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ANALZYING ANCESTRY: CRANIOMETRIC VARIATION IN TWO
CONTEMPORARY CARIBBEAN POPULATIONS
MICHELLE DENISE HERRERA
ABSTRACT
Ancestry estimation of skeletonized remains by forensic anthropologists is

conducted through comparative means, and a lack of population-specific data results in
possible misclassifications. This is especially germane to individuals of Latin American
ancestry. Generally, each country in Latin America can trace their ancestry to three
parental groups: Indigenous, European, and African. However, grouping all Latin
American individuals together under the broad “Hispanic” category ignores the specific
genetic contributions from each parental group, which is variable and dependent on the
population histories and sociocultural dynamics of each country. This study analyzes the
craniometric ancestry of Hispaniola (the Dominican Republic and Haiti) using the
island’s history, along with 190 cranial Computed Tomography (CT) scans (f = 103; m =
87), to determine similarities and differences between the two groups. A total of 12 linear
discriminant function analyses produced cross-validated classification accuracies of 75.0
— 83.3% for females, 71.8 — 87.5% for males, and 72.0 — 82.2% for pooled sexes. This
study demonstrates that, despite sharing a small island, Dominican and Haitian
individuals can be differentiated with a fair amount of statistical certainty, which is
possible due to complex socio-cultural, -political, and —demographic factors that have

maintained genetic heterogeneity. Moreover, the discriminant functions provided here
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can be used by the international forensic science community to identify individuals living

on Hispaniola.
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INTRODUCTION

This research works towards differentiating Dominican and Haitian ancestry
craniometrically in an attempt to improve forensic anthropological practice for minority
and admixed groups. When analyzing skeletal human remains, anthropologists often look
to cranial measurements through landmark coordinates to trace ancestral origins. These
measurements are based on their representation of the overall craniofacial complexity,
their ability to be measured with sliding and spreading calipers, and that, at times, they
can provide a good separation of groups statistically (Spradley and Jantz 2016). The
coordinates can be measured on dry bones or with the use of software imagining for
digital or medical imagining (i.e., three dimensional) (Slice 2005).

The island of Hispaniola has a rich anthropological history that began around 500
B.C. (Reid 2009; Tise 2014). The original inhabitants of the island, along with their near
decimation by the Spanish and French colonizers, and the integration of African slaves
contributed to the ancestral makeup of its present-day population. Numerous studies
conducted on the inhabitants of the Caribbean and other Latin American countries argue
for the ancestral variation found amongst these ethnic groups (Bryc et al. 2010; Hughes
et al. 2013; Hughes et al. 2017; Marcheco-Teruel et al. 2014; Ross 2004; Tise 2014; Via
et al. 2011). Furthermore, the more recent politics of the Dominican Republic and Haiti
have led to unique migratory patterns both on the island and into the United States. By
acknowledging the history of the inhabitants and descendants of Hispaniola and through

population-specific craniometric data, forensic anthropologists can begin to see a clearer



picture of skeletal remains of tri-hybrid origins, thus reducing the rate of misclassification

so prominent in Latino populations.

Forensic Anthropology and Ancestry

When attempting to gather information from skeletal remains, the forensic
anthropologist must complete a biological profile. The biological profile includes the sex,
age, stature, and ancestry of the individual (Sauer 1992). In particular, estimating
ancestry is problematic due to how scientists as a whole define race and how it is defined
within and external to the field of anthropology.

Human biologists and anthropologists cannot support the biological definition of
race, which is based on a few phenotypic traits. Therefore, it was determined that race
was an invalid term to describe human populations and variation (AAPA 2019; Sauer
1992). Modern anthropology as a whole has disproved race as a biological concept and
has steered away from its use. However, forensic anthropology must regularly use race
or, relatedly, ancestral groups, to classify human remains within medicolegal contexts
(Ousley et al. 2009). The category of race, as with sex, stature, and age in the biological
profile is estimated by comparative parameters; usually through larger collections of
skeletal remains like the Hamman-Todd, Terry, and William M. Bass Donated Skeletal
Collections. However, collections like these are composed almost entirely of African and
European Americans.

The job of a forensic anthropologist in identifying a missing person is to bridge
the unidentified individual and the missing person’s antemortem data. Therefore, the
analyses conducted by the forensic anthropologist should match the way the missing
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reports are completed, indicating Asian (or Pacific Islander), Black, White, American
Indian (including Alaskan Native), or unknown in the hopes of the biological profile
matching the description of an unidentified individual (Sauer 1992). This is problematic
when completing the biological profile of an individual whose ancestral contribution is
not largely African or European (Francisco et al. 2017; Ousley et al. 2009; Sauer 1992;),
as is the case with individuals of mixed ancestry like those of Latin American descent

(i.e., Hispanics).

Forensic Identification of Latin-Americans

The ability to categorize individuals of Latin American ancestry is under constant
change. The 2010 U.S. Census stated that “Hispanic or Latino refers to a person of
Cuban, Mexican, Puerto Rican, South or Central American, or other Spanish culture or
origin regardless of race” (Ennis et al. 2011:2). However, it is not categorized as its own
racial group. Instead, Latin American individuals must choose from the following: White,
Black or African American, American Indian or Alaska Native, Asian, and Native
Hawaiian or Pacific Islander. At times, there will be a follow-up question inquiring if the
individual is Hispanic or Latino. Therefore, Latin American individuals may choose a
variety of options regarding the question of race. This is not only dependent on their
region of origin, but it also follows personal preference and self-identity (Ennis et al.
2011). One’s “race” or how individuals categorize themselves and others is not

dependent only on genetics or phenotypic traits; instead, it is a complicated combination



of an individual’s or a group’s geographic, political, economic, and cultural history
(Algee-Hewitt 2016).

