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A B S T R A C T   

Intentional dental modification is a widespread practice in both ancient and modern populations. In Panama, the 
modern practice is restricted to the Ngäbe indigenous people inhabiting the western provinces. Several re-
searchers have posited that Ngäbe dental modification evidences cultural transfer of African origin due to the 
absence of post-contact records of this practice in the region, and based on the chipping technique used to create 
a pointed tooth shape. In this paper, we collate bioarchaeological data from human remains recovered from pre- 
contact and early colonial period contexts in Panama to evaluate this hypothesis. The results of our study found 
no evidence for intentional dental modification among the pre-contact sample, but several instances of artifi-
cially modified incisor teeth among the early colonial sample. The latter pertained exclusively to individuals of 
African ancestry, and whose teeth had been chipped to points in the same manner as reported from Ngäbe 
communities. Isotope data revealed that one individual was a first-generation immigrant who likely originated 
from the African continent. Based on these results, as well as an exhaustive review of the ethnohistorical and 
modern ethnographic literature, the original hypothesis of a late introduction of African origin for the practice of 
dental shaping among the Ngäbe was upheld.   

1. Introduction 

Body modification has long been the focus of anthropological re-
search into past and present human cultures, as it is linked intrinsically 
with themes of social identity and cultural affiliation. Bioarchaeologists 
often consider past instances of body modification through a biocultural 
lens – viewing human remains as molded by the cultural environments 
in which they were immersed during life – to gain insight into aspects of 
sociocultural identity during an individual’s lifetime and across gen-
erations (Goodman and Leatherman, 1998; Zuckerman et al., 2012; 
Martin et al., 2013). In this way, the analysis of human remains pro-
vides a powerful tool with which to assess the validity of hypothetical 
origins and longevity of these cultural practices. This paper takes a 
fresh look at the legacy of one type of body modification – intentional 
dental modification – in Panama through a re-analysis of ethnohisto-
rical data and the incorporation of data from recent analyses of ancient 
human dental remains. 

1.1. Background 

Intentional dental modification, including ablation, filing or 
notching, the placing of inlays, and tooth dyeing (Burnett and Irish, 
2017), allows practitioners to modify their physical form as a unifying 
embodiment of social group identity, while often adding embellish-
ments that make each modification unique at the individual level. 
Motivations for these modifications are fluid, often evolving with so-
cietal norms while maintaining the practice itself in all other forms and 
fashions. 

The practice of chipping the anterior teeth to points among the 
indigenous groups and campesinos of mixed Spanish and indigenous 
heritage (i.e., mestizos) living in western and central Panama has been 
noted by several authors beginning in the mid-19th century (Bollaert, 
1863, p 151; von Tschudi, 1868, p 402; Pinart, 1892; Verrill, 1927, p 
221). This practice has been maintained to the present day, specifically 
in individuals belonging to the Ngäbe indigenous group of western 

https://doi.org/10.1016/j.jaa.2020.101226 
Received 30 April 2020; Received in revised form 25 August 2020    

⁎ Corresponding author. 
E-mail addresses: SmithN@si.edu (N.E. Smith-Guzmán), jwrivera@uninorte.edu.co (J. Rivera-Sandoval), corina.knipper@ceza.de (C. Knipper),  

gines@alteridad.org (G.A. Sánchez Arias). 

Journal of Anthropological Archaeology 60 (2020) 101226

Available online 07 September 2020
0278-4165/ © 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

T

http://www.sciencedirect.com/science/journal/02784165
https://www.elsevier.com/locate/jaa
https://doi.org/10.1016/j.jaa.2020.101226
https://doi.org/10.1016/j.jaa.2020.101226
mailto:SmithN@si.edu
mailto:jwrivera@uninorte.edu.co
mailto:corina.knipper@ceza.de
mailto:gines@alteridad.org
https://doi.org/10.1016/j.jaa.2020.101226
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaa.2020.101226&domain=pdf


Panama and southern Costa Rica (Marden, 1941; Johnson, 1943, 
1948a; Reverte, 1963; Young, 1971; Torres de Araúz, 1980; Brenes and 
Barrantes, 1983; Villalobos Jiménez, 2018). Nevertheless, the only ex-
ample of intentional dental modification noted by Spanish chroniclers 
among the inhabitants of Panama during the years of initial European 
contact (1502–1509 CE) and the colonial period (1510–1819 CE) is a 
single reference to dental ablation as a way of branding enslaved people 
in Darién (Fernández de Oviedo, 1853, pp. 8, 129). There are no records 
of the practice of chipping or filing the teeth to points among in-
digenous groups of the Isthmus of Panama in any of the Spanish 
chronicles, leading several authors to posit that the practice arose from 
the incorporation of escaped African enslaved people into indigenous 
communities in the early colonial period (Linné, 1940; Stewart, 1942; 
Stewart and Groome, 1968). 

However, the attribution of the modern practice of dental mod-
ification to escaped African enslaved people is problematic because it is 
based primarily on the absence of evidence rather than evidence of 
absence. The contact-period historical writings, although often detailed 
in their description of the indigenous peoples, certainly do not re-
present unbiased, all-encompassing ethnographic accounts of in-
digenous ways of life. There are many details about indigenous cultures 
that were simply not mentioned based on their unimportance to the 
Spanish conquistadors’ main goals of seeking sources of gold and es-
tablishing settlements on the Isthmus. Furthermore, the method of 
dental modification by chipping rather than filing, contrary to the belief 
of Stewart (1942) and other anthropologists writing in the early 20th 
century, was indeed practiced among some pre-Columbian populations 
of the New World (Roksandic et al., 2016). 

Prior to initial European contact with indigenous peoples of the 
Americas, varied forms of intentional dental modification were prac-
ticed across broad geographic regions. In the large, well-known civili-
zations of Mesoamerica and the Andean region, dental modifications 
formed a large part of the socio-cultural identity of human populations. 
Specifically, dental filing and inlays appear frequently at sites within 
the Maya area (Tiesler et al., 2017) and at sites in Ecuador (Saville, 
1913; Ubelaker, 1977, 1987). 

Panama lies at the center of the ancient Isthmo-Colombian Area – a 
cultural interaction sphere that spanned from southern Nicaragua to 
northern Colombia in pre-contact times. Within this area, pre-contact 
intentional dental modification has been reported only from the 
Guanacaste Province in northwest Costa Rica (Hoopes, 1980; Solís del 
Vecchio and Herrera Villalobos, 2011; Aguilar Vega, 2012; Wankmiller, 
2016; Valerio-Alfaro and Chavarría-Bolaños, 2017), where the majority 
fall within Types A1 and A2 of Romero’s (1970) classification system 
(i.e., alterations to the occlusal edge of the incisor teeth). Northwest 
Costa Rica pertains to a cultural region known as Greater Nicoya, which 
shared various cultural affinities with Mesoamerica, particularly after 
approximately 800 CE when a change in ceramic assemblages is 
thought to coincide with the arrival of the Chorotega group from 
Mexico (Vásquez, 1983; Hardy, 1992; Obando, 1995; McCafferty and 
Steinbrenner, 2005). Nevertheless, a recently published analysis of the 
mitochondrial DNA from one of the individuals with dental filing from 
the Guanacaste site of Jícaro (800–1250 CE) showed that this in-
dividual, along with two other individuals from the site, was likely of 
local Isthmo-Colombian descent (Morales-Arce et al., 2017). No other 
reports of intentional dental modification among pre-contact peoples 
from other regions within the Isthmo-Colombian Area have been re-
ported; however, it is noteworthy that relatively few bioarchaeological 
studies focused on these populations have been published in general. 

In this paper, we collate and analyze data from pre- and post-contact 
osteological collections from Panama to provide a more comprehensive 
evaluation of the Linné/Stewart hypothesis of a post-contact African 
origin for dental modification in Panama. We show that there is no 
evidence for intentional dental modification whatsoever among the pre- 
contact human remains included in this study from archaeological sites 
in Panama. We also report the earliest examples of intentional dental 

modification on the Isthmus, pertaining to four early colonial period 
residents of Panama Viejo (i.e., the old city of Panama, a Spanish set-
tlement inhabited from 1519 to 1673 CE). Radiogenic strontium isotope 
analysis of tooth enamel of one of these individuals was carried out to 
evaluate a possible non-local origin, whereas stable carbon and ni-
trogen isotope analyses provided indications of diet. 

2. Materials and methods 

2.1. Archaeological context of the Cathedral of Panama Viejo 

During the dry seasons of 2017 and 2018, archaeological excava-
tions were carried out in the Cathedral of Panama Viejo and in the area 
south of the main square of the city (i.e., the area occupied by the first 
Cathedral between 1519 and 1540, which was thereafter relocated to 
its current position and used until its destruction during the pirate siege 
on the city led by Morgan in 1671; Hernández Mora et al., 2020). At the 
culmination of these recent excavations, a total of 159 human burials 
were recovered from beneath the floor of the Cathedral and 16 more 
were recovered from the area south of the square. 

Like many other colonial period religious spaces, the Cathedral was 
a sector used to bury those who died in the city. The social status of 
individuals defined the spatial distribution of burials, as people with 
money could pay to be buried near the altar, while the price of burial 
decreased significantly for inhumation closer to the door at the back of 
the Cathedral. In this way, such spaces are imbued with meaning not 
only in terms of the ritual and religious nature of the practice, but also 
aspects associated with family tradition, prestige, social identity, and 
memory (Martín-Rincón and Díaz Pérez, 2000; Vidal Lorenzo, 2008; 
Martín-Rincón et al., 2009). 

Nevertheless, the osteological analysis of the human remains re-
covered in these excavations of the Cathedral nave revealed that the 
population buried there was quite diverse. Not only were individuals of 
likely European ancestry identified (22.01%; 35/159 individuals), but a 
good proportion of the sample buried inside the Cathedral corre-
sponded to individuals of African ancestry (24.53%; 39/159 in-
dividuals) and, to a lesser extent, there was also an indigenous com-
ponent (10.06%; 16/159 individuals). The rest of the individuals were 
of unidentifiable ancestry (43.40%; 69/159). At the site of the first 
Cathedral south of the square, a similarly diverse population was ob-
served in the five individuals for which ancestry could be estimated 
(two Europeans, two indigenous, and one of African origin). 

Based on city-wide demographic estimates from historical sources, 
we know that a large portion of the population living at Panama Viejo 
pertained to individuals of African descent. According to a description 
dated 1607, about 70% of the population of 5,702 persons living in 
Panama Viejo was of African origin, followed by 22% of European 
origin, and only 0.47% defined as indigenous (Mena García, 1984). 
These data illustrate the high number of city dwellers identified under 
the category of “Black,” but who were not only enslaved people but also 
free people engaged in different activities in the city, including the 
formation of confraternities (Mena García, 2000). Whether enslaved or 
free, all Christians were permitted to be buried inside the churches of 
the city, and this burial space was organized socially. 

