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Home Is the Sailor
Investigating the Origins of the Inhabitants of La Isabela,
the First European Settlement in the New World
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This study focuses on the origins and diet of the seafarers on Columbus’s second voyage, individuals whose mortal remains were
buried in the churchyard of the settlement of La Isabela. This was the very first European town in the Americas, founded by
Columbus in the present-day Dominican Republic in early January 1494. Historical sources indicate that most of the crew came
from the region of Andalucía, while the remainder came from a range of other geographical locations. It is also likely that some
individuals had been born elsewhere and migrated to Spain before embarking on their transatlantic voyage. However, their precise
origins remain unknown. In this study, we use both osteological analysis and isotopes—both light (C, N, and O) and heavy
isotopes of strontium in the tooth enamel and bone of 27 individuals from La Isabela—to investigate questions of human pro-
venience and diet. The results of our analyses indicate that while most of the individuals analyzed from the burial series at La
Isabela were males from Spain itself, there were several unexpected females and infants, referred to vaguely by the historical
sources, in addition to one local native and a person probably from Africa, implying that Africans took part actively in the Spanish
venture of settling the New World from the very beginning.
Online enhancements: supplemental text, tables, and figures.
La Isabela, the first European town in the Americas, was
founded by Christopher Columbus in 1494 on the island of La
Hispaniola in the Caribbean. Today, the remnants of the site
are located on the northwestern shore of the Dominican Re-
public (fig. 1). Between 1983 and 1991, five centuries after its
foundation, an Italian-Dominican team investigated themortal
remains of those who had been buried in the small cemetery
behind the first and only church at La Isabela (fig. 2). These
skeletons represent the earliest-known European colonizers in
the New World. In 2008, these human remains underwent a
meticulous process of restoration and analysis by archaeolo-
gists, physical anthropologists, and historians from the Museo
del Hombre Dominicano (Santo Domingo), Italy’s La Sapienza
University (Rome), and theUniversidadAutonóma deYucatán
(Mérida, Yucatán). Since then, the ongoing interdisciplinary
research team has conducted bioarchaeological and archaeo-
metric research. These combined efforts include ancient DNA
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(aDNA) and isotopic analyses and have been geared toward
assessing burial practices and taphonomic and biovital infor-
mation and reconstructing aspects of life history from the
skeletal remains recovered at the site (Cucina et al. 2009;
Cucina and Tiesler 2010; Tiesler et al. 2010a, 2016).

In this study, we address several important questions con-
cerning the provenience and diet of the individuals who make
up this historically unique skeletal series: Who was buried in
the cemetery? This would be a straightforward question if there
were tombstones marking each grave in the cemetery, but none
have ever been found. The deceased are anonymous. Another
question concerns whether all the individuals in the cemetery
were Spanish males. This seemed likely since the crew lists for
Columbus’s ships exclusively reported males (Benzo de Ferrer
2000; see supplemental material, available online). The crew
lists also indicated hometowns for many of the ships’ crews,
and we thought that it might be possible to identify a few
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individuals on the basis of the isotopic signatures of their
hometowns. What can the burials tell us about the inhabitants
of La Isabela and their diet? Were local “Taíno”men or women
or other non-Europeans buried in the churchyard?

The term “Taíno” is sometimes criticized as inappropriate
or inadequate for the pre-Columbian inhabitants of the Ca-
ribbean islands and is used in quotes here. The population
generally known as “Taíno” inhabited the Greater Antilles at
the time of contact. Recent investigations of aDNA in the
Caribbean (Schroeder et al. 2018) demonstrated that the an-
cestors of the so-called “Taíno” originated in northern South
America. Bioarchaeological data (Coppa et al. 2008) showed
that the “Taínos” arrived in the Caribbean islands during a sec-
ond wave of migration and settled in most parts of the Greater
Antilles, with the probable exception of the westernmost part of
Cuba. aDNA reveals that the native components in some Ca-
ribbean genomes today are closely related to the ancient “Taíno,”
suggesting that indigenous ancestry in the region has survived
through the present day.

Some historians believe that women took part in the expe-
dition. For instance, the names of the admiral’s mistress, María
Fernández, and one additional female crew member, Bárbara
de Vargas, are listed by some (Gil 2007:277). There were most
probably only a few women who ventured out to the unknown
lands that early (Varela 2006:19). There is also a suggestion that
one or more Africans were among the passengers. One such
person was pilot Peralonso Niño, who was mentioned repeat-
edly amongColumbus’s crew (Martínez 1999:202). It is also the
case that ships supplying the colony in subsequent years may
have brought other individuals to the settlement.

Questions about the diet and place of origin of these indi-
viduals will be addressed by means of biological and isotopic
markers in the skeletal material to learn about the makeup
of the ships’ crews and the possible interaction between the
settlers of La Isabela and the local inhabitants of Hispaniola.
In the following sections, we describe the historical background
of the settlement, the archaeological investigations of the site,
and the anthropological study of the human remains that have
been recovered at La Isabela. The supplemental material for
this article provides a brief summary of the isotopic methods
that are employed and information on the baseline isotopic
ratios in the south of Spain, the likely homeland of most of the
settlers who sailed on the second voyage, and in the Dominican
Figure 1. Second voyage of Columbus and the location of La Isabela.
Figure 2. Schematic plan of La Isabela and excavations (redrawn
from Deagan and Cruxent 2002b:84).
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Republic. This isotopic baseline information is necessary to
understand the results of the analysis of the burials and to be
able to say more regarding the diet and place of origin of these
individuals. We conclude with a summary of our findings and
some comments regarding the isotopic investigation of human
remains.

Historical Background

Columbus’s second voyage to the Americas involved a major
colonization effort in addition to continuing exploration. In
May of AD 1493, the Catholic kings of Spain published a
provision in which they designated Juan Rodriguez de Fon-
seca to organize, together with Columbus, a fleet to initiate the
Spanish occupation of Hispaniola (Archivo General de Indias,
Patronage 9 and 295). The colony was intended initially as a
trading outpost and a place to extract precious metals, which
the Spaniards assumed were abundant on the island (Thibo-
deau et al. 2007). Four months later, on September 25, 1493,
a fleet of 17 ships left Cádiz, Spain. On board were more than
1,200 people, along with crop plants and seeds, domestic live-
stock, and the tools and equipment deemed necessary to found
and supply the new settlement. Themostlymale group on board
the ships included, among others, a number of friars, craftsmen,
miners, farmers, and soldiers. These were led by some 200 hi-
dalgos (members of the nobility) who had joined the transat-
lantic venture.

The origins of the seafarers on this trip were diverse. Most
of the travelers had their homes in Andalucía in southern
Spain, but there were others from Extremadura, Galicia, Ca-
taluña, and the territories of the Castilian crown (Benzo de
Ferrer 2000). Apart from Seville and Cordova, the recruiting
list includes individuals from Condado de Niebla, Moguer,
Palos, Cartaya, Ayamonte and Lepe (Huelva Province), Al-
muñécar (Granada), Puerto de Santa María and Rota (Cádiz
Province), Torre Don Jimeno (Jaén Province), Almadén (Ciu-
dad Real Province), Villalobos (Toledo Province), Noya and
Rubiana (Galician Province), Belmonte (Cuenca Province),
Ledesma and Ciudad Rodrigo (Salamanca Province), Logroño,
Santander, and Cuéllar (Segovia Province).

After landfall at the Fort of La Navidad (Haiti) in November
1493, Columbus sailed eastward along the north coast of
Hispaniola. He anchored on January 6, 1494, near the mouth
of the Bajabonico River and founded the town that he named
La Isabela after the Spanish queen. The next few months were
spent starting the colony and exploring the interior of the is-
land. In late April 1494, Columbus left La Isabela with three
ships in a continuing search for mainland China. By late
September of that year, however, Columbus was taken ill and
returned with his ships to the colony at La Isabela.

For the next 18 months, Columbus ruled as the colonial
governor as conditions in the colony rapidly deteriorated. The
settlers (including Columbus) were reportedly suffering from
exhaustion, fatigue, sickness, and increasing anxiety caused by
the aggression within the group as well as from the “Taíno”
natives (De las Casas 1875; De Oviedo Fernández 1959). The
“Taíno” were reported to have been organized in a number of
chiefdoms and to live in villages and towns with populations
up to 3,000 people. Their diet was focused on root crops such
as the staple yucca (cassava) and sweet potato grown in cul-
tivated fields as well as some maize grown in clearings created
by slash-and-burn agriculture. The “Taíno” also kept gardens
with squash, beans, peppers, peanuts, and pineapples along
with tobacco, calabashes (West Indian pumpkins), and cotton.
Other fruits and vegetables, such as palm nuts, guavas, and
Zamia roots, were collected in the wild. Fish and other marine
foods contributed to the diet. Terrestrial game animals were
scarce (Rouse 1992).

The high rates of disease and death that the European new-
comers faced in the weeks and months following the found-
ing of La Isabela have been attributed to the combined nutri-
tional and pathological stress from severe scurvy and the sheer
physical exhaustion caused by the three-month-long ocean
voyage and the new environment, characterized by unknown
foods and pathogens (Boscolo 1987; Cook 1995; Tiesler et al.
2016; Zanin 1987). Moreover, the expected quantities of gold
and silver on the island did not materialize (Thibodeau et al.
2007). The physically demanding workload imposed by Co-
lumbus added to the suffering of the settlers, and that included
the hidalgo aristocrats, who were not accustomed to manual
labor.

Chronic hunger due to a scarcity of food and the fear of
attacks were most likely the overriding obsessions for the
settlers during La Isabela’s four-year occupation (Deagan and
Cruxent 2002a). Despite a favorable location on the shore of a
large bay next to a freshwater river, this new environment was
difficult for the settlers, who were not accustomed to it. In-
capable of securing sufficient food by themselves, the settlers
were forced to rely on imports from Spain (Deagan and
Cruxent 2009). In their missives to the Spanish crown, they
urgently demanded shipments of wheat, barley, biscuits, wine,
vinegar, oil, beans, bacon, beef, raisins and figs, different kinds
of unshelled nuts, salted fish, onions, garlic, sugar, mustard,
honey, molasses, other seeds and vegetables, sheep and goats,
calves, and chickens (Deagan and Cruxent 2002a). Supplies did
not often arrive from Spain, and food therefore had to be ra-
tioned for each person:

All of the [European] people who were on the island then
and especially those of La Isabela, were incredibly upset . . .
because of the suppression, the hunger and the sickness
they suffered, and did not pronounce any other avowals
than “so that God take me [back] to Spain”; no other thing
could be eaten than the ration provided to them from the
King’s granary, which was a bowlful of wheat that they had
to grind in a hand mill (and which many ate boiled), and a
slice of rancid bacon or rotten cheese, and I don’t know
how many beans or chickpeas, wine, as if there would be
none left in the world; and with just that [allotment], . . .
the Admiral sent them to work, hungry and thin, and some
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of them ill, to construct the fort and the house of the Admiral
and other buildings, which made all of them frightened, dis-
tressed and desperate. (De las Casas 1875:114)

Conditions worsened still for the Spanish settlers when La
Isabela was devastated by hurricanes in 1494 and 1495. Hunger
and disease under these difficult conditions led to many deaths
and much disillusionment. Columbus sailed back to Spain in
March 1496, while La Isabela barely survived as a settlement. The
several hundred remaining inhabitants hung on until early 1498,
when they abandoned the town for good and founded a place
called Santo Domingo on the south coast of Hispaniola.

