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ABSTRACT Musculoskeletal markers are frequently
used to reconstruct past lifestyles and activity patterns.
Yet, the reliability of muscle marker measurements has
been called into question because they allegedly fail to
correlate with cross-sectional properties and exercise pat-
terns, and are confounded by body size. In this study, the
principle of aggregation was used to sum muscle markers
over 7 insertion sites (4 humeral, 2 radial, and 1 ulnar)
and examine the effects on them of body size, age, sex, and
cross-sectional properties. Analyses were made of a sam-
ple of 91 (66 males, 25 females) Native British Columbians
(3500–1500 years BP) and 18th century Quebec prisoners.
Muscle markers were measured using three-point ob-
server rating scales; size was measured by standard meth-

ods; age and sex were determined through pelvic, cranial,
and dental morphology; and cross-sectional properties
were calculated from radiographs. Whereas any single
muscle marker component failed to correlate with age,
size, sex, or cross-sections, aggregate muscle marker cor-
related with: age, r � 0.49; size, r � 0.38; sex, r � 0.40;
and, cross-sections, r � 0.38; P � 0.001. Older individuals
had greater muscle markers, as did larger individuals,
males, and those with more robust cross-sections. Based
on partial correlations and regression analyses, age was
the best overall predictor of aggregate muscle marker. Am
J Phys Anthropol 121:230–240, 2003.
© 2003 Wiley-Liss, Inc.

Musculoskeletal stress markers and osteophytes
(in this study referred to as “muscle markers”) are
distinct skeletal markings and bony projections that
occur where a muscle, tendon, or ligament inserts
into the blood-supplying periosteum and the under-
lying bony cortex. Large muscle markers are typi-
cally viewed as being the direct result of continued
muscle use in daily and repetitive tasks (Hawkey
and Merbs, 1995; Lai and Lovell, 1992; Nagy, 1998).
Evidence from bone remodeling studies supports
this perspective. When muscle insertion sites are
subjected to stress, blood flow is increased, which
stimulates bone-forming cells, resulting in bone hy-
pertrophy and increased size of musculoskeletal
stress markers (Chamay and Tschantz, 1972; Woo et
al., 1981; Wolff, 1892).

Muscle markers have been used to reconstruct
past lifestyles of populations, such as whether males
and females differed in activity patterns, effects of
shifts in subsistence patterns, and specific activities
related to hunting and fishing (Chapman, 1997;
Cook and Dougherty, 2001; Hawkey, 1998; Lai and
Lovell, 1992; Nagy, 1999; Peterson, 1998). Probably
the best established findings in the muscle marker
literature relate to age and sex differences. Older
individuals have greater muscle markers than do
younger individuals, which many anthropologists
relate to the stress of activity patterns that accumu-
lates over time (Chapman, 1997; Nagy, 1998; Robb,
1998; Wilczak, 1998). Researchers using muscle

markers to reconstruct past lifestyles frequently
take age differences into account to enable more
accurate reconstructions (e.g., Hawkey and Merbs,
1995; Nagy and Hawkey, 1995).

In most skeletal samples, males have greater
muscle markers than do females (e.g., Cohen, 1989;
Cook and Dougherty, 2001; Hawkey and Street,
1992; Nagy, 1999; Steen and Lane, 1998). However,
some studies found certain muscle markers to be
higher in females than in males (Chapman, 1997;
Nagy and Hawkey, 1995). Sex differences are fre-
quently attributed to differences in activity patterns
(Chapman, 1997; Peterson, 1998; Wilczak, 1998).
For example, Cook and Dougherty (2001) examined
adults from Chirikof Island in Alaska in the 18th
century and found that males had greater upper
limb muscle markers than did females, which they
attributed to the extensive rowing that males en-
gaged in while hunting marmots. Yet it may be that
some sex differences are due to differences in body
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size, especially in cases where body size is not con-
trolled for.

Some anthropologists have begun to examine the
effects of body size on muscle markers. For example,
Zumwalt et al. (2000) examined lower and upper
limb bones from nonhuman primates and found that
muscle markers correlated with body weight and did
not vary with locomotor type, raising the question of
whether human research should also take body size
into account. Human upper limbs, however, are
unique because they are free of locomotor responsi-
bilities and, as a result, are not weight-bearing. This
lack of weight-bearing by human upper limbs may
have decreased the influence of size on their muscle
markers.