Burials in the Cathedral were typically laid in the public inhumation 
sectors (i.e. the atrium and the main nave of the church), which show 
evidence of continuous funerary use throughout the colonial period. 
This pattern of reuse of funerary space has been recorded at many other 
colonial sites in Latin America (Duque Gómez, 1960; Larsen, 1993; 
Ubelaker, 1994; Zucchi, 1997; De la Pena, 1998; Martín-Rincón and 
Díaz Pérez, 2000; Rodríguez Álvarez, 2001; Martín-Rincón, 2002; 
Rivera-Sandoval, 2006, 2014). Burial plots had thus become areas of 
high population density, where many people were constantly being 
buried by disturbing previous burials (Rahtz, 1981). In most cases, the 
disturbed remains became part of the jumbled fill of the newly laid 
burials, losing the original body position and funeral context. This 
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constant reuse of burial space caused the disturbance, accumulation, 
fracture, and mixing of the skeletal remains of the original occupants 
(Larsen, 1993; Martín-Rincón, 2002). 

This scenario was exemplified in the burial contexts found beneath 
the Panama Viejo Cathedral nave: disturbed burials and jumbled re-
mains repurposed as fill for primary burials organized in rows parallel 
to the side walls of the church (the bodies oriented towards the main 
altar), with hands placed on the chest or pelvis and legs extended, as is 
usual in the Catholic rite (Larsen, 1993; Rodríguez Álvarez, 2001; 
Martín-Rincón, 2002). Clearly, this important burial space was subject 
to intensive funerary use during the late 16th and early 17th centuries. 

2.2. Osteological analysis 

The human remains evaluated in this paper pertain to at least 598 
individuals that were excavated from a total of 14 archaeological sites 
across the Isthmus of Panama, from contexts dating from 4220 BCE – 
1875 CE (see Fig. 1 and Table 1 for precise location and chronology 
information). The sites with pre-contact contexts are distinguished by 
their respective cultural regions: Greater Chiriquí (i.e., the western re-
gion), Greater Coclé (i.e., the central region), and Greater Darién (i.e., 
the eastern region). Four sites within the Greater Chiriquí region 
yielded samples for this study: the Caribbean coastal sites of Sitio Drago 
and Cerro Brujo, and the Pacific coastal sites of La Pitahaya and Ji-
carita. The six Greater Coclé sites include Punta Blanca, Cerro Juan 
Díaz, Sixto Pinilla (He-1), Cerro Girón, Sitio Sierra, and Sitio Conte. 
Finally, the three Greater Darién sites include Playa Venado, Playa Don 
Bernardo, and the pre-contact component of Panama Viejo. The two 
sites that provided samples from post-contact contexts are both located 
within the metropolitan area of Panama City. These are Casco Antiguo 
and the post-contact component of Panama Viejo. 

Analysis of the anterior teeth from each individual in the observable 
sample was performed at a macroscopic scale, following the proposed 
criteria for identifying artificial dental modifications, particularly those 
relating to intentional dental modification (Milner and Larsen, 1991; 
Alt and Pichler, 1998; Mower, 1999). The first author analyzed the pre- 
contact sample and only the post-contact sample from Casco Antiguo, 
while the second author analyzed the post-contact sample from Panama 
Viejo. Demographic data collected for pre-contact individuals included 

age and sex, while those for post-contact individuals also included an-
cestry estimation when possible. For adults, age estimation was based 
primarily on changes to the pubic symphysis and auricular surface of 
the pelvis (Lovejoy et al., 1985; Brooks and Suchey, 1990), and sec-
ondarily on cranial suture closure (Acsádi and Nemeskéri, 1970; Meindl 
and Lovejoy, 1985). Sex estimation was based on the sexually di-
morphic features of the pelvis and cranium. For non-adults, the dental 
development stage was the preferred method of age estimation, fol-
lowed by the epiphyseal union stage. For the post-contact sample, an-
cestry estimation was based on craniometric assessments and the pre-
sence of specific non-metric cranial and dental traits (Hefner, 2009; 
Navega et al., 2015; Scott et al., 2018). 

2.3. Isotope analyses 

Strontium isotope compositions (87Sr/86Sr) of tooth enamel relate to 
the geological conditions in the homelands from which humans derived 

Fig. 1. Topographic map of Panama showing the location of the archaeological sites mentioned in the text.  

Table 1 
Chronological dates for the human skeletal samples by site.    

Site Date*  

Playa Don Bernardo 4220 – 3797 BCE 
Sitio Sierra 39 BCE – 1158 CE 
Cerro Girón [200 BCE – 500 CE] 
Cerro Juan Díaz (early) 33 – 648 CE 
Playa Venado 223 – 565 CE 
Sixto Pinilla (He-1) [500 – 800 CE] 
Jicarita 668 – 874 CE 
La Pitahaya 893 – 1026 CE 
Sitio Conte [800 – 1200 CE] 
Sitio Drago 892 – 1262 CE 
Punta Blanca 1047 – 1261 CE 
Cerro Brujo 1267 – 1388 CE 
Panama Viejo (pre-contact) 545 – 1479 CE 
Panama Viejo (post-contact) 1519 – 1673 CE 
Casco Antiguo 1673 – 1875 CE 

* Date ranges listed between brackets are approximations based on 
relative ceramic chronology. All other pre-contact dates are total 2σ 
ranges of radiocarbon dates from human collagen samples, calibrated with 
IntCal20. Post-contact dates are based on historical records.  
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their food and drink during childhood (Bentley, 2006; Szostek et al., 
2015). Weathering of bedrock releases strontium into soils and 
groundwater and makes this trace element biologically available. As a 
substitute for calcium, strontium is taken up by plants and transported 
through food chains. Because isotope fractionation is negligible and 
corrected during data processing, 87Sr/86Sr ratios of foodstuffs reflect 
the geological conditions at the localities of their origin (Capo et al., 
1998). The inorganic fraction (hydroxyapatite) of teeth and bones 
contains most of the strontium in the human body. Enamel of the 
permanent teeth starts forming in early childhood, remains afterwards 
unchanged, and is very resistant against alteration during burial 
(Hillson, 2005; AlQahtani et al., 2010). Thus, it reflects the geological 
conditions at the place of residency during enamel formation and may 
identify people as non-local if they moved between childhood and 
adulthood, especially among places with well-distinguishable biologi-
cally available strontium (Price et al., 2002; Evans and Tatham, 2004; 
Maurer et al., 2012). 

Strontium isotope analysis is a very promising method for the 
identification of individuals of African origin at colonial sites in 
Panama. Old continental crust dominates the African continent and 
leads to some of the most radiogenic biologically available strontium on 
earth. In contrast, geologically young volcanic rocks and sediments 
form the Isthmus of Panama with accordingly low 87Sr/86Sr values. 
Thus, African immigrants of the first generation should be clearly dis-
tinguishable from locally-born individuals. 

Ancient diet reconstruction is the main purpose of carbon and ni-
trogen isotope analysis on bone collagen (Ambrose, 1993; Katzenberg, 
2000). The stable isotope compositions of both elements (δ13C and 
δ15N) reflect the protein fraction of the human diet. Carbon isotope 
values are higher in C4 plants (e.g. millet, sorghum, and maize) and 
foodstuffs of marine origin than they are in C3 plants (the majority of 
plants in temperate and tropical climates; Cerling et al., 1997; Kohn, 
2010) and most freshwater and terrestrial diets. Nitrogen isotope values 
are also higher in marine organisms than they are in terrestrial ones 
(Bocherens and Drucker, 2003; Hedges and Reynard, 2007). Moreover, 
they increase with trophic level and reflect fertilization with animal 
manure as well as aridity (Bogaard et al., 2007). 

The skeletal remains recovered from the Cathedral of the colonial 
town of Panama Viejo were studied isotopically as part of the 
ArtEmpire project funded by the European Research Council (ERC). 
Sample preparation and analyses were carried out by the third author at 
the Curt Engelhorn Center for Archaeometry gGmbH, Mannheim, 
Germany. This study included one individual (UE 1082) with in-
tentionally modified teeth. We sampled enamel from the maxillary left 
first molar and the maxillary left third molar teeth of this individual, 
which represent strontium that was incorporated between birth and the 
third year of life, and between about seven years and adolescence, re-
spectively. Strontium isotope analysis followed previously described 

methods (Knipper et al., 2012, 2014, 2017a). Enamel was cut from the 
crowns, mechanically cleaned, ground, pre-treated with 0.1 M acetic 
acid buffered with Li-acetate (pH 4.5) in an ultrasonic bath, rinsed, and 
ashed. Sr separation with Eichrome Sr-Spec resin was carried out under 
clean-lab conditions. Sr concentrations were determined by Quadru-
pole-Inductively Coupled Plasma-Mass Spectrometry (Q-ICP-MS), and 
the isotope ratios by High-Resolution Multi Collector-ICP-MS (Nep-
tune). Raw data were corrected according to the exponential mass 
fractionation law to 88Sr/86Sr = 8.375209. Blank values were lower 
than 10 pg Sr during the whole clean lab procedure. The NBS 987 
standard run along with the human samples yielded 87Sr/86Sr ratios of 
0.71028  ±  0.00003, 2 σ; n = 3 and 0.71031  ±  0.00001, 2 σ, n = 1 
(after Sr separation) and the Eimer & Amend (E & A) standard yielded  
87Sr/86Sr = 0.70806  ±  0.00001, 2 σ; n = 2. 

Carbon and nitrogen isotope analyses were carried out on a rib of 
the same individual (UE 1082). Collagen extraction followed the 
method laid out by Longin (1971) with modifications as described by  
Knipper et al. (2017b). Mechanically cleaned bone samples were de-
mineralized in 0.5 N HCl, rinsed, reacted with 0.1 M NaOH, rinsed 
again, gelatinized, filtered with EZEE filter separators, frozen, and 
lyophilized. C and N contents and the stable isotopic compositions were 
determined in triplicates using a vario PYRO cube CNSOH elemental 
analyzer (Elementar) and a precisION isotope ratios mass spectrometer 
(Isoprime). The raw data were calibrated against the international 
Standards USGS 40 and USGS 41 using the IonOS software for stable 
isotope analysis. Interspersed quality control standards gave the fol-
lowing stable isotope values: IAEA CH6: δ13C: −10.36  ±  0.01‰, 
IAEA CH7: δ13C: −32.21  ±  0.06‰, IAEA N1: δ15N: 0.38  ±  0.04‰, 
IAEA N2: δ15N: 20.38  ±  0.11‰, USGS 43: δ13C: −21.24  ±  0.03‰, 
δ15N: 8.34  ±  0.03‰ (all standards n = 3). 