Latin American populations are considered a tri-hybrid admixture composed of
European, West African, and Indigenous ancestries (Hughes et al. 2013; Tise 2014).
However, this is not necessarily how one views them self or how others view them.
When filling out a government document like a missing person’s report, a family can
identify the individual as Black, where a forensic anthropologist may observe a more
complex (i.e., admixed) ancestral background (Francisco et al. 2017).

Moreover, while this tri-hybrid admixture is seen throughout Latin America, each
country’s history has influenced the ancestral variation within its ethnic groups (Tise
2014). Namely, Latin America was colonized by different European powers, the
indigenous inhabitants of each region differ, and west Africans were forcibly introduced
at different rates into Latin America due to the slave trade. Therefore, the grouping of all
Latinos together ignores each country’s population history and does nothing in the
assistance of human identification, while also deliberately ignoring cultural or
sociological differences for the individuals who do not traditionally view themselves as

one of the census-defined racial categories.

Craniometric and Genetic Analysis of Ancestry
Comparisons of different populations in Latin America show high levels of
variation, which indicates the inadequacy of the term “Hispanic.” Without population-

specific data, Latin American individuals will continue to be misclassified (Dudzik and



Jantz 2016). Recently, anthropologists have noted that Latin Americans are often
misclassified craniometrically as Asian when using the Forensic Anthropology Data
Bank (FDB), which consists of mostly Central Americans (Dudzik and Jantz 2016).
Acknowledging that Central Americans are often misclassified as Asian is an important
step in understanding misclassifications; however, one cannot assume that all Latin-
American groups will also misclassify similarly. To emphasize the rates of variation
throughout Latin America one needs only to look at how the islands of the Caribbean
compare to each other and to the rest of Latin America.

A study on the craniometric variation of Mexicans clearly shows the variation
between regions, along with how unique Mexico is from other countries, such as those in
the Caribbean (Hughes et al. 2013). Hughes et al. (2013) obtained standard craniometric
data of individuals whose place of birth was Mexico and who died while crossing the
U.S.- Mexico border. Only identified remains were used in order to link each individual
to a region of Mexico. Hughes et al. (2013) also studied similarities in regional clustering
patterns of North/West, Central, and Southeast Mexico. The research found that
European ancestry was highest in the north, while Native American ancestry was higher
in the south. Further, Native American ancestry showed the highest percentage in each
region and African ancestry was low throughout. In a more recent study, Hughes et al.
(2017) analyzed genetic markers to understand ancestry among Mexican migrants. A
statistical analysis of the short tandem repeat (STR) genotype of the parental groups
including Native American, European, and African populations created the

representations of the variation within the region (Hughes et al. 2017). The study found



that there was an unobserved bias when identifying migrant remains with the use of
DNA,; the northern Mexicans with high European ancestry were accurately identified
more frequently compared to those with higher genetic admixture from Native Americans
(Hughes et al. 2017). Problematically, as the authors point out, most Mexican migrants
have higher Native American admixture rather than European.

Similar to Hughes et al. (2017), a craniometric study conducted in the Caribbean
and focused on Cuba, Jamaica, Puerto Rico, and Florida, explained the migration route of
Native Americans into the Caribbean through cranial variation (Ross 2004). Ross
obtained the coordinates of ten facial landmarks with a Microscribe 3-DX digitizer. The
research found a high percentage of African ancestry along with high European
admixture throughout the three countries; however, very little evidence of indigenous
(Taino) ancestry was found in the Cuban group (Ross 2004). Cuba and Florida were the
furthest removed populations in terms of Taino ancestry, with the island of Hispaniola,
Puerto Rico, and Jamaica showing no significant differences. This study shows that there
is considerable craniometric variation within these geographically close islands (Ross
2004).

A study on Cuban genetics was carried out using 1,019 individuals and their 128
autosomal Ancestry Informative Markers (AIMs), from all the regions of Cuba
(Marcheco-Teruel et al. 2014). The authors found the European genetic contribution to be
72%, the African genetic contribution 20%, and the Native American genetic
contribution at 8%. The highest African and Native American contributions were found

in the Eastern provinces; specifically, 40% African ancestry in Guantanamo and 15%



Native American ancestry in Granma (Marcheco-Teruel et al. 2014). The researchers also
found a sex-biased pattern, with a much higher European contribution on the paternal
side while the maternal side had higher Native American and African contributions
(Marcheco-Teruel et al. 2014).

A study on Puerto Rican genetics emphasized how geography plays a significant
role in genetic distribution using 642 individuals of different socioeconomic statuses and
regions of the island, along with 93 AIMs (Via et al. 2011). This research found the
contributions for Puerto Ricans to be as follows: European ancestry at 63.7%, African
ancestry at 21.2%, and Native American ancestry at 15.2%. Further, the researchers
found that African ancestry decreases from East to West, which correlates with the
distribution of the sugar plantation systems that were worked by African slaves (Via et al.
2011). Interestingly, Native American ancestry is not much lower than the average for
African ancestry; however, the rate of variance for Native American ancestry is far less
than the rate for African ancestry (Via et al. 2011).