Another problem with using muscle markers as
an index of activity is the lack of correlation with
activity in experimental tests. In one study, Zum-
walt et al. (2001) exercised sheep for 3 months and
compared seven muscle sites with a nonexercised
group. Only 1 of 7 muscle insertion sites was influ-
enced by exercise. This lack of findings may be due
to differences in animal muscles (e.g., variation in
fast/slow twitch muscles) and bones (e.g., lack of
secondary osteons) compared to humans. However,
perhaps experiments with more strenuous exercise
or with longer exercise periods could show stronger
results.

Other difficulties with using muscle markers to
infer activity patterns include the lack of consistent
relations with cross-sectional geometries, which is
another measure of activity patterns. For example,
Berget and Churchill (1994) found that Aleut muscle
marker data fit well with the cross-sectional geom-
etry of arm bones. Their results supported conclu-
sions made by Hawkey and Street (1992) about sex
differences in Aleut activity patterns, in which
males engaged in ocean rowing for hunting big game
and females prepared hides, weaved, and rowed
umiaks. Other anthropologists, however, did not
find any relation between the muscle markers and
cross-sectional properties (Bridges, 1997; Stirland,
1998). Bridges (1997) cautioned that muscle mark-
ers are not good indicators of overall activity, but
may still be useful for reconstructing specific activ-
ities. Stirland (1998) and Jurmain (1990, 1999) con-
cluded that muscle markers were typically too sub-
jective a measure to be used in reconstructing
lifestyle activities. Work by Hawkey and Merbs
(1995) and Robb (1998) responded to some of these
criticisms by formulating less subjective ways of col-
lecting muscle marker data.

The present study attempts to solve some of these
inconsistencies reported in the literature by exam-
ining the effects of size, age, sex, and cross-sectional
robusticity in two populations using simple and ag-
gregated muscle markers. The principle of aggrega-
tion is widely used in economics (e.g., Khamis and
Hempstead, 1996), psychology (e.g., Dunn et al.,
1993), and other social sciences (e.g., Van Rompaey
et al., 1999) because it creates significant correla-

tions where nonsignificant findings hampered pre-
dictability. Aggregation is similarly used in medical
research to increase correlations and enhance pre-
dictability in order to identify high-risk individuals
(e.g., Lord and Fitzpatrick, 2001). This is because by
aggregating over several measures, error variance
and specificity or idiosyncratic variance can be av-
eraged out, leaving only “true score variance” (if
there is any) to cumulate (Rushton et al., 1983;
Spearman, 1904, 1910).

In order to explain aggregation, Spearman (1904)
drew the analogy of repeatedly firing a gun while
trying to hit a target. The bullets scatter randomly
around the target, more of them hitting closer to the
target than farther away from it, and the more shots
fired, the greater the number of bullets that hit the
target. The scatter of bullets around the target is
analogous to error variance, which is a part of every
measure. Spearman’s formulization of aggregation
states that every actual measurement, call it X, is
composed of two parts: a “true score,” t, and an error
variance, e. Both t and e cannot be directly observed.
Thus, X � t � e. Since e can have either a positive or
negative sign and because e is random, e’s value
tends towards zero as more measurements of X are
averaged in. In other words, by adding a large num-
ber of Xs, e is averaged out, leaving only t or the
“true score” to accumulate. (More familiarly, the
same principle is used when taking an average.) The
Spearman-Brown formula may be used to demon-
strate the increase in reliability (and thus validity)
of the principle of aggregation. This shows that in-
creasing the length of a measure by adding items
increases reliability from r to r� � (1 � n/N)/(r�1 �
n/N), where N is the number of items in the original
measure, n is the number of new items added to it,
and r is reliability (which is always less than 1)
(Spearman, 1927). Of course, aggregation is not use-
ful in all cases, and whether to aggregate is, in the
end, a choice the researcher must make (see Discus-
sion).

The prediction is tested that the more muscle
markers that are aggregated, the greater will be
their correlation with body size, sex, age, and cross
sections. In this study, humeral size is used as a
proxy for body size. If this body size prediction is
confirmed, it may call into question the accuracy of
reconstructing past lifestyles through muscle mark-
ers without controlling for body size. In addition, it
was tested whether other skeletal features, such as
age and sex, correlate with muscle markers, as other
anthropologists have found. Greater muscle mark-
ers among older individuals may signal that these
markers have accumulated over life due to activity
patterns. Differences between the sexes may be re-
lated to sexual division of labor or size. Finally,
hypotheses will be evaluated concerning associa-
tions between muscle markers and cross-sectional
robusticity, which has also been used to reconstruct
lifestyles.
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MATERIALS AND METHODS
Sample

A skeletal sample of 91 adult individuals (66
males; 25 females) was examined, ranging from age
18–69 years from two populations (British Colum-
bian Amerinds, Euroamericans), housed at the Ca-
nadian Museum of Civilization at Hull, Quebec (Ta-
bles 1, 2). Cybulski (1990, 1992, 1999) sexed the
individuals using pelvic and cranial indicators. He
also aged them by means of the pubic symphysis,
ilium auricular surface, cranial suture closure, den-
tal development, and epiphyseal union of the long
bones, clavicles, vertebrae, and innominates (Cybul-
ski, 1990, 1992, 1999). For the present study, indi-
viduals were excluded if they were not sexed or aged,
if they lacked complete arm bones, if they were
immature, and if they were severely pathological.
Whenever possible, measures were taken for both
the right and left arm bones. The humerus was
x-rayed at 35% of bone length.