3. Results 

A total sample of 232 individuals from pre-contact and 366 from 
post-contact period contexts were surveyed. Within the pre-contact 
period sample, a total of 1087 anterior teeth were observable, per-
taining to 187 individuals, from which to evaluate the presence or 
absence of intentional modifications (see Table 2). These included 10 
individuals from Greater Chiriquí sites, 85 from Greater Coclé sites, and 
92 from Greater Darién sites. None of the anterior teeth from these 
individuals showed signs of intentional modification. 

The post-contact sample from non-commingled contexts contained 
361 anterior teeth, pertaining to 71 individuals (see Table 3). These 
included four individuals from Casco Antiguo and 67 individuals from 
Panama Viejo. It is noteworthy that the sample from Panama Viejo was 
more diverse, and included 40 individuals (22.7% of the total) of esti-
mated African ancestry. In contrast, the small sample from Casco An-
tiguo contained only individuals of European and admixed (European 

Table 2 
Individuals and teeth surveyed for intentional dental modification from pre-contact sites.       

Site Total individuals Total anterior teeth Individuals with anterior teeth Individuals with intentional dental modification  

Playa Don Bernardo 1 2 1 0 
Sitio Sierra 36 227 33 0 
Cerro Girón 3 12 2 0 
Cerro Juan Díaz (early) 52 213 42 0 
Playa Venado 65 342 53 0 
Sixto Pinilla (He-1) 4 7 3 0 
Jicarita 1 2 1 0 
La Pitahaya 9 22 7 0 
Sitio Conte 3 14 3 0 
Sitio Drago 2 6 1 0 
Punta Blanca 3 16 2 0 
Cerro Brujo 1 9 1 0 
Panama Viejo (pre-contact) 52 215 38 0  

Total 232 1087 187 0 
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and indigenous) ancestry. Four individuals, all from beneath the floor of 
the Cathedral at Panama Viejo, showed evidence of intentional dental 
modifications in the form of the maxillary and mandibular incisor teeth 
chipped to points (see Figs. 2 and 3). All four of these individuals were 
of estimated African descent. From the same archaeological context 
(i.e., beneath the colonial Cathedral floor at Panama Viejo), a com-
mingled sample of 2402 anterior permanent teeth were analyzed for the 
presence of intentional modification. This commingled anterior tooth 
sample represents a minimum number of individuals (MNI) of 344. Of 
these, 47 teeth showed evidence of the same type of tooth pointing, 
indicating that at least 11 and at most 15 additional individuals at 
Panama Viejo had the same dental decoration. Ancestry estimation was 
not possible for these isolated dental remains. 

One of the intact individuals from Panama Viejo with modified 
teeth, UE 1082 (pictured in Fig. 2), was sampled for stable isotope 
analysis. Osteological analysis revealed that this individual pertains to a 

20–25 year old female of African ancestry. Like the other individuals 
buried beneath the floor of the Cathedral, UE 1082 was positioned 
extended, with her hands placed over her pelvis, and lacked any asso-
ciated cultural items. The changes to her bones and teeth noted during 
osteological analysis were also to be expected for her age and predicted 
lifestyle: slight arthritic lipping of the articular facets of her rib tu-
bercles, slight osteophytosis of the second lumbar vertebra, and en-
theseal changes to the deltoid attachment sites of the left humerus. Her 
teeth showed a few cervical carious lesions with associated alveolar 
retraction, mild to moderate dental calculus, and mild occlusal wear. 

The teeth of UE 1082 yielded very similar 87Sr/86Sr ratios of 
0.71582  ±  0.00002 in the first molar relative to 0.71482  ±  0.00003 
in the third molar. The sample of the rib bone contained 3.5% collagen 
with 14.8% N, 41.9% C, and an atomic C/N ratio of 3.3. These values 
match the quality criteria for well-preserved collagen (van Klinken, 
1999). The stable isotope composition of the sample was 

Table 3 
Individuals and teeth surveyed for intentional dental modification from post-contact sites.        

Site Total individuals Total individuals of African 
ancestry n(%) 

Total anterior 
teeth 

Individuals with anterior 
teeth 

Individuals with intentional dental 
modification  

Panama Viejo (post-contact) 176 40(22.7) 347 67 4 
Casco Antiguo 17 0(0) 14 4 0  

Total 193 40(20.7) 361 71 4  

Commingled sample at Panama Viejo 
(post-contact) 

349* – 2402 344* 15*  

Total including commingled 366* 40(10.9) 2763 348* 15* 

* Minimum number of individuals.  

Fig. 2. Photographs of the cranium and dentition of Individual UE 1082, recovered from beneath the Cathedral at Panama Viejo (site code PVCA1). Note visible 
prognathism (a trait common in individuals of African origin) in the right lateral view of the cranium (top left). Yellow arrows highlight incisor teeth with the enamel 
chipped to points in an anterior view of the mouth (top right), superior view of the anterior mandible (bottom left), and lingual view of the left maxilla (bottom right). 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

N.E. Smith-Guzmán, et al.   Journal of Anthropological Archaeology 60 (2020) 101226

5



−15.24  ±  0.08‰ for δ13C and 9.87  ±  0.04‰ for δ15N. 

4. Discussion 

4.1. Intentional dental modification and the African diaspora 

Recent research into the history of European expansion into the 
Atlantic world, slavery, and the African diaspora has focused on the 
processes of change and cultural continuity of groups of people sub-
jected to human trafficking. This focus has allowed the identification of 
aspects of ethnic and social identity, along with the resistance strategies 
of these men and women who were forced to adapt to new spaces. 
Specialists in archaeology, bioarchaeology, and ethnoarchaeology have 
attempted to answer questions regarding the African diaspora in the 
New World through evidence for intentional modification of the body, 
including the incredibly resilient dental tissues which have yielded 
critical information on the living conditions of past communities 
(Mower, 1999; Aseffa et al., 2016). 

On the continent of Africa, the practice of intentional dental mod-
ification has a long history, with the earliest evidence of dental ablation 
in Morocco dating from 13,800 to 16,100 BP (De Groote and 
Humphrey, 2017, p 20). Dental filing dates back to more than 
6,000 years ago in the lower Tilemsi Valley of eastern Mali in sub-Sa-
haran Africa as evidenced by four female individuals with incisors and 
canines filed to a point (Finucane et al., 2008). The practice likely ex-
panded out from West Africa with the Bantu groups, who carried it 
towards the east and south of the continent (Irish, 2017). 

Tooth filing is one of the most common types of intentional dental 
modifications among African cultures, and several explanations have 
been proposed regarding the motivations for this practice. Irish (2017) 
suggests the following six reasons in explanation for the preponderance 
of this custom among both sexes: aesthetic purposes, ethnic affiliation 
marker, initiation rituals to adulthood, punishment, pain endurance, 

and tradition. Additionally, some researchers posit that this type of 
dental modification is linked to some kind of totemic association, mi-
micking the sharp, pointed teeth of carnivores, including lizards and 
felines (Baudouin, 1924). Usually, dental filing is understood as a 
symbol of beauty or ethnic affiliation. This is exemplified by the ac-
count of a 17th century a Jesuit priest who observed that the Zape 
people of West Africa apparently did not show their face in public if 
their teeth had not been modified.1 Similar beliefs were held by po-
pulations from Angola and other African regions such as Mozambique 
(Sandoval, 1956 [1627]). In fact, travelers to Mozambique in the 19th- 
century reveal aesthetic motivations for the local cultural practice of 
modifying the teeth “in a manner that gives the whole set the appear-
ance of a coarse saw, and this operation, does not injure either their 
whiteness or durability” (Alpers, 2001, p 6). 

Dental modifications have also been observed in contemporary 
groups such as the Karrayyu Oromo of central Ethiopia, where both 
men and women undergo a procedure to enlarge the diastema, or gap, 
between the two front teeth as a marker of cultural identity (Aseffa 
et al., 2016). This particular procedure is reportedly accomplished by 
using a hand-axe tapped by a wooden hammer to cut off the mesial 
corners of the two teeth, thus producing an inverted V-shaped midline 
diastema. In the Makonde people of Southeast Tanzania, chipping the 
anterior teeth to points and extraction of tooth buds (i.e., ablation) is 
generally practiced as part of initiation rituals to adulthood (Fabian and 
Mumghamba, 2007). Finally, in the suburbs of Cape Town, South 
Africa, a high proportion of the population practice ablation of the 

Fig. 3. Incisor chipping visible on the teeth of three additional individuals from the Panama Viejo Cathedral context. Yellow arrows indicate the modified teeth from 
Individual UE 1162 (top left photo; lingual view of left maxilla), Individual UE 1066 (top left photo; anterior oblique view of maxillae), and Individual UE 1123 
(bottom photo; labial and lingual views of the maxillary left lateral incisor). (For interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.) 

1 The original text: “Finalmente estas castas y todas las que hemos referido, 
generalmente se labran los dientes, más por pulicia y gala, que no por limpieza, pues 
no se les da nada se quede la comida entre las muelas cuando comen, porque no se 
echa de ver, y sienten mucho si se queda entre los dientes; y entre ellos es caso de 
menos valer no tener los dientes labrados, ni salen en público, ni tratan con gentes 
hasta que se los labre.” (Sandoval, 1956 [1627], p 93). 
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incisors, which is more prevalent in the males and associated with 
gangsterism, peer pressure, aesthetics, medical, or accidental reasons 
(Friedling and Morris, 2007). 

Due to the ubiquity of intentional dental modification among West 
African groups in particular, Europeans involved in the slave trade 
beginning in the 15th century began to build a symbolic perception of 
these bodily changes. For some slave traders, physical appearance and 
body modifications became a benchmark for categorizing not only the 
origin of these populations, but also the character and disposition they 
had, which in turn generated stereotypes for the appearance of African 
enslaved people (Alpers, 2001). That many of the groups that were 
enslaved beginning in the 15th century filed their teeth is visible in 
bioarchaeological evidence from different historical contexts associated 
with human trafficking (Stewart, 1939; Ortner, 1966; Handler et al., 
1982; Handler and Corruccini, 1983; Handler, 1994; Cox and Sealy, 
1997; Tiesler, 2002; Price et al., 2006; Tiesler and Arias, 2010; Pearson 
et al., 2011; Jaeger et al., 2013; Schroeder et al., 2015, 2014; 
Wasterlain et al., 2016; Kootker et al., 2016; Rufino et al., 2017). In 
fact, the Campeche excavations in Mexico were able to collect stron-
tium isotope data suggesting that individuals with dental sharpening 
likely originated from West Africa (Price et al., 2006). A similar situa-
tion was revealed with strontium isotope analysis of individuals with 
modified teeth from San José de los Naturales Royal Hospital in Mexico 
(Barquera et al., 2020), the New York African Burial Ground (Goodman 
et al., 2009), the Newton plantation in Barbados (Laffoon et al., 2013) 
and from Saint Martin (Schroeder et al., 2014). 