Bryc et al. (2010) studied the genetic structure of 5,000 individuals of Latin
American ancestry by comparing autosomal, mtDNA variation, and X and Y
chromosomal data. African ancestry in Colombia shows a close relation to Kenyan Bantu
populations, whereas African ancestry in the Dominican Republic aligns more closely
with Yoruba populations from Nigeria (Bryc et al. 2010). Overall, Puerto Ricans and
Dominicans have the highest African ancestry contribution, while the Colombian,
Ecuadorian, and Mexican populations had the highest genetic contributions from Europe

and Native America (Bryc et al. 2010). This study shows genetic variation found



amongst the African parental group, which correlates to the history of the relationship of
the Atlantic Slave Trade, with slaves taken from numerous West African populations.

An analysis of craniometric data from Mexico, Puerto Rico, and Cuba also found
high rates of craniometric variation (Tise 2014). The Mexican and Cuban data was
obtained with a Microscribe digitizer, while the Puerto Rican data was obtained using CT
scans. Using canonical discriminant function, normal mixture cluster, and Mahalanobis
distance analysis, Tise found that Mexico had the highest Native American ancestry,
while the Puerto Rican and Cuban populations had the highest European admixture.
While African ancestry was not the highest contribution for any of the populations, Cuba
did have a higher contribution than the rest (Tise 2014).

Studies conducted on the variation found throughout Latin American countries
argues for the need for individualized, population-specific research to more fully explore
skeletal variation. In recent years, craniometric variation has been studied in the
Caribbean (Tise 2014; Ross 2004); however, research on contemporary craniometric
variation on the island of Hispaniola, which houses the Dominican Republic and Haiti,

has yet to be conducted.

Pre-Colonial Caribbean

The Caribbean is home to many islands whose unique histories shaped the
variation seen today. The main island of Hispaniola house both Haiti and the Dominican
Republic. However, while both countries share a relatively small island, genetic and

morphological variation should be seen between the two. In order to understand



morphological variation found on the island of Hispaniola it is imperative to understand
its history and the overall history of the Caribbean.

The Caribbean was home to many Amerindian ethnic groups before its
colonization, made evident through archaeological findings (Reid 2009). There are
several proposed routes for the settlement of the Caribbean with its many ways of
migration, but the most recognized hypothesis is a direct line from the agriculturalists of
South America who settled throughout the Lesser Antilles and westward around 500 B.C.
(Tise 2014). The Ostionoids (A.D. 600-1200) settled in the Northern Caribbean and by
A.D. 1200 evolved into the Tainos (A.D. 1200-1500) (Reid 2009). They were farmers
and villagers, and had complex societies and unique pottery styles. The Ostionoids are
thought to have been the first human settlers in Jamaica around A.D. 650. Excavated

burial sites throughout the Caribbean have produced well-preserved Taino remains.

Post-Colonial Caribbean and the Island of Hispaniola

When the Spanish, led by Christopher Columbus, arrived in the Caribbean in
1492 in search of gold, the Tainos were the first indigenous group encountered (Deagan
2004). Tainos were the largest ethnic group on the island of Hispaniola and in the
remaining parts of the Northern Caribbean (Reid 2009). The Tainos were organized into
at least five chiefdoms, or cacicazgos, upon Spanish contact (Deagan 2004). The other
large ethnic group of the Caribbean at the time were the Caribs, of which the name
Caribbean is derived, who occupied the Windward Islands and Guadeloupe (Lalueza-Fox

et al. 2001). The total population on the island of indigenous peoples was estimated at



100,000 to 6,000,000 (Drusini and Businaro 1987). Between one-third and one-half of the
Taino population died by 1497, a mere five years after their first contact with the Spanish
conquistadors (Tise 2014). The first sugar plantation in the Caribbean was built on the
island of Hispaniola in 1516, and the success of these plantations created a need for
laborers (Tise 2014). African slaves replaced the Tainos, who at this point had dwindled
and could no longer keep up with the increase in demand (Tise 2014; Williams 2010).
The use of African slaves on sugar plantations persisted throughout the Caribbean,
creating a common link between the islands (Fernandez Olmos and Paravisini-Gebert
2011).

In the 1600s there was a temporary stop to the Spanish slave trade as a result of
the collapse of the Portuguese-Spanish empire. The French and the British attacked the
Spanish territory, which resulted in the separation of the island of Hispaniola into two
halves. The French conquered the western half (present-day Haiti) and the Spanish held
on to the eastern half (present-day Dominican Republic). By the end of the 1600s the
Spanish dropped its ranking to third in the African slave trade, while the French

maintained its ranking of second (Madrigal 2006).

A Brief Haitian History

In the late 1700s, the slave owners in Haiti grew fearful of a revolt and of the
possibility that they might have to relinquish their power. They asked for reinforcement
from France but received none at the time and threatened a succession from France in

order to freely deal with the African slaves (Berry 2012). The Haitian Revolt began in
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August of 1791, which caused chaos throughout the country. The French sent a
revolutionary army who sided with the slaves. By June of 1794, Haiti gained a
conditional emancipation from France and the country’s slave owners. However, it would
not be a fully recognized country internationally until 1825, and was not recognized by
the U.S. until 1862 (Berry 2012). The revolt greatly impacted the Caribbean. Slaves on
different islands began uprising and revolting (Berry 2012). African slaves fled to Haiti
from countries like Puerto Rico or Cuba, and Africans from the U.S. also migrated to the
island (Horne 2015). The Haitian revolt inspired Africans throughout, and the threat of a
U.S. takeover loomed, which caused Spain to further tighten its hold on the Dominican
Republic (Horne 2015). This influx of Africans into Haiti reflects the high percentage of
African ancestry seen today on the western half of the island compared to that of the
Dominican Republic where the protection of Africans was not upheld. Thus, this study
seeks to determine if the differences between the Dominican Republic and Haiti are also

visible craniometrically through the analysis of CT scans.
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METHODS

Sample

While craniometric measurements are traditionally obtained from dry bones, the
use of CT scans has recently been shown to be an acceptable method of data collection
(Hughes et al. 2017; Ross 2004; Stull et al. 2014; Tise 2014;). By pairing CT scans with
a three-dimensional (3D) viewing software, researchers can manipulate the crania to
obtain the landmark measurements. This type of manipulation mimics the way
measurements are obtained on dry bone. Research using CT scans are especially useful
when gathering population specific information for groups that lack curated skeletal
collections, such as the island of Hispaniola.

