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Abstract: Research by economists suggests that recent Mexican migrants are
better educated and have higher socio-economic status (SES) than previous
migrants. Because factors associated with higher SES and improved education
can lead to positive secular changes in overall body form, secular changes in the
craniofacial complex were analyzed within a recent migrant group from Mexico.
The Mexican group represents individuals in the act of migration, not yet
influenced by the American environment and as such can serve as a starting point
for future studies of secular change in this population group. The excavation of a
historic Hispanic cemetery in Tucson, Arizona also allows for a comparison of
historic Hispanics to recent migrants for the purpose of exploring craniofacial
trends over a broad time period as both groups originate from Mexico.

The present research addresses two main questions: 1) Are cranial secular
changes evident in recent Mexican migrants? and 2) Are historic Hispanics and
recent Mexican migrants similar? By studying secular changes within a migrant
population group, secular trends may be detected, which will be important for
understanding the human biology of the migrants themselves as well as serve as a
preliminary investigation of secular change within Mexican migrants. The
comparison of recent Mexican migrants to a historic Hispanic sample,
predominantly of Mexican origin allows for the exploration of morphological
similarities and differences between early and recent Mexicans within the US.

A total of 82 craniofacial inter-landmark distances (ILDs) and vault and face size
were used to explore secular changes within the recent Mexican migrants
(females = 38, males = 178) and to explore the morphological similarities
between historic Hispanics (females = 54, males = 58) and recent migrants. Sexes
were separated and multivariate adaptive regression splines and basis splines
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(quadratic with one knot) were used to assess the direction and magnitude of
secular trends for the recent Mexican migrants. Because dates of birth were
unavailable for the historic sample, partial least squares discriminant analysis
(PLS-DA) was used to evaluate morphological differences between historic and
recent Mexican Migrants. The data was separated into a training and a testing
dataset to ensure realistic results.

Males presented with eight variables (four positive and four negative) and females
presented with six variables (two positive and four negative) that demonstrated
significant differences over time. In the PLS-DA, three components were
identified as important in model creation and resulted in a classification accuracy
of 87% when applied to a held out sample. The high classification accuracy
demonstrates significant morphological differences between the two groups with
the historic Hispanic sample displaying overall larger craniofacial dimensions.
While differences in cranial morphology are evident between historic Hispanics

and recent Mexican migrants, no clear pattern of secular change is detected within
the recent Mexican migrant sample.

Studies of secular change typically focus on quantitative traits in a particular
population group, or groups, and explore the change of selected traits over time.
Studies include comparisons of native versus foreign-born groups to ascertain the
impact of genes and/or the environment for the particular traits at hand. Previous
studies of secular change have provided valuable information on the changing
nature of the American population (Angel 1976; Boas 1940; Jantz 2001; Jantz and
Logan 2010; Jantz and Meadows Jantz 2000; Jantz and Willey 1983; Meadows
Jantz and Jantz 1999; Roche 1986; Sparks and Jantz 2003; Spradley 2013a;

Steckel 1994; Weisensee and Jantz 2011; Wescott and Jantz 2005). The majority
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of research on skeletal secular change primarily focused on American Blacks and
Whites and found significant changes in cranial and postcranial morphology over
time, likely due to a combination of factors including gene flow, selection, and
changes in the environment.

In a study of colonial to modern change, Angel (1976) found that facial
height increased from colonial to modern times for both American Blacks and
Whites. More recent studies of secular change in American Blacks and Whites
found that the most significant changes are in the cranial vault, which is positively
and significantly correlated with birth-year cohorts (Jantz 2001; Jantz and
Meadows Jantz 2000; Wescott and Jantz 2005). Meadows Jantz and Jantz (1999),
using postcranial metric data, found that secular changes occurred in the upper
and lower limbs, although the magnitude was greater for lower limbs. Moreover,
Jantz and Meadows Jantz (2000) found that cranial vault height parallels stature
and can be used as a proxy to assess the overall health of a population.
Historically, no skeletal data has been available for studies of secular change in
the US that has paralleled that of American Blacks and Whites.

Studies of secular change in Hispanics in the US typically focus on
individuals from Mexico who have experienced secular changes because of
exposure to a new environment during growth and development (Dewey et al.
1983; Malina et al. 1987a; Malina et al. 1987b). Some have argued that physical

changes do not occur until after the act of migration (Malina et al. 1982), although
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migration from Mexico to the US is not a singular event, rather a continuous and
ongoing process. Furthermore, upon arrival in the US migrants from various
areas in Mexico, Central America, and South America are lumped into the single
category of Hispanic. Hispanics are the second largest population group in the
United States, with the majority of Hispanics (64.1%) having origins within
Mexico and 36.2% being foreign born (Stepler and Brown 2015). It is estimated
that undocumented Mexican migrants make up 51% of the total number of
Mexican immigrants residing in the US (Passel and Cohn 2014) and that the
majority of Mexican migrants originate from central and southern Mexico
(Stepler and Brown 2015). Areas in southern Mexico are now undergoing
demographic transitions including a reduction in infant mortality, better nutrition,
and an increase in life expectancy (Malina et al. 2008).