The cases of intentional dental modification recorded from the 
Panama Viejo Cathedral context affect mainly the maxillary and man-
dibular incisors, although occasionally appearing in some canines as 
well. The type of modification and its presence exclusively in in-
dividuals of African ancestry is consistent with biocultural practices 
known to have prevailed in Sub-Saharan Africa. Within these popula-
tions, chipping and filing the anterior teeth are frequently linked with 
aesthetic aspects and ethnic differentiation and, to a lesser extent, rites 
of passage to adulthood, punishment, resistance to pain, and other 
cultural traditions (Irish, 2017). 

The technique used for this dental modification has been recorded 
ethnographically for the Aka people of the Central African Republic, 
where the procedure is described as follows. Patients rest their heads on 
the lap of the person performing the intervention, then bite a wooden 
stick with the molars so as to leave the incisors in the air. With the help 
of a knife or chisel and a stone hammer, the teeth are cut into the de-
sired shape, and finally smoothed out to correct possible imperfections 
(Irish, 2017). Some complications can be generated with this inter-
vention, such as cavities, death or loss of the tooth, abscesses, and 
trauma caused by exposure of the pulp (Rufino et al., 2017). Surpris-
ingly, none of these pathological dental lesions were recorded in the 
modified teeth from the Panama Viejo Cathedral sample. 

In comparing cases of intentional dental modification from Panama 
Viejo with those from other post-contact archaeological sites (see  
Table 4), all individuals showing evidence of enamel chipping mod-
ifications were of estimated African ancestry based on the osteological 
assessment. The isotope data of one of the respective individuals from 
Panama Viejo (UE 1082) support this finding. 

The Isthmus of Panama is geologically highly complex. It is shaped 
by volcanic activity resulting from the collision of several continental 
plates between the Late Cretaceous and the Pliocene (Kirby et al., 
2008). River water collected across the Panamanian Isthmus yielded  
87Sr/86Sr ratios of between 0.703420 and 0.705274 (Harmon et al., 
2016). These data reflect that the biologically available strontium is 
mainly derived from geologically young igneous rocks, such as volcanic 
arc lavas, pyroclastic and volcaniclastic sediments, as well as some 
marine sedimentary rocks (Harmon et al., 2016). Seawater with an  
87Sr/86Sr ratio of just below 0.7092 forms the upper limit of the bio-
logically available strontium (Howarth and McArthur, 1997; Brand 
et al., 2003). In human coastal communities, this seawater value likely Ta
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contributes to the human strontium budget due to seafood consumption 
or foodstuffs that grew a very short distance from the coast and were 
influenced by sea spray effects (Whipkey et al., 2000; Snoeck, 2014). In 
contrast to Panama, some of the oldest rocks on earth crop out at the 
surface of the African continent. Accordingly, the biologically available 
strontium is more radiogenic (i.e., has higher 87Sr/86Sr ratios of up to 
about 0.75; Jørgensen and Banoeng-Yakubo, 2001; Bastos et al., 2016; 
Blanchet, 2019), whereas seawater forms the lower limit of the Sr 
isotope spectrum for this region. 

With 0.7158 and 0.7148, respectively, the 87Sr/86Sr ratios of the 
enamel samples of UE 1082 are well above the range of the biologically 
available strontium in Panama and identify this individual as non-local 
to the Isthmus (Fig. 4). Moreover, the data of both teeth are very similar 
with only slightly less radiogenic strontium found in the third molar 
than found in the first molar. This indicates that this individual started 
to consume foodstuffs with remarkably less radiogenic strontium than 
typical for Africa in her adolescence at the earliest, when crown for-
mation of the sampled wisdom tooth was nearly or already totally 
complete. Given that she passed away as a 20–25 year old, she may 
have resided in Panama for only a few years. UE 1082 was buried under 
the northwestern quadrant of the Cathedral floor, where she was one of 
several female individuals, including many of probable African origin. 
Although it is not possible to estimate the social status of this individual 
based on the archaeological context or skeletal features, both the 
overall osteological data as well as the historical documentation in-
dicate that the Cathedral was not a place of burial restricted to in-
dividuals of higher social status. 

With the 87Sr/86Sr ratios well above the local range at Panama, UE 

1082 fits well into the spectrum of isotope ratios determined for enamel 
of individuals with intentionally modified teeth buried in other colonial 
cemeteries in the New World and in South Africa (also shown in Fig. 4). 
These data identify most of the individuals as first-generation im-
migrants originating from different locations on the African continent 
(Schroeder et al., 2009, 2014; Price et al., 2012; Laffoon et al., 2013; 
Bastos et al., 2016; Kootker et al., 2016; Mbeki et al., 2017; Barquera 
et al., 2020). However, the frequencies of these individuals with mod-
ified teeth tend to be low in their respective cemetery populations, with 
the exception of the slave cemetery in Lagos, Portugal (Wasterlain 
et al., 2016; Rufino et al., 2017), and Rupert’s Valley in Saint Helena 
(Pearson et al., 2011). 

Regarding the light stable isotope ratios, individuals with in-
tentionally modified teeth at the different colonial sites in the New 
World and in South Africa exhibit a remarkably wide range of δ13C and 
δ15N values. Even though local baselines differ, the data indicate 
dietary compositions ranging from a dominance of C4 plants (millet and 
sorghum in Africa and maize in the Americas and Africa), significant 
contributions of marine or freshwater resources, as well as terrestrial 
meat or dairy products (Fig. 5; Schroeder et al., 2009; Price et al., 2012; 
Laffoon et al., 2013; Bastos et al., 2016; Kootker et al., 2016; Mbeki 
et al., 2017; Barquera et al., 2020). Individual UE 1082 from Panama 
Viejo revealed both δ13C and δ15N in the middle of the data distribu-
tions of both isotope ratios of individuals with intentionally modified 
teeth at colonial sites (n = 25). The δ13C value points to the con-
sumption of C4 and C3 plants in probably about equal shares, and may 
also have been influenced by freshwater or terrestrial meat as well as 
marine sources. The δ15N value is also intermediate in comparison to 

Fig. 4. 87Sr/86Sr ratios of enamel of the female individual UE 1082 from Panama Viejo in comparison to Sr isotope data of individuals with intentionally modified 
teeth at other colonial sites. The gray box indicates the biologically available strontium within Panama, ranging between local values of river water and that of 
seawater (Harmon et al. 2016). Comparative site data after Price et al. (2012), Barquera et al. (2020), Schroeder et al. (2009, 2014), Bastos et al. (2016), Kootker 
et al. (2016), and Mbeki et al. (2017). 
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the global data spectrum of individuals with modified teeth. These 
findings argue against a purely vegetarian diet, unless it was based on 
plants that were intensively fertilized with animal manure (Bogaard 
et al., 2007). It seems, however, more likely that terrestrial animal- 
derived foodstuffs and freshwater or marine sources contributed to her 
diet as well. The data present a long-term average of her diet and may 
include carbon and nitrogen with different isotope compositions taken 
up before and after her relocation to Panama. Future research will 
contextualize the isotope data of her skeletal remains with those of 
other individuals from colonial and pre-contact contexts at Panama 
Viejo. 

4.2. Evidence from ethnohistorical and ethnographic sources 

These data confirming the appearance of modified teeth only in 
individuals of African ancestry in colonial contexts at Panama Viejo 
appear to support the hypothesis put forth by Linne and Stewart re-
garding the introduction of the practice of intentional dental mod-
ification to indigenous groups in Panama in post-contact times. 
Nevertheless, there remains a possibility that the tradition of dental 
chipping existed in pre-contact times in the interior of the western re-
gion of Panama where human remains have not been recovered from 
archaeological sites. Thus, a closer look at the available ethnohistorical 
documents is warranted. 

Although we cannot be certain of the precise geographic range of 
the Ngäbere-speaking groups prior to Spanish contact, it is almost 
certain that these groups inhabited areas of western Panama where they 
currently live (i.e., within the provinces of Bocas de Toro, Chiriquí, and 
Veraguas, as well as the Comarca Ngäbe-Buglé). Several Spanish 
chroniclers refer to “Guaymí” (i.e., Ngäbe) communities living on the 
island Escudo de Veraguas and the mainland valley which they called 
“el Valle de Guaymí,” located just to the southwest of Escudo de 
Veraguas (Cooke, 1982, pp 46–49). It is less certain but highly likely 
that the area inhabited by these groups was more extensive in the past, 
including some northern parts of the central region of Panama 
(Johnson, 1948b; Young, 1970). 

In our survey of the contact-period literature, we also confirmed 
Linné and Stewart’s assertion that dental modification is not specifically 
mentioned by any of the early Spanish observations of the indigenous 
groups they encountered on the Isthmus. However, it is important to 
note that these historical writings are not without mention of the native 
isthmians’ teeth. Upon first contact, Fernando Colón observed that the 
peoples inhabiting the Atlantic coast of Veraguas habitually chewed a 
type of herb – a practice he associated with the state of their “worn and 

rotten teeth”2 (Colón, 1892, p 190). Similarly, Oviedo remarks on the 
“decayed and dirty”3 state of the teeth among several of the mainland 
indigenous groups he met with on his travels, which he attributed to the 
widespread consumption of bread made from corn flour (Fernández de 
Oviedo, 1851, p 267). Along the Atlantic coast, the Spanish noted the 
common practice of using human teeth strung on cords as necklaces 
(Restrepo Tirado, 1892, p 125). Specifically referring to the Guna in-
digenous group with whom he lived for a time in the eastern area of the 
Isthmus, Wafer comments on the appearance of their teeth as being 
“white” and “even” (Wafer, 1934, p 78). Thus, the fact that the Spanish 
chroniclers and other early colonial texts made mention of the teeth but 
did not note the existence of dental modification lends further support 
for the hypothesis that these indigenous groups were not practicing 
dental modification at the time of contact. 

The practice of chipping the teeth to points among the Ngäbe of 
Western Panama was not noted until the mid-19th century. At this time, 
thousands of foreigners were moving through Panama on their way to 
the West Coast of North America during the gold rushes of the 1840 s, 
1850 s, and 1860 s (Kemble, 1949). The trans-isthmian transit of these 
foreigners was expedited by the completion of the railroad from Colón 
to Panama City in 1855, in turn opening the door for Panama’s ex-
ploration at a time of heightened awareness and observation of the 
natural world. The published accounts of diverse physical and cultural 
aspects of human populations by European travelers in many areas of 
the world, including Central and South America, would pave the way 
for the development of the fields of anthropology and ethnography 
(Hodgen, 1964; Rowe, 1965; Stocking, 1987). To add insult to injury, 
the discovery of golden artifacts within ancient Chiriquí graves in 1859 
was featured in several newspaper articles in the United States, her-
alding the influx of thousands of foreign tomb raiders to Western Pa-
nama (Lothrop, 1919). Thus, perhaps it is not surprising that the 
practice of dental modification among the indigenous groups of Wes-
tern Panama was only noted in published form for the first time in 1863 

Fig. 5. Carbon and nitrogen isotope data of collagen 
of the female individual UE 1082 from Panama Viejo 
in comparison individuals with artificially modified 
teeth at other colonial sites. Comparative site data 
after Price et al. (2012), Barquera et al. (2020), 
Schroeder et al. (2009), Bastos et al. (2016), Kootker 
et al. (2016), and Mbeki et al. (2017). 