The town of La Isabela was inhabited for about four years in
total. In hindsight, it was a failed experiment from the start. Its
short existence was characterized by mismanagement and the
inability of the Spanish to adapt to a new physical and social
environment (Deagan and Cruxent 2009). Because of hardship,
conflict, hunger, and disease, death took many of these unfor-
tunate individuals. The church graveyard quickly filled with the
bodies of those who succumbed initially to the harsh condi-
tions of the Atlantic crossing and later to the many hazards of
an unknown and often hostile place (Tiesler et al. 2010a, 2016).
Archaeological Investigations

In 1983, members of the staff of the Museo del Hombre
Dominicano extensively explored the ruins of the site of La
Isabela, which had once been a walled town along the water-
front with a large plaza and several larger stone buildings,
including a church (fig. 2). At least 200 wood-and-thatch huts
were reported to have been present. There was a fortified
storehouse at one end of the town wall and the Castillo, a
fortified house for Columbus, at the other end (fig. 2). A stone
guard tower stood in the wall. The church was located toward
the southern end of the settlement, not far from the Castillo.
On that occasion in 1983, an unknown number of burials were
excavated. The specific locations of the excavated graves are
not currently available.

In 1987, systematic archaeological explorations started in a
collaboration between the Dominican Republic’s Dirección
Nacional de Parques, the Florida Museum of Natural History,
and the Universidad Nacional Experimental Francisco de
Miranda in Venezuela (Deagen and Cruxent 2002a:3, 2002b).
The excavations continued for a decade and gradually revealed
a second settlement outside the walled town where activities
such as ceramic, brick, and tile manufacture; lime and charcoal
production; masonry; woodworking; blacksmithing; smelting
and assaying; and farming and ranching took place (Deagan
and Cruxent 2002a, 2002b).

As part of the on-site explorations, a cemetery was discov-
ered and the remains of approximately 100 bodies exposed
(Boscolo 1987; Chiarelli and Luna Calderón 1987). As figure 3
shows, most of these were placed in an extended position on
their backs with the head oriented westward, following stan-
dard Catholic tradition. The arms appear to have been crossed
over the chest. Some of the skeletons were complete and well
preserved, while others consisted only of mixed or secondary
bone assemblages. Unfortunately, the labels and the overall
contexts for the pre-1990 excavations are not secure. A limited
number of individuals were recovered by the Dominican-
Italian team in 1990; the rest were left in place, covered beneath
a layer of sand, and then reburied beneath the normal fill
(Boscolo 1987; Chiarelli and Luna Calderón 1987; Pia 1991).
The recovered skeletons were left in storage in a hut at the site
and were eventually brought to the Museo del Hombre Dom-
inicano, where they were systematically restored and studied
between 2008 and 2010.
The Human Remains

A general study of the skeletal collection from La Isabela was
undertaken by three of the authors in 2008 (A. Cucina, V.
Tiesler, and A. Coppa; Cucina and Tiesler 2010; Cucina et al.
2009). The overall sample, still available for investigation, con-
sisted of a minimum of 48 individuals; some skeletons were
fairly complete, and others were represented only by isolated
bone fragments. Regrettably, the bones, which were analyzed
very briefly in situ in 1990, had been covered with water-diluted
glue before being removed. This required a time-consuming
effort to remove the pellicle using soft toothbrushes and puri-
fied water.

Macroscopic analyses were carried out to record basic bi-
ological, physiological, and paleopathological indicators (sex,
age, ethnicity, pathological conditions, stature, etc.). Sex was
estimated on the basis of dimorphic features in the pelvis and
the skull (Buikstra and Ubelaker 1994). Adult age at death was
estimated through the analysis of degenerative changes in the
pubic symphysis (Brooks and Suchey 1990), in the auricular
surface of the ilium (Lovejoy et al. 1985), and in the sternal
end of the fourth rib (Işcan et al. 1984, 1985); the degree
of closure of ectocranial sutures (Meindl and Lovejoy 1985);
and transition analysis (Boldsen et al. 2002). Additional histo-
morphological assessment was performed on systematically
collected midshaft rib samples following a protocol described
by Stout and Paine (1992). This study was carried out at the
Bioarchaeology Laboratory of the Universidad Autónoma de
Yucatán. Subadult age at death considered dental formation
and eruption, long bone length, and fusion of the epiphyses
(Buikstra and Ubelaker 1994). Ethnicity was assessed on the
basis of dental morphology and cranial features. In terms of
dental morphology, individual traits were scored following the
Arizona State University Dental Anthropology Systemmethod
(Scott and Turner 1997). The presence of numerous dental
traits in the permanent dentition allows the estimation of the
ethnicity of the individual. With regard to cranial morphology,
the presence of intentional head shaping (which was not
performed on individuals of European and/or African ances-
try) was used to document the presence of indigenous people.
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Table 1 lists age and sex data for the burials as well as a few cases
of ethnic assignment.

Our results list 44 individuals in different states of preser-
vation (the remaining four, which raise the minimum number
of individuals to 48, were represented only by one fragment
of bone each). Of the juvenile and adult individuals for whom
sex could be determined, four are females (one ofwhich, labeled
1/91, was a local “Taíno” based on head shaping), and 31 are
males; sex could not be determined in four adult individuals
(see table 1). The remains of the “Taíno”woman came from the
area of the house of Columbus. Her head showed strong frontal
flattening that was accentuated with a pad and resulted in a
straight and reclined surface for her forehead. It should be
noted here that isotopic investigation of this individual (1/91)
was not possible.

The presence of European females was unexpected, as there
was no historical record of these women on board the 17 ships
that went to La Isabela. Similarly, dental morphology indi-
cates that there were several individuals of possible African
ancestry (1/83, 2a, and 22a; Cucina and Tiesler 2010; Cucina
et al. 2009). Unfortunately, the neuro- and splanchnocranial
segments of two of these potentially African individuals (2a and
22a) were not preserved, limiting ethnic assessment to dental
morphology alone. The distribution of age at death (fig. 4) in-
dicates that the oldest individuals did not exceed 50 years of age,
and the majority were between 20 and 40 years of age at death.
In addition to the three infants, eight subadults died before the
age of 20. Some isolated infant remains were also recovered.
Unfortunately, their skeletal remains were scattered and poorly
preserved.

The pathology inspection revealed that 20 individuals (marked
by footnote a in table 1), out of the 27 that could be analyzed
for this condition, presented a localized subperiosteal reaction,
usually distributed symmetrically in the lower limbs. The se-
verity and bilateral distribution of the periosteal reaction are
likely the product of severe scurvy. The individuals were prob-
ably healing at the time of death, following the lack of vitamin C
suffered during the long periods aboard ships (Tiesler et al.
2016). For the remainder, with the exception of one well-healed
though not perfectly aligned fracture of a femur, no other ev-
idence of a pathological condition or trauma could be detected
in this skeletal collection. The fact that the fractured femur was
well healed very likely indicates that this individual suffered this
injury before his journey to the New World.
Isotope Baselines in Southern Spain
and the Dominican Republic

Details of this aspect of our study appear in the supplemental
material; here we provide a brief summary. Investigation of
strontium isotope ratios in Spain revealed a significant range
of variation between 0.7067 and 0.7159 in a total of 77 sam-
ples, largely from medieval burials in the southern part of
Figure 3. Plan of part of the cemetery at La Isabela. This drawing shows burial 25 at the top and, from left to right, burials 1, 2 (with
13), 3, 4, 5 and 7, 8, 9, 10, 11, 15 (with 17?), 18, 19, 22, 24, 25 and 26, 27, 29, and 30.
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the country. A bar graph of the complete set of values is pro-
vided in figure 5. There is a distinct break in the curve of the
data points at 0.7105. There is one value significantly lower
than 0.708 and 13 values exceeding 0.7105. The larger values
are either baseline samples from higher elevations or human
remains from cemeteries or ossuaries that could be from non-
local individuals. While there are some high 87Sr/86Sr values
present, 87% of the values fall between 0.7080 and 0.7105.Many
of the towns and villages that provided the sailors and settlers
for Columbus’s second voyage were in coastal areas of the
Guadalquivir Basin, where this range of values predominates.

Descriptive statistics for these samples appear in table 2. The
average 87Sr/86Sr value for the 77 Spanish samples is 0.7099 5
1 SD 0.0017, with a range between 0.7067 and 0.7159. The
34 d13C values average 211.0‰ 5 2.9‰, with a range from
214.8‰ to 22.4‰; oxygen, d18O, averages 23.0‰5 0.7‰,
ranging between 25.9‰ and 22.2‰ for the 34 samples.

There is relatively little information from medieval Spain
regarding light isotope ratios for the Christian inhabitants.
Studies of Muslim populations are more common (e.g., Fuller
et al. 2010; Guede et al. 2017; Prevedorou et al. 2010; Salazar-
García et al. 2014). Alexander et al. (2015) conducted a light
isotope study of diet in late medieval Spain using collagen from
both Christian and Muslim cemeteries in the province of
Valencia along the Mediterranean coast. Historical sources
report a Christian diet based on cereals such as wheat, barley,
and rye. Millet and sorghum (C4 plants) were also consumed,
although generally at the lower end of the social spectrum
(Alexander et al. 2015). Millet (Panicum miliaceum) was a C4

staple in parts of Europe beginning in the Neolithic (Zohary
and Hopf 2000). Meats included mutton and lamb along with
kid, chicken, pork, beef, and rabbits. Fresh fish would have
been an important supplement to the diet along coasts and
rivers (de Castro Martínez 1993). Christianity required fasting
days on Wednesdays and Fridays as well as during Lent, when
meat was prohibited and seafood often consumed.

For the 24 Christian samples from a cemetery in themodern
city of Gandía, the mean 5 1 SD for carbon was 217.2‰ 5

1.0‰, with a range from215‰ to218.7‰, and for nitrogen,
it was 10.3‰5 0.8‰, with a minimum value of 8.8‰ and a
Figure 4. Age-at-death profile of the skeletal sample. f p
frequency.
Table 1. Sex and age estimates of the La Isabela sample
Individual
 Sex
 Age
 Individual
 Sex
 Age
1/83
 F
 22.5–27.5
 17ba
 M
 22.5–40

4a/83
 M
 Adult
 18a
 M
 30–35

1/91
 F
 15–25
 18b
 M
 Adult

1aa
 M?
 25–40
 19
 M?
 10–15

2a
 M?
 25–35
 19b
 NID
 Second to third infant

3
 M
 22.5–30
 20
 M
 30–35

4a
 M
 35–55
 21aa
 M
 40–50

6
 M
 40–55
 21b
 NID
 12–17

7aa
 M
 Adult
 21c
 NID
 1.0–1.5

7b
 M?
 13–18
 22aa
 F
 18–20

8
 M?
 15–20
 22b
 NID
 First to second infant

9a
 F?
 35–45
 22c
 NID
 Adult

9b
 M
 Adult
 23
 M?
 16–20

10a
 M
 25–35
 24
 NID
 .0–1.0

10b
 NID
 Adult
 25a
 M
 17–20

11a
 M?
 19–23
 26a
 M?
 14–17

11ba
 M
 Adult
 27
 M
 40–45

13a
 M
 20–25
 27b
 NID
 Adult

14
 M
 20–25
 28a
 M
 35–40

15
 NID
 Adult
 29a
 M
 25–40

16a
 M
 25–35
 32a
 M?
 Adult

17aa
 M?
 Adult
 33
 M
 30–40
Note. Specimens are listed according to burial number. F p female; M p male; NID p sex not determined.
a Evidence of scurvy.
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maximum value of 12.0‰ (Alexander et al. 2015). The isotopic
results point to a mixed C3- and C4-based subsistence in
which the Christian population of Gandía consumed signifi-
cant amounts of C4 plants directly or indirectly, as fodder for
animals. Some individuals show an enrichment in both carbon
and nitrogen, which suggests an input of marine protein in
their diets (Alexander et al. 2015). While Gandía is a sub-
stantial distance from Andalucía (approximately 600 km from
Gandía to Cádiz), it may provide some expectations for light
isotope ratios.