The CT scans used in this research are the property of the Hospital General de la
Plaza de Salud (HGPS) in Santo Domingo, the capital of the Dominican Republic. Each
CT scan represents a patient who received the scan at any point between 2007 and 2018
for medical diagnostic purposes. The hospital anonymized the scans, leaving only the
information needed for the analysis available (sex, age, and ethnicity). Due to the
anonymization of the scans, approval from Boston University’s Institutional Review
Board (IRB) was not required; instead, an exemption was granted (IRB number: H-
37219).

The total sample size of the project is 190 individuals (100 Dominicans and 90
Haitians). The Dominican dataset consists of 61 females and 39 males ranging in age
from 19 to 59 years. The Haitian dataset consists of 42 females and 48 males ranging in

age from 24 to 81 years. In addition to the first round of data collection, 10% of the
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sample was measured again by the first author in order to examine the intra-observer

error rate.

Data collection

The CT scans were 3D reconstructed using RadiAnt DICOM Viewer 4.2.1 (64-
bit). The software allows for virtual manipulation of the crania including rotations, flips,
panning, and zooming of the image. For especially difficult to reach points, the software
allows for slicing (Figure 1). Once the crania are positioned as desired, the user must
place the curser on the craniometric landmark(s), dragging the cursor to the desired
point(s), thus measuring the segment. Each cranial measurement and abbreviation is

defined in Table 1 and follows Langley et al. (2016).

372.2 mm

\ »,
254.0 mm

Figure 1: (A) Measurement of segments using RadiAnt DICOM Viewer
(Medixant 2018). (B) Cranium sliced using RadiAnt DICOM to obtain specific
measurements.
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While the software allows the researcher to obtain virtually any measurement,
data collection is also reliant on how the CT scans were taken. Until recently, HGPS CT
scans of the
cranium were cut at the orbitomeatal line (positioned through the eyes and the center of
the external auditory meatus). While the CT scans are no longer taken at the orbitomeatal
line, some scans originate from this era. Therefore, due to the positioning of the CT
scans, some traditional measurements could not be analyzed (i.e., dependent on when the
scan was taken, human variation, visibility of sutures, and the individual taking the scan).
The most commonly unattainable measurements were as follows: WFB, ASB, ZMB,
ZOB, and all mandibular measurements except the cdl-cdl. Further, the measurement of
XCB proved to be unreliable when obtained from CT scans. After the removal of these

traits, the data consisted of 28 measurements.

Table 1
Cranial Measurements following Langley et al. (2016).
Name Abbreviation

Maximum Cranial Length GOL

Nasio-Occipital Length NOL

Bizygomatic Breadth ZYB

Basion-Bregma Height BBH

Cranial Base Length BNL

Basion-Prosthion Length BPL

Maxillo-Alveolar Breadth MAB

Maxillo-Alveolar Length MAL

14



Biauricular Breadth
Nasion-Prosthion Height
Minimum Frontal Breadth
Upper Facial Breadth
Nasal Height
Nasal Breadth
Orbital Breadth
Orbital Height
Biorbital Breadth
Interorbital Breadth
Frontal Chord
Parietal Chord
Occipital Chord
Foramen Magnum Length
Foramen Magnum Breadth
Mastoid Height
Biasterionic Breadth
Bimaxillary Breadth
Zygoorbitale Breadth

Bicondylar Breadth

Statistical analysis

Once the measurements were collected for each subject, the data were prepared

AUB
NPH
WFB
(fmt-fmt)
NLH
NLB
OBB
OBH
EKB
DKB
FRC
PAC
occ
FOL
FOB
MDH
ASB
ZMB
Z0B

(cdl-cdI)

and organized to use in SPSS 24 (IBM® 2016). The first analyses were correlation tests.
The significance levels were adjusted using Bonferroni’s correction to lower the chances
of achieving a Type | error by lowering the significance value of p=0.05 to a value that is
dependent on the number of hypotheses being tested (Sedgwick 2014). For this research,

the hypothesis tests are dependent on the 28 measurements for females and males

15



separately, followed by the third group which pooled sex. The significant variables of
each group were then used in the discriminant function analyses in order to determine
how well each significant variable predicts ancestry according to the trait’s agreement
rate. The variables with the highest agreement rates (traits that accurately classify
ancestry) were then used in linear discriminant function analyeses. Due to the variation
that occurs when different individuals take CT scans and the change in the way CT scans
were taken at HGPS, missing values were replaced with the mean value for that variable.
There is a higher rate of missing values within the Haitian group due to the scarcity of
complete scans. While HGPS provided the first author with all the Haitian scans
available, their status as a private hospital requires health insurance, which results in a
limited number of Haitian patients.