The British Columbian skeletal remains come
from seven Prince Rupert Harbor sites located in
the traditional territories of the Amerind tribes
belonging to the Tsimshian language family and
the Northwest Pacific Coast cultural area. The
Tsimshin were fishers and gatherers during the
short summers and whale hunters in winter (Cy-
bulski, 1990; Weiss, 2001). These remains date
from 3500 –1300 years BP. The Euroamerican
skeletal remains come from English prisoners of
war who died after being captured by French Ca-
nadians about 200 years ago (Piedalue and Cybul-
ski, 1997; Weiss, 2001).

Methods

This study used z-scores to create three composite
variables: Aggregate Muscle Marker, Humeral Size,
and Robusticity. For missing data on any of the
elements that went into the composite, an average
score based on all remaining data on that variable
was substituted (8% of the data was replicated by

means). This procedure tends to homogenize scores,
thereby reducing differences and lessening the
chance of getting a significant effect.

The Aggregate Muscle Marker composite was cre-
ated by adding the z-scores for 42 component vari-
ables (a total of 7 muscle markers from 4 humeral
insertion sites, 2 radial insertion sites, and 1 ulnar
insertion site, with each marker scored in the three
categories of ruggedness, stress lesions, and ossifi-
cation, and with right and left upper limb bone
scores added together). Deltoid, latissimus dorsi,
pectoralis major, and teres major muscle markers
were scored on the humerus (Fig. 1). Biceps brachii
and supinator muscle markers were scored on the
radius (Fig. 2). The triceps brachii muscle marker
was scored on the ulna (Fig. 3). The tendinous mus-
cle sites are the deltoid, latissimus dorsi, teres ma-
jor, 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);
and 3) they have been used frequently in lifestyle
reconstruction (e.g., Capasso et al., 1999; Kennedy,
1983, 1989; Merbs, 1983; Robb, 1998; Peterson,
1998).

The methods employed by Hawkey and Merbs
(1995) for characterizing muscle markers were used
on the seven muscle sites. These methods were cho-
sen because: 1) the interobserver and intraobserver
error rates are low; 2) the scoring establishes iden-
tifiable thresholds for each score; and 3) the guide-
lines for scoring muscle markers are straightfor-
ward, with photographs illustrating various scores.
Each of the muscle insertion sites was scored on
three dimensions: 1) robusticity (which is referred to
as ruggedness in this study to avoid confusion with
cross-sectional robusticity), 2) stress lesions, and 3)
ossification. Within these three categories, there are
four specific grades, with the absence of the expres-
sion being grade 0.

TABLE 1. Sample size, where left refers to number of individuals with only left arm bones, right refers to number of individuals
with only right arm bones, both refers to number of individuals with both right and left arm bones available,

and total refers to total number of individuals1

Males Females

TotalLeft Right Both Left Right Both

BC Amerinds 13 11 17 8 8 7 64
Euroamericans 7 10 8 2 27
Total 20 21 25 8 8 9 91

1 BC, British Columbia.

TABLE 2. Sample demographics1

Dates
(in years BP)

Age range
(in years)

Average age
(in years)

Number of
males

Number of
females

BC Amerinds 3,500–1,500 18–69 30.6 41 23
Euroamericans 200 18–69 29.4 25 2

1 BC, British Columbia.
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The ruggedness category describes the normal
variation in areas where muscles attach. In rugged-
ness grade 1 (R1), the outer portion of the bone is
only slightly rounded with elevation apparent when
touched, although no distinct crests or ridges are
present. In ruggedness grade 2 (R2), the outer por-

tion of the bone is uneven, with a mound-shaped
elevation clearly visible. In ruggedness 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 1–3
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.

The ossification category is used for scoring osteo-
phytes. In ossification grade 1 (OS1), a slight exos-
tosis (or bony spur) occurs, which is usually rounded
and extends less than 2 mm from the cortex. In
ossification grade 2 (OS2), a distinct bony spur is
found, which is more than 2 mm but less than 5 mm
in length. In ossification grade 3 (OS3), the bony
spur extends more than 5 mm from the cortex and/or
covers an extensive amount of surface.