2 The first author’s translation of the original text: “Las costumbres de estos 
indios son, comunmente, semejantes a los de la Española é islas vecinas, pero estos de 
Veragua y del contorno cuando hablan uno con otro, se ponen de espaldas, y cuando 
comen, mascan siempre cierta yerba, lo cual creemos ser causa de tener los dientes 
gastados y podridos.” (Colón, 1892), our emphasis. 

3 The first author’s translation of the original text: “Este pan, coçido ó assado, 
no se sostiene de dos ó tres días adelante, porque despues se moheçe y se pudre y no 
se puede comer: ni tampoco es bueno para la dentadura, é assi comunmente esta 
gente de Indias tienen los dientes dañados é suçios, y no los he visto peores á 
ninguna generaçion.” (Fernández de Oviedo, 1851), our emphasis. 
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(Bollaert, 1863). 
In considering the published descriptions of the custom of tooth 

shaping in Panama, the desired shapes seem somewhat uniform, but 
with a wide range of reported motivations behind the practice (see  
Table 5). In all cases describing technique, chipping was the mode by 
which the incisor teeth are shaped into the desired form of pointed 
occlusal edges (i.e., Romero’s Type C-1), but sometimes double points 
per tooth were observed (i.e., Romero’s Type A-1; Verrill, 1921; Verrill 
1927; Reverte 1963; Brenes and Barrantes 1983). In modern times, 
triple points are also common (i.e., Romero’s Type A-2; Villalobos 
2018). Modifying the teeth for aesthetic purposes was the most 
common motivation recorded for the practice, but several observers 
also noted a common belief that shaping the teeth would prevent dental 
decay. Interestingly, the earliest account of the practice added that 
practitioners believed shaping their teeth in this way would protect 
them from smallpox (Bollaert 1863). Although some observers only 
noted the practice among men or among women in their respective 
communities, the published accounts taken as a whole clearly demon-
strate that both women and men are having their teeth modified. 

One detail that remains unclear from the published observations of 
this practice is exactly at what moment individuals have their teeth 
chipped. Only Johnson (1943) comments on the incorporation of this 
practice into male rite of passage rituals; however, the practice is sus-
piciously absent in descriptions of these rituals by other anthro-
pologists. Further confusion arises from the question of whether the 
practice of modifying one’s teeth among the Ngäbe is a conservative 
tradition, passed down through the generations, or whether it is a re-
latively recent development, practiced only among communities and 
individuals at the outskirts of the cultural area. Johnson (1943, 
1948a,b) preferred the latter explanation, which was in line with the 
Linné/Stewart hypothesis, but Young (1971) was told that the practice 
was most concentrated in the most uncontacted, conservative commu-
nities inhabiting the highland regions. 

4.3. Contemporary dental modification practices among the Ngäbe 

It was not until 1962 that the Ngäbe started to organize politically 
as a more cohesive whole. This organization is attributed to the si-
multaneous rise of Mamatada, a new syncretic religious order and 
spiritual revitalization movement that spawned from messianic under-
pinnings (Guionneau-Sinclair, 1987). The movement was, however, 
quickly targeted by the Torrijos administration, which sought to engulf 
“the people” of the Republic of Panama under a unified national ethos. 
To this day, these two “imagined” communities (i.e., the Mamatada 
Ngäbe and Panamanian nationalists, sensu Anderson, 1983) continue to 
build upon elements that make them unique. It follows then, that the 
question of why or how certain people end up adopting practices such 
as dental modification is nearly identical to answering another, more 
nuanced question: why do human groups draw meaning by establishing 
relative difference from each other? Could the scaffolding of a narrative 
based on cultural continuity, dispersion, adoption or even coincidence 
be insufficient? Several field-based conversations and observations by 
the fourth author support the notion of an individualistic statement or 
personal vantage point to body modification rather than a cohesive 
community-wide practice. 

The ethnohistorical and archaeological findings indicate two im-
passes. Firstly, that there is not overwhelming physical evidence to 
either prove or disprove the adoption of specifically African dental 
modification practices among indigenous communities. Secondly, that 
chroniclers would have ideally passed down a more exhaustive survey 
of all things as apparent as body modification. Indeed, more evidence of 
dental modification would help understand cultural contiguity or con-
tinuity, or that an imagined shared cultural past may be accessed via 
said practices. In actuality, the degree to which the practice is not 
ubiquitous among the various other elements that signal Ngäbe au-
thenticity (i.e., language and architecture) point towards a certain Ta
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individualism or self-expression. The Mamatada groups are today more 
heterogeneous than homogeneous, and the practice of modifying the 
teeth is restricted to those who live in the more secluded mountainous 
regions of the Ngäbe-Buglé comarca (i.e., autonomous tribal lands). The 
fourth author’s observations through extended field work and several 
interviews with well-connected Mamatada leaders suggest that the 
main motive for modifying one’s teeth could be personal choice rather 
than collective. Thus, not necessarily out of bravery, rite of passage, or 
denoting importance in any way. Nonetheless, this observation in itself 
is nuanced, and a comparison can be drawn in regard to Mamatada. 

The Mamatada belief system is in many ways syncretistic with 
Christianity, but traditional Ngäbe beliefs can have a stronger footing 
than outsiders may discern. In the writings of Philip Young (1971) and 
others in the academic literature, and even online in more popular 
“Wikipedia-type” articles, descriptions abound asserting strong con-
nections between the spiritual Mamatada lore and Christian symbols 
like the Virgin Mary and Jesus Christ. Nevertheless, through the many 
years of dissertation work, the fourth author has slowly seen the dis-
mantling of this Christian façade in Mamatada. We can, therefore, draw 
a direct line between the spiritual logic of syncretism and the hy-
pothetical motivations for dental modification in the pre- and post- 
contact period of the Americas. The fact that few non-Ngäbe know the 
full picture, both in terms of the history and motivation for dental 
modification and in the underpinnings of Mamatada is a strong in-
dication of practitioners’ reluctance to divulge certain information to 
outsiders. 

The Ngäbe feel safe withholding information, and will conceal be-
hind familiar symbols, like with the case of Christianity, in order to be 
undisturbed (Guionneau-Sinclair, 1987; Sánchez Arias 2018). Upon 
inquiring on the subject of modified teeth in many conversations with 
Ngäbe individuals, the fourth author noted a similarity in the responses 
received. These indicate personal and individual aesthetics rather than 
group identity as a qualifier. In his experience, the fourth author can 
attest to the Ngäbe culture following this line of thinking. That is, they 
are very open about others’ choices of this kind (i.e., aesthetic). Fur-
thermore, the fluidity between men and women in this regard is also 
apparent, and comparatively more so than the neighboring Latino 
culture. The reservations of the Ngäbe make perfect sense when drawn 
along the central dichotomy of their belief, which is to distrust the 
colonizer. Modified teeth may be related to themes of identity, but the 
main inclination seems to be personal choice aesthetics. Thus, the ar-
chaeological evidence is the only path forward for anthropologists 
seeking to identify continuity in dental modification practices among 
the Ngäbe. 

5. Synthesis and conclusions 

In this study, we have reported on the earliest known evidence for 
intentional dental modification in Panama. The results of this study 
support the theory put forth by Linné (1940) and Stewart (1942) for a 
post-contact introduction of intentional dental modification of African 
origin for the continued practice among Ngäbe groups on the Isthmus. 
There is no evidence for the practice among the pre-contact skeletal 
remains studied, and the individuals with dental modification in the 
post-contact sample showed facial and dental traits consistent with 
individuals of African ancestry. Stable isotope data confirmed this 
finding for one of the individuals. Nevertheless, a clear limitation of this 
study is the low sample size (n = 10) of pre-contact skeletal samples 
from archaeological sites in the western (i.e., Greater Chiriquí) region 
of Panama due in part to the poor preservation of organic remains in 
the volcanic soils that prevail in this part of the Isthmus. 

The question of how the practice was first introduced to the Ngäbe 
remains unclear. As mentioned in the previous section, the range of this 
indigenous group is thought to have covered broad parts of Western 
Panama at the time of contact, with coastal communities pushing fur-
ther towards the interior highland regions of the Isthmus as a result of 

Spanish incursions. Early in the colonial period, the Spanish set up 
mining operations in the western region of Panama, to which they 
deployed high numbers of African and indigenous enslaved people (see  
Jopling, 1994 for various primary chroniclers’ accounts). One possible 
scenario for the introduction of intentional dental modification among 
the Ngäbe is that members of this ethnic group observed African-born 
enslaved people with pointed teeth and adopted the practice among 
their own communities. However, it seems more likely that practi-
tioners of African origin must have been adopted into Ngäbe commu-
nities for the technique of dental chipping to pass into the knowledge of 
the indigenous group. No matter how dental chipping came into vogue 
among the Ngäbe, the practice has been transformed into a cultural 
tradition unique to this indigenous group. No other indigenous groups 
in Central America continues to modify the shape of their incisor teeth; 
thus, the chipping of the teeth to points has become an embodiment of 
Ngäbe identity among practitioners. 

CRediT authorship contribution statement 

Nicole E. Smith-Guzmán: Conceptualization, Methodology, 
Formal analysis, Investigation, Data curation, Writing - original draft, 
Writing - review & editing, Visualization. Javier Rivera-Sandoval: 
Formal analysis, Investigation, Data curation, Writing - original draft, 
Writing - review & editing, Visualization. Corina Knipper: Formal 
analysis, Investigation, Data curation, Writing - review & editing, 
Visualization. Ginés Alberto Sánchez Arias: . : Investigation, Writing - 
review & editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper. 

Acknowledgements 

Osteological and dental data collection by the authors was assisted 
by Sergio Castro, Leslie Naranjo, Michelle Ordáz, Veronica Pace, and 
Vanessa Sánchez. Access to these important collections was made 
possible through the kindness of David Hunt (Smithsonian National 
Museum of Natural History), Julieta De Arango and Mirta Linero 
(Patronato Panama Viejo), Mary Suter (University Museum, University 
of Arkansas), and Loring Burgess (Peabody Museum of Archaeology and 
Ethnology). The authors are grateful to the following archaeologists 
who oversaw the recovery of human remains utilized in this research: 
Richard Cooke, Iosvany Hernández, Ilean Isaza, Olga Linares, Samuel 
Lothrop, Juan Guillermo Martín, Charles McGimsey, Tomás 
Mendizábal, Anthony Ranere, Ashley Sharpe, and Tom Wake. Sandra 
Kraus, Sigrid Klaus, Bernd Höppner, and Robin van Gyseghem con-
tributed to the isotope sample preparation and analyses at the Curt 
Engelhorn Center for Archaeometry gGmbH, Mannheim, Germany. An 
earlier version of this article was greatly improved with the thorough 
comments and critiques provided by the journal editor (George Milner) 
and two anonymous reviewers. We are also grateful for the helpful 
comments made by Bethany Aram on the submitted manuscript. 
Finally, our colleague Francisco Herrera has over several years pro-
vided encouragement and thought-provoking conversation on the topic 
covered in this paper. 

