had lower muscle marker scores than males
(with a few notable exceptions). They coupled the lower
female scores to less walking and more domestic labor in
females compared to males who engaged in agricultural
activities. In addition, it appears that sexual dimorphism
increased in Iberia throughout time, which the authors
linked to a change in activity patterns. They failed to
control for size differences, which may explain the differ-
ence in muscle markers in some populations where
males are significantly larger than females. Perhaps, the
earliest population was the least sexually dimorphic in
body size as well as muscle markers.
Molnar (2006) examined muscle markers of 39 Stone-

Age individuals on a Baltic Sea island. She scored mus-
cle markers in various age groups to determine if arch-
ery, harpooning, and kayaking had a significant effect on
upper limb morphology in the population. She found
when examining muscle markers related to these activ-
ities, males had higher muscle marker scores than did
females. Without body size controls, it is not possible to
determine whether these differences between males and
females are related to activity or simply due to larger
male body sizes compared to females.
It has been several years since Zumwalt et al. (2000)

and Weiss (2003, 2004) have demonstrated that muscle
markers correlate with body size. Still, muscle marker
studies continue without controlling for body size (al-
Oumaoui et al., 2004; Eshed et al., 2004; Drapeau, 2006;
Jones et al., 2006; Molnar, 2006; Zabecki, 2006). The
present study uses both aggregated muscle markers and
separate muscle markers with size and age controls to
attempt an activity reconstruction using the remaining
significant sex differences. First, I will determine
whether size and age correlate with muscle markers in
this California population. Then, I will control for the
effects of size and age on muscle markers to determine
any remaining sex differences, which one may use to
reconstruct activity patterns.

MATERIALS AND METHODS

Sample

The skeletal sample consists of 102 adult individuals
(43 males; 59 females) ranging from 16 to 50 years of
age from a California site (CA-Ala-329) located on the
southeastern side of the San Francisco Bay dating from
2180 to 250 years BP (which is pre-European contact)
housed at San José State University Anthropological
Collection (Tables 1 and 2).
Jurmain (1990) aged and sexed individuals according

to standard osteological procedures. Individuals were
excluded if they were not sexed or aged, if they lacked
upper limb bones, or if they were immature. Jurmain
(1990) reported ages in ranges of 5–10 years. As an
aside, the preservation of this collection is excellent;
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nearly all individuals examined had a complete set of
upper limbs.
The Ryan Mound Site (CA-Ala-329) contained numer-

ous indicators of rich environmental resources (Leven-
thal, 1993). The site contained large quantities shellfish,
waterfowl, and mammal bones (Leventhal, 1993). Addi-
tionally, Amerinds utilized acorns, berries, and seeds as
indicated by the numbers of mortars, pestles, and refuse
found around the site (Leventhal, 1993). Obsidian points,
along with shafts and other types of hooks and harpoons,
were in abundance at CA-Ala-329; most of these artifacts
(especially the obsidian points) were associated with
male burials (Leventhal, 1993). This possibly indicates
the emphasis on hunting as a male activity; whereas,
females were more likely to be buried with pestles and
cobblestone (Leventhal, 1993).
The Amerinds from CA-Ala-329 were hunter-gatherers

with a heavy reliance on acorns and supplemented by
hunted foods (Jurmain, 19901993; Leventhal, 1993).
Although the time span is great, there seems to have
been cultural continuity as indicated by similarities in
mortuary practices and artifacts (Leventhal, 1993).
The remains at CA-Ala-329 represent high lineage or

wealthy individuals from various villages. Villagers were
not isolated from other villagers as indicated by lack of
artifactual and mortuary differences (Leventhal, 1993).
A downside to the population density was the high levels
of interpersonal aggression (Jurmain, 1988; Jurmain and
Bellefemine, 1997). From the skeletal remains and
archaeological material, it is known that these Amerinds
used shafted obsidian points in hunting and aggressive
acts (Jurmain, 1988, 1990, 1993; Leventhal, 1993; Jurmain
andBellefemine, 1997).