Modern d18OSMOW in rainfall in southern Spain is available
from the Online Isotopes in Precipitation Calculator (Bowen
2014; http://www.waterisotopes.org). Values in Granada fall
between 26.0‰ and 24.0‰, in Seville between 24.6‰ and
23.1‰, and in Cordoba between24.9‰ and23.3‰. A map
of annual averages of d18O in precipitation in Spain (Rodríguez-
Arévalo et al. 2013) indicates oxygen isotope ratios (Vienna
Standard Mean Ocean Water) between 29.0‰ and less than
25.0‰ for most of Andalucía, generally the highest values in
Spain. The 34 human enamel samples we studied from Spain
(as discussed in the supplemental material) had a mean enamel
d18O value5 1 SD of211.0‰5 2.9‰. However, there is little
contrast in oxygen isotope ratios in much of Africa, the Ca-
ribbean, and western Europe, with a range hardly greater than
the 2‰ that can be found within a population (Laffoon et al.
2015). Oxygen is much less robust and reliable in the isotopic
proveniencing of humans than strontium.

The Caribbean island environments are ecologically com-
plex, and subsistence depends on a number of variables (New-
som andWing 2004). Differences are largely in terms of amajor
or minor marine component in the diet and whether maize or
root crops were cultivated. Geologically, most islands either are
volcanic or are composed of rock such as marine limestone.
These two major classes of bedrock contrast strongly in terms
of strontium isotope ratios, with the values of younger volcanic
deposits generally below 0.705, while those of limestone and
other marine formations usually have 87Sr/86Sr values between
0.707 and 0.7095, depending on the age of the deposit.

Laffoon et al. (2013) compiled isotope data from 49 sam-
ples from a series of sites across the Caribbean. Themean enamel
d18O for 49 human tooth samples was 22.6‰, with values
ranging from23.4‰ to21.1‰ (excluding a few outliers). They
conclude that “the overall pattern of limited intra-Caribbean
variation in enamel d18O and d13Ccamay indicate that bothoxygen
and carbon isotope data may be of limited utility for tracking
intra-Antillean mobility” (Laffoon et al. 2013:759) and suggest
that these ratios may be useful for identifying foreigners in
the Caribbean. It is important to remember that most of the
inhabitants of La Isabela came from Spain and would not have
eaten Caribbean diets during their childhood.

In the Dominican Republic, the geology of the coastal region
is dominated by younger Pliocene and Quaternary limestone
with 87Sr/86Sr values between 0.707 and 0.7095. A total of 17
baseline samples from across the Dominican Republic averaged
0.70845 0.0007 and suggest a range between 0.707 and 0.7095
Table 2. Descriptive statistics for 87Sr/86Sr, d13C, and d18O
in human enamel from Spain
Statistic
 87Sr/86Sr
 d13C
 d18O
Average
 .7099
 211.0
 23.0

SD
 .0017
 2.9
 .7

Minimum
 .7067
 214.8
 25.9

Maximum
 .7159
 22.4
 22.2

Count
 77
 34
 34
Figure 5. Bar graph of ordered strontium isotope ratios for all samples from western Andalucía.
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for the island. Laffoon et al. (2013, 2017) report strontium, ox-
ygen, and carbon isotope ratios in human enamel from three
“Taíno-related” sites in the Dominican Republic. At El Flaco,
five human samples have 87Sr/86Sr mean 5 1 SD of 0.7075 5

0.0006; at El Cabo, at a somewhat higher elevation and more
inland, these values are 0.7092 5 0.0002 in three human
samples; and at Punta Macao, four 87Sr/86Sr samples averaged
0.7087 5 0.0006. El Flaco is situated in mountainous terrain
underlain by complexes of igneous and metamorphic deposits
(Donovan and Jackson 1994); El Cabo is located on a karstic
plateau of marine carbonates. The d13C values in human tooth
enamel from these sites were 212.1‰ 5 0.4‰, 212.8‰ 5
0.2‰, and 213.8‰ 5 0.80‰, respectively. The average oxy-
gen isotope ratio (enamel, Pee Dee Belemnite) at Punta Macao
was 22.45‰ 5 0.45‰.

Results of Isotopic Analyses

The results of the isotopic analyses are presented along with
sample descriptions in table 3. Samples were cleaned and
prepared for analysis using standard procedures detailed in the
supplemental material. We measured strontium, carbon, and
oxygen isotope ratios from bone apatite (np 27) and enamel
(np 21) specimens from the burials at La Isabela. In addition,
Table 3. Enamel samples and isotope results from La Isabela
LARCH no.
 Tooth
 Burial
 Age
 Sex
 87Sr/86Sr
 d13C (‰)
 d18O (‰)
F4965
 Upper LM1
 1/83
 22.5–27.5
 F
 .7180
 210.21
 23.72

F4966
 Upper LM1
 2a
 25–35
 M?
 .7077
 210.98
 23.21

F4967
 Upper LM1
 3
 22.5–30
 M
 .7089
 211.36
 23.09

F4968
 Lower LM1
 4
 35–55
 M
 .7086
 211.34
 22.95

F4969
 Molar
 7a
 Adult
 M
 .7083
 211.59
 23.68

F4970
 Lower LM1
 8
 15–20
 M?
 .7121
 211.76
 22.95

F4971
 Molar
 10
 25–35
 M
 .7092
 211.84
 23.30

F4972
 Molar
 11
 19–23
 M?
 .7097
 211.20
 22.79

F4973
 Molar
 13
 20–25
 M
 .7116
 211.72
 22.60

F4974
 Upper RM1
 14
 20–25
 M
 .7115
 213.52
 23.04

F4975
 Upper RM1
 16
 25–35
 M
 .7087
 211.74
 23.00

F4976
 Upper LM1
 18
 30–35
 M
 .7129
 211.19
 23.67

F4977
 Lower LM1
 19
 10–15
 M?
 .7081
 211.66
 24.40

F4978
 Lower LM1
 20
 30–35
 M
 .7092

F4979
 Upper RI1
 21a
 40–50
 M
 .7096
 214.15
 22.28

F4980
 Lower RM1
 22a
 18–20
 F
 .7089
 211.16
 22.37

F4981
 Upper LP4
 23
 16–20
 M?
 .7112
 211.94
 23.60

F4982
 Upper LM1
 25
 17–20
 M
 .7093
 211.74
 21.67

F4983
 Upper LM1
 27
 40–45
 M
 .7112
 28.70
 24.01

F4984
 Incisor
 29
 25–40
 M
 .7095
 210.76
 23.06

F5012
 Molar
 1a
 25–40
 M?
 .7104
 210.80
 23.50
Note. LARCHp Laboratory for Archaeological Chemistry; LMp left molar; RMp right molar; RIp right incisor; LPp left premolar; Fp female;
M p male.
Table 4. Collagen carbon and nitrogen isotope ratios from long bone
ID
 Sample
 Bone (mg)
 Collagen (mg)
 Yield (%)
 C (%)
 N (%)
 C/N
 d13C (‰)
 d15N (‰)
P4a
 Diaphysis femur
 203.50
 12.90
 6.34
 32.07
 9.36
 3.43
 216.63
 10.79

T1a
 Diaphysis fibula
 201.90
 13.40
 6.64
 28.36
 8.24
 3.44
 218.88
 9.73

T3
 Diaphysis long bone
 205.30
 9.00
 4.38
 22.67
 6.11
 3.71
 219.77
 9.11

T4
 Diaphysis femur
 203.10
 12.80
 6.30
 23.58
 6.79
 3.47
 217.48
 11.80

T10
 Diaphysis femur
 204.30
 10.10
 4.94
 29.05
 8.04
 3.61
 218.50
 11.85

T11
 Diaphysis long bone
 203.10
 8.50
 4.19
 24.68
 6.70
 3.68
 218.79
 10.94

T13
 Diaphysis femur
 205.30
 12.80
 6.23
 27.88
 8.06
 3.46
 217.52
 10.92

T16
 Diaphysis femur
 202.40
 13.70
 6.77
 25.02
 7.11
 3.52
 218.11
 11.90

T17A
 Diaphysis long bone
 201.60
 11.80
 5.85
 26.04
 7.36
 3.54
 218.58
 10.48

T18
 Diaphysis long bone
 205.50
 14.80
 7.20
 18.16
 5.13
 3.54
 218.59
 12.07

T21A
 Diaphysis radius/ulna
 203.60
 10.40
 5.11
 24.18
 6.63
 3.65
 217.10
 10.90

T22
 Diaphysis fibula
 204.10
 14.90
 7.30
 37.22
 11.17
 3.33
 219.06
 9.65

T25
 Diaphysis femur
 203.80
 9.90
 4.86
 26.36
 7.34
 3.59
 218.82
 9.35

T26
 Diaphysis long bone
 204.00
 10.80
 5.29
 29.89
 8.21
 3.64
 218.62
 11.25

T28
 Diaphysis long bone
 204.30
 12.30
 6.02
 29.65
 8.58
 3.46
 218.32
 10.27

T29
 Diaphysis long bone
 206.40
 12.90
 6.25
 28.86
 8.31
 3.47
 218.25
 10.89
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we measured carbon and nitrogen isotope ratios in bone col-
lagen from 16 human samples from La Isabela (table 4). Ta-
bles 5 and 6 present descriptive statistics for the five isotope
ratios measured in bone and tooth enamel from La Isabela.
There are two perspectives on these data in the following dis-
cussion—summary statistics tell us about group characteris-
tics, and deviant values distinguish individuals.
Collagen Carbon and Nitrogen

As previously noted, carbon and nitrogen isotope ratios in
human bone collagen reflect adult diets averaged over a period
of 10 years or more. In addition, studies have shown that
collagen is formed primarily from the protein that is consumed
and is thus biased toward that part of the diet (e.g., Ambrose
andNorr 1993). The collagen from the samples from La Isabela
was extracted from long bone samples and was analyzed using
standard procedures. Information on the 16 samples, analysis,
and results can be found in table 3. The individuals sampled
often differ in the collagen and apatite components of their
samples. The C∶N ratio for these samples generally falls within
or very close to the range of reliability of 2.9–3.6 (DeNiro 1985).
Potential problems with such data are considered in the sup-
plemental material for this article. The average collagen d13C
was218.3‰5 0.8‰, with a range from216.6‰ to219.8‰.
For collagen d15N, the mean was 10.7‰5 0.9‰, with a range
from 9.1‰ to 12.1‰. As noted above, the values from Gandía
were 217.2‰ 5 1.0‰ (215‰ to 218.7‰) for carbon and
10.3‰5 0.8‰ (8.8‰ to 12.0‰) for nitrogen (Alexander et al.
2015). These values are comparable, for the most part. Carbon
isotope ratios are slightly lower at La Isabela, suggesting per-
haps less seafood or C4 plants.

Krigbaum et al. (2013) provide a summary of light isotope
data for paleodiet in the Caribbean. One aspect of their study
was a summary plot of collagen carbon and nitrogen isotopes
from a series of archaeological sites. Figure 6 superimposes
d13C and d15N ratios of collagen from La Isabela over bar plots
of the mean and standard deviation for eight sites (from left
to right: Paso del Indio on Puerto Rico, Pestle 2010; Maisabel
on Puerto Rico, Stokes 2005; Tibes on Puerto Rico, Pestle
2010; Punta Caldelero on Puerto Rico, Pestle 2010; Tutu on
St. Thomas, Norr 2002; Anse a la Gourde on Guadeloupe,
Laffoon and de Vos 2011; Stokes 1998; Bahamas sites, Keegan
and DeNiro 1988).
The scatterplot of the values (fig. 6) is informative, with a
large cluster of samples between d13C 218‰ and 219‰ and
with five values outside that cluster, one lower in both carbon
and nitrogen and four with d13C values between 10.8‰ and
12.0‰. The one individual (burial 3) with lower values for
carbon and nitrogen likely consumed a more terrestrial diet
dominated by plants. The four individuals with higher colla-
gen d13C values (P4a, 4, 13, and 21a) likely had more of either
marine food or C4 plants in their diets. The higher nitrogen
values for most of the individuals at La Isabela probably imply
more meat or seafood in their diets. The fact that carbon
isotope ratios in the La Isabela samples are similar to those of
the four indigenous Caribbean groups with lower d13C suggests
that fish was not a major source of protein for the people
buried at La Isabela.