Funding 

The research for this article received funding from the European 
Research Council (ERC) under the European Union's Horizon 2020 re-
search and innovation programme, grant agreement ERC CoG 648535 
[PI: Bethany Aram], and took place in collaboration with the Patronato 

N.E. Smith-Guzmán, et al.   Journal of Anthropological Archaeology 60 (2020) 101226

11



Panamá Viejo. Additional funding was provided by the Smithsonian 
Tropical Research Institute and the Sistema Nacional de Investigación 
of SENACYT, Panama. 

References 

Aguilar Vega, A.C., 2012. Género en los contextos funerarios de una aldea de los períodos 
Sapoá y Ometepe (800-1550 d.C.) en la Bahía de Culebra. Unpublished MA thesis. 
Universidad de Costa Rica. 

Acsádi, G., Nemeskéri, J., 1970. Determination of sex and age from skeletal finds. History 
of Human Lifespan and Mortality. Akadémiai Kiadó, Budapest-Szeged. 

Alpers, E.A., 2001. Becoming “Mozambique”: Diaspora and Identity in Mauritius. In: 
Teelock, V., Alpers, E.A. (Eds.), History, memory and Identity. Nelson Mandela 
Centre for African Culture, Port Louis, Mauritius, pp. 117–157. 

AlQahtani, S.J., Hector, M.P., Liversidge, H.M., 2010. Brief communication: The London 
atlas of human tooth development and eruption. Am. J. Phys. Anthropol. 142, 
481–490. 

Alt, K.W., Pichler, S.L., 1998. Artificial Modifications of Human Teeth. In: Alt, K.W., 
Rösing, F.W., Teschler-Nicola, M. (Eds.), Dental Anthropology. Springer, Vienna, pp. 
387–415. 

Ambrose, S.H., 1993. Diet reconstruction with stable isotopes. In: Standford, M.K. (Ed.), 
Investigations of Ancient Human Tissue Chemical Analysis in Anthropology. Gordon 
and Breach, Langhorne, PA, pp. 59–130. 

Anderson, B., 1983. Imagined communities: Reflections on the origin and spread of na-
tionalism. Verso, London. 

Aseffa, A., Wayessa, B.S., Burka, T., 2016. “I have to Resemble My Ancestors through 
Modification of Midline Diastema”: An Ethnoarchaeological Study of Dental 
Modification among Karrayyu Oromo, Central Ethiopia. Ethnoarchaeology 8, 57–68. 

Bastos, M.Q.R., Santos, R.V., de Souza, S.M.F.M., Rodrigues-Carvalho, C., Tykot, R.H., 
Cook, D.C., Santos, R.V., 2016. Isotopic study of geographic origins and diet of en-
slaved Africans buried in two Brazilian cemeteries. J. Archaeol. Sci. 70, 82–90. 

Baudouin, M., 1924. La signification véritable des mutilations dentaires ethniques et 
préhistoriques. Editions de La Semaine Dentaire, Paris. 

Barquera, R., Lamnidis, T.C., Lankapalli, A.K., Kocher, A., Hernández-Zaragoza, D., 
Nelson, E.A., Zamora-Herrera, A.C., Ramallo, P., Bernal-Felipe, N., Immel, A., Bos, K., 
Acuña-Alonso, V., Barbieri, C., Roberts, P., Herbig, A., Künert, D., Márquez-Morfín, 
L.M., Krause, J., 2020. Origin and Health Status of First-Generation Africans from 
Early Colonial Mexico. Curr. Biol. 30, 1–14. 

Bentley, R.A., 2006. Strontium isotopes from the earth to the archaeological skeleton: A 
review. J. Archaeol. Method Theory 13, 135–187. 

Blakey, M.L., 2009. Introduction. In: In: Blakey, M.L., Rankin-Hill, L.M. (Eds.), The New 
York African Burial Ground: unearthing the African Presence in colonial New York, 
vol. 1. Howard University, Washington D.C., pp. 3–18. 

Blanchet, C.L., 2019. A database of marine and terrestrial radiogenic Nd and Sr isotopes 
for tracing earth-surface processes. Earth Syst. Sci. Data 11, 741–759. 

Bocherens, H., Drucker, D., 2003. Trophic level isotopic enrichment of carbon and ni-
trogen in bone collagen: Case studies from recent and ancient terrestrial ecosystems. 
Int. J. Osteoarchaeol. 13, 46–53. 

Bogaard, A., Heaton, T.H.E., Poulton, P., Merbach, I., 2007. The impact of manuring on 
nitrogen isotope ratios in cereals: Archaeological implications for reconstruction of 
diet and crop management practices. J. Archaeol. Sci. 34, 335–343. 

Bollaert, W., 1863. On the Ancient Indian Tombs of Chiriqui in Veraguas (South-West of 
Panama), on the Isthmus of Darien. Trans. Ethnol. Soc. Lond. 2, 147–166. 

Brand, U., Logan, A., Hiller, N., Richardson, J., 2003. Geochemistry of modern brachio-
pods: applications and implications for oceanography and paleoceanography. Chem. 
Geol. 198, 305–334. 

Brenes, W., Barrantes, R., 1983. Salud Oral y Morfología Dental de los Amerindios 
Guaymí de Limoncito. América Indígena 43, 215–227. 

Brooks, S., Suchey, J.M., 1990. Skeletal age determination based on the os pubis: A 
comparison of the Acsádi-Nemeskéri and Suchey-Brooks methods. Human Evol. 5, 
227–238. 

Burnett, S.E., Irish, J.D. (Eds.), 2017. A World of Bioculturally Modified Teeth. University 
Press of Florida, Gainesville, FL. 

Capo, R.C., Stewart, B.W., Chadwick, O.A., 1998. Strontium isotopes as tracers of eco-
system processes: theory and methods. Geoderma 82, 197–225. 

Cerling, T.E., Harris, J.M., MacFadden, B.J., Leakey, M.G., Quade, J., Eisenmann, V., 
Ehleringer, J.R., 1997. Global vegetation change through the Miocene/Pliocene 
boundary. Nature 389, 153–158. 

Colón, F., 1892. Historia del almirante don Cristóbal Colón en la cual se da particular y 
verdadera relación de su vida y de sus hechos, y del descubrimiento de las Indias 
occidentales, llamadas nuevomundo, vol. 2 Imprenta de T. Minuesa, Madrid. 

Cooke, R.G., 1982. Los Guaymies sí tienen historia. El Pueblo Guaymí y su Futuro. Centro 
de Estudios y Acción Social Panamá, Panama City, Panama. 

Cox, G., Sealy, J., 1997. Investigating Identity and Life Histories: Isotopic Analysis and 
Historical Documentation of Slave Skeletons Found on the Cape Town Foreshore, 
South Africa. Int. J. Historical Archeol. 1, 207–224. 

Duque, Gómez L., 1960. El descubrimiento de la tumba del Sabio Mutis: Informe sobre las 
excavaciones practicadas en el antiguo templo de Santa Inés. Academia Colombiana 
de Historia, Bogotá. 

Evans, J.A., Tatham, S., 2004. Defining ‘local signature’ in terms of Sr isotope composition 
using a tenth– twelfth- century Anglo-Saxon population living on a Jurassic clay- 
carbonate terrain, Rutland UK. Geol. Soc. Spec. Pub. 232, 237–248. 

Fabian, F.M., Mumghamba, E.G.S., 2007. Tooth and lip mutilation practices and asso-
ciated tooth loss and oral mucosal lesions in the Makonde people of Southeast 

Tanzania. East Afr. Med. J. 84, 183–187. 
Fernández de Oviedo, G., 1851. Historia General y Natural de las Indias, islas y tierra- 

firme del Mar Océano, Primera Parte. Imprenta de la Real Academia de la Historia, 
Madrid. 

Fernández de Oviedo, G., 1853. Historia General y Natural de las Indias, Islas y Tierra- 
Firme del Mar Océano: In: Amador de los Ríos, J. (Ed.), Tomo segundo de la segunda 
parte, tercero de la obra. Imprenta de la Real Academia de la Historia, Madrid. 

Finucane, B.C., Manning, K., Touré, M., 2008. Prehistoric Dental Modification in West 
Africa – Early Evidence from Karkarichinkat Nord, Mali. Int. J. Osteoarcheol. 18, 
632–640. 

Friedling, L.J., Morris, A.G., 2007. Pulling teeth for fashion: dental modification in 
modern day Cape Town, South Africa. SADJ: J. South Afr. Dental Assoc. 62, 106–113. 

Goodman, A.H., Leatherman, T.L., 1998. Traversing the chasm between biology and 
culture: an introduction. In: Goodman, A.H., Leatherman, T.L. (Eds.), Building a New 
Biocultural Synthesis: Political-Economic Perspectives on Human Biology. The 
University of Michigan Press, Ann Arbor, MI. 

Goodman, A.H., Jones, J., Reid, J., Mack, M.E., Blakey, M.L., Amarasiriwardena, D., 
Burton, P., Coleman, D., 2009. Isotopic and Elemental Chemistry of Teeth: 
Implications for Places of Birth, Forced Migration Patterns, Nutritional Status, and 
Pollution. In: In: Blakey, M.L., Rankin-Hill, L.M. (Eds.), The New York African Burial 
Ground: unearthing the African Presence in colonial New York, vol. 1. Howard 
University, Washington D.C., pp. 95–118. 

De Groote, I., Humphrey, L.T., 2017. The Chronology and Significance of Ablation in the 
Later Stone Age Maghreb. In: Burnett, S.E., Irish, J.D. (Eds.), A World View of 
Bioculturally Modified Teeth. University Press of Florida, Gainesville, FL, pp. 19–32. 

Guionneau-Sinclair, F., 1987. Movimiento Profético e Innovación Política entre los Ngobe 
(Guaymí) de Panamá: 1962-1984. Universidad de Panamá, Panama City, Panama. 

Handler, J.S., 1994. Determining African birth from skeletal remains: A note on tooth 
mutilation. Historical Archaeol. 28, 113–119. 

Handler, J.S., Corruccini, R.S., 1983. Plantation slave life in Barbados: a physical an-
thropological analysis. J. Interdiscipl. History 14, 65–90. 

Handler, J.S., Corruccini, R.S., Mutaw, R.J., 1982. Tooth Mutilation in the Caribbean: 
Evidence from a Slave Burial Population in Barbados. J. Hum. Evol. 11, 297–313. 