Multiple linear discriminant function analyses were used to predict the
membership of each ancestral group by highlighting the differences and producing
variables that classify both groups (Renschler 2007; Ousley et al. 2009). The best
ancestry predictor variables were combined to create the best working model (i.e., the
model with the greatest cross-validated correct classifications). The best model was
achieved by first using all the significant variables in the multiple discriminant analyses
for one group (males, females, pooled) at a time and then comparing this agreement rate
to each subsequent model. The subsequent models were determined by dropping the traits
with the lowest significance from the original equation one by one to see if it improves or
decreases the agreement rate. If removing the trait improves the agreement rate, the trait

is left off of the equation; if the removal of the traits decreases the equation, the trait was
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reintroduced into the equation. In this fashion, a series of equations were created that can
be used for crania found on the island of Hispaniola, depending on the sex and how
complete the cranium is.

In order to achieve the correct classification rate for the linear discriminant
function models, each Dominican scan was coded as 0, while each Haitian scan was
coded as 1 because the models can generate values that range from -oo to +o. Due to the
equations for the discriminant functions having individualized breakpoints, if X (linear
discriminant function equation result) is below the breakpoint, then the skull is likely
Dominican; if X is at or above the breakpoint, it is likely Haitian. Further, the
discriminant function equations were cross-validated with the leave-one-out cross-
validation function in SPSS. This ensures that the individual being classified is not
included in the model development.

To calculate the intraobserver error rate, 10% (n=19) of the subjects were
examined twice by the first author. The error rate was determined through two analysis.
The first required simply looking at each comparison to identify each occasion where the
measurement fell outside of the + 2mm allowance. This was followed by an intraclass
correlation coefficient (ICC) analysis in SPSS. This analysis compares the two times a
measurement was taken against each other and represents the extent to which there is
agreement between the two measurements (Koo and Li 2016). The rate of reliability
ranges in value between 0 and 1; less than 0.5 indicates poor reliability, a value between
0.5 and 0.75 is moderate, a value between 0.75 and 0.9 is good, and greater than 0.90 is

indicative of an excellent reliability.
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RESULTS

Independent Samples Tests

The descriptive statistics (mean and standard deviation) for each of the 28
measurements used in the current study are presented in Table 2. To lower the chances
for Type I errors, a Bonferroni correction analysis was run on the entire dataset, with the
alpha value at 0.00018. The alpha value was determined by dividing the traditional p-
value of 0.05 by the number of variables used; in this case the p-value was divided by 28.
The variables with a significant p-value without pooling sex are as follows: ZYB, BPL,
BBH, EKB, CDL-CDL, UFB, NLB, OBB, and MDH (left and right). The variables with
a significant p-value for the females are: ZYB, BBH, NLB, OBB, EKB, UFB, and CDL-
CDL. The variables with a significant p-value for the males are: ZYB, BPL, AUB, UFB,
NLB, CDL-CDL. Figure 2 demonstrates the significant rates of each variable, with the
variables in blue denoting Bonferroni-corrected significance, the variables in green
representing significance before the Bonferroni correction, and the variables in red
indicating insignificance; the figure is based on the analyses ran without pooling sex. The
variables AUB and MAB were omitted from the figure because they skew the graph;
however, AUB shows Bonferroni significance, while MAB does not.

Table 2

Descriptive statistics of Dominican and Haitian data.

Dominicans Haitians

Measurement | n Mean SD n Mean SD
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GOL
NOL
ZYB
BBH
BNL
BPL
MAB
MAL
AUB
NPH
UFB
NLH
NLB
OBB
OBH
EKB
DKB
FRC
PAC
occC
FOL
FOB
MDH (left)
MDH (right)
ASB

ZMB

100

100

100

98

100

45

63

60

100

44

100

80

95

100

100

100

100

97

94

98

99

99

99

99

92

33

185.39

182.16

124.05

129.99

94.83

98.73

62.29

52.97

106.46

67.42

104.73

49.03

23.70

35.38

31.97

90.55

22.64

102.32

113.27

98.04

35.05

29.43

32,51

32.62

109.19

33.54

7.65
7.12
6.41
11.51
7.09
5.69
5.28
6.40
6.63
5.15
4.58
4.20
2.10
2.21
2.06
481
2.98
9.15
7.92
7.96
2.87
3.03
3.54
3.71
6.04

3.82

19

90

90

90

89

90

22

41

38

90

29

90

64

80

90

90

90

90

83

82

89

90

90

90

90

78

S7

185.24

183.08

131.98

135.39

95.34

104.93

65.37

54.12

110.40

67.24

109.54

49.62

26.23

37.73

32.44

95.75

24.19

102.22

112.82

98.14

34.80

28.89

34.35

34.53

109.74

35.25

7.5825

7.0206

5.42

7.04

6.59

7.86

4.56

571

5.44

13.95

4.68

3.75

3.37

6.24

2.06

8.48

2.72

8.92

7.87

6.64

2.94

2.58

3.46

4.10

7.03

3.69
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Fig. 2. Variables showing statistical significance between Dominican and Haitian
individuals (sex pooled). The traits in red were not significant, the traits in green
were significant before the Bonferroni correction, and the traits in blue were
significant after the Bonferroni correction (alpha value=0.00018).