A composite variable of Humeral Size was created
by adding the three z-scores for humeral length,
humeral vertical head diameter, and humeral epi-
condylar breadth (Fig. 4; Buikstra and Ubelaker,
1994). Humeral Size was calculated with data that
were side-averaged following Ruff and Larsen
(1990). These component traits are good proxies for
body size, because they do not remodel (Ruff et al.,
1991).

The humeral head was measured in millimeters,
using a sliding caliper. The humeral head measure
is the “direct distance between the superior and

Fig. 1. Muscle markers on left humerus, anterior view (taken
from Gray, 1977).

Fig. 2. Muscle markers on left radius, anterior view (modified
from Gray, 1977).

Fig. 3. Muscle marker on left ulna, posterior view (modified
from Gray, 1977).
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inferior points on the border of the articular surface”
(Fig. 4; Buikstra and Ubelaker, 1994, p. 80). The
humeral epicondylar breadth was measured in mil-
limeters, using an osteometric board. This epicondy-
lar measurement is the “distance of the most later-
ally protruding point of the lateral epicondyle from
the corresponding projection of the medial epicon-
dyle” (Fig. 4; Buikstra and Ubelaker, 1994, p. 80).
Humeral length was measured in millimeters with
an osteometric board. The humeral length measure
is the “direct distance from the most superior point
on the head of the humerus to the most inferior point
on the trochlea” (Fig. 4; Buikstra and Ubelaker,
1994, p. 80).

A composite Robusticity variable was created by
averaging the z-scores for five humeral cross-section
variables: total area, cortical area, moment of iner-
tia about the anteroposterior axis, moment of inertia
about the mediolateral axis, and polar moment of
inertia (all of which were taken at 35% of bone
length, side-average, standardized by body size, and
log-transformed).

In order to calculate cross-section variables, sev-
eral steps were performed. Following Ruff and
Larsen (1990), humeral lengths were used to mark
the specific location on the humeri where cross-sec-
tional geometry is calculated, i.e., 35%, of bone
length, in which 100% is the proximal end (Fig. 5).
Humeri were first x-rayed in the anteroposterior
(AP) orientation (i.e., the anterior side of the bone
faces upward), and then in the mediolateral (ML)
orientation (i.e., the medial side of the bone faces
upward). Before removing the bones from the x-ray
machine, the magnification factor was calculated to
remove any magnification errors. This was done us-
ing the formula

Source-to-film distance/(Source-to-film distance

� Object-center-to-film distance)

where source-to-film is the distance from the x-ray
bulb to the film, and object-center-to-film is the dis-

tance from the middle of the bone to the film, which
varied depending on the bone and position of the
bone being x-rayed.

Next, each radiographed humerus was measured
for inner and outer diameters at both orientations.
These values allowed calculation of the derived val-
ues. The derived values for compressive strength are
the total cross-sectional area (TA) and cortical cross-
sectional area (CA). Total area is calculated with the
formula:

TA � � � (ML outer diameter � AP outer diameter / 4).

Medullary area (MA) is calculated with the formula:

MA � � �(ML inner diameter � AP inner diameter / 4).

Then the cortical area is calculated by subtracting
the medullary area from the total area (CA � TA �
MA) (Biknevicius and Ruff, 1992).

For bending strength in particular planes, result-
ant values are anatomically oriented moments of
inertia calculated about the mediolateral and an-
teroposterior axes (Iml and Iap). The formulas for
Iml and Iap require the several steps sketched out in
Biknevicius and Ruff (1992) and Fresia et al. (1990),
and detailed in Timoshenko and Gere (1972). In
short, the formulas for Iml and Iap are:

Iml � � / 64 � (Tml � Tap3 � Mml � Map3)

Iap � � /64 � (Tap � Tml3 � Map � Mml3)

where Tml � total mediolateral breadth; Tap � total
anteroposterior breadth; Mml � medullary medio-
lateral breadth; and Map � medullary anteroposte-
rior breadth.

Polar moment of inertia, which allows a determi-
nation of strength against overall bending and tor-
sional strains and stresses (Runestad et al., 1993), is
calculated using the formula:

J � Iml � Iap.

For all of these humeral geometric properties, per-
centage differences between the right and the left
sides had to be calculated using the formula [right �
left/right] on data not standardized by body size.
Then the geometric properties were adjusted by this
factor, depending on the direction of asymmetry,
and whether the bone was from the left or the right
side. For individuals with missing data for either the
right or left humerus, mean bilateral asymmetry
values for that sex and population were used. The
averaged data were then standardized by body size,
using the formulas described below.