Another perspective on diet comes from comparison of d13C
ratios in collagen and apatite. Samples from long bones in
16 individuals from the La Isabela burials provided the colla-
gen and apatite for these data (table 3). Froehle et al. (2010)
argue that because collagen is constructed largely from in-
gested protein, it is necessary to look at both apatite and
collagen carbon isotope ratios to get a more complete picture of
the whole diet. Figure 7 uses a Kellner diagram (Kellner and
Schoeninger 2007) to plot d13C for apatite and collagen and
indicates that most of the diet comes from C3 and C4 plants.
Surprisingly, marine foods appear to play a very minor role in
the adult diets of these individuals.
Apatite Carbon

Information on childhood diet comes from d13C values in
tooth enamel that formed during childhood and remained
chemically unchanged. The 19 samples from La Isabela aver-
aged211.5‰5 1.1‰, slightly lower than the values reported
by Laffoon et al. (2017) for El Flaco, El Cabo, and Punta
Macao. This value is, however, very close to that of211.0‰5

2.9‰ recorded for the Spanish sample in this study. The dis-
tribution of d13C values on tooth enamel is generally normal,
skewed right, with several outliers (fig. 8). The majority of the
values (17 out of 20) fall between 210‰ and 212‰. There
is one value above 210.0‰ (burial 27, at 28.7‰) and two
values below 212‰ (burial 14, at 13.5‰, and burial 21a, at
214.2‰). These outliersmaywell be individuals whowere not
typical Spanish males.
Table 5. Descriptive statistics for d13C and d15N
in human collagen at La Isabela
Statistic
 d13C
 d15N
Mean
 218.31
 10.74

SD
 .79
 .93

Minimum
 219.77
 9.11

Maximum
 216.63
 12.07

Count
 16
 16
Table 6. Descriptive statistics for 87Sr/86Sr, d13C, and d18O
in human enamel at La Isabela
Statistic
 87Sr/86Sr
 d13C
 d18O
Mean
 .7102
 211.5
 23.1

SD
 .0023
 1.1
 .6

Minimum
 .7077
 214.1
 24.4

Maximum
 .7180
 28.7
 21.7

Count
 21
 19
 19
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Strontium Isotopes

Figure 9 is a bar graph of ordered 87Sr/86Sr values from La
Isabela. Bone values are open bars; bone and enamel samples
from the same individual are paired. Burial numbers are
provided along the X-axis. The bone samples are generally
homogeneous, with a mean of 0.70902 and a standard devi-
ation of 0.0002. The absence of variation suggests that bone is
contaminated, diagenetically altered by local strontium iso-
topes. Most of these individuals would not have been at the
site long enough for their bones to remodel to local values,
so this shift toward 0.709 probably reflects diagenesis rather
than biological remodeling. Bone 87Sr/86Sr values show a pro-
nounced trend toward 0.709, which is consistent with the local
baseline for 87Sr/86Sr values from the site of La Isabela. Only
two individuals, 3 and 20, have dental values close to this local
ratio. We may presume that other individuals are nonlocal,
and this might also include 3 and 20, as the 87Sr/86Sr values in
their enamel are not unique to this place.

Table 5 provides descriptive statistics for the enamel sam-
ples from La Isabela. Enamel samples are much more variable
(1 SDp 0.0023) than bone, with a higher mean (0.7102). The
range of 87Sr/86Sr values in human enamel at La Isabela is
between 0.7077 and 0.7180. The comparable values for 87Sr/
86Sr in the Spanish sample (humans and biological materials)
were 0.7099 5 0.0017. The 34 human-only samples from
Spain had a mean 87Sr/86Sr value of 0.71023 5 0.0018 and a
range from 0.7084 to 0.7160. The baseline 87Sr/86Sr range for
southern Spain is approximately 0.7080 and 0.7105 on the
basis of our study of 77 samples of human and faunal remains.

These 87Sr/86Sr values must be considered in the context of
locally available 87Sr/86Sr in the Dominican Republic and
elsewhere. The enamel values from La Isabela are informative
and suggest that a number of individuals in the sample have
ratios that are not known in the Dominican Republic. Spe-
cifically, values above 0.7095 are unlikely to have originated
locally. Burial 1/83 from La Isabela has a high 87Sr/86Sr ratio
that falls into the range for individuals in the Campeche cem-
eterymorphologically and isotopically believed to be of African
origin (Tiesler et al. 2010b). In a study of colonial-period burials
in the Mexican town of Campeche (Price et al. 2012), African-
born individuals were identified on the basis of high 87Sr/86Sr
above 0.712.
Figure 6. Scatterplot of d13C and d15N for 16 collagen samples
from La Isabela. The crosses mark means and 1 SD for values
at eight other locations in the Caribbean, described in the text.
PDB p Pee Dee Belemnite.
Figure 7. Kellner plot of carbonate and collagen d13C for 16 La Isabela burials. PDB p Pee Dee Belemnite.
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There are 12 values from our study in Spain that show a
range from 0.7085 to 0.7159. Thus, while most of the indi-
viduals buried at La Isabela could have come from Spain,
burial 1/83 appears outside the known range for Iberia as
well. This individual was a female who died in her mid-20s.
She could well be from West or Central Africa, where ancient
cratons (an old and stable part of the continental lithosphere
made up of ancient crystalline basement rock) have unusually
high 87Sr/86Sr values. There are other places where such values
could also be found, such as the Scandinavian Peninsula,
Greenland, or India. Unfortunately, aDNA analyses of the re-
mains have so far been unable to confirm these results because
of poor preservation.

In addition, there are seven individuals with enamel 87Sr/
86Sr values higher than 0.710, ratios not found in the Do-
minican Republic, who are also likely to be nonlocal. Inter-
estingly, these values are also outside the range of many of the
samples from Andalucía. These burials include 13, 14, 18, 19,
23, and 27. Many or all of the other individuals also fit in the
range for Andalucía and could, therefore, also be from Spain.
However, since their ratios also fall within the range found in
the Dominican Republic, we cannot identify their origins on
the basis of the available data.
Oxygen Isotopes

The oxygen isotope values from La Isabela generally fall
within the same range as the human enamel samples from Spain.
The mean 5 1 SD for enamel d18O at La Isabela is 23.1‰ 5

0.6‰, while the same statistics from the Spanish sample are
23.0‰ 5 0.7‰. These values are very similar and are, there-
fore, consistent with an origin in Spain. However, it is important
to remember that oxygen isotope ratios are similar over broad
areas of the Atlantic rim. The average enamel d18O reported from
Figure 8. Histogram of d13C in 19 human enamel samples at La Isabela.
Figure 9. Bar graph of strontium isotope values in bone (open bars) and enamel in rank order. Conjoined bars are from the same
individual. Burial numbers identify the samples.
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the prehistoric Dominican Republic is around22.5‰ (Laffoon
et al. 2013). Oxygen isotopes exhibit little variation in our sam-
ple. Figure 10 is a histogram of oxygen values in human enamel
at La Isabela. There are three outliers; individuals 27, 19, and 25
are outside the ninetieth-percentile range, and burial 25 is sim-
ilarly anomalous in its carbon isotope ratio. Burial 25 is a young
adult male with symptoms of scurvy.

Figure 11 shows a scatterplot of 87Sr/86Sr versus d18O for
the individuals from La Isabela and from Spain. The La
Isabela samples are somewhat more diverse than the Spanish
set and have the highest values for both 87Sr/86Sr (burial 1, at
0.718) and d18O (burial 25, at 21.7‰). One value from Spain
appears to be aberrant, with the lowest d18O in the group near
26.0‰.

It is important to remember that carbon and oxygen iso-
topes in tooth enamel are proxies of childhood conditions.
Carbon isotope ratios for the samples reflect a diet with only
a small amount of or no C4 plants. It is noteworthy that burial
27 has heavier d13C, suggesting a more mixed diet, and that
burial 1 is 0.6‰ heavier than the next-highest d13C measure-
ment among the La Isabela individuals. This is the individual
with the highest 87Sr/86Sr ratio.

Figure 12 provides some comparative information using
87Sr/86Sr and d13C in tooth enamel. Data come from three
sources: La Isabela (red), Campeche (blue), and Spain (green).
The Campeche values sort into a tight group in the lower right
of the plot that represents locally born individuals consum-
ing a local diet of maize as well as into a more widely spread
group with higher 87Sr/86Sr and diverse d13C reflecting non-
local individuals, largely Africans, with a wide range of diets.
The cluster of La Isabela individuals in the lower left of the
graph reflects a childhood diet lacking C4 plants, quite distinct
from the Campeche maize eaters. The distribution of 87Sr/86Sr
at La Isabela is significantly higher and more variable than
that of the local group at Campeche. The carbon isotope ratios
from Spain indicate a wider range of different diets, and
generally diverse strontium isotope values indicate a variety of
places of origin. More baseline data from the Dominican
Republic and Spain are needed to improve our knowledge of
variation in these areas.

Perhaps most interesting is a plot of 87Sr/86Sr and d18O
(fig. 13). There are four groups of points in this plot. Two of
these groups have a single member; burial 1 continues to ex-
hibit values that are distinct from those of the other individ-
uals buried at La Isabela. Burial 19 exhibits a very low oxygen
isotope ratio and one of the lowest strontium isotope ratios.
Burial 25 may belong in the large group as shown, but it has
the highest d18O value among the samples. There are two
groups with a number of members that are distinguished by
their strontium isotope ratios and that have generally similar
oxygen isotope ratios. These individuals were likely the sailors
on Columbus’s second voyage, unfortunate persons who died
within the four-year period that La Isabela was inhabited. The
individuals with higher levels of 87Sr/86Sr were probably born
outside Spain.

Discussion and Conclusions

Only some of the original goals of our study were realized. As
noted above, our hopes of identifying the hometowns of some
of the sailors were overly optimistic given the variation in
strontium isotope ratios in Andalucía and throughout Spain.
Similar values are found inmany places. Higher 87Sr/86Sr values
are generally found at higher elevations in southern Spain, but
this information is not sufficient to allow us to confidently
identify specific places of origin. From the historic documents,
it appears that the great majority of the sailors came from Ex-
tremadura and, especially, Andalucía. The listed crewmembers
defy any simplification of provenience, however, given that a
socially driven north-south migration of Iberian populations
was at its peak during the last years of the fifteenth century.
The young men in the age profiles documented in our study
Figure 10. Histogram of d18O in 19 human enamel samples at La
Isabela. f p frequency.
Figure 11. Scatterplot of 87Sr/86Sr versus d18O in human enamel
samples from Spain and La Isabela.
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(17–20 years) were the ones on themove. Apart from this trend,
we may certainly add to this the population replacement from
Galicia and other Iberian territories after the Spanish conquest
of the southern Spanish town of Granada in 1492 and the
consequent expulsion of the Moors.

Apart from methodological limitations and the historical
conditions prevailing in the Spanish homelands during the
1490s, there is one further point regarding the arrival of the
second mission. We are unable to distinguish between the bur-
ied crew members who originally came with the first fleet of
Columbus’s second voyage and those who followed during the
supply visits that ensued over the next four years. A number of
the original crew members are reported to have pleaded for
their return almost immediately after encountering the diffi-
cult settlement conditions. More than 300 people were alleg-
edly shipped back. Throughout the duration of the settlement,
the Spaniards suffered hunger, hardship, disease, and severely
deteriorated hygienic conditions (Livi Bacci 2006:143). One
specific condition that troubled the settlers was mal de bubas
(venereal syphilis). This was an already-endemic “Taíno” in-
fection that turned severe and lethal for the immunologically
unprotected European newcomers.