The demographic structure of migrants is also thought to be changing to
include more migrants from urban rather than rural areas that exhibit higher socio-
economic status (SES), are better educated, and more likely to reside in the US
than return home (Marcelli and Cornelius 2001; Rodriguez 2002). However,
skeletal analysis of presumed migrants brought to the Pima County Office of the
Medical Examiner (PCOME) located in Tucson, Arizona suggests that migrants
are of low SES (Birkby et al. 2008). These skeletal findings suggesting low SES
are based on the presence of enamel hypoplasias, poor oral health, and short

stature. These contradictory findings warrant further investigation.
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As several economists have suggested that Mexican migrants may be
better educated and higher SES than previously reported (Marcelli and Cornelius
2001; Rodriguez 2002), secular changes may be apparent within Mexican
migrants over time. Due to large scale data collection efforts between the Pima
County Office of the Medical Examiner (PCOME) in Tucson, Arizona and Texas
State University (Spradley 2013b), metric data from migrants primarily of
Mexican origin are now available for study. These data allow for the analysis of
secular changes in a continuous sample of migrants over time. Additionally, the
excavation and analysis of a historic cemetery in Tucson, Arizona permits a
comparison of historic Hispanics to recent migrants for the purpose of exploring
craniofacial trends over a broad time period. This research addresses two main
questions: 1) Are cranial secular changes evident in recent Mexican migrants? 2)
Are historic Hispanics and recent Mexican migrants similar?

By studying secular changes within a migrant population group, secular
trends may be detected, which is important for understanding the biological
variation of the migrants themselves and provides a starting point for future
studies of secular change in Mexican migrants. The comparison of recent
Mexican migrants to a historic Hispanic sample, predominantly of Mexican origin
(Stepler and Brown 2015) allows for the exploration of morphological similarities

and differences between early and recent Mexicans within the US.
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Materials and Methods

For the purpose of this research, the term Hispanic is references individuals of
Mexican origin. Samples for analyses are from two sources; the historic Hispanic
sample (n = 112) is from a cemetery in Tucson, Arizona and the recent migrant
sample is comprised of decedents along the U.S. Mexican border (n = 216) (Table
1). All crania were digitized using a Microscribe® digitizer and the program
3Skull (Ousley, nd). The program 3Skull calculates Howells (1973) craniometric
variables (aka inter-landmark distances, ILDs). For the present study, 82 ILDs
were used (Table 2) to ascertain if secular trends are present within the recent
Migrants and between the historic Hispanics and recent migrants. Two additional
variables, vault size and face size, were created following Darroch and Mosimann
(1985) and Jantz and Meadows Jantz (2000). Vault size is the geometric mean of
cranial length, cranial height, and cranial breadth; face size is the geometric mean
of upper facial height and bi-zygomatic breadth. These variables were used as
they previously demonstrated secular trends in the craniofacial complex of

American Blacks and Whites.

Recent Mexican Migrants
Of the 2,000 miles of shared border between the U.S. and Mexico, 281
miles are located in what the U.S. Border Patrol (USBP) refers to as the Tucson

Sector (Anderson 2008). All border-crossing fatalities in the Tucson Sector are
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sent to the PCOME. The USBP reported in 2004 that 43% of all undocumented
border crossers were apprehended in the Tucson Sector, and the majority of
border crossers are from Mexico (Anderson 2008). During the course of a large
scale data collection project between Texas State University and the PCOME,
migrant skeletal remains were measured. A total of 154 positively identified
individuals, with known age-at-death, date-of-birth (DOB), and country of origin,
are used in the present analyses. Additionally, 62 non-positively identified
individuals were used in the analyses to increase sample size. A DOB was
estimated by subtracting the mid-point of the age-at-death estimation from the year
the individual was found. A total of 216 individuals (females = 38, males = 178)
from the PCOME are used in the subsequent analyses. Although the present
research includes individuals that are not positively identified, the majority of
positively identified individuals from the PCOME are from Central and South
Mexico, with fewer individuals from North Mexico. The DOBs for the recent
Mexican Migrants span from 1940 — 1999 (Table 3). The majority of migrant
fatalities at the PCOME are males under the age of 40 and most deaths are due to
hyperthermia (Anderson 2008), thus the deaths are largely random and should not

influence the sample composition.
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Figure 1: Variables regressed on DOB for Recent Mexican Migrants males. Left column MARS right column quadratic basis spline.
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Figure 2: Variables regressed on DOB for Recent Mexican Migrants females. Left column
MARS right column quadratic basis spline.
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Figure 3. Visualization of the relationship between the number of PLS components and the

resampled estimate of the area under the ROC curve.
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Figure 4. ILDs whose variation is important in differentiating between modern and historic
Mexican migrants, based on the variable importance criterion (VIP). All measurements depicted
had a VIP > 1; MLS, FRS, FRA, FMR, and PRA all contributed the most to the final model.
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Figure 5: Histogram of discriminant function score showing separation of Historic Hispanics

and Recent Mexican Migrants.
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