METHODS

This study created two aggregate variables—upper
limb muscle marker and humeral size. Aggregate upper
limb muscle marker was created by adding ordinal
scores of muscle markers (which are explained below)
and then transforming these additive scores for each
individual into a rank. Individuals with the most well-
defined or largest muscle markers had the highest rank-
ings. This is a nonparametric procedure that one can use
for Spearman correlations (Aron et al., 2005). The upper
limb muscle marker variable was calculated by adding
ordinal scores from seven muscle markers for left and
right arms. The muscle marker scores for were made up
of 28 component variables (a total of seven muscle
markers from four humeral insertion sites, two radial
insertion sites; and one ulnar insertion site, with each
marker scored in the two categories of robusticity and

stress lesions with right and left upper limb bone scores
added together) (Hawkey and Merbs, 1995). Deltoid, la-
tissimus dorsi, pectoralis major, and teres major muscle
markers were scored on the humerus (Fig. 1, left).
Biceps brachii and supinator muscle markers were
scored on the radius (Fig. 1, center). Triceps brachii
muscle marker was scored on the ulna (Fig. 1, right). All
of the scores consisted of insertion sites. The tendinous
muscle sites are deltoid, latissimus dorsi, teres major,
biceps brachii, supinator, and triceps major. The muscle
to bone insertion site is the pectoralis major. These sites
were chosen because: 1) they are easily distinguishable;
2) they have been associated with specific activities in
the literature (e.g., Nagy, 1999; Molnar, 2006); and 3)
they have been used frequently and recently in lifestyle
reconstruction (e.g., Kenney, 1983, 1989; Peterson, 1998;
Robb, 1998; Capasso et al., 1999; al-Oumaoui et al.,
2004; Eshed et al., 2004; Papathanasiou, 2005; Salles
et al., 2005; Molnar, 2006).
Hawkey and Merbs (1995) methods for characterizing

muscle markers were used on the seven muscle sites.
These methods were ideal because: 1) the inter-observer
and intra-observer error rates are low; 2) the scoring
establishes identifiable thresholds for each score; and 3)
the guidelines for scoring muscle markers are straight-
forward, with photographs illustrating various scores;
and, 4) most of the previously mentioned muscle marker
studies employ these methods (Hawkey and Merbs,
1995). The author scored each of the muscle insertion
sites on two dimensions: 1) robusticity and 2) stress
lesion. Within these categories, there are four specific
grades with the absence of the expression being Grade 0.
However, the categories are actually on a continuum.
Thus, after the scores were taken separately, they were
converted from 0 to 3 in each category to 0 to 6 in one
category, with 0 being the lowest robusticity and 6 being
the greatest stress lesion. Muscle marker scores are,
therefore, on an ordinal scale of 0 to 6. For more infor-
mation on this method, see Hawkey and Merbs (1995).
The robusticity category describes the normal variation

in areas where muscles attach. In robusticity Grade 1
(R1), the outer portion of the bone is only slightly rounded
with elevation apparent when touched, although no dis-
tinct crests or ridges are present. In robusticity Grade 2
(R2), the outer portion of the bone is uneven, with a
mound-shaped elevation clearly visible. In robusticity
Grade 3 (R3), distinct sharp crests or ridges are present
and there may be a small depression between crests,
although this depression does not extend into the cortex
or the outer portion of bone.
The stress lesion category is defined as pitting into the

cortex. Stress lesion Grade 1 (S1) is shallow pitting into
the cortex, less than 1 mm in depth. In stress lesion Grade
2 (S2), the pitting is between 1 mm and 3 mm in depth
and covers a greater surface area, although not longer
than 5 mm. In stress lesion Grade 3 (S3), pitting is greater
than 3 mm in depth and more than 5 mm in length.
By adding the z-scores for humeral length, humeral

vertical head diameter, and humeral epicondylar
breadth, the author created an aggregate variable of
humeral size (Fig. 2; Buikstra and Ubelaker, 1994). All
humeral measurements were taken according to the
Standards: For data collection from human skeletal
remains procedures (Buikstra and Ubelaker, 1994).
These component traits are good proxies for body size,
because they do not remodel as readily as shaft dimen-
sions (Ruff et al., 1991). Humeral size was calculated

TABLE I. Sample size displaying age and sex distribution

Age group Males Females Total

Young adult (16–25) 4 6 10
Adult (26–34) 15 16 31
Old adult (35 and older) 24 37 61

43 59 102

TABLE II. Sample demographics

Dates
(in years BP)

Age range
(in years)

Median age
(in years)