Following Ruff et al. (1993), the resultant values
are presented standardized for body size. Ruff et al.
(1993) provided effective formulas for standardizing
humeral areal (cortical area, CA and total area, TA)
and inertial (moments of inertia, I and J) values.
Areal measures (CA and TA) were standardized by
dividing the result by humeral length cubed (HL3)
and then multiplying it by 108. Moments of inertia
and polar moments of inertia (I and J) were stan-

Fig. 4. Measurements of left humerus, anterior view (modi-
fied from Buikstra and Ubelaker, 1994).

Fig. 5. Humeral location used to calculate cross-sections
(adapted from Ruff and Larsen, 1990).
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dardized by dividing the result by HL5.33 and then
multiplying it by 1012. Finally, the data were log-
transformed and converted to z-scores.

To allay concerns 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 be-
tween the various size properties for the left and
right arm bones ranged from 0.88–0.94 (mean r �
0.90, P � 0.01). Pearson correlations between the
various cross-sectional properties for the left and the
right arm bones ranged from 0.88–0.97 (mean r �
0.93, P � 0.01). The Pearson correlation between the
left and right Aggregate Muscle Marker variable
was r � 0.47, P � 0.01. With these high correlations,
the author felt justified in combining left and right
arm bones for the purpose of this study.

Statistical analysis

The data were analyzed using the statistical soft-
ware program SPSS (version 10.0).

The data used here were tested for violations of
assumptions of parametric tests. Independence of
the variants will be handled through the use of
adjusted error rates with critical alpha levels vary-
ing depending on the number of correlations per
matrix; the formula used was (0.10/Number of tests)
(Weiss and Hassett, 1982). Homogeneities of vari-
ances were tested through the Levene statistic test.
A significance level greater than 0.05 signifies ho-
mogeneous variance. All of the variables were homo-
geneous (significances ranged from 0.10–0.72). To
test whether the data are normally distributed, the
Kolmogorov-Smirnov test was run, which is an ap-
propriate test for skeletal samples because it “focus-
es on the greatest observed differences between two
cumulative frequency distribution; loss of informa-
tion from tied data is minimized” (Lovejoy, 1971, p.
105). Additionally, the Kolmogorov-Smirnov test
combines high power efficiency (about 0.96) with a
central expression of skewness, central tendency,
and dispersion (Lovejoy, 1971). A significance value
less than 0.05 indicates that the distribution of the
data differs significantly from a normal distribution.
All variables were normally distributed (signifi-
cances ranged from 0.70–1.09). Thus, the aggregate
measures met all the assumptions required to run
parametric tests, and the relationships between
variables were linear.

For each composite variable, means and standard
deviations were calculated. Composite variable Ag-

gregate Muscle Marker was correlated using two-
tailed Pearson tests with both composite variables
Humeral Size and Robusticity along with age (de-
fined in six groups: 1 � 18–24 years old; 2 � 25–31
years old; 3 � 32–38 years old; 4 � 39–45 years old;
5 � 46–52 years old; and 6 � 53� years old) and sex
(Weiss and Hassett, 1982). Pearson tests were run
separately for males and females on correlations
between Aggregate Muscle Marker, Humeral Size,
and Robusticity. Partial Pearson correlations con-
trolling for age, sex, and Humeral Size were also run
to determine causes of muscle markers. Critical al-
pha levels varied depending on the number of cor-
relations per matrix; nonsignificant findings are
marked “n.s.” Additionally, a stepwise regression
analysis (with an ANOVA to show significant vari-
ances) was run to test which factor best predicted
Aggregate Muscle Marker scores (McCall, 1990).

RESULTS

Table 3 presents the means, standard deviations,
and sample sizes for the composite variables used in
this study, i.e., Aggregate Muscle Marker, Humeral
Size, and Robusticity in z-scores. Aggregate Muscle
Marker correlates significantly with age, r � 0.489;
Humeral Size, r � 0.378; sex, r � 0.400; and Robus-
ticity, r � 0.384; P � 0.001. (When disaggregating
the side-averaged data for the right arm bones, Ag-
gregate Muscle Marker correlates significantly with
age, r � 0.400; Humeral Size, r � 0.361; sex, r �
0.291; and Robusticity, r � 0.253; P � 0.01; for the
left arm bones, Aggregate Muscle Marker correlates
significantly with age, r � 0.361; Humeral Size, r �
0.483; sex, r � 0.303, P � 0.01; and Robusticity, r �
0.160; n.s.).