It should be noted that the evidence from the individuals
recovered at the site did not show any sign of the skeletal stage
of treponemal infection (i.e., tertiary syphilis). If the settlers
who died at La Isabela had indeed contracted venereal infec-
tions, the pathogen did not develop into its tertiary stage. On
the contrary, those who might have suffered from tertiary
infection left the site before death and were perhaps buried
elsewhere.

We have discovered several new things and confirmed others
regarding the crew members and their time at La Isabela. Most
of the individuals buried in the cemetery at La Isabela were
from Spain and were likely members of Columbus’s second
expedition to the New World. However, a number of individ-
uals from the cemetery were different from the majority in
various ways. It is likely that not all of the sailors were from
Andalucía or even Spain. There are seven 87Sr/86Sr values that
are not found in Spain. The sailors on the second voyage whom
we examined appear to have come from a number of different
places. Some of this information is present in the crew lists, but
there appear to be more diverse origins indicated by the isotope
data (see supplemental material).

The isotope values showed distinctions for a number of
individuals: 1/83 (unusually high 87Sr/86Sr), 3 (low d13Ccol and
d15Ncol; 87Sr/86Sr is very similar in both tooth and bone), 4a
(higher d13Ccol), 4 (higher d13Ccol), 13 (higher d13Ccol; higher
87Sr/86Sr), 14 (lower d13Cen; higher 87Sr/86Sr), 18 (higher 87Sr/
86Sr), 19 (higher d18Oen; higher 87Sr/86Sr), 20 (87Sr/86Sr is very
similar in both tooth and bone), 21a (higher d13Ccol), 23
(higher 87Sr/86Sr; higher d18Oen), 25 (higher d18Oen), and 27
(higher 87Sr/86Sr; higher d13Cen; lower d18Oen). These individ-
uals are distinct in various ways and should receive further
attention in future studies.

In particular, burial 1/83 was distinct and had a much higher
enamel 87Sr/86Sr value than any other sample. This female could
well be of African origin given the high 87Sr/86Sr and relatively
low d18O values. The original crew lists did not record an Af-
rican female on board the ships. It must also be noted that the
identification of this African individual at La Isabela must be
regarded as tentative, as other places of birth are possible.

There were also apparently other unlisted women on the
ships as well. The identification of European females among
the dead indicates that the settlement population probably
included more than the few listed women. Together with the
recorded infants, these women may represent the initial at-
tempts by the newcomers to colonize the new lands by in-
creasing the number of Europeans. Some of these women may
well have come to the colony on later supply ships. Recall that
La Isabela was intended as an important European settlement.

There were also some contradictions in the data that we
collected. There were individuals indicated as unusual by
Figure 13. Scatterplot of 87Sr/86Sr and d18O for 19 samples of
human enamel from La Isabela.
Figure 12. Scatterplot of strontium versus carbon isotope ratios
in tooth enamel. Red represents La Isabela, green represents
Spain, and blue represents Campeche Cemetery.
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dental morphology who did not always appear so from an
isotopic perspective. Because of the ubiquity of low strontium
isotope ratios in Spain and the Dominican Republic, it was
difficult to distinguish the homelands of some nonlocal and
local individuals. Nonetheless, we cannot rule out that the
people with “unusual” dental morphologies grew up in Spain
and not on the African continent, which would explain the
contradiction between dental morphology and isotopes. The
osteological analysis provided some of the most reliable in-
formation, particularly in terms of the identification of the
“Taíno” woman on the basis of the evidence of head shape. A
native “Taíno” woman appears to have been buried in or near
the house of Columbus but in a deeper layer. The ethnic evi-
dence came from the cultural practice of head shaping (Chia-
relli and Luna Calderón 1987). The 1987 report did not make
clear where the burial was unearthed (it is mentioned only as
“near the church” [Chiarelli and Luna Calderón 1987:206]) or
whether it was part of the local “Taíno” cemetery that is known
to have existed in a southern corner of the site. The identifi-
cation of a local female suggests that at least some of the
relationships between the Columbus crew and the local natives
were friendly.

The historical context of the skeletal series under study,
specifically as Columbus’s historic second NewWorld voyage,
demands further inquiry that goes beyond sheer geographic
provenience and diet. Further questions invite reflection on
this decisive moment of continental encounters. One involves
the maladaptation of this diverse group to the new cultural,
climatic, and dietary environment at La Hispaniola and their
frail health on arrival, as suggested by the lesions from chronic
scurvy (vitamin C deprivation) displayed by most of the in-
dividuals in our skeletal series (Tiesler et al. 2016). Others
concern the potential evidence for venereal syphilis, which we
could not discern in the skeletons either because this condi-
tion was not prevalent or because it did not have the time to
evolve the skeletal markers that tertiary syphilis leaves after
years or decades of pathological evolution.

In the context of subsistence, clinging to old food habits
likely proved disadvantageous and led to severe episodes of
hunger and food shortages among the settlers despite the
readily available supplies from the Caribbean Sea and the lush
landscape. The severe suffering is shown, for instance, by the
repetitive requests for food supplies that were sent from La
Isabela to the Spanish crown in 1494. Interestingly, the settlers
asked for an assortment of uniquely Mediterranean resources
(Deagan and Cruxent 2002a, 2002b).

Most likely, this lack of dietary adaptation contributed to
the failure of the initial Spanish enterprise of settling the
Americas at La Isabela. This pioneer European settlement was
abandoned for good only after four devastating years of suf-
fering, despair, and death, to be replaced by the new settlement
at Santo Domingo on the south side of La Hispaniola. This
time, the Europeans were more successful. The island’s native
population suffered much worse from the collision of two
worlds. They were largely exterminated by violence, hunger,
and disease after only a few generations following contact with
Columbus and his crew.
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M. Anne Katzenberg
Department of Anthropology and Archaeology, University of
Calgary, 2500 University Drive NW, Calgary, Alberta T2N 1N4,
Canada (katzenbe@ucalgary.ca). 30 VII 19

This distinguished group of scholars presents a complex anal-
ysis of human remains from a site of great historical interest.
Their contribution is important for what can be said about early
attempts to colonize the NewWorld as well as for revealing the
limitations of bone chemistry for identifying local and nonlocal
individuals. My comments will touch on three aspects of the
study: early settlement in the Americas, bone chemistry, and the
contributions of bioarchaeology to historic contexts.

While La Isabela is identified as the first European town in
the New World, it is not the earliest settlement or outpost in
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the New World. That distinction belongs to L’Anse aux Mead-
ows in present-day Newfoundland. The Norse established this
site at least as early as AD 1000, and it was occupied for at
least 10 years (Wallace 2009). However, the Norse expeditions,
which may have lasted one or two years, did not result in
a permanent settlement, and the number of ships present at
any time was probably only one or two. Wallace (2003) esti-
mates that the settlement could accommodate between 84 and
100 people. This pales in comparison with the 17 ships of
Columbus’s second voyage that came to establish La Isabela.
Despite the differences between these two sites, there are some
important points of similarity. Norse voyages included a few
women and sometimes slaves (Wallace 2003). In both cases, the
newcomers experienced hostility from the indigenous popu-
lation, and in both cases, there was little or no attempt to adapt
to local food sources (this is more clearly demonstrated for
the Norse settlements in Greenland, which served as the base
for travel to Vinland). Adapting to locally available foods, of
course, requires individuals to have the freedom to explore their
surroundings, which is risky if the indigenous population is
not welcoming. In his popular book Collapse, Diamond (2005)
cites local hostility and failure to adapt to local circumstances as
two common reasons for the failure of societies to succeed.

The bone chemistry data and the interpretations are ex-
emplary in several aspects. People should be either clearly
local or clearly nonlocal given the short life of the town.
While it would be ideal if strontium isotopes in bone reflected
the local environment during the last 10 or so years of life,
this is rarely the case for buried bones. These authors rightly
identify the homogeneous strontium isotope ratios in bone as
evidence for diagenesis since they reflect local background
ratios. This is a particularly good sample for such a conclusion
since foreign individuals could have been there for four years
at most and therefore would have been unlikely to register a
local shift in their bone mineral as a result of adapting to
the local diet with local strontium isotope ratios during that
short time. Furthermore, if they continued to rely on foods
from Spain, incorporation of local isotope signatures would
be dampened. The strontium isotope ratios in tooth enamel
are consistent with expectations of Spanish origin for most in-
dividuals. As James Burton has pointed out, bone mineral
serves as a reserve of calcium and phosphorus for the body that
can be mobilized when needed and stored when not needed
(Burton and Katzenberg 2018). It is poorly crystalline and
soluble for this reason. Tooth enamel is formed early in life and
must last a lifetime, so it is highly mineralized and much less
soluble.

The isotope data support the hypothesis that most indi-
viduals are from Spain, and the authors acknowledge the
limitations of isotopic studies since there are also other places
that would have similar isotopic signatures. A common limi-
tation with strontium isotope data is the universal isotope ratio
of seawater and therefore the homogeneity of strontium iso-
tope ratios in individuals consuming seafood. In the present
study, the addition of stable carbon and nitrogen isotope data
provides evidence for the importance of marine foods in the
diet, making it possible to evaluate the influence of marine
foods on human strontium isotope ratios.

Another interesting aspect of this study is the value of bio-
archaeological analyses in concert with other archaeological and
historic sources of information. The presence of women and
infants and evidence for disease would not have been known
from historical sources. Scurvy would not be unexpected, but
finding skeletal evidence when it is expected adds confirma-
tion both to expectations and to the skeletal evidence for the
disease. This information also provides support for the reasons
for the failure of the town to survive. It is remarkable that so
much could be built in such a short time (walled town, plaza,
large stone buildings, and a church); however, it seems that
people were not engaged in subsistence tasks but attempted to
rely on food from Spain. As the authors conclude, the combi-
nation of stresses from the voyage, unfamiliar food, and the
failure to adapt must all have been factors in the failure of the
town to survive.
William F. Keegan
Florida Museum of Natural History, PO Box 117800, University of
Florida,Gainesville, Florida 32611,USA (keegan@flmnh.ufl.edu). 10VII 19

“Home Is the Sailor” provides fascinating new evidence re-
garding the individuals from Spain (and elsewhere) who par-
ticipated in the failed first attempt to colonize the Americas. It is
also worth remembering that how the story is told is as im-
portant as the details. Samuel Eliot Morison (1942) called it the
“Grand Fleet”: 17 ships, 1,200–1,500 men, horses, pigs, mules,
cattle, chickens, sheep, goats, dogs, cats, rats (as stowaways),
wheat seed, grapevine cuttings, chickpeas, melons, olives, fruit
stones, onions, lettuce, radishes, and sugarcane (from the Ca-
nary Islands). They brought everything needed to recreate their
Iberian homeland—everything, that is, except for women. It
was not until his third voyage, in 1498, that Columbus was
allowed to recruit one woman for every 10 colonists. Price and
colleagues demonstrate that this was not completely true.

The identification of non-Native women in the cemetery at
La Isabela provides important confirmation for what was
previously suspected about women participating in the voy-
age. It also highlights the significance of Native women in the
eventual success of the Spanish enterprise. Kathleen Deagan
(2004) presented evidence from the “Taíno” community of
En Bas Saline, Haiti, that documents their importance. Ar-
chaeological evidence from what may be the location of La
Navidad, Columbus’s first foothold on Hispaniola, shows that
European materials, with the exception of pigs and rats, had
virtually no impact on Native lifeways. Of far greater sig-
nificance were the contributions by Native women of ceramic
production and food preparation, especially cassava bread, to
the Spanish. The fact that Spanish practices were more sig-
nificantly impacted than Native practices runs counter to the
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conventional wisdom regarding contact situations and accul-
turation.We know that at least one cacique, Guacanagarí, allied
himself with Columbus and even sent warriors on the entrada
that marched on the Vega Real from La Isabela in March 1494
(Keegan 2007). However, I question their statement that “the
identification of a local female suggests that at least some of the
relationships between the Columbus crew and the local natives
were friendly.” This woman was buried “in or near the house of
Columbus.” Why was she not returned to the community of
her clan for burial (see Ensor et al. 2017; Keegan 2009)? Was
this a friendly relationship, or were the Spanish trying to hide
the body?