Number
of males

Number
of females

2,180–250 16–50 36–40 43 59
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with data that was side-averaged following Ruff and
Larson (1990). When one side was not present, the
author utilized data from the available side.
To allay concern over averaging left and right arm

bones (since bilateral asymmetry is common in arm
bones), correlations for the right and left arm bones
were carried out. Pearson correlations between the vari-
ous size properties for the left and right arm bones range
from 0.96 to 0.99 (mean r ¼ 0.98, P < 0.001). Pearson
correlations between the left and right muscle markers
ranged from 0.67 to 0.84 (mean r ¼ 0.73, P < 0.01). With
these high correlations, the author felt justified in com-
bining left and right arm bones for the purpose of this
study.
Because of the nature of skeletal material, missing

data are inevitable. For missing data on any of the ele-
ments that went into the aggregate variables, an aver-
age score based on all remaining data substituted that
variable (less than 1% of the data was replicated by
means). This procedure tends to homogenize scores and,

thereby, reducing differences and lessening the chance of
getting a significant effect.

Statistical analysis

The data were analyzed using the statistical software
program SPSS (Version 14.0). For aggregate humeral
size, means and standard deviations were calculated.
Two-tailed nonparametric Spearman tests determined
upper limb muscle marker correlations with aggregate
variable humeral size, age (defined in three groups, 1 ¼
16–25 years old; 2 ¼ 26–34 years old; 3 ¼ 35–50 years
old) and sex. Separate sex rank orders based on average
rankings per muscle marker tested for different patterns
between males and females. Then, the author compared
these ranks with the effect of humeral size on each mus-
cle marker to assess whether humeral size (i.e., the
Spearman correlation coefficient) influenced the rank-
ings. Partial Spearman correlations controlling for age
and humeral size, between sex and the aggregate upper

Fig. 1. Muscle markers on the left humerus anterior view, left radius anterior view, and left ulna, posterior view (reproduced
from Gray, 1977).

Fig. 2. Measurements of the
left humerus, anterior view
(modified from Buikstra and
Ubelaker, 1994).
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limb muscle marker as well as separate muscle markers
determined whether any sex differences remained that
one could use to reconstruct activities. A multivariate
factorial optimal scaling test was run as well to test for
sex differences with age and humeral size controls. Criti-
cal alpha levels were set at 0.05.

RESULTS

Table 3 presents the means, standard deviations, and
sample sizes for the aggregate variables used in this
study i.e., upper limb muscle marker and humeral size.
Upper limb muscle marker correlates significantly with
age, humeral size, and sex (Table 4). Older individuals,
larger individuals, and males have higher upper limb
muscle marker scores than do younger individuals,
smaller individuals, and females. Sex and humeral size
correlates significantly as well (Table 4).
Since upper limb muscle marker is correlated with

age, sex, and humeral size, partial correlations are car-
ried out to re-examine correlations after controlling for
age and humeral size. When controlling for age and
humeral size, upper limb muscle marker correlates mar-
ginally with sex (r ¼ 0.178, P < 0.08). These results sug-
gest that one should disaggregate the upper limb muscle
marker variable to determine patterns useful in activity
reconstructions.
Table 5 presents each muscle marker correlation with

humeral size, sex, and age. Humeral size correlates with
muscle markers in all but the left supinators, left latissi-
mus dorsi, left pectoralis major, and left teres major. Age
correlates with all muscle markers, except for in the
right triceps brachii. In all muscle markers, males have
significantly higher muscle marker scores, but the
results are not significant in the left latissimus dorsi,
left pectoralis major, left teres major, left and right supi-
nator.
Figures 3 and 4 present the rank orders of left and

right muscle markers in males and females. Figure 5
presents the rank order of left and right muscle markers
and their correlation with humeral size separated by
side. These rank orders are compared to determine if the
patterns are in part a result of humeral size. Results
show that for left muscle markers the highest correla-
tions with humeral size are also the highest ranked mus-
cle markers, which reflects the high influence of humeral

size on muscle markers. On the right side, however, the
results are mixed. Some muscle markers that are highly
correlated with size are ranked high in males and low in
females, such as the deltoid. Other muscle markers with
lower size correlations rank higher in females than in
males, such as the pectoralis major. However, some mus-
cle markers with high size correlations have low ranks
in males and females, such as the latissimus dorsi. The
mixed results for the right side along with the solid pat-
tern on the left side suggests that humeral size con-
founds muscle marker rankings.
Finally, using a partial correlation controlling for hum-

eral size and age, few muscle markers continue to corre-
late with sex (Table 6). Males have significantly higher
muscle marker scores for the left pectoralis major, the
right teres major, and the right latissimus dorsi (average
r ¼ 0.208, P < 0.05). The multivariate test results cor-
roborate the partial correlation results (Table 7).