When the sexes are separated, Aggregate Muscle
Marker correlates significantly with age (r � 0.510,
P � 0.001) and Robusticity (r � 0.381, P � 0.001) for
males, but only marginally so in females (age, r �
0.377, 0.10 � P � 0.05; Robusticity, r � 0.336,
0.10 � P � 0.05). Aggregate Muscle Marker is also
related to Humeral Size when the sexes are com-
bined, although not to either sex when analyzed
separately (males, r � 0.084, n.s.; females, r � 0.194,
n.s.).

Figure 6 illustrates the increasing correlation be-
tween muscle markers and age, size, sex, and robus-
ticity as a function of the number of muscle markers
aggregated. For each variable, the correlation be-
comes higher with the number of muscle markers
aggregated. However, the correlations level off after

TABLE 3. Means, SDs, and sample sizes for composite Aggregate Muscle Marker, Humeral Size,
and Robusticity (z-scores), separately for males and females

Property Sex Mean SD

Aggregate Muscle Marker Males (n � 66) 4.730 18.9
Females (n � 25) �12.487 14.3

Humeral Size Males (n � 66) 0.415 0.5
Females (n � 25) �1.094 0.4

Robusticity Males (n � 66) 0.369 0.9
Females (n � 25) 0.123 0.9
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30 or more variables are added, which implies that
the correlations towards the end are cumulative
“true scores.” Age first correlates significantly with
muscle markers when 16 muscle markers are aggre-
gated (r � 0.210, P � 0.05). Size first correlates
significantly with muscle markers when 12 muscle
markers are aggregated (r � 0.215, P � 0.05). Sex
first correlates significantly with muscle markers
when 14 muscle markers are aggregated (r � 0.207,
P � 0.05). Robusticity first correlates significantly
with muscle markers when 18 muscle markers are
aggregated (r � 0.217, P � 0.05).

Since Aggregate Muscle Marker is correlated with
age and sex, partial correlations were carried out to
reexamine correlations after controlling for age, sex,
and both. When age is controlled for, Aggregate
Muscle Marker continues to correlate significantly
with Humeral Size (r � 0.389, P � 0.001), sex (r �
0.397, P � 0.001), and Robusticity (r � 0.351, P �

0.001). When sex is controlled for, Aggregate Muscle
Marker still correlates significantly with age (r �
0.369, P � 0.001) and Robusticity (r � 0.369, P �
0.001), but no longer with Humeral Size (r � 0.104,
n.s.). When age and sex are controlled for, Aggregate
Muscle Marker continues to correlate significantly
with Robusticity (r � 0.340, P � 0.05), but not with
Humeral Size (r � 0.130, n.s.).

To determine whether the sex differences were
related to size rather than activity patterns, a par-
tial correlation controlling for size was run. When
controlling for Humeral Size, sex no longer corre-
lated significantly with Aggregate Muscle Marker
(r � 0.174, n.s.). Additionally, Humeral Size and sex
correlated significantly (r � 0.800, P � 0.001).

A regression analysis was carried out to deter-
mine what the best predictor of Aggregate Muscle
Marker is from the variables in this study, i.e., Hu-
meral Size, Robusticity, age, and sex. Table 4 pre-
sents the results and shows that age is the overall
best predictor. The predictions become higher when
sex, Robusticity, and Humeral Size are entered into
the equation, in that order. Table 5 presents the
ANOVA analysis of these models, which shows the
F-ratios and significance levels for the various mod-
els.

Since previous studies examined relations within
specific populations, the correlations here were also
run on each population separately. The results re-
mained virtually the same. In the British Colum-
bian sample, the correlations became stronger (i.e.,
Aggregate Muscle Marker correlated with age, r �
0.52; sex, r � 0.42; size, r � 0.44; and cross-sections,
r � 0.53, P � 0.001).

DISCUSSION

This study found that whereas single measures
showed null findings, using multiple measures
showed significant findings. Aggregate Muscle
Marker correlated with: age, r � 0.49; size, r � 0.38;
sex, r � 0.40; and cross-sections, r � 0.38; P � 0.001.
Previously reported null findings (e.g., Bridges,
1997; Stirland, 1998; Zumwalt et al., 2001) may be
in part the result of a failure to use aggregate mea-
sures, which are more reliable because they reduce
error variance and increase reliability.