The Spanish cemetery at La Isabela provides an important
complement to the encomienda cemetery at El Chorro de
Maíta, Cuba, dated to the mid-fifteenth to seventeenth cen-
turies (Valcárcel Rojas 2016). In addition to Native burials, the
cemetery contains at least one person of African origin, one
possible mestizo, and a Native woman of Mexican ancestry.
The study highlights not only the presence of people from
foreign lands but also the high degree of intraisland mobility.
Among the Native burials, 66 were identified as “local” and 22
as “nonlocal” based on strontium isotopes. Unfortunately, the
geographical distribution of strontium isotopes is such that
points of origin often are difficult to specify. Moreover, the
authors contend that “most of these individuals would not
have been at the site long enough for their bones to remodel to
local values.” However, two hutias (Geocapromys ingrahami),
small endemic rodents, that were transported live from the
Bahamas to the Florida Museum of Natural History had re-
modeled to Gainesville strontium values after only three years
(LeFebvre et al. 2019).

The article is also an excellent reminder that death was the
first element of the Columbian exchange (Crosby 2003). Many
of the Spaniards who sailed on the voyage were sick and, as the
article demonstrates, soon died. When Columbus returned to
La Isabela after the entrada (a spectacle of “troops march-
ing in file with banners flying to the sound of drumbeats and
trumpets” [Deagan and Cruxent 2002a:7]), another epidemic
had killed most of those who remained behind, and fire had
destroyed two-thirds of the wood-and-thatch houses where
the men were living. There likely were multiple reasons for
their deaths, but such high mortality among relatively young
men begs the question. Tracing the origins of the majority of
the burials to Andalucía provides an important starting point
for investigating the introduction of Old World diseases to the
Americas.

An inadequate supply of food was a contributing factor.
Columbus quickly realized that the Native communities in the
vicinity of La Isabela could not support his colony of 1,200men
(Keegan 2007), especially when each Spaniard ate more in a
day than the Natives did in a month (Morison 1942; Sauer
1966)! Traditional societies tend to view time as cyclical. Even
in the tropics, the seasons change from wet to dry, and par-
ticular activities are timed to coincide with particular seasons.
Farms produced only enough food to meet the needs of the
family, ceremonial obligations, and seed for the next crop.
The only surplus production was a small hedge against un-
certainty. In sum, there was not enough of a local surplus to
feed voracious Spaniards. Increasing Native production was
constrained by seasonal agricultural cycles, and any harvest
from cultivated imported grains would take months.

A Spanish soldier stationed in St. Augustine described
similar rations as “herbs, fish, scum, and other vermin” (Scarry
and Reitz 1990). After only four days at La Isabela, Columbus
sent Alonso de Hojeda and 50 men into the interior to live
off the hospitality of Native communities. This was followed
quickly by the entrada, which was conceived in part as a way to
accustom his men to local foods. Unfortunately, stable isotope
analysis cannot detect such immediate impacts on diet. It is
worth noting that the reservoir effect calculated by comparing
a sample of textile and a sample of human collagen suggested
that, at least among the local inhabitants, marine foods made
up about 20% 5 9% of the diet at El Chorro de Maíta (Val-
cárcel Rojas 2016:193).

“Home Is the Sailor” is a landmark study. It provides a
unique view into the earliest years of life and death at the first
European colony and a solid foundation for further investi-
gation of Spanish America.
Kelly J. Knudson
Center for Bioarchaeological Research, School of Human Evolution
and Social Change, Arizona State University, PO Box 872402, Tempe,
Arizona 85287-2402, USA (kelly.knudson@asu.edu). 10 VII 19

Price et al. have contributed an excellent study that combines
bioarchaeological and biogeochemical data from individuals
buried at the site of La Isabela. Located in what is now the
Dominican Republic and founded in 1494, La Isabela was the
first European town established in the Americas, and seafarers
from Columbus’s second voyage to the Americas were buried
there. By using multiple lines of archaeological and historical
evidence, the authors identified the diverse origins of the sea-
farers who participated in Columbus’s second voyage, includ-
ing women and people of African descent, and elucidated the
paleodiet at La Isabela.

One major strength of this study is its ability to shed light
on individuals often left out of historical narratives, particu-
larly women, children, and people of color. Compared with
archaeological sites without written records, the voyages of
Columbus would seem well documented. However, this study
identified females with European morphological features who
were not listed on the crew lists. In addition, because geo-
graphic origins and paleodiet are reconstructed, the lives of all
the individuals included in this study are better understood.

Another strength of this study is its contextualized and
conservative use of isotopes for human proveniencing. I am
often skeptical of the utility of isotopic indicators in uncriti-
cally determining human provenience, given the complexity of
isotopic mixing, and in determining strontium and oxygen
sources in the diets of people who lived in the past. In this case,
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however, the authors use a number of different lines of evi-
dence to convincingly infer the geographic origins of the in-
dividuals buried at La Isabela. The authors base their isotopic
comparisons on numerous baseline values from both Spain
and the Americas, as described in the supplemental material.
The authors state that they had originally hoped to identify
seafarers’ hometowns using a combination of the crew lists,
which listed the origins of the seafarers on Columbus’s second
voyage, and isotopic data. However, they found that the iso-
topic variability of radiogenic strontium isotope values in
Spain and the lack of oxygen isotope variability in the study
areas made this initial study goal difficult to realize. I found
the authors’ honesty and transparency refreshing and appre-
ciate their appropriately conservative interpretations of their
isotopic data.

Finally, the lack of dietary adaptation among the European
colonizers described by the authors was striking. The historical
documents describing the repeated requests for provisions
from Spain as well as the isotopic data (which showed very
little consumption of marine resources despite the coastal lo-
cation of La Isabela) all support the authors’ conclusion that
dietary maladaptation and inflexibility contributed to the
abandonment of La Isabela. I agree that future work that delves
into the complexity of dietary choices and their impacts on
health and disease—and vice versa—at La Isabela will be a
fruitful area for future research. I also look forward to possible
future work on breastfeeding and weaning behaviors at La
Isabela. Dietary choices and their impacts on the infants and
children who were born and died at La Isabela during its short
four-year existence as a settlement will continue to elucidate
the lives of individuals sometimes ignored in our studies of
the past and could help unravel the impacts of health and
disease on the ultimate failure of La Isabela as a colony.

In conclusion, this study is an excellent example of how to
use multiple lines of evidence, including historical documents,
osteological analyses, and isotopic analyses, to better under-
stand a controversial and complex period in the history of the
Americas and of European colonization. It serves as a model
for sophisticated contextual analysis of archaeological human
remains using both bioarchaeology and biogeochemistry.
Jason E. Laffoon
Faculty of Archaeology, Leiden University, Einsteinweg 2, 2333 CC,
Leiden, The Netherlands (j.e.laffoon@arch.leidenuniv.nl). 29 VII 19

In this interdisciplinary investigation, Price and colleagues suc-
cessfully combine osteological and isotopic analyses to shed
new light on the origins and diets of the inhabitants of La
Isabela, the first European settlement in the New World. This
study leverages the interpretive insights provided by combin-
ing osteological data with multiple isotope proxies (strontium,
oxygen, carbon, and nitrogen) obtained from different skele-
tal tissues (enamel and bone). The overall approach is similar
to that of a previous comprehensive study of the burial popu-
lation from Campeche, Mexico, conducted by Price and col-
leagues (2012), and it makes a substantive contribution to
the growing corpus of isotopic studies of colonial-era skeletal
populations in the Americas (e.g., Bastos et al. 2016; Goodman
et al. 2004; Schroeder et al. 2009, 2014; Valcárcel Rojas et al.
2011). This integrated bioarchaeological approach applied to
the La Isabela population provides fascinating new insights
into this ill-fated settlement, which was occupied for only four
years, and yet it provides a unique glimpse into the lifeways
and intercultural interactions at the very onset of the European
conquest and colonization of the Americas.

The results of the osteological analysis indicate that these
early settlers were much more diverse than previously realized
and were not only exclusively European or just males but also
females, infants, and possibly individuals of both indigenous
Caribbean and African ancestry. The overall strength of the
approach is well demonstrated when these results are com-
bined with the results of the biochemical (isotopic) analysis. In
terms of investigating natal origins, the strontium isotope data
are clearly themost informative, and comparisons with human
and bioavailable strontium isotope variation from Hispaniola
and Spain indicate that a significant portion of the population
likely originated from Spain, as expected. A particularly fas-
cinating result is the identification of several individuals of
possible African ancestry, including one female whose stron-
tium isotope signal was higher than the maximum values as-
sociated with Spain (or the Caribbean) but is consistent with
African origins. Interestingly, the analysis identified the pres-
ence of four adult females at La Isabela, including European
females, one indigenous “Taíno,” and two possibly African
females. This finding is most unexpected and clearly highlights
the type of highly detailed information that can be obtained
from well-integrated multidisciplinary studies.

The isotopic results pertaining to dietary patterns revealed
that, while seafood was not a major dietary component, C4

plants might have represented a significant food resource. The
bone collagen reflects long-term dietary intake (presumably in
Spain for most individuals), and, owing to the site’s very brief
occupation, there was insufficient time for their bone isotope
values to reflect local consumption patterns. The absence of a
major seafood contribution to their diets is interesting and
suggests that the settlers not only had quite terrestrially ori-
ented diets but also may not have originated from coastal lo-
cations. Additionally, since the enamel carbon isotope values
reflect childhood dietary inputs, and these are slightly elevated
relative to a pure C3 diet, this suggests that the settlers may
have regularly consumed C4 plants, such as millet and sor-
ghum, in their Spanish homelands.

The overall results indicating diverse geographic origins
and ancestry for the La Isabela inhabitants represent another
parallel with both the Campeche population and studies in the
Caribbean illustrating that early colonial-era populations were
demographically and ethnically diverse. For example, a com-
bined biochemical and bioarchaeological investigation of the
sixteenth-century cemetery population fromEl Chorro deMaíta,
Cuba, revealed that, while the vast majority of the population
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was composed of indigenous Caribbean people (often popu-
larly referred to as “Taíno”), individuals of African and Mayan
origins and of both European and mixed ancestry were also
present (Laffoon et al. 2013; Valcárcel Rojas et al. 2011).

The La Isabela study clearly demonstrates not only the po-
tential of these methods but also some of their limitations. As is
often the case with isotope studies, it was not possible to de-
termine individual origins within the Iberian Peninsula very
precisely, and for a substantial portion of the population, it was
not possible to distinguish between Caribbean and Spanish
origins owing to a large overlap in the ranges of multiple iso-
tope systems. Furthermore, the authors report that isotopic
investigation of the “Taíno” female was not possible. This is
unfortunate, and, in combination with the lack of secure in-
formation on the burial context, it raises many questions about
her origins and how she came to be buried at the site: Was she a
member of a nearby local indigenous community, or did she
originate from elsewhere in the Caribbean and was perhaps
brought to La Isabela by the Spanish?