Due to the large size of possible predictor variables, the use of Bonferroni-corrected
significant variables reduces the number of variables. Linear discriminant function
analyses were run on the 10 Bonferroni-significant variables to determine which traits
best predict ancestry for the two groups. Running linear discriminant function analyses
for each significant variable informs the researcher of how well of a predictor of ancestry

an individual variable is through its agreement rate.
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Discriminant Function

The linear discriminant function analyses are presented in Tables 3-5, along with
their associated cross-validated accuracies. The breakpoints (BP) for the linear
discriminant functions are specific to their respective equations. Due to the coding of
Dominicans as 0 and Haitians as 1, anything below the BP is Dominican, anything above
the BP is Haitian. In all equations, the Haitians were more correctly classified compared
to the Dominicans. When the sexes were pooled (indeterminate sex), the four best models
resulted in cross-validated correct classifications from 72.0 to 82.2% (Table 3). The best
model correctly classified a total of 79.5% of the individuals and used all 10 statistically
significant variables. The least effective model for indeterminate sex, equation #4,
correctly classified a total of 73.7% of the cross-validated cases. However, this model
does not use mandibular traits and thus can be effective when the mandible is missing.
Concerning females, the three best models resulted in cross-validated correct
classifications from 75.0 to 83.3% (Table 4). The best model correctly classified a total of
80.6% of females using seven variables, while the least effective model correctly
classified a total of 76.7%. Lastly, concerning males, the five best models resulted in
cross-validated correct classifications from 71.8 to 87.5%. The best model correctly
classified a total of 81.6% using three variables. The last model, equation #5, is again
advantageous because of its lack of mandibular traits. This model correctly classified a

total of 79.3% of cross-validated cases.
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Table 3
Ancestry estimation linear discriminant function equations and cross-validated
classification accuracies for indeterminate (pooled) sex.

Equations (constant, canonical coefficients, measurements, and
breakpoints)* Accuracy (%)**

1 -22.757 + (.140 x ZYB) + (.008 X BBH) + (-.013 x BPL) + = D=77/100 (77.0)
(.006 X UFB) + (-.002 x NLB) + (.044 x OBB) + (.030 x | H=74/90 (82.2)
EKB) + (.019 x MDH [left]) + (.015 x MDH [right]) + (- T=151/190
.015 x CDL-CDL); BP=0.088 (79.5)

2 | -22.224 + (.145 x ZYB) + (-.013 x BPL) + (.006 x UFB) + = D=77/100 (77.0)
(-.003 x NLB) + (.042 x OBB) + (.029 X EKB) + (019 x  H=73/90 (81.1)
MDH [left]) + (-.017 x CDL-CDL) + (.020 x MDH T=150/190
[right]); BP=0.088 (78.9)

3 -22.769 + (.143 x ZYB) + (.030 X UFB) + (.027 x EKB) +  D=72/100 (72.0)
(-.010 x CDL-CDL); BP=0.071 H=68/90 (75.6)

T=140/190
(73.7)

4 -23.067 + (.136 x ZYB) + (.029 x UFB) + (.027 x EKB);  D=73/100 (73.0)

BP=0.071 H=67/90 (74.4)
T=140/190
(73.7)

*Below BP=Dominican; above BP=Haitian

**D=Dominican; H=Haitian; T=Total

Table 4

Ancestry estimation linear discriminant function equations and cross-validated
classification accuracies for females.

Equations (constant, canonical coefficients, measurements, and

breakpoints)* Accuracy
(%)~

1 -24.507 + (.139 x ZYB) + (.010 x BBH) + (-.013 x OBB) | D=48/61 (78.7)
+ (-.022 X NLB) + (.142 X EKB) + (-.043 x UFB) + (-.014  H=35/42 (83.3)
x CDL-CDL); BP=.302 T=83/103 (80.6)
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2 | -23.180 + (.155 X ZYB) + (-.057 x OBB) + (.127 x EKB)
+ (-.035 x UFB) + (-.018 x CDL-CDL); BP=.289

D=45/61 (75.0)
H=33/42 (78.6)
T=78/103 (75.7)

3 -23.638 + (.156 X ZYB) + (.112 x EKB) + (-.036 x UFB)
+ (-.019 X CDL-CDL); BP=.287

D=46/61 (75.4)
H=33/42 (78.6)
T=79/103 (76.7)

*Below BP=Dominican; above BP=Haitian
**D=Dominican; H=Haitian; T=Total

Table 5

Ancestry estimation linear discriminant function equations and cross-validated

classification accuracies for males.

Equations (constant, canonical coefficients, measurements, and

breakpoints)*

Accuracy
(o)

1

*Below BP=Dominican; above BP=Haitian
**D=Dominican; H=Haitian; T=Total

Intraobserver Error

-32.502 + (.019 x CDL-CDL) + (.197 x ZYB) + (.039
x UFB); BP=-0.148

-31.601 + (.015 x CDL-CDL) + (.225 x ZYB): BP= -
-31.646 + (.014 x CDL-CDL) + (.229 X ZYB) + (-
.014 X NLB); BP= -.147

-32.603 + (.017 x CDL-CDL) + (.200 x ZYB) + (.041
x UFB) + (-.016 x NLB); BP= -.149

-30.627 + (.196 x ZYB) + (-.010 x BPL) + (.009 x
AUB) + (.038 x UFB) + (.005 x NLB); BP=-0.17

D=29/39 (74.4)
H=42/48 (87.5)
T=71/87 (81.6)
D=28/39 (71.8)
H=42/48 (87.5)
T=70/87 (80.5)
D=28/39 (71.8)
H=42/48 (87.5)
T=70/87 (80.5)
D=29/39 (74.4)
H=41/48 (85.4)
T=70/87 (80.5)
D=30/39 (76.9)
H=39/48 (81.3)
T=69/87 (79.3)



For 10% of the sample, data was collected twice by the first author in order to
examine the intraobserver error rate. Within the field, there is generally an allowance of +
2mm. Out of a total of 532 comparisons, 82.5% fell within the £ 2mm allowance. Table 6
shows how many times each of the measurements were within 2 mm and outside of 2
mm. There was also a clerical error found during the second collection of the Haitian
data. The traits with the highest error were AUB, FRC, and OCC.