DISCUSSION

This study found aggregate upper limb muscle marker
correlated with: age, r ¼ 0.44; humeral size, r ¼ 0.44;
and, sex, r ¼ 0.43; Ps < 0.001. Older individuals had
higher muscle marker scores than did younger individu-
als. The correlation with age and muscle markers corrob-
orates many other studies (e.g., Kennedy, 1983, 1989;
Chapman, 1997; Nagy, 1998; Robb, 1998; Wilczak, 1998;
Weiss, 2003, 2004; Molnar, 2006). Anthropologists have
theorized that older individuals have greater muscle
markers than younger individuals because they have
experienced more muscle use over a lifetime of activities.
Age differences also could be related to changes in bone
structure due to reduction in osteoblast activity resulting
in a thinner cortical bone with a greater diameter and a
rougher external bone (Dewey et al., 1968; Mays, 2000).
Anthropologists need to examine the causes of higher mus-
cle marker scores in older individuals more thoroughly.
Results from this sample also showed that in using

the aggregate measure of humeral size as a predictor

TABLE III. Means, SDs, and sample sizes for aggregate
humeral size (z-scores), separately for males and females

Property Mean SD

Humeral size
Males (n ¼ 43) 0.7386 0.3
Females (n ¼ 59) �0.0503 0.2

TABLE IV. Spearman correlation coefficient table of upper limb
muscle marker (ULMM), humeral size (HS), age, and sex

ULMM Age HS Sex

ULMM Correlation 1.000 0.439*** 0.441*** 0.425***
Age Correlation 1.000 0.023 0.058
HS Correlation 1.000 0.826***
Sex Correlation 1.000

***P < 0.001.

TABLE V. Spearman correlation coefficient table of
disaggregated muscle markers, humeral size, age, and sex

Humeral
size Age Sex

Humeral Size Correlation 1.000 0.023 0.826***

Age Correlation 1.000 0.058
Sex Correlation 1.000
Left Side
Deltoid Correlation 0.380*** 0.261** 0.312***
Latissimus dorsi Correlation 0.148 0.326*** 0.165
Pectoralis major Correlation 0.161 0.279** 0.222
Teres major Correlation 0.224* 0.294** 0.240
Biceps brachii Correlation 0.453*** 0.405*** 0.445***
Supinator Correlation 0.220* 0.322*** 0.205
Triceps brachii Correlation 0.319*** 0.231* 0.260**

Right Side
Deltoid Correlation 0.344** 0.314*** 0.335***
Latissimus dorsi Correlation 0.370*** 0.283** 0.393***
Pectoralis major Correlation 0.298** 0.272** 0.299**
Teres major Correlation 0.357** 0.427*** 0.358***
Biceps brachii Correlation 0.357** 0.334*** 0.307**
Supinator Correlation 0.236* 0.326*** 0.173
Triceps brachii Correlation 0.399*** 0.163 0.436***

***P < 0.001.
**P < 0.01.
*P < 0.05.
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variable that individuals with larger humeri had higher
muscle marker scores than did individuals with smaller
humeri. This humeral size and upper limb muscle
marker correlation extends earlier work by Weiss (2003,
2004) and Zumwalt et al. (2000) that found muscle
markers correlate with body size. Thus, the body size
effect has been replicated in three human populations
and in nonhuman primate samples. These results clearly
imply that anthropologists need to employ body size con-
trols when using muscle markers to reconstruct activity
patterns. Without controlling for body size, one may
draw faulty conclusions on activity patterns, especially

when comparing sexes or different populations, or popu-
lations over time.
Males had higher upper limb muscle marker scores

than did females, which is related in part to body size.
Higher muscle marker scores in males is a finding well
established in the literature (although some studies have
found females with higher muscle marker scores than
males, e.g., Nagy and Hawkey, 1995; Chapman, 1997).
Many researchers interpret sex differences in muscle
markers as due to sex differences in activity patterns
(e.g., Cohen, 1989; Hawkey and Street, 1992; Steen and
Lane, 1998; Nagy, 1999; Cook and Dougherty, 2001;