Several other unanswered questions can potentially be ad-
dressed by future research. For example, does the presence of
juveniles in the burial assemblage indicate that children also
participated in Columbus’s second voyage or perhaps were
among later arrivals of additional settlers? Alternatively, given
the presence of both European and non-European females at
the site, do the infants at La Isabela represent the first people of
European ancestry born in the Americas, or do they perhaps
possess mixed ancestry? Given recent advances in genomic
analyses of Caribbean skeletal remains (Schroeder et al. 2015,
2018), it may be possible to address some of these questions in
the future. Other isotopic proxies such as sulfur that have been
effectively employed in bioarchaeological research to investi-
gate origins (Nehlich 2015) could also potentially contribute to
identifying the origins of La Isabela’s inhabitants. Last, the
determination of geographic origins on the basis of isotope
results remains a difficult endeavor even when large empirical
databases of baseline isotope measurements are available, such
as for the Caribbean and Spain, and it is even more so for
Africa, where such data sets have yet to be generated. However,
recent progress in the development of large-scale isoscapes
(isotopic landscapes) using increasingly accurate predictive spa-
tial modeling (Bataille et al. 2018) offers enormous potential
promise for improving the capacity to assess geographic origins
(Laffoon et al. 2017). Hopefully, the continued development
of these isoscapes at multiple scales will one day permit more
precise determination of the origins of La Isabela’s inhabitants.
Reply

Wewould like to thank the four colleagues who commented on
our study for their kind remarks and useful information, in-
cluding new references. M. Anne Katzenberg is certainly cor-
rect that the Vikings in Newfoundland were in North America
almost 500 years before Columbus. Not disputed. We are con-
cerned with the first European town in North America, un-
questionably founded by Columbus in 1494. The comparisons
between the two places are striking: hostile natives and a failure
to adapt to local circumstances—and important lessons. As is
her reiteration of the limitations of isotopic studies of human
mobility.

William F. Keegan highlights the role of women, as both
passengers on the ships from Spain and local natives, as a
small but important part of the settlement at La Isabela. His
comments about the absence of surplus production among the
natives seem particularly cogent. He also notes in an important
observation that tracing the origins of the majority of the
burials to Andalucía provides an important starting point for
investigating the introduction of Old World diseases to the
Americas. Keegan points out additional historical details of
great interest that also emphasize that many historical events
recorded in documents need to be ground truthed by archae-
ology, as noted by Kelly J. Knudson. Keegan should be aware
that rates of bone turnover vary with the size and life expec-
tancy of different species.

Knudson notes that the reconstruction of geographic ori-
gins and paleodiet provides a better understanding of the lives
of all the individuals included in this study and that the lack
of dietary adaptation in the European colonizers was striking.
She kindly describes our study as a model for the sophisticated
contextual analysis of archaeological human remains using
both bioarchaeology and biogeochemistry.

Jason E. Laffoon had a number of useful comments. The
absence of a major seafood contribution to their diet suggests
that the sailors not only had terrestrial diets but also probably
did not originate from coastal locations. Lafoon notes another
parallel, in this case with other Spanish colonial contexts such
as Campeche and elsewhere in the Caribbean documenting
early colonial-era populations as demographically and ethni-
cally diverse. We shared his hope that genomic analyses would
provide additional information on the lives of the inhabitants
of La Isabela, and we were very disappointed to learn of the
absence of protein preservation in most of the remains.

In conclusion, we would like to express our appreciation to
the reviewers and commenters for their positive acceptance of
our study and for the additional information they have pro-
vided. Their participation has undoubtedly improved our un-
derstanding of La Isabela and is a shining example of collab-
oration in science and bioarchaeology.
—T. Douglas Price, Vera Tiesler, Pilar Zabala, Alfredo Coppa,

Carolyn Freiwald, Hannes Schroeder, and Andrea Cucina

References Cited

Alexander, Michelle M., Christopher M. Gerrard, Alejandra Gutierrez, and
Andrew R. Millard. 2015. Diet, society, and economy in late medieval
Spain: stable isotope evidence from Muslims and Christians from Gandía,
Valencia. American Journal of Physical Anthropology 156(2):263–273.



Price et al. Home Is the Sailor 601
Ambrose, Stanley H., and Lynette Norr. 1993. Experimental evidence for the
relationship of the carbon isotope ratios of whole diet and dietary protein
to those of bone collagen and carbonate. In Prehistoric human bone: ar-
chaeology at the molecular level. Joseph B. Lambert and Gisela Grupe, eds.
Pp. 1–37. New York: Springer.

Bastos, Murilo Q. R., Ricardo V. Santos, Sheila M. F. M. de Souza, Claudia
Rodrigues-Carvalho, Robert H. Tykot, Della C. Cook, and Roberto V.
Santos. 2016. Isotopic study of geographic origins and diet of enslaved
Africans buried in two Brazilian cemeteries. Journal of Archaeological Sci-
ence 70:82–90. [JEL]

Bataille, Clement P., Isabella C. C. von Holstein, Jason E. Laffoon, Malte
Willmes, Xiao-Ming Liu, and Gareth R. Davies. 2018. A bioavailable stron-
tium isoscape for western Europe: a machine learning approach. PloS ONE
13(5):e0197386. [JEL]

Benzo de Ferrer, Vilma. 2000. Pasajeros a la Española, 1492–1530. Santo
Domingo: Amigo del Hogar.

Boldsen, Jesper L., George R. Milner, Lyle W. Konigsberg, and James W.
Wood. 2002. Transition analysis: a new method for estimating age from
skeletons. In Paleodemography. Robert D. Hoppa and James W. Vaupel,
eds. Pp. 73–106. Cambridge: Cambridge University Press.

Boscolo, A. 1987. Christopher Columbus and La Isabela. International Journal
of Anthropology 2(3):211–214.

Bowen, Gabriel J. 2014. The online isotopes in precipitation calculator, ver-
sion X.X. http://www.waterisotopes.org.

Brooks, Stuart, and Judy M. Suchey. 1990. Skeletal age determination based
on the os pubis: a comparison of the Acasádi-Nemeskéri and Suchey-
Brooks methods. Human Evolution 5(3):227–238.

Buikstra, Jane E., and Douglas H. Ubelaker. 1994. Standards for data collection
from human skeletal remains. Research Series 44. Fayetteville: Arkansas
Archaeological Survey.

Burton, J., and M. A. Katzenberg. 2018. Strontium isotopes and the chemis-
try of bones and teeth. In Biological anthropology of the human skeleton.
3rd edition. M. A. Katzenberg and A. L. Grauer, eds. Pp. 505–514. Hoboken,
NJ: Wiley Blackwell. [MAK]

Chiarelli, B., and F. Luna Calderón. 1987. The excavations of La Isabela, the
first European city of the New World. International Journal of Anthro-
pology 2(3):199–210.

Cook, D. C. 1995. Dental evidence for congenital syphilis (and its absence)
before and after the conquest of the New World. In L’origine de la syphilis
en Europe: avant ou aprés 1493?O. Dutour, G. Palfi, J. Berato, and J. P. Brun,
eds. Pp. 169–175. Toulon: Centre Archéologique du Var.

Coppa, Alfredo, Andrea Cucina, Menno L. P. Hoogland, Michaela Lucci,
Fernando Luna Calderón, Raphaël G. A. M. Panhuysen, Glenis Tavarez
María, Roberto Valcárcel Rojas, and Rita Vargiu. 2008. New evidence of
two different migratory waves in the circum-Caribbean area during the pre-
Columbian period from the analysis of dental morphological traits. In
Crossing the borders: new methods and techniques in the study of archae-
ological materials from the Caribbean. Corinne L. Hofman, Menno L. P.
Hoogland, and Annelou L. Vangjin, eds. Pp. 195–213. Tuscaloosa: University
of Alabama Press.

Crosby, Alfred W. 2003. The Columbian exchange: biological and cultural
consequences of 1492. Vol. 2. Westport, CT: Greenwood. [WFK]

Cucina, Andrea, Alfredo Coppa, Pilar Zabala, Marcio Veloz-Maggiolo, and
Vera Tiesler. 2009. The early European settlers in the New World: life and
death at La Isabela, Santo Domingo, Dominican Republic. American
Journal of Physical Anthropology 48(suppl.):112–113.

Cucina, Andrea, and Vera Tiesler. 2010. Scurvy among Columbus’s crew: life
and death at La Isabela (1494–1498). Paper presented at the 18th Meeting
of the European Paleopathology Association, Vienna.

Deagan, Kathleen A. 2004. Reconsidering Taíno social dynamics after Spanish
conquest: gender and class in culture contact studies. American Antiquity
69(4):597–626. [WFK]

Deagan, Kathleen A., and José Cruxent. 2002a. Archaeology at La Isabela:
America’s first European town. New Haven, CT: Yale University Press.

———. 2002b. Columbus’s outpost among the Taínos: Spain and America at
La Isabela, 1493–1498. New Haven, CT: Yale University Press.

———. 2009. La arqueología de La Isabela, República Dominicana: primer
asentamiento Europeo en América. In Arqueología colonial Latino-
americana. Juan García Targa and Patricia Fournier García, eds. Pp. 199–
210. BAR International Series 1988. Oxford: Archeopress.

de Castro Martínez, Teresa. 1993. La alimentacion en las cronicas castellanas
bajomedievales. Granada, Spain: Biblioteca Chrónica Nova de Estudios
Historicos, Universidad de Granada.
De las Casas, Bartolomé. 1875. Historia de las Indias. Madrid: Miguel Ginesta.
DeNiro, Michael J. 1985. Postmortem preservation and alteration of in vivo

bone collagen isotope ratios in relation to paleodietary reconstruction.
Nature 317:806–809.

De Oviedo Fernández, Gonzalo. 1959. Historia general y natural de las Indias.
Madrid: Perez de Tudela.

Diamond, Jared. 2005. Collapse: how societies choose to fail or succeed. New
York: Penguin. [MAK]

Donovan, Stephen K., and Trevor A. Jackson. 1994. Caribbean geology:
an introduction. Kingston: University of the West Indies Publishers’
Association.

Ensor, Bradley E., Joel D. Irish, and William F. Keegan. 2017. The bio-
archaeology of kinship: proposed revisions to assumptions guiding inter-
pretation. Current Anthropology 58(6):739–761. [WFK]

Froehle, Andrew W., Corina M. Kellner, and Margaret J. Schoeninger. 2010.
FOCUS: effect of diet and protein source on carbon stable isotope ratios in
collagen: follow up to Warinner and Tuross (2009). Journal of Archaeo-
logical Science 37(10):2662–2670.

Fuller, Benjamin T., Nicholas Márquez-Grant, and Michael P. Richards. 2010.
Investigation of diachronic dietary patterns on the islands of Ibiza and
Formentera, Spain: evidence from carbon and nitrogen stable isotope ratio
analysis. American Journal of Physical Anthropology 143(4):512–522.

Gil, Juan. 2007. Colombiana: estudios sobre Cristóbal Colón 1984–2006. Santo
Domingo: Academia Dominicana de la Historia.

Goodman, A., J. Jones, J. Reid, M. Mack, M. L. Blakey, D. Amarasiriwardena,
P. Burton, and D. Coleman. 2004. Isotopic and elemental chemistry of
teeth: implications for places of birth, forced migration patterns, nutritional
status, and pollution. In The New York African burial ground skeletal bi-
ology final report, vol. 1. M. L. Blakey and L. M. Rankin-Hill, eds. Pp. 216–
265. Washington, DC: Howard University Press. [JEL]

Guede, Iranzu, Luis Angel Ortega, Maria Cruz Zuluaga, Ainhoa Alonso-
Olazabal, Xabier Murelaga, Miriam Pina, Francisco Javier Gutierrez, and
Paola Iacumin. 2017. Isotope analyses to explore diet and mobility in a
medieval Muslim population at Tauste (NE Spain). PLoS ONE 12(5):
e0176572, https://doi.org/10.1371/journal.pone.0176572.