While the use of aggregation is not common in
anthropology, the principle of aggregation rests on
familiar procedures. For example, whereas using
only one question from a multiple choice test is
obviously an inaccurate way to measure knowledge,
the sum of 60 multiple-choice questions typically
provides a reliable and accurate indicator. Aggrega-
tion is common in sports (e.g., Hoop Stats in basket-
ball, Loss Leaders in baseball), the stock market
(e.g., the Dow Jones Index), education (e.g., Dow
Jones Safety School Index), and demography (e.g.,
Money Magazine ratings of the top 10 metropolitan
areas). Although not based on numbers, composite
portraits used in forensics are based on aggregation;
the whole face is more than the pieces (e.g., chin,

Fig. 6. Aggregation: as number of muscle marker components
increase, so does relationship with age (A), size (B), sex (C), and
robusticity (D).
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nose, or eyes). Another example is dating fossil sites,
in which the greater confidence stems from the more
procedures used (e.g., paleoflora and paleofauna, ra-
diocarbon or potassium-argon dating methods, arti-
facts, and the principle of sedimentation). The date
of the Tsimshin site used in this study was based on
over 30 radiocarbon dates, artifacts, and the princi-
ple of sedimentation (Cybulski, 1992). Examples
that use statistics are also abundant. For example,
Rushton and Erdle (1987) showed how correlations
between a questionnaire on aggression and the pre-
dictability of aggressive acts committed increased
from nonsignificant (0.10) to significant (0.54) when
the number of items in the questionnaire increased
from 1 to 11. Rushton et al. (1983) showed that
aggregating many judges’ ratings also increased cor-
relations from nonsignificant to significant between
ratings and actual behavior. Other examples come
from the medical literature; for instance, Fischer et
al. (1999) formed a composite measure for success of
clinical treatment for multiple sclerosis, whereas
earlier noncomposite measures were inadequate to
determine outcomes of clinical treatment. Lord and
Fitzpatrick (2001) used a composite measure to
identify elderly individuals at risk of falling; the
composite measure correlated with a risk of falling
at 0.45, but any one indicator was not significantly
correlated with falling risk. Finally, aggregation of-
ten makes sense biologically, as well as statistically.
For instance, because muscles work in groups, the
use of a single muscle marker to reconstruct activity
patterns can result in a weak finding (Stirland,
1998).

It may be important to note, however, that there
are times when aggregation is not helpful. For ex-

ample, when examining a specific phenomenon, one
may not want to aggregate in case the phenomenon
is masked (such as when looking at certain rare
behaviors performed by primates). At other times,
specific bones may be of interest, and aggregating
over too many bones (e.g., arm and leg bones) may
hide specific findings. Another shortfall of aggregat-
ing is that one must decide which variables to ag-
gregate; unreliable or poor items should not be ag-
gregated or they will, in fact, reduce validity. Often,
in science, it is ultimately a matter of gaining the
greatest predictability. In the end, researchers must
decide whether aggregation is appropriate for their
study. In this study, aggregation was used for sev-
eral reasons: 1) interobserver and intraobserver
rates were low for the method of data collection
used, which suggests that each item of data is reli-
able (Hawkey and Merbs, 1995); 2) aggregation
made sense biologically because muscles work in
groups; 3) general patterns were being examined
rather than a specific phenomenon; and 4) aggrega-
tion streamlined the data analyses.

In review, the Aggregate Muscle Marker was con-
structed from 42 component variables (a total of 7
muscle markers from 4 humeral sites, 2 radial sites;
and 1 ulnar site, with each marker scored in the
three categories of ruggedness, stress lesions, and
ossification, with right and left arm bones added
together). Composite Robusticity was constructed
from total area, cortical area, moment of inertia
about the anteroposterior axis, moment of inertia
about the mediolateral axis, and polar moment of
inertia (all of which were taken at 35% of bone
length, side-averaged, standardized by body size,
and log-transformed). Finally, aggregate Humeral

TABLE 4. Regression analysis of Aggregate Muscle Marker, Humeral Size, Robusticity, age, and sex (N � 91)

Model R R2 Adjusted R2

1. Age 0.489 0.239 0.230
2. Age and Sex 0.599 0.358 0.344
3. Age, Sex, and Robusticity 0.658 0.432 0.413
4. Age, Robusticity, and Humeral Size 0.682 0.465 0.447
5. Age, Sex, Robusticity, and Humeral Size 0.683 0.466 0.441

TABLE 5. ANOVA of predictor models from regression analysis (N � 91)

Model Sum of squares df F

1. Age Regression 8,017.435 1 27.90*
Residual 25,574.188 89
Total 33,591.623 90

2. Age and Sex Regression 12,039.241 2 24.58*
Residual 212,552.382 88
Total 33,591.623 90

3. Age, Sex, and Robusticity Regression 14,526.013 3 22.10*
Residual 19,065.610 87
Total 33,591.623 90

4. Age, Robusticity, and Humeral Size Regression 15,624.217 3 25.22*
Residual 17,967.406 87
Total 33,591.623 90

5. Age, Sex, Robusticity, and Humeral Size Regression 15,658.658 4 18.77*
Residual 17,932.965 86
Total 33,591.623 90

* P � 0.001.
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Size was constructed from humeral head size, hu-
meral length, and humeral epicondylar breadth.