Fig. 3. Ranking of male (top) and female (bottom) left average muscle markers from highest score to lowest score.
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al-Oumaoui et al., 2004; Molnar, 2006). Some anthropolo-
gists have taken care to make sure that age is not con-
founded with sex differences (e.g., al-Oumaoui et al.,
2004; Molnar, 2006). The data here support the hypothe-
sis that males have higher muscle marker scores at least

in part because of their size rather than activity pat-
terns. Males are, on average, larger, heavier, and have
greater muscle mass than females, and size and sex
were highly correlated in the sample studied here. Using
a partial correlation controlling for humeral size and

Fig. 4. Ranking of male (top) and female (bottom) right average muscle markers from highest score to lowest score.
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age, some of the muscle markers of males and females
still differed. In other words, in this study, the sex differ-
ence in muscle markers seemed to be the partly result of
sex differences in body size and perhaps partly because
of activity patterns.
Since the aggregate upper limb muscle marker corre-

lated with humeral size, but some of the sex differences
were not be explained with size, the author ran addi-
tional tests on disaggregated muscle markers. When
looking at muscle markers separately, the various mus-
cle markers continued to correlate with age and size to

differing degrees. Consequently, when muscle markers
were ranked in males and females and compared to the
effect of size on muscle markers, results showed that on
the right side some high ranking muscle markers in
females than in males were also the muscle markers
that had low correlations with humeral size. On the left
side, rankings and correlations with size were identical,
which is a result of the high effect of size on rankings.
These results suggest studies employing ranks (Eshed
et al., 2004; Molnar, 2006) may still be catching a size
rather than activity difference sometimes and a more

Fig. 5. Ranking of left (top) and right (bottom) muscle markers from highest correlation to lowest correlation with humeral
size.
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stringent way of examining muscle markers is required,
especially when comparing sexes.
As a result of these findings, partial correlations were

run to control for the effects of size and age. A few mus-
cle markers remained higher in males than in females,
which included the left pectoralis major, right latissimus
dorsi, and right teres major. The pectoralis and the latis-
simus dorsi muscles are usually associated with throw-
ing or pitching motions, as in baseball (Hamill and
Knutzen, 1995). The teres major is associated with inter-
nal rotation only when there is resistance in the action
involved, such as pulling ones arm through water
(Hamill and Knutzen, 1995). Therefore, it is possible
that the three humeral muscle markers (two on the right
side and one on the left side) is associated with the male
California Amerinds throwing spears with a resistant
phase of pushing or pulling the spear through something
either during hunting or interpersonal aggression. Ob-
sidian points embedded in the skeletons indicate males
were victims of interpersonal aggression (Jurmain, 1988;
Jurmain and Bellefemine, 1997). Additionally, many
male burials included obsidian points, whereas female

burials lacked these artifacts (Leventhal, 1993). Bones of
various animals and shafts for points were abundant at
CA-Ala-329, which support the hunting or throwing
argument. Of course, other activities could cause the sex
difference in muscle markers.

CONCLUSIONS

Upper limb muscle markers in this California Amerind
population correlate with humeral size and age. These
results corroborate previously published works. Rank-
ings of muscle markers also demonstrate that patterns
between males and females follow in part humeral size
correlations; in other words, the rankings are partially a
by-product of humeral size effect. Thus, disaggregated
muscle markers still need body size controls in order to
use muscle markers to reconstruct activity patterns. In
this California sample, after controlling for humeral size
and age, some muscle marker differences between males
and females remained. One can examine these remain-
ing muscle marker differences and compare them to
sports information to reconstruct activity patterns. The
muscle markers that differed between males and females
could be attributed to male activities of throwing
involved in hunting and interpersonal aggression, along
with pushing in or pulling out a spear lodged in individ-
ual or animal. However, one should view this reconstruc-
tion with caution, as the controls may not have removed
all the body size confounds and Zumwalt (2006) has
shown a lack of muscle marker differences related to
exercise patterns.
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