Hardy, E.T., 1992. The Mortuary Behavior of Guanacaste/Nicoya: An Analysis of 
Precolumbian Social Structure.   Unpublished PhD dissertation. University of 
California, Los Angeles. 

Harmon, R.S., Wörner, G., Goldsmith, S.T., Harmon, B.A., Gardner, C.B., Berry Lyons, W., 
Ogden, F.L., Pribil, M.J., Long, D.T., Kern, Z., Fórizs, I., 2016. Linking silicate 
weathering to riverine geochemistry-A case study from a mountainous tropical set-
ting in west-central Panama. Bull. Geol. Soc. Am. 128, 1780–1812. 

Hedges, R.E.M., Reynard, L.M., 2007. Nitrogen isotopes and the trophic level of humans 
in archaeology. J. Archaeol. Sci. 34, 1240–1251. 

Hefner, J.T., 2009. Cranial Nonmetric Variation and Estimating Ancestry. J. Forensic Sci. 
54, 985–995. 

Hillson, S., 2005. Teeth, second ed. Cambridge University Press, Cambridge, UK. 
Hernández Mora, I., Martín, J.G., Aram, B., 2020. The first cathedral on America’s Pacific 

coast. Historical Archaeol. 54 (4) In press. 
Hodgen, M.T., 1964. Early Anthropology in the Sixteenth and Seventeenth Centuries. 

University of Pennsylvania Press, Philadelphia. 
Hoopes, J.W., 1980. Archaeological Investigations at the Site of La Guinea, Tempisque 

River Valley, Guanacaste, Costa Rica. New Haven, Connecticut. 
Howarth, R.J., McArthur, J.M., 1997. Statistics for strontium isotope stratigraphy: A ro-

bust LOWESS fit to the marine Sr-isotope curve for 0 to 206 Ma, with look-up table 
for derivation of numeric age. J. Geol. 105, 441–456. 

Irish, J.D., 2017. Knocking, Filing, and Chipping. In: Burnett, S.E., Irish, J.D. (Eds.), A 
World View of Bioculturally Modified Teeth. University Press of Florida, Gainesville, 
FL, pp. 33–47. 

Jaeger, L.H., Taglioretti, V., Fugassa, M.H., Dias, O., Neto, J., Iñiguez, A.M., 2013. 
Paleoparasitological results from XVIII century human remains from Rio de Janeiro, 
Brazil. Acta Trop. 125, 282–286. 

Johnson, F., 1943. Tooth Mutilation among the Guaymi. Am. Anthropologist 45, 
327–328. 

Johnson, F., 1948a. The Caribbean Lowland Tribes: The Talamanca Division. In: Steward, 
J.H. (Ed.), Handbook of South American Indians, Volume 4: The Circum-Caribbean 
Tribes. U.S. Government Printing Office, Washington, D.C., pp. 231–251. 

Johnson, F., 1948b. Central American Cultures: An Introduction. In: Steward, J.H. (Ed.), 
Handbook of South American Indians, Volume 4: The Circum-Caribbean Tribes. U.S. 
Government Printing Office, Washington, D.C., pp. 43–68. 

Jopling, C.F. (Ed.), 1994. Indios y negros en Panamá en los siglos XVI y XVII: Selecciones 
de los documentos del Archivo General de Indias. Centro de Investigaciones 
Regionales de Mesoamérica, Antigua, Guatemala. 

Jørgensen, N.O., Banoeng-Yakubo, B.K., 2001. Environmental isotopes (18O, 2H, and 
87Sr/86Sr) as a tool in groundwater investigations in the Keta Basin, Ghana. 
Hydrogeol. J. 9, 190–201. 

Katzenberg, M.A., 2000. Stable isotope analysis: a tool for studying past diet, demo-
graphy, and life history. In: Katzenberg, A.M., Saunders, S.R. (Eds.), Biological an-
thropology of the human skeleton. Wiley-Liss, New York, pp. 305–327. 

Kemble, J.H., 1949. The Gold Rush by Panama, 1848–1851. Pacific Histor. Rev. 18, 
45–56. 

Kirby, M.X., Jones, D.S., MacFadden, B.J., 2008. Lower Miocene Stratigraphy along the 
Panama Canal and Its Bearing on the Central American Peninsula. PLoS ONE 3, 
e2791. 

van Klinken, G.J., 1999. Bone collagen quality indicators for palaeodietary and radio-
carbon measurements. J. Archaeol. Sci. 26, 687–695. 

Knipper, C., Maurer, A.-F., Peters, D., Meyer, C., Brauns, M., Galer, S.J.G., von Freeden, 
U., Schöne, B., Meller, H., Alt, K.W., 2012. Mobility in Thuringia or mobile 

N.E. Smith-Guzmán, et al.   Journal of Anthropological Archaeology 60 (2020) 101226

12

http://refhub.elsevier.com/S0278-4165(20)30199-9/h0005
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0005
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0015
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0015
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0015
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0020
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0020
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0020
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0025
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0025
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0025
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0030
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0030
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0030
http://refhub.elsevier.com/S0278-4165(20)30199-9/optCWfMgxQgtv
http://refhub.elsevier.com/S0278-4165(20)30199-9/optCWfMgxQgtv
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0035
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0035
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0035
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0040
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0040
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0040
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0045
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0045
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0050
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0050
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0050
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0050
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0050
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0055
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0055
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0060
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0060
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0060
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0065
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0065
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0070
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0070
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0070
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0075
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0075
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0075
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0080
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0080
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0085
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0085
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0085
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0090
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0090
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0095
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0095
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0095
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0100
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0100
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0105
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0105
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0110
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0110
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0110
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0115
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0115
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0115
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0120
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0120
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0125
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0125
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0125
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0130
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0130
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0130
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0135
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0135
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0135
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0140
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0140
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0140
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0145
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0145
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0145
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0155
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0155
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0155
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0160
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0160
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0165
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0165
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0165
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0165
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0170
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0170
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0170
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0170
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0170
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0170
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0175
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0175
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0175
http://refhub.elsevier.com/S0278-4165(20)30199-9/optrVyc7bPxXo
http://refhub.elsevier.com/S0278-4165(20)30199-9/optrVyc7bPxXo
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0180
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0180
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0185
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0185
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0190
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0190
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0195
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0195
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0195
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0200
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0200
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0200
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0200
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0205
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0205
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0210
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0210
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0215
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0215
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0225
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0225
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0235
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0235
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0235
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0240
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0240
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0240
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0245
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0245
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0245
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0250
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0250
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0255
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0255
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0255
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0260
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0260
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0260
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0265
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0265
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0265
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0270
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0270
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0270
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0275
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0275
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0275
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0280
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0280
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0285
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0285
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0285
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0290
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0290
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0295
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0295


Thuringians: A strontium isotope study from early Medieval central Germany. In: 
Kaiser, E., Burger, J., Schier, W. (Eds.), Population dynamics in prehistory and early 
history: New approaches using stable isotopes and genetics. de Gruyter, Berlin, pp. 
293–317. 

Knipper, C., Meyer, C., Jacobi, F., Roth, C., Fecher, M., Stephan, E., Schatz, K., Hansen, L., 
Posluschny, A., Höppner, B., Maus, M., 2014. Social differentiation and land use at an 
Early Iron Age “princely seat”: Bioarchaeological investigations at the Glauberg 
(Germany). J. Archaeol. Sci. 41, 818–835. 

Knipper, C., Mittnik, A., Massy, K., Kociumaka, C., Kucukkalipci, I., Maus, M., 
Wittenborn, F., Metz, S.E., Staskiewicz, A., Krause, J., Stockhammer, P.W., 2017a. 
Female exogamy and gene pool diversification at the transition from the Final 
Neolithic to the Early Bronze Age in central Europe. Proc. Natl. Acad. Sci. 114, 
10083–10088. 

Knipper, C., Pichler, S.L., Rissanen, H., Stopp, B., Kühn, M., Spichtig, N., Röder, B., 
Schibler, J., Lassau, G., Alt, K.W., 2017b. What is on the menu in a Celtic town? Iron 
Age diet reconstructed in remains from settlement features and two cemeteries at 
Basel-Gasfabrik, Switzerland. Archaeol. Anthropol. Sci. 9, 1307–1326. 

Kohn, M.J., 2010. Carbon isotope compositions of terrestrial C3 plants as indicators of 
(paleo)ecology and (paleo)climate. Proc. Natl. Acad. Sci. 107, 19691–19695. 

Kootker, L.M., Mbeki, L., Morris, A.G., Kars, H., Davies, G.R., 2016. Dynamics of Indian 
Ocean slavery revealed through isotopic data from the Colonial Era Cobern Street 
burial site, Cape Town, South Africa (1750–1827). PLoS ONE 11, e0157750. 

Laffoon, J.E., Rojas, R.V., Hofman, C.L., 2013. Oxygen and carbon isotope analysis of 
human dental enamel from the Caribbean: Implications for investigating individual 
origins. Archaeometry 55, 742–765. 

Lagunas, Z., Karam, C.E., 2003. Cráneos africanos de la época colonial con mutilación 
dentaria, procedentes del ex Hospital Real de San José de los Naturales de la ciudad 
de México, D.F. Estudios de Antropología Biológica 11, 967–981. 

Larsen, C.S., 1993. On the Frontier of Contact: Mission Bioarchaeology in La Florida. In: 
Mcewan, B.G. (Ed.), The Spanish Missions of La Florida. University Press of Florida, 
Gainesville, pp. 322–356. 

Linné, S., 1940. Dental decoration in aboriginal America. Ethnos 5, 2–28. 
Longin, R., 1971. New method of collagen extraction for radiocarbon dating. Nature 230, 

241–242. 
Lothrop, S.K., 1919. The Discovery of Gold in the Graves of Chiriqui. Indian Notes 

Monogr. 6, 27–36. 
Lovejoy, C.O., Meindl, R.S., Pryzbeck, T.R., Mensforth, R.P., 1985. Chronological meta-

morphosis of the auricular surface of the ilium: A new method for the determination 
of adult skeletal age at death. Am. J. Phys. Anthropol. 68, 15–28. 

Mack, M.E., Goodman, A.H., Blakey, M.L., Mayes, A., 2009. Odontological indicators of 
disease, diet, and nutritional inadequacy. In: In: Blakey, M.L., Rankin-Hill, L.M. 
(Eds.), The New York African Burial Ground: unearthing the African Presence in 
colonial New York, vol. 1. Howard University, Washington D.C., pp. 157–168. 

Marden, L., 1941. Panama, Bridge of the World. Natl. Geogr. Mag. 80, 591–630. 
Martin, D.L., Harrod, R.P., Pérez, V.R., 2013. Body as Material Culture. In: Martin, D.L., 

Harrod, R.P., Pérez, V.R. (Eds.), Bioarchaeology: An Integrated Approach to Working 
with Human Remains. Manuals in Archaeological Method, Theory and Technique. 
Springer, New York, pp. 213–238. 