This study found that age was the single best
predictor of Aggregate Muscle Marker. Older indi-
viduals had greater muscle marker scores than did
younger individuals. This finding held for both sexes
separately, although only marginally so in females.
The correlation with age and muscle markers cor-
roborates many other studies (e.g., Chapman, 1997;
Kennedy, 1983, 1989; Nagy, 1998; Robb, 1998; Wil-
czak, 1998). Anthropologists have hypothesized that
older individuals have more muscle markers than
younger individuals because they have experienced
more stress over a lifetime of activities. Age differ-
ences also could be related to changes in bone struc-
ture due to the slowing down of bone remodeling,
resulting in a thinner cortical bone with a greater
diameter and a rougher external bone (Dewey et al.,
1968; Mays; 2000).

Results from this sample also showed that using
the composite measure Humeral Size as a predic-
tor variable, individuals with larger humeri had
greater muscle marker scores than did individuals
with smaller humeri, a pattern that remained
when controlling for age, but not when controlling
for sex. The body size and muscle marker correla-
tion supports the observation of Zumwalt et al.
(2000) that, among nonhuman primates, muscle
markers correlate with body size regardless of lo-
comotor style. However, because the correlation in
the present study only held when the sexes were
combined, the relation may be a weak one. It is
important to note that sex and size were highly
correlated (r � 0.80, P � 0.001). It could also be
that the present result was weak because it is
based on human upper limbs, which are freed from
weight-bearing. A stronger effect might be found
when examining the lower limb or lower back,
which do bear weight.

Males had greater muscle markers than did fe-
males (Fig. 7), a finding that is well-established in
the literature (although some studies found fe-
males with greater muscle markers than males,
e.g., Chapman, 1997; Nagy and Hawkey, 1995).
Sex differences in muscle markers are often inter-
preted as due to sex differences in activity pat-
terns (e.g., Chapman, 1997; Cook and Dougherty,
2001; Steen and Lane, 1998; Wilczak, 1998).
Among the Tsimshin of British Columbia, the
males rowed upon the ocean, whereas the females
were more sedentary. One may conjecture that in
this particular sample, males had greater muscle
markers than females because of their age (12% of
males and 0% of females were over 45 years old).
Yet when age was controlled, males still had
greater muscle markers than females. Most likely,
males have greater muscle markers because of
their size, males being, on average, larger,
heavier, and with more muscle mass than females;
in this study, Humeral Size and Sex are highly
correlated. When a partial correlation was carried

out controlling for Humeral Size, males and fe-
males no longer differed in muscle markers. In
other words, in this study, the sex difference in
muscle markers seems to be the result of sex dif-
ferences in body size.

Corroborating the finding of Berget and Churchill
(1994) that cross-sectional properties correlated
with muscle markers, the present study found that
individuals with more robust humeri had greater
muscle marker scores than did individuals with less
robust humeri, a pattern that held for both males
and females, and young and old. The robusticity and
muscle marker correlation validates the use of mus-
cle markers as indicators of activity levels. It is
possible that some previous null findings of Bridges
(1997), Stirland (1998), and Zumwalt et al. (2000,
2001) were due in part to their failure to use nonag-
gregate measures.

CONCLUSIONS

In conclusion, muscle markers in this sample from
British Columbia and Quebec correlated with age,
size, sex, and robusticity. Older individuals had
greater muscle markers than did younger individu-
als; individuals with larger humeri had greater mus-
cle markers than did individuals with smaller hu-
meri; males had greater muscle markers than did
females; and individuals with more robust humeri
had greater muscle markers than did individuals
with less robust humeri. Yet determining causality
in a study such as this is difficult because of the
colinearity among the variables and the small sam-

Fig. 7. Left: Female British Columbian Amerind humerus
(catalog no. CP-2001 R006-17) with minor muscle markings.
Right: Male British Columbian Amerind humerus (catalog no.
CP-2001 R006-15) with major muscle markings. Photographs by
Jerry Cybulski, courtesy of the Canadian Museum of Civilization.
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ple size. This study does confirm previous research
suggesting that age should be taken into consider-
ation when examining muscle markers. Finally, the
effects of sex, body size, and population should also
be controlled for when examining hypotheses about
activity patterns on muscle markers in order to re-
construct past lifestyles. This study also suggests
that aggregate measures may be useful (when ap-
propriate and possible) to reduce error variance and
enhance construct validity.
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