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ABSTRACT The relationship between ethnicity and
biology is of interest to anthropologists, biomedical scien-
tists, and historians in understanding how human groups
are constructed. Ethnic self-identification in recently
admixed groups such as Hispanics, African Americans,
and Native Americans (NA) is likely to be complex due to
the heterogeneity in individual admixture proportions
and social environments within these groups. This study
examines the relationships between self-identified ethnic-
ity, self-estimated admixture proportions, skin pigmenta-
tion, and genetic marker estimated admixture propor-
tions. These measures were assessed using question-
naires, skin color measurements, and genotyping of a
panel of 76 ancestry informative markers, among 170
Hispanics and NAs from New Mexico, a state known for

its complex history of interactions between people of NA
and European (EU) ancestry. Results reveal that NAs
underestimate their degree of EU admixture, and that
Hispanics underestimate their degree of NA admixture.
Within Hispanics, genetic-marker estimated admixture is
better predicted by forehead skin pigmentation than by
self-estimated admixture. We also find that Hispanic indi-
viduals self-identified as ‘‘half-White, half Hispanic’’ and
‘‘Spanish’’ have lower levels of NA admixture than those
self-identified as ‘‘Mexican’’ and ‘‘Mexican American.’’
Such results highlight the interplay between culture and
biology in how individuals identify and view themselves,
and have implications for how ethnicity and disease risk
are assessed in a medical setting. Am J Phys Anthropol
138:375–383, 2009. VVC 2008 Wiley-Liss, Inc.

Most human genetic variation is found within socially
defined groups (Lewontin, 1972), and human diversity is
better described by clines than it is by sharp boundaries
(Jorde and Wooding, 2004; Barbujani, 2005). However, it
is possible to make some inferences about group mem-
bership, such as in the case of recent admixture that
occurs between groups that shared a common ancestor
many thousands of years ago (Shriver et al., 1997). The
resident population of the United States is composed of
many individuals who have mixed geographic ancestry,
such as African and Hispanic Americans. While individ-
uals in these admixed groups might self-identify into a
single ethnic category, highly varied admixture propor-
tions are often found (Pfaff et al., 2001). For example,
self-identified African-Americans show anywhere bet-
ween 0 and 80% European ancestry (Parra et al., 1998,
2001; Sinha et al., 2006), and self-identified Hispanics
show anywhere between 0 and 90% Native American
(NA) admixture (Bertoni et al., 2003; Bonilla et al.,
2004a; Gonzalez Burchard et al., 2005). In fact, the term
‘‘Hispanic’’ refers to a nationally, geographically, and
ancestrally heterogeneous group produced by 400 years
of biological and cultural admixture between Europeans,
NAs, and West Africans (Bertoni et al., 2003; Gonzalez
Burchard et al., 2005). The US census acknowledges
that Hispanics occupy an ambiguous position in the
American ‘‘racial’’ landscape, since they are assumed to
have important subdivisions with respect to culture and
ancestry (US Census, 2000). Given this heterogeneity,
Hispanics provide an excellent opportunity to disentan-
gle the sociocultural and biological factors that interact

to shape social identities, phenotypes, and genotypes
(Gonzalez Burchard et al., 2005; Choudhry et al., 2007).
The American Southwest is especially well suited to