Martín-Rincón, J.G., 2002. Funerales en Panamá La Vieja: ¿Existen patrones en la 
América Colonial? Arqueología de Panamá La Vieja 2, 93–102. 

Martín-Rincón, J.G., Díaz Pérez, C.P., 2000. Enterramientos Coloniales en la Catedral de 
Panamá La Vieja: Un ejercicio de reafirmación de las creencias religiosas. Trace 38, 
80–87. 

Martín-Rincón, J.G., Rivera-Sandoval, J., Rojas-Sepúlveda, C., 2009. Bioarqueología. Su 
aporte al Proyecto Arqueológico Panamá Viejo. Canto Rodado 4, 117–144. 

Maurer, A.-F., Galer, S.J.G., Knipper, C., Beierlein, L., Nunn, E.V., Peters, D., Tütken, T., 
Alt, K.W., Schöne, B.R., 2012. Bioavailable 87Sr/86Sr in different environmental 
samples–Effects of anthropogenic contamination and implications for isoscapes in 
past migration studies. Sci. Total Environ. 433, 216–229. 

Mbeki, L., Kootker, L.M., Kars, H., Davis, G.R., 2017. Sickly slaves, soldiers and sailors. 
Contextualising the Cape’s 18th–19th century Green Point burials through isotope 
investigation. J. Archaeol. Sci. 11, 480–490. 

McCafferty, G.G., Steinbrenner, L., 2005. Chronological implications for Greater Nicoya 
from the Santa Isabel project, Nicaragua. Ancient Mesoamerica 16, 131–146. 

Meindl, R.S., Lovejoy, C.O., 1985. Ectocranial suture closure: A revised method for the 
determination of skeletal age at death based on the lateral-anterior sutures. Am. J. 
Phys. Anthropol. 68, 57–66. 

Mena García, M.D.C., 1984. La Sociedad de Panamá en el Siglo XVI. Publicaciones de la 
Diputación Provincial de Sevilla, Sevilla. 

Mena García, M.D.C., 2000. Religión, etnia y sociedad: cofradías de negros en el Panamá 
colonial. Anuario de Estudios Americanos 57, 137–169. 

Meza, A., 2013. Presencia africana en el cementerio del Hospital Real de San José de los 
Naturales. Arqueología Mexicana 119, 40–44. 

Milner, G.R., Larsen, C.S., 1991. Teeth as artifacts of human behavior: Intentional mu-
tilation and accidental modification. In: Kelley, M.A., Larsen, C.S. (Eds.), Advances in 
dental anthropology. Wiley-Liss, New York, pp. 357–455. 

Morales-Arce, A.Y., Hofman, C.A., Duggan, A.T., Benfer, A.K., Katzenberg, M.A., 
McCafferty, G., Warinner, C., 2017. Successful reconstruction of whole mitochondrial 
genomes from ancient Central America and Mexico. Sci. Rep. 7, 18100. 

Mower, J.P., 1999. Deliberate ante-mortem dental modification and its implications in 
archaeology, ethnography and anthropology. Pap. Inst. Archaeol. 10, 37–53. 

Navega, D., Coelho, C., Vicente, R., Ferreira, M.T., Wasterlain, S., Cunha, E., 2015. 
AncesTrees: ancestry estimation with randomized decision trees. Int. J. Legal Med. 
129, 1145–1153. 

Obando, C.P., 1995. Childhood Stress and Bone Maintenance in Prehistoric Northwestern 
Costa Rica: An Analysis of Two Coastal Populations, Nacascolo and Vidor. 

Unpublished PhD dissertation. University of Colorado. 
Ortner, D.J., 1966. A Recent Occurrence of an African Type Tooth Mutilation in Florida. 

Am. J. Phys. Anthropol. 25, 177–180. 
Pearson, A., Jeffs, B., Witkin, A., MacQuarrie, H., 2011. Infernal Traffic: Excavation of a 

Liberated African Graveyard in Rupert's Valley, St Helena. Council for British 
Archaeology, London. 

de la Pena, J., 1998. Muerte y funeraria en el periodo colonial temprano: Santa Fe la 
Vieja, Argentina (1573–1660). Anuario de la Universidad Internacional SEK 4, 
67–78. 

Pinart, M.A.L., 1892. Déformaciones dentaires artificielles chez les indiens de l’isthme de 
Panama. In: Leroux, E. (Ed.), Proceedings of the VIII International Congress of 
Americanists. Paris, France: Société des Américanistes, p. 340. 

Price, T.D., Burton, J.H., Bentley, R.A., 2002. The characterization of biologically avail-
able strontium isotope ratios for the study of prehistoric migration. Archaeometry 44, 
117–135. 

Price, T.D., Burton, J.H., Cucina, A., Zabala, P., Frei, R., Tykot, R.H., Tiesler, V., 2012. 
Isotopic studies of human skeletal remains from a sixteenth to seventeenth century 
AD churchyard in Campeche, Mexico: Diet, place of origin, and age. Curr. Anthropol. 
53, 396–433. 

Price, T.D., Tiesler, V., Burton, J.H., 2006. Early African Diaspora in colonial Campeche, 
Mexico: Strontium isotopic evidence. Am. J. Phys. Anthropol. 130, 485–490. 

Rahtz, P., 1981. Artefacts of Christian Death. In: Humphreys, S.C., King, H. (Eds.), 
Mortality and Inmortality: the anthropology and archaeology of death. Academic 
Press, London, pp. 117–136. 

Restrepo, Tirado E., 1892. Estudios sobre los aborígenes de Colombia, Primera parte. 
Imprenta de La Luz, Bogotá. 

Reverte, J.M., 1963. El indio Guamí de Cricamola. La Revista Loteria 8, 70–95. 
Rivera-Sandoval, J., 2006. Sepulturas abiertas en la Nueva Granada. Reflexiones sobre 

una Arqueología Histórica de la muerte. In: Brittez, P.P.A.F. y F.R. (Ed.), Arqueología 
histórica en América Latina. Temas y discusiones recientes. Ediciones Suárez, Mar del 
Plata, Argentina, pp. 139–162. 

Rivera-Sandoval, J., 2014. Espacios Mortuorios y Bioarqueología Histórica en la Iglesia La 
Candelaria en Bogotá. Maguaré 28, 147–174. 

Rodríguez Álvarez, M.D.L.A., 2001. Usos y Costumbres Funerarias en la Nueva España. El 
Colegio de Michoacán – El Colegio Mexiquense, Zamora, Mexico. 

Roksandic, M., Alarie, K., Rodríguez Suárez, R., Huebner, E., Roksandic, I., 2016. Not of 
African Descent: Dental Modification among Indigenous Caribbean People from 
Canímar Abajo, Cuba. PLOS ONE 11, e0153536. 

Romero, J., 1970. Dental mutilation, trephination, and cranial deformation. In: Stewart, 
T.D. (Ed.), Handbook of Middle American Indians. Physical Anthropology, vol. 9. 
University of Texas Press, Austin, TX, pp. 50–67. 

Rowe, J.H., 1965. The Renaissance Foundations of Anthropology. Am. Anthropologist 67, 
1–20. 

Rufino, A.I., Ferreira, M.T., Wasterlain, S.N., 2017. Periapical Lesions in Intentionally 
Modified Teeth in a Skeletal Sample of Enslaved Africans (Lagos, Portugal). Int. J. 
Osteoarchaeol. 27, 288–297. 

Sánchez Arias, G.A., 2018. Linguistic Political Ecology with the Ngäbe Indigenous People 
of Panama.   Unpublished PhD dissertation. Louisiana State University. 

Sandoval, A., 1956 [1627]. De instauranda aethiopum salute: El mundo de la esclavitud 
negra en América. Empresa Nacional de Publicaciones, Bogotá. 

Saville, M.H., 1913. Precolumbian Decoration of the Teeth in Ecuador, with Some 
Account of the Occurrence of the Custom in Other Parts of North and South America. 
Am. Anthropologist 15, 377–394. 

Schroeder, H., Ávila-Arcos, M.C., Malaspinas, A.-S., Poznik, G.D., Sandoval-Velasco, M., 
Carpenter, M.L., Moreno-Mayar, J.V., Sikora, M., Johnson, P.L.F., Allentoft, M.E., 
Samaniego, J.A., Haviser, J.B., Dee, M.W., Stafford, T.W., Salas, A., Orlando, L., 
Willerslev, E., Bustamante, C.D., Gilbert, M.T.P., 2015. Genome-wide ancestry of 
17th-century enslaved Africans from the Caribbean. Proc. Natl. Acad. Sci. 112, 
3669–3673. 

Schroeder, H., Haviser, J.B., Price, T.D., 2014. The Zoutsteeg Three: Three new cases of 
African types of dental modification from Saint Martin, Dutch Caribbean. Int. J. 
Osteoarchaeol. 24, 688–696. 

Schroeder, H., O’Connell, T.C., Evans, J.A., Shuler, K.A., Hedges, R.E.M., 2009. Trans- 
Atlantic slavery: Isotopic evidence for forced migration to Barbados. Am. J. Phys. 
Anthropol. 139, 547–557. 

Scott, G.R., Pilloud, M., Navega, D., Coelho, J., Cunha, E., Irish, J., 2018. rASUDAS: A 
New Web-Based Application for Estimating Ancestry from Tooth Morphology. 
Forensic Anthropol. 1, 18–31. 

Snoeck, C., 2014. Impact of strontium sea spray effect on the isotopic ratio (87Sr/86Sr) of 
plants in coastal Ireland. Quaternary Newsletter 134, 37–39. 

Solís, F., Herrera, A., 2011. Mesoamericanos en la Bahía de Culebra, noroeste de Costa 
Rica. Cuadernos de Antropología 21, 1–31. 

Stewart, T.D., 1939. Negro Skeletal Remains from Indian Sites in the West Indies. Man 39, 
49–51. 

Stewart, T.D., 1942. Persistence of the African type of tooth pointing in Panama. Am. 
Anthropologist 44, 328–330. 

Stewart, T.D., Groome, J.R., 1968. The African custom of tooth mutilation in America. 
Am. J. Phys. Anthropol. 28, 31–42. 

Stocking, G., 1987. Victorian Anthropology. The Free Press, New York. 
Szostek, K., Mądrzyk, K., Cienkosz-Stepańczak, B., 2015. Strontium isotopes as an in-

dicator of human migration – easy questions, difficult answers. Anthropol. Rev. 78, 
133–156. 

Tiesler, V., 2002. New cases of an African tooth decoration from colonial Campeche, 
Mexico. HOMO 52, 277–282. 

Tiesler, V., Arias, I.O., 2010. Identity, alienation, and integration: Body modifications in 
the early colonial population from Campeche. In: Tiesler, V., Zabala, P., Cucina, A. 

N.E. Smith-