Table 6

Intraobserver error rate of craniometric measurements.

Measurement Within  Qutside of + 2mm

+2mm
GOL 19 0
NOL 19 0
ZYB 19 1
BBH 15 4
BNL 18 1
BPL 18 1
MAB 19 0
MAL 18 1
AUB 5 14
NPH 15 4
UFB 18 1
NLH 14 5
NLB 18 1
OBB 16 3
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OBH 18 1
EKB 18 1
DKB 17 2
FRC 7 12
PAC 12 7
occ 9 10
FOL 17 2
FOB 16 3
MDH (left) | 17 2
MDH (right) | 17 2
ASB 12 7
ZMB 17 2
ZOB 13 6
CDL-CDL | 19 0

To further analyze the reliability of the measurements, an ICC analysis was
conducted in SPSS (Table 7). This analysis compares the two times a measurement was
taken against each other. It is described as the extent to which there is agreement between
the two measurements (Koo and Li 2016). The rate of reliability ranges in value between
0 and 1; less than 0.5 indicates poor reliability, a value between 0.5 and 0.75 is moderate,
a value between 0.75 and 0.9 is good, and greater than 0.90 is indicative of an excellent
reliability. The majority demonstrated good-excellent agreement; however, the least
reliable measurements include FRC, OCC, OBB, and NLH (poor-moderate).

Table 7
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ICC reliability rate for the measurements included in the study.

Measurement Agreement Rate
GOL .986
NOL .989
ZYB 973
BBH .842
BNL .813
BPL .996
MAB .983
MAL .964
AUB .954
NPH 910
UFB 972
NLH .644
NLB .720
OBB 460
OBH .820
EKB .946
DKB 871
FRC .226
PAC .844
OoCC 581
FOL .840
FOB 779
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MDH (left)
MDH (right)
ASB

ID-GN

Z0B

CDL-CDL

941

.946

.788

.908

.843

.998
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DISCUSSION

Ancestry in Hispaniola

The goal of this research was to analyze the craniometric expressions of two
groups, Dominicans and Haitians, who were previously neglected from forensic
craniometric ancestry research. Previous studies on the craniometric variation among
Latin American groups have argued for population-specific information by providing
evidence of the vast craniometric variation found within and between Latin American
groups (Ross 2004; Bryc et al. 2010; Hughes et al. 2013; Marcheco-Teruel et al. 2014;
Tise 2014; Hughes et al. 2017). By providing multiple discriminant functions, analysts
can select the equation that best suits their needs based on the preservation of the
remains. This is especially useful for crania that have been damaged and are thus missing

some craniometric variables.

The 12 linear discriminant function equations provided by the present study prove
that the two ancestral groups of Hispaniola (Dominicans and Haitians) can be
differentiated using craniometric analyses with a fair amount of statistical certainty due to
genetic heterogeneity. The equations resulted in correct classifications of 72.0-82.0% for
the pooled sexes, 75.0-83.3% for females, and 71.8-87.5% for males. In all equations, the
Haitians were more correctly classified than the Dominicans, and males generally
achieved the highest correct classification rates.

As hypothesized, the unique histories of both countries occupying the island of
Hispaniola has played a role in the craniometric expressions of their inhabitants. While
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Haitians and Dominicans inhabit the same island, and share many historical aspects, the
ancestral groups can be differentiated using equations provided by this study. However,
not all variables demonstrated statistical difference between the groups. In fact, out of the
28 variables collected, females exhibited only seven significantly different variables,
while males exhibited only six significantly different variables. However, when sex is
pooled, there are ten significantly different variables. Further, males are more variable
than females, and males exhibited more craniometric differences than do the females.
This indicates that sex biases the craniometric expressions, and that knowing or
estimating the sex of the individual will produce better classificatory statistics.

Moreover, in all linear discriminant function equations, Haitians were more
frequently classified correctly compared to the Dominicans by an average of 7.1%, which
indicates a Haitian bias. This is likely due to their subtly divergent population histories,
wherein Haiti had significantly more genetic admixture from African populations due to
the intensity of the slave trade. In particular, by the end of the 1600s, the Spanish-ruled
(Dominican) side of the island decreased the importation of African slaves, while the
French-ruled (Haitian) side of the island maintained its higher levels of African slaves
(Madrigal 2006). Further, Haiti experienced a dramatic influx of Africans from other
islands in the Caribbean, and from the U.S., due to the improved treatment of Africans in
the era subsequent to the Haitian Revolt in 1791 (Berry 2012; Horne 2015). Thus, the
increased African admixture in Haiti compared to the Dominican Republic seems to
allow for better Haitian classification accuracies.

The relationship of the Dominican Republic to Haiti, and with Haitians living
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within its border is highly unstable. The vigilance by police on the border dates back to
the late nineteenth century, and represents an attempt to monitor any hostility between
both sides (Derby 1994). Despite the heavy monitoring at the border, many Haitians cross
the border to work, returning to the Haitian side at the end of the day. Therefore, while
Haitians are a large part of Dominican culture and have everyday interactions with
Dominicans, these ethnic groups do not consider themselves one people.