genetic admixture analysis, since the admixture is essen-
tially dihybrid, between people of Spanish and South-
west US Native American ancestry. These correspond
closely to the parental populations that are used as part
of our genetic admixture analysis. Genetic contributions
from other parts of the world have been relatively low
(Nieto-Phillips, 2004). For example, the West African
admixture component in a neighboring sample of His-
panics living in southern Colorado was only 3.2%
(Bonilla et al., 2004a).
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New Mexico, in particular, represents a unique oppor-
tunity to examine the sociocultural and biological deter-
minants of Hispanic self-identification, since there is a
strong cultural distinction between self-identified
‘‘Spanish’’ and ‘‘Mexican’’ groups, and a strong sense of
‘‘blood purity’’ in the former (Gutierrez, 1991; Nieto-Phil-
lips, 2004). Many self-identified Spanish New Mexicans
consider themselves direct descendants of the Spanish
colonists who arrived in the mid to late 1500s and
encountered Pueblo, Navajo, and Apache tribes. The eth-
nic label ‘‘Spanish American’’ is however a relatively
recent term in New Mexico, stemming from a surge in
ethnic consciousness in the mid 1800s. It served partly
as a way of countering the American characterization of
New Mexicans as a mixed-blood people. This newfound
identity was born of the desire of many residents to dem-
onstrate a nonmixed European heritage during New
Mexico’s bid for statehood that lasted 60 years, until
1912. Currently, this ethnic label serves to distinguish
New Mexican Spanish Americans from recent Mexican
immigrants in terms of geographical origin, language,
physical appearance, and ‘‘blood’’ (Gonzales, 1997; Nieto-
Phillips, 2004).
One goal of this study is to determine whether

detailed self-identified ethnic categories and self-esti-
mated levels of admixture proportions correspond to
marker-based genetic admixture proportions across indi-
viduals. To date, the research on these topics has been
limited. Williams et al. (1992) compared genealogically
self-estimated admixture and genetically measured
admixture among a sample of Gila River NAs in Ari-
zona. The measure of self-estimated admixture that they
use, however, relied on the subject’s description of his/
her pedigree, followed by researcher adjustments to
account for the average expected European admixture of
a Mexican-American, a European-American or an Afri-
can-American ancestor. This method yielded a strong
relationship between their measures of genetic admix-
ture and the adjusted pedigree-estimated genetic ances-
try. Although Williams et al. cross-validated these mea-
sures, their method relied on a limited number of genetic
markers and an indirect measure of self-estimated
admixture proportions. More recently, Bonilla et al.
(2004a) found that among Hispanics in the San Luis Val-
ley in southern Colorado, self-identified Mexican-Ameri-
cans showed more NA admixture than self-identified
Spanish-Americans. Sweeney et al. (2007) showed that
genetic admixture corresponded to self-reported admix-
ture among Hispanics of the Southwest. This study
focused, however, on combinations of broad ‘‘race’’ cate-
gories such as White, Hispanic, and American Indian,
and did not investigate the relationship within self-des-
ignated Hispanic subgroups.
Ethnic identification by self and others could be medi-

ated by physical appearance. One potential phenotypic
cue to assessing ethnic identity is skin color, which has
historically been used for this purpose in the US.
Because of this historical usage, skin color no doubt con-
tinues to shape peoples’ perceptions of ancestry. Indeed,
skin color is also a reliable indicator of genetic admix-
ture proportions in some ethnic groups. Among African-
Americans and Hispanics, constitutive skin pigmentation
is positively correlated with African and NA genetic
admixture, respectively (Shriver et al., 2003; Bonilla
et al., 2004a,b; Parra et al., 2004). However, a study
among Brazilians found that a collection of physical
traits, including skin pigmentation, as well as hair and

facial features, was a weak predictor of African genetic
ancestry, as determined by a panel of 10 AIMs (Parra
et al., 2003). Another study in Brazil also highlighted
this tenuous relationship (Marrero et al., 2005). In this
study, individuals who were classified as White had sig-
nificant nonwhite genetic ancestry. Taken together, these
results demonstrate a complex relationship between
genetic and phenotypic measures of ethnicity, and sug-
gest that the process of self-identification may be simi-
larly confounded.
In this study, we hypothesize that 1) New Mexican

Hispanics who use different sub-ethnic self-identification
labels will have corresponding differences in genetic
admixture, 2) New Mexican Hispanics and NAs are able
to accurately estimate their own genetic admixture pro-
portions, and 3) there is a positive relationship between
NA admixture and skin pigmentation. We use a ques-
tionnaire, skin color measurements, and ancestry
informative markers (AIMs) to test these hypotheses.