Işcan, M. Y., S. R. Loth, and R. K. Wright. 1984. Metamorphosis at the sternal
rib end: a new method to estimate age at death in white males. American
Journal of Physical Anthropology 65(2):147–156.

———. 1985. Age estimation from the rib by phase analysis: white females.
Journal of Forensic Sciences 30(3):853–863.

Keegan, William F. 2007. Taíno Indian myth and practice. Gainesville: Uni-
versity Press of Florida. [WFK]

———. 2009. Central plaza burials in Saladoid Puerto Rico: an alternative
perspective. Latin American Antiquity 20(2):375–385. [WFK]

Keegan, William F., and Michael J. DeNiro. 1988. Stable carbon- and nitrogen-
isotope ratios of bone collagen used to study coral-reef and terrestrial
components of prehistoric Bahamian diet. American Antiquity 53(2):320–
336.

Kellner, Corina M., and Margaret J. Schoeninger. 2007. A simple carbon
isotope model for reconstructing prehistoric human diet. American Journal
of Physical Anthropology 133(4):1112–1127.

Krigbaum, John, Scott M. Fitzpatrick, and Jamie Bankaitis. 2013. Human
paleodiet at Grand Bay, Carriacou, Lesser Antilles. Journal of Island and
Coastal Archaeology 8(2):210–227.

Laffoon, Jason E., and Bart R. de Vos. 2011. Diverse origins, similar diets:
an integrated isotopic perspective from Anse á la Gourde, Guadeloupe. In
Communities in contact: essays in archaeology, ethnohistory, and ethnog-
raphy of the Amerindian circum-Caribbean. Corinne L. Hofman and Anne
van Duijvenbode, eds. Pp. 187–203. Leiden: Sidestone.

Laffoon, Jason E., Menno L. P. Hoogland, Gareth R. Davies, and Corinne L.
Hofman. 2015. A multi-isotope investigation of human and dog mobility
and diet in the pre-colonial Antilles. International Journal of Osteo-
archaeology 24(2):132–148.

Laffoon, Jason E., Till F. Sonnemann, Termeh Shafie, Corinne L. Hofman,
Ulrik Brandes, and Gareth R. Davies. 2017. Investigating human geographic
origins using dual-isotope (87Sr/86Sr, d18O) assignment approaches. PLoS ONE
12(2):e0172562.

Laffoon, Jason E., Roberto Valcárcel Rojas, and Corinne L. Hofman. 2013.
Oxygen and carbon isotope analysis of human dental enamel from the
Caribbean: implications for investigating individual origins. Archaeometry
55(4):742–765. [JEL]

LeFebvre, Michelle J., Susan D. deFrance, George D. Kamenov, William F.
Keegan, and JohnKrigbaum. 2019. The zooarchaeology and isotopic ecology of



602 Current Anthropology Volume 61, Number 5, October 2020
the Bahamian hutia (Geocapromys ingrahami): evidence for pre-Columbian
anthropogenic management. PLoS ONE 14(9):e0220284, https://doi.org/10
.1371/journal.pone.0220284. [WFK]

Livi Bacci, Máximo. 2006. Los estragos de la Conquista: quebranto y declive de
los Indios de América. Barcelona: Crítica.

Lovejoy, C. O., R. S. Meindl, T. R. Pryzbeck, and R. P. Mensforth. 1985.
Chronological metamorphosis of the auricular surface of the ilium: a new
method for the determination of adult skeletal age at death.American Journal
of Physical Anthropology 68(1):15–28.

Martínez, José Luís. 1999. Pasajeros de Indias: viajes transantlánticos en el
siglo XVI. Mexico: Fondo de Cultura Económica.

Meindl, R. S., and C. O. Lovejoy. 1985. Ectocranial suture closure: a revised
method for the determination of skeletal age at death based on the lateral-
anterior sutures. American Journal of Physical Anthropology 68(1):57–66.

Morison, Samuel E. 1942. Admiral of the ocean sea. Boston: Little, Brown.
[WFK]

Nehlich, Olaf. 2015. The application of sulphur isotope analyses in archaeo-
logical research: a review. Earth-Science Reviews 142:1–17. [JEL]

Newsom, Lee Ann, and Elizabeth S. Wing. 2004. On land and sea: Native
American uses of biological resources in the West Indies. Tuscaloosa: Uni-
versity of Alabama Press.

Norr, L. 2002. Bone isotopic analysis and prehistoric diet at the Tutu Site. In
The Tutu archaeological village site: a multidisciplinary case study in human
adaptation. E. Righter, ed. Pp. 263–273. London: Routledge.

Pestle, William J. 2010. Diet and society in prehistoric Puerto Rico: an isotopic
approach. PhD dissertation, University of Illinois at Chicago.

Pia, G. E. 1991. Recenti scavi archeologici nel cimitero spagnolo della Isabela.
In Gli Indios di Hispaniola e la prima colonizzazione Europea in America.
B. Chiarelli, R. Pieraccioli, and A. Finizio, eds. Pp. 11–14. Florence: Instituto
Geografico Militare di Firenze.

Prevedorou, E., M. Díaz-Zorita Bonilla, A. Romero, J. E. Buikstra, M. Paz de
Miguel Ibáñez, and K. J. Knudson. 2010. Residential mobility and dental
decoration in early medieval Spain: results from the eighth century site of
Plaza del Castillo, Pamplona. Dental Anthropology 23(2):42–52.

Price, T. Douglas, James H. Burton, Andrea Cucina, Pilar Zabala, Robert Frei,
Robert H. Tykot, and Vera Tiesler. 2012. Isotopic studies of human skeletal
remains from a sixteenth to seventeenth century AD churchyard in Campeche,
Mexico: diet, place of origin, and age. Current Anthropology 53(4):396–433.

Rodríguez-Arévalo, Javier, Maria F. Díaz-Teijeiro, and Silvino Castaño. 2013.
Modelling and mapping oxygen-18 isotope composition of precipitation in
Spain for hydrologic and climatic applications. In Isotopes in hydrology,
marine ecosystems and climate change studies, vol. 1. Pp. 169–177. Vienna:
International Atomic Energy Agency.

Rouse, Irving. 1992. The Taínos: rise and decline of the people who greeted
Columbus. New Haven, CT: Yale University Press.

Salazar-García, D. C., M. P. Richards, O. Nehlich, and A. G. Henry. 2014.
Dental calculus is not equivalent to bone collagen for isotope analysis: a
comparison between carbon and nitrogen stable isotope analysis of bulk
dental calculus, bone and dentine collagen from same individuals from the
medieval site of El Raval (Alicante, Spain). Journal of Archaeological Science
47:70–77.

Sauer, Carl O. 1966. The early Spanish main. Berkeley: University of Cali-
fornia Press. [WFK]

Scarry, C. M., and E. J. Reitz. 1990. “Herbs, fish, scum, and vermin”: subsistence
strategies in sixteenth-century Spanish Florida. In Columbian consequences,
vol. 2. D. H. Thomas, ed. Pp. 343–354. Washington, DC: Smithsonian In-
stitution Press. [WFK]

Schroeder, Hannes, María C. Ávila-Arcos, Anna-Sapfo Malaspinas, G. David
Poznik, Marcela Sandoval-Velasco, Meredith L. Carpenter, José Víctor
Moreno-Mayar, et al. 2015. Genome-wide ancestry of 17th-century en-
slaved Africans from the Caribbean. Proceedings of the National Academy
of Sciences 112(12):3669–3673. [JEL]
Schroeder, Hannes, Jay B. Haviser, and T. Douglas Price. 2014. The Zoutsteeg
Three: three new cases of African types of dental modification from Saint
Martin, Dutch Caribbean. International Journal of Osteoarchaeology 24(6):
688–696. [JEL]

Schroeder, Hannes, Tamsin C. O’Connell, Jane A. Evans, Kristrina A. Shuler,
and Robert E. M. Hedges. 2009. Trans-Atlantic slavery: isotopic evidence
for forced migration to Barbados. American Journal of Physical Anthro-
pology 139(4):547–557. [JEL]

Schroeder, Hannes, Martin Sikora, Shyam Gopalakrishnan, Lara M. Cassidy,
Pierpaolo Maisano Delser, Marcela Sandoval Velasco, Joshua G. Schraiber,
et al. 2018. Origins and genetic legacies of the Caribbean Taino. Proceedings
of the National Academy of Sciences 115(10):2341–2346.

Scott, G. R., and C. G. Turner. 1997. The anthropology of modern human
teeth. Cambridge: Cambridge University Press.

Stokes, Anne V. 1998. A biogeographic survey of prehistoric human diet in
the West Indies using stable isotopes. PhD dissertation, University of Florida,
Gainesville.

———. 2005. Ceramic-age dietary patterns in Puerto Rico: stable isotopes and
island bio-geography. In Ancient Borinquen: archaeology and ethnohistory of
Native Puerto Rico. P. E. Siegel, ed. Pp. 185–201. Tuscaloosa: University of
Alabama Press.

Stout, Sam, and Robert Paine. 1992. Brief communication: histological age
estimation using rib and clavicle. American Journal of Physical Anthro-
pology 87(1):111–115.

Thibodeau, A. M., D. J. Killick, J. Ruiz, J. T. Chesley, K. Deagan, J. M. Cruxent,
and W. Lyman. 2007. The strange case of the earliest silver extraction by
European colonists in the New World. Proceedings of the National Acad-
emy of Sciences 104(9):3663–3666.

Tiesler, Vera, Alfredo Coppa, Pilar Zabala, and Andrea Cucina. 2016. Scurvy-
related morbidity and death among Christopher Columbus’ crew at La
Isabela, the first European town in the New World (1494–1498): an as-
sessment of the skeletal and historical information. International Journal of
Osteoarchaeology 26(2):191–202.

Tiesler, Vera, Andrea Cucina, T. Douglas Price. James H. Burton, and
Hannes Schroeder. 2010a. Age at death, biological ancestry and provenience
of Christopher Columbus’ crew at La Isabela, Santo Domingo (1493–1498):
histological and biomolecular approaches. Electronic supplement of the
Fourth International Symposium on Biomolecular Archaeology, Copenhagen.

Tiesler, Vera, Pilar Zabala, and Andrea Cucina, eds. 2010b. Natives, Europeans,
and Africans in colonial Campeche: history and archaeology. Gainesville: Uni-
versity Press of Florida.

Valcárcel Rojas, Roberto. 2016. Colonial interaction at El Chorro de Maíta,
Cuba. Gainesville: University Press of Florida. [WFK]

Valcárcel Rojas, Roberto, Darlene A. Weston, Hayley L. Mickleburgh, Jason E.
Laffoon, and Anne van Duijvenbode. 2011. El Chorro de Maíta: a diverse ap-
proach to a context of diversity. In Communities in contact: essays in archae-
ology, ethnohistory, and ethnography of the Amerindian circum-Caribbean.
Corinne L. Hofman and Anne van Duijvenbode, eds. Pp. 225–252. Leiden:
Sidestone. [JEL]

Varela, Consuelo. 2006. La caída de Cristóbal Colón: el juicio de Bobadilla.
Madrid: Marcial Pons Historia.

Wallace, Birgitta L. 2003. L’Anse aux Meadows and Vinland: an abandoned
experiment. In Contact, continuity, and collapse: the Norse colonization of
the North Atlantic. James H. Barrett, ed. Pp. 207–238. Turnhout, Belgium:
Brepols. [MAK]

———. 2009. L’Anse aux Meadows, Leif Eriksson’s home in Vinland. In
Special Volume 2: Norse Greenland: Selected Papers from the Hvalsey
Conference. Special issue, Journal of the North Atlantic 2:114–125. [MAK]

Zanin, D. 1987. Hispaniola between 1493 and 1500. International Journal of
Anthropology 2:231–239.

Zohary, Daniel, and Maria Hopf. 2000. Domestication of plants in the Old
World. Oxford: Oxford University Press.