The lack of interaction between Dominicans and Haitians is partly due to intense
political efforts in the Dominican Republic that have vilified individuals of African
ancestry and Haitians. The view of African ancestry in the Dominican Republic took its
ugliest turn during the reign of Rafael Trujillo, the dictator of the country from 1930 to
1961. Trujillo largely ran his office based on the hatred and abuse of Haitians. Trujillo
saw Haitians as a blemish on the Whiteness of Dominicans. In 1937, Trujillo ordered a
massacre of Haitians at the Dominican-Haitian border (Derby 1994; Ricourt 2016).
Haitians living on the border were seen as illegal squatters, which helped the nation
justify Trujillo’s actions, even though Haitians had been living and farming the
borderland since the late 1800s (Derby 1994). After the massacre, the Dominican
government began the propaganda of demonizing Haiti and attributing the slaughter to
tensions on the border (Derby 1994). Anti-Haitian propaganda depicted Haitians as an
order of social lowness filled with mental illness, disease, and pollution, thus representing
a danger to the public (Derby 1994). After the Assassination of Trujillo, the majority of
subsequent presidents came and went without the safety of Haitians in the foreforent

(with the exception of Juan Bosch). Recently, the current president, Danilo Medina,
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violated human rights laws by removing Dominican citizenship for Dominicans of
Haitian ancestry (Ricourt 2016).

Despite these tensions, Haitians and their culture are a large part of the Dominican
Republic. The similarities between the two groups is the result of their intertwined
histories. Political rhetoric has kept the island divided and has positioned its inhabitants
against each other in the public sphere. The sociopolitical efforts to keep the inhabitants
of the two countries separate has led to genetic heterogeneity reflected in subtle
craniometric differences between the Dominicans and Haitians. The high range of
classification accuracies that ranges from 71.9-87.5% for the island of Hispaniola can be
compared to Edgar’s (2013) research on ancestry estimation using dental morphological
traits. Edgar compared “Hispanics” from South Florida to “Hispanics” from New
Mexico. The South Florida group was dominated by individuals from the Caribbean,
while the New Mexico group were predominantly of Mexican descent. When compared,
46.2-72.7% of the Edgar’s (2013) sample was correctly classified.

This research echoes previous studies conducted on Latin American groups that
argue for the individualized study of each country in regards to ancestry due to the
immense variation found throughout. Ross (2004) found that despite the proximity of
Puerto Rico, Cuba, the Dominican Republic, and Jamaica, each island exhibits
craniometric variation. Additionally, in Tise’s (2014) comparison of Mexican, Puerto
Rican, and Cuban craniometric data, she found high rates of Native American ancestry in
the Mexican populations, similar to Hughes et al.’s (2017) study on Mexican ancestry.

The Mexican populations differ greatly from the Caribbean populations where the largest
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ancestral contribution is African (Tise 2014). However, as the present study suggests, the
contributions of African admixture, in addition to indigenous and European admixture,
are not uniform between the islands and countries, which allows for the differentiation
between Dominicans and Haitians. Additionally, this research provides further evidence
that Latin Americans should not be grouped together under the broad umbrella term of

“Hispanic” in forensic contexts.

Intraobserver Error and CT Data

While CT scans have been shown to be a valid replacement for dry bones,
familiarity with obtaining craniometric variables on the scans reduces the error rate.
There are many factors that affect the scans and the observers’ ability to take certain
measurements. For example, some traits could be recognized early on as unreliable, like
XCB. This measurement is described as the maximum breadth of the cranium in the same
horizontal and frontal planes (Langley et al. 2016). On dry bones this measurement is
taken by holding the spreading calipers against both parietal bones and moving it back
and forth in a circular motion until the maximum distance is found. This is difficult to
obtain on CT scans because the measuring scale does not adjust to the bone as it scrolls
across the horizontal plane. Other problematic measurements relied heavily on the
visibility of sutures and the plane view, including AUB, FRC, and OCC. Sutures can be
obscured by the way in which the CT was taken and by the obliteration of sutures as
individuals age. Further, the way the cranium is moved in the visualization software to

view the measurement also affects the measurement itself. While most measurements fall
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within the good-excellent reliability range of the ICC analyses, it is important to
acknowledge the ones that are significantly lower such as NLH, OBB, FRC, and OCC.
Variables FRC, NLH, and OCC were not included in the linear discriminant function
equations due to their poor reliability. The use of CT scans for craniometric analysis
requires not only training on dry bones, but also training with CT viewing software. This
should improve the intraobserver error rates, but more importantly, such technology
significantly increases research possibilities for underrepresented groups that are not

represented by documented skeletal collections.

33



CONCLUSION

Through the use of CT scans and linear discriminant function analyses, the two
main ancestral groups on the relatively small island of Hispaniola can be differentiated
craniometrically, despite their interconnected past and present. The linear discriminant
functions produced cross-validated classification accuracies ranging from 71.8 to 87.5%
using only a small fraction of the total measurements collected. These accuracies are
considered relatively high for groups in such close proximity, and reflect genetic
heterogeneity between Dominicans and Haitians. In all comparisons, Haitian individuals
were more correctly classified compared to the Dominicans, which is likely due to the
higher African genetic admixture present in Haiti. The population histories reveal that
numerous, complex socio-political, -cultural, and —demographic factors have interacted to
hinder gene flow and cultural homogeneity between the two countries.

Moreover, this research begins to fill the void of population-specific data in the
field of forensic anthropology by providing reproducible methods for craniometric
ancestry analyses, and by offering a reflection on the use of CT scans for researchers who
are unfamiliar with their use and the possibilities they hold. Practitioners in the
Dominican Republic and Haiti can use the linear discriminant function equations
produced by this research to generate more accurate biological profiles of human remains
found on the island of Hispaniola. Further, future research on these and additional
ancestral groups should expand through the use of CT data at hospitals throughout the
Caribbean. Such research efforts will no doubt continue to demonstrate the variability

within and between Latin American groups and highlight the importance of
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biogeographic terminology over the broad and largely meaningless “Hispanic” ancestral

category.
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