SUBJECTS AND METHODS

Study population

We recruited 170 Hispanics (n 5 147), NAs (n 5 15),
and mixed ethnicity (n 5 8) out of �700 students from
introductory Psychology courses at the University of
New Mexico in Albuquerque. Subjects were recruited
through an online registration system, whereby students
could receive class credit for participation in research
studies. There were 59 males and 111 females, ranging
in ages from 18 to 22. The study recruitment message
stated that only Hispanics and NAs could participate,
though some subsequently identified as a mixture of one
of these and White. Of the self-identified Hispanics in
this sample, 78% were born in New Mexico, and 95%
completed at least one-third of their primary schooling
in New Mexico. Among self-identified NAs, 87% were
born in New Mexico, and 100% completed at least one-
third of their primary schooling in New Mexico. All par-
ticipants gave written informed consent, and the study
was approved by the University of New Mexico Human
Research Review Committee.

Ancestry informative markers

Cheek swabs were collected from 185 participants.
DNA was extracted from the swabs and purified using
established protocols, and a panel of 76 biallelic AIMs
was typed (see Supporting Information). The AIMs are
described elsewhere (Bonilla et al., 2004a,b; Choudhry et
al., 2006; Martinez-Marignac et al., 2007), and were cho-
sen because they exhibit large allele frequency differen-
ces (denoted ‘‘d’’, where d 5 |freq of ‘‘A’’ allele in popula-
tion 1 2 frequency of ‘‘A’’ allele in population 2|)
between three major continental population groups:
Europeans, West Africans, and NAs (see next section for
more detail). The average population pairwise ds for
these markers are 0.47 between Europeans and West
Africans, 0.44 between Europeans and NAs, and 0.53
between NAs and West Africans. Of 185 initially
recruited subjects, 14 were eliminated from further anal-
ysis, because 50 or fewer AIMs were successfully geno-
typed (likely due to sample quality/purity), and one was
eliminated for self-identifying as ‘‘White,’’ leaving a final
sample size of 170 subjects.
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Parental populations

To assess the genetic ancestry from each of the three
parental populations, genotype frequencies were
obtained from 1) 72 individuals of Spanish origin, from
the province of Valencia, Spain; 2) 177 individuals from
the NA Cheyenne, Pima, Pueblo, and Maya; 3) 279 indi-
viduals from the Central African Republic, Nigeria, and
Sierra Leone. Continental average allele frequencies
from these samples for the 76 AIMs are presented in
Supporting Information. We assume that the parental
allele frequencies have not changed significantly
because of drift, gene flow, or selection over the last few
hundred years (Long, 1991; Wang, 2003). We use a
method of estimating group admixture that accounts for
genetic drift in the parental and hybrid populations.
However, other recent factors, such as disease and a
resulting reduction in population size, especially among
NAs, may have changed these allele frequencies, such
that the frequencies observed today do not accurately
reflect those of 400 years ago, at the time of initial
admixture. Finally, gene flow within the Americas and
within Europe (i.e., from other groups in the region)
may have affected the allele frequencies over the past
400 years. However, in the case of NAs, studies have
shown that the allele frequencies of the AIMs like those
used in this study do not tend to differ substantially
across current-day populations of the Americas (Bonilla
et al., 2004a; Luizon et al., 2008).

Genetic admixture estimates

Individual genetic admixture levels were calculated
using the maximum likelihood estimation (MLE)
approach described by Hanis et al. (1986). Given ances-
tral allele frequencies at a locus, the probability of
observing a marker genotype is computed for each locus.
The logs of the individual locus probabilities at all loci
are then summed. For every possible admixture propor-
tion from 0 to 100, the probability of the observed geno-
type is computed. The admixture proportion that corre-
sponds to the maximum combined probability across all
loci is the one that is the MLE of ancestry for that indi-
vidual (Halder, 2005). This program also calculates 95%
confidence intervals for each estimate. We perform a tri-
hybrid (African, European, and NA) as well as a dihy-
brid (European and NA) analysis. Other statistical meth-
ods used to estimate individual admixture (e.g., STRUC-
TURE and ADMIXMAP) typically show high degrees of
correlation with the MLE method (Bonilla et al., 2004a;
Martinez-Marignac et al., 2007). To estimate group
admixture levels for Hispanics, NAs, and subethnic
groups of Hispanics, we also used a maximum likelihood
method as implemented in LEADMIX (Wang, 2003).
This method accounts for genetic differentiation in pa-
rental populations prior to the admixture event, as well
as genetic drift and sampling error in the parental popu-

lations and the hybrid populations subsequent to admix-
ture.

Measures of self-identification

Participants were asked to check a box on a question-
naire indicating whether they consider their ethnicity to
be White, Hispanic, NA, or Other. Then, participants
were asked: ‘‘What would you say your ethnicity is (if
you could describe it any way you wanted)?’’ This open-
ended question was followed by a long response line that
allowed subjects to write anything they wanted. With
this open-ended format, as opposed to a force-choice for-
mat, we hoped to capture all of the nuances in how indi-
viduals identify themselves. Indeed, we obtained a wide
variety of responses to this question, and were only able
to classify some of them by a few major categories.
Finally, participants were asked: ‘‘On a scale of 0 to 100
with 100 being pure Native American by blood/genetics,
and 0 being no Native American ancestry by blood or
genetics, what would your estimate be as to your degree
of Native American ancestry?’’ They were asked to circle
1 of 21 possible values representing increments of 5%
from 0% NA/100% European to 100% NA/0% European.

Skin pigmentation

Skin pigmentation was measured on the upper inner
arm and on the forehead using a computerized handheld
narrow-band reflectometer called the DermaSpectrome-
ter (Cortex Technology; Hadsund, Denmark). The use of
forehead reflectance has been used in several recent an-
thropological studies (Shriver and Parra, 2000; Brutsaert
et al., 2004), and can provide some assessment of tan-
ning status when compared with less exposed body areas
like the inner arm. Additionally, facultative pigmenta-
tion as measured on the forehead might vary with
genetic admixture and environment differently than
upper inner arm pigmentation does, since tanning
capacity and/or exposure to sun also varies with genetic
admixture.
For each subject, three successive measurements were

taken in each location and then averaged. Because of
technical problems with the reflectometer, measurements
were obtained for only 104 of the 170 subjects.

Statistical analyses

Differences in average NA and African genetic admix-
ture between self-identified Hispanics and NAs were
tested using Mann-Whitney U tests. To test for differen-
ces in admixture between sub-ethnic classification
groups, Mann-Whitney U tests were performed between
the NA genetic and self-estimated admixture for those
who wrote in ‘‘Hispanic’’ and for those who wrote in each
of the other classifications (‘‘Spanish’’, ‘‘Mexican’’, etc.).
To determine the relationship between NA genetic
admixture and self-estimated admixture, Spearman cor-

TABLE 1. Average individual and group admixture percentage by self-identified ethnicity (6SD for the MLE individual admixture
analyses) for the trihybrid and dihybrid analyses

n

Trihybrid analysis Dihybrid analysis LEADMIX (dihybrid)

Native American
admixture (%)

European
admixture (%)

African
admixture (%)

Native American
admixture (%)

Native American
admixture (%)

Hispanics 147 32.7 6 12.4 61.6 6 12.4 5.7 6 6.0 35.5 6 12.1 35.0
Native Americans 15 71.8 6 18.6 25.3 6 19.0 2.9 6 3.6 72.5 6 18.9 72.8
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relation coefficients were calculated for the entire sam-
ple, and then separately for the self-identified Hispanics
and self-identified NAs. To examine the relationship
between skin pigmentation and NA genetic admixture,
Spearman correlation coefficients were calculated for the
entire sample, and then separately for self-identified
Hispanics and self-identified NAs.

RESULTS

Individual admixture estimates

Admixture estimates are examined separately for self-
identified Hispanic and NA individuals. Among self-iden-
tified Hispanics, the average NA admixture is 32.7% 6
12.4% (see Table 1), slightly lower than the 34.1% found
by Bonilla et al. (2004a) in their southern Colorado sam-
ple. Among self-identified NAs, the average NA admix-
ture is 71.8% 618.6%, a value significantly larger than
observed in Hispanics (P \ 0.001). As expected, West
African admixture is low for both groups: 5.7% 6 6.0%
for Hispanics and 2.9% 6 3.6% for NAs, and not signifi-
cantly different between them (P 5 0.074). Both dihybrid
analyses yielded highly similar results to the trihybrid
analysis (r2 5 0.95, see Table 1). We find that the 95%
confidence intervals of the MLEs include values that are
�613 percentage units away from the estimate. This
means that, for example, NA admixture greater than or
equal to 13% is required to conclude with 95% confidence
that there really is NA admixture as opposed to there
being none. For the LEADMIX analyses, which take into
account population differentiation and genetic drift, the
95% confidence intervals are �65%.

Ethnic subclassification

Apart from making a forced-choice decision to identify
themselves as White, Hispanic, NA, or Other, partici-
pants also wrote in an ethnic self-description on a long
response line (in response to the question: ‘‘What would
you say your ethnicity is (if you could describe it any

way you wanted)?’’). Among the 147 self-identified
Hispanics, approximately two-thirds of them used one of
the following five self-description phrases: ‘‘Hispanic’’,
‘‘Spanish’’, ‘‘Mexican’’, ‘‘Mexican American’’, and ‘‘half
Hispanic/half White’’. We compared both the genetic and
self-estimates of NA admixture between these groups.
There are larger differences between groups based on
their mean individual degree of genetic admixture (Fig.
1a) than on their mean self-estimated degree of NA
admixture (Fig. 1b). The Mann-Whitney test was signifi-
cant for all pairwise comparisons of mean NA genetic
admixture proportions (Fig. 1a), except for the Hispanic-
Spanish, Mexican-Mexican American, and Spanish-His-
panic/White comparisons. There were no significant pair-
wise differences between any of the sub-ethnic categories
for the self-estimated admixture proportions (Fig. 1b).
The same holds when using the dihybrid admixture
analysis. The LEADMIX program also yielded similar
results for NA genetic admixture: (Hispanic: 30.6%,
Spanish: 26.1%, Mexican: 49.8%, Mexican American:
39.0%, Half Hispanic/Half White: 23.1%). Thus, although
there are significant differences in genetic ancestry
measured using AIMs across the ethnic self-descriptions,
these are not reflected in individuals’ self-estimated
admixture levels.

Self-estimated admixture vs. genetic admixture

Figure 2 shows the relationship between NA genetic
admixture (as determined by the 76 AIMs) and self-esti-
mated NA admixture, with different symbols represent-
ing different self-identified ethnicities. The plot demon-
strates that many individuals underestimate their
respective ethnic admixture proportion. Among Hispanics,
�84% (86%, using the dihybrid analysis) of individuals
underestimate the amount of NA admixture estimated
from the AIMs. These individuals are located under the
diagonal line expected in a perfect positive correlation
plot in Figure 2. Among only self-identified NAs, the cor-
relation coefficient (q 5 0.727; P 5 0.002) between self-

Fig. 1. (a) Comparison of average Native American genetic admixture by sub-ethnic category among Hispanics; (b) Comparison
of average Native American self-estimated admixture by sub-ethnic category among Hispanics.
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estimated admixture and genetic admixture is much
higher than it is among self-identified Hispanics (q 5
0.106; P 5 0.209). Using the dihybrid admixture model,
we obtain similar results (NAs: q 5 0.637, P 5 0.011;
Hispanics: q 5 0.096, P 5 0.254).
We have not controlled for the bias in the estimation

of individual genetic admixture away from the extremes.
This bias is a consequence of the boundaries on a propor-
tion (0% and 100%), since ancestry levels less than 0%
and greater than 100% are undefined. However, as the
effect of this bias is to generally make estimates slightly
smaller when they are large and slightly larger when
they are small, our results are conservative with respect
to this bias.

Skin pigmentation

We next examined the relationship between NA
genetic admixture and skin pigmentation on the upper
inner arm and the forehead. Across the whole sample, a
modest proportion of the variation in skin darkness in
both areas is explained by variation in NA ancestry (see
Fig. 3a,b). When self-identified Hispanics are analyzed
separately, the relationship is significant only on the
forehead, and not on the upper inner arm. When self-
identified NAs are analyzed separately, the relationship
is not statistically significant on the forehead (q 5 0.448,
P 5 0.145) or on the upper inner arm (q 5 0.203, P 5
0.527). Using the dihybrid admixture model, we obtain
similar results, except that the relationship for forehead
pigmentation is statistically significant (q 5 0.622, P 5
0.031) among NAs. Insofar as the upper inner arm more
directly reveals constitutive (innate) pigmentation,
although the forehead also reveals facultative pigmenta-
tion (tanning), we suspect that both constitutive and fac-
ultative pigmentation increases with NA admixture
among Hispanics.

DISCUSSION

This study suggests that self-identified Hispanics and
NAs in New Mexico underestimate their degree of
admixture with other groups. This may be due to an
evolved tendency in all humans to emphasize a unitary
group identity, strongly defined by shared ancestry
(Johnson et al., 1987; Salmon, 1998; Jones, 2000; Gil-
White, 1999, 2001). In particular, a significant propor-
tion (26%) of self-identified Hispanics claim zero NA
ancestry, but virtually all have some NA admixture. The
average Hispanic New Mexican in our sample underesti-
mates their level of NA ancestry by about 20%. Con-
versely, many self-identified NAs claim zero European
ancestry, but most have a significant amount of Euro-
pean admixture. Moreover, among self-identified His-
panics, there is no relationship between self-estimated
NA ancestry and NA genetic admixture.
There may be several reasons for such discrepancies

between genetic admixture and self-identified ethnicity,
self-described ethnicity, and self-estimated admixture.
First, the genetic admixture analysis has some limita-
tions, such as a large confidence interval, and the inher-
ent problem of using allele frequencies of modern-day
parental populations, as well as using Spanish individu-
als as the parental population representing European
admixture. This may present difficulties if a significant
portion of the European ancestry among New Mexicans
is from regions in Europe other than Spain. There is a
strong relationship (q 5 0.93, P \ 0.001, average d 5
0.08) between the allele frequencies of the AIMs between
Spanish and the other European regions (Germany and
England) for which there is frequency data on these
AIMs.
A second reason may be that across all human soci-

eties, cultural values associated with ‘‘ethnicity’’ tend to
de-emphasize any ancestral ambiguity, possibly related

Fig. 2. Self-estimated Native American admixture as a function of genetically determined Native American admixture using the
trihybrid model in Hispanics and Native Americans Spearman correlation q 5 0.30, P \ 0.001; for the dihybrid model: Spearman
correlation q 5 0.29, P\ 0.001.
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to an evolved cognition that ‘‘essentializes’’ ethnic catego-
ries (Gil-White, 2001). In New Mexico, this may be due
to the lingering effects of political and social pressures
on ethnic identity stemming from New Mexico’s bid for
statehood in the late nineteenth century (Nieto-Phillips,
2004). In addition, the sample used in this study may
not be representative of the New Mexico population.
Since it is composed of undergraduate students at a
state university, it may overrepresent individuals of
higher socioeconomic status (SES). Previous studies have
found a negative relationship between income and NA
ancestry (Lisker et al., 2004; Martinez-Marignac et al.,
2007). Given our sample of college students may have
higher than average SES levels, it may be that the indi-
viduals in this study may have a lower degree of NA
admixture compared with the overall New Mexico popu-
lation. Self-identified Hispanics of higher SES may also
be less likely to acknowledge any mixed ancestry
because of sociocultural, political, and historical factors
unique to New Mexico, and also because of a tendency
that might be universal in humans to associate oneself
more with the ethnic group that has the higher SES in a
given society. Similarly, self-identified NAs may attach
different social significance to their European versus NA
ancestry. Our finding that NAs overestimate their degree
of NA ancestry may be consistent with how strongly
NAs value their ethnic identity, and perhaps with the
economic, social, and/or educational benefit that such
ancestry confers in contemporary US society.
A third reason may involve the way in which ethnic-

ity/ancestry is socially perceived and determined via
phenotypes, language, and culture. In many societies,
‘‘skin color’’ is used as an indicator of social status and/
or ethnicity, but skin pigmentation is correlated only
very weakly with NA genetic admixture in the present
sample. Consequently, individuals may inaccurately
assess their degree of genetic admixture if they rely

partly on their skin color or on the cultural use of the
label ‘‘Spanish’’. Furthermore, given the possible ‘‘ambi-
guity and uncertainty’’ of calling one-self Spanish
(Gonzales, 1997), it may be that this label is used by
individuals, simply because it makes sense, given their
phenotype, or given their family, community, or cultural
background (Montalvo and Codina, 2001). However, the
relationship between facial appearance and genetic
admixture may be tenuous (Parra et al., 2003; Suarez-
Kurtz et al., 2007).
With respect to skin color, across the entire sample,

there is a statistically significant relationship between
pigmentation and NA genetic admixture. Within self-
identified Hispanics, the relationship is statistically sig-
nificant for forehead pigmentation, but not significant
for upper-inner arm pigmentation. The stronger relation-
ship for forehead skin color may be due to two factors.
There may be an amplification of this relationship for
forehead skin color because of a correlation between the
tanning response and constitutive pigmentation (Wagner
et al., 2002). Alternatively, it may be that those individu-
als with a higher degree of NA admixture not only have
a higher constitutive pigmentation, but are also more
exposed to sunlight, possibly because of socioeconomic
factors. For example, Martinez-Marignac et al. (2007)
and Lisker et al. (2004) find a positive association
between SES and European genetic admixture among
Mexican residents, perhaps owing to differences in rural
versus urban historical residence and educational attain-
ment.
The discrepancies between subjective ethnic identity

and genetic admixture have several implications. One
implication concerns genetically informed health care.
Different populations have differences in disease risk
(Risch et al., 2002; Bonilla et al., 2004b; Permutt et al.,
2005); however, mismatches have been observed between
how individuals identify themselves and how they are

Fig. 3. Skin pigmentation as a function of NA genetic admixture using the trihybrid model (a) Upper-inner arm—across whole
sample: q 5 0.29, P 5 0.003 (males: q 5 0.449, P 5 0.011; females: q 5 0.219, P 5 0.063); Hispanics only: q 5 0.16; P 5 0.142
(males: q 5 0.18, P 5 0.395); females: q 5 0.15, P 5 0.248); (b) Forehead—across whole sample: q 5 0.36, P \ 0.001, (males: q 5
0.54, P 5 0.002; females: q 5 0.26, P 5 0.028); Hispanics only: q 5 0.22, P 5 0.04 (males: q 5 0.35, P 5 0.096; females: q 5 0.14,
P 5 0.264).
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identified by others, and consequently how they may be
classified genetically (Barnholtz-Sloan et al., 2005; Bor-
rell, 2005; Gomez et al., 2005; Sinha et al., 2006). Our
research suggests that a patient’s self-estimated admix-
ture—and even their objectively measured skin pigmen-
tation—may be a rather inaccurate index of a patient’s
actual genetic ancestry. On the other hand, labels of sub-
ethnic identity within self-identified Hispanics are fairly
well associated with different levels of NA admixture.
Those who described themselves as ‘‘half White, half
Hispanic’’ show lower NA admixture (22.6%) than those
who described themselves as ‘‘Spanish’’ (26.0%), followed
in order by ‘‘Hispanic’’ (30.1%), ‘‘Latino/Chicano’’ (36.7%),
‘‘Mexican American’’ (39.4%), and ‘‘Mexican’’ (46.9%),
according to the trihybrid analysis. Reliance on more
detailed patient reports of ethnicity or AIM genotyping
may therefore provide better information concerning
that patient’s ancestry proportions, allowing health
workers to better diagnose, treat, or assess risk for some
conditions (Bamshad, 2005; Barnholtz-Sloan et al., 2005;
Sinha et al., 2006; Torres and Kittles, 2007). More
knowledge of both the genetic patterns (Bamshad, 2005;
Torres and Kittles, 2007) and environmental patterns
(Brunner, 2007; Bates et al., 2008) associated with group
membership can bring substantial benefits to patients in
the coming era of genetically informed medicine within
multicultural societies.
A second implication concerns the social reification of

race as a biological construct. Although some have
expressed concern regarding the potentially negative
social consequences arising from genetic ancestry infor-
mation (Davis, 2000; Foster and Sharp, 2002), this study
suggests that individuals can be more ‘‘essentialist’’ in
their view of ancestry than is shown by the genetic
admixture results. The tendency to essentialize groups
and to avoid ambiguity in how one identifies their ances-
try, as this study may show, likely has deep evolutionary
roots in the behavioral ecology of humans, for whom
strong ingroup cooperation and outgroup competition
were strong multilevel selective forces (Bowles, 2006).
This is apparent today in the context of current-day con-
flicts (McKie, 2001), as well as ethnographic and socio-
logical accounts (Sherif et al., 1981; Hogg and Abrams,
1987; Gil-White, 1999, 2001). In addition, although skin
color is commonly used as a marker of ethnicity in many
societies, this study shows it to be of minimal reliability
in predicting admixture proportions, especially within
ethnic groups. Ancestry as determined by AIMs is a
more accurate indicator of ancestry than skin color,
because AIMs sample many loci, whereas skin color may
depend on just a handful of loci (McEvoy et al., 2006;
Stokowski et al., 2007; Sulem et al., 2007).
A third implication concerns how the heterogeneity in

genetic admixture proportions within a socially defined
group (Hispanics) can be explained, to some extent, by
social subdivisions based on geography (Mexican, Span-
ish), genealogy (Half-Hispanic-Half White), or culture
and ethnicity (Spanish). The Spanish ethnic label that
has existed in New Mexico for over 100 years has gained
much attention from sociologists and anthropologists
(Gonzales, 1985, 1997; Nieto-Phillips, 1997; Montgomery,
2002). The results from this study show that those
who identify as Spanish have significantly lower levels
of NA admixture than Mexicans, thus partly corroborat-
ing the sociocultural reasoning for the development
of this ethnic term in the nineteenth century (Nieto-
Phillips, 1997).

CONCLUSIONS

This study demonstrates that the relationship between
genetic and socially based measures of identification can
be confounded by historical, cultural, social, and perhaps
phenotypic factors. In the cases where biogeographical
ancestry is known to confer a genetically based disease
risk, it particularly highlights the potential difficulty in
accurately assessing disease risk based on broadly based
ethnic identification or on physical appearance. Genetic
measures of ancestry or collection of more detailed eth-
nic histories are likely to be more accurate ways of
assessing disease risk and prognosis. In addition, this
study demonstrates that more research is warranted on
how individuals perceive their admixture proportions
and whether increased knowledge about personal genetic
ancestry reduces or exacerbates people’s ethnocentrism,
by either undermining the culturally reified distinctions
between human populations, or by giving scientific legiti-
macy to social and biological prejudices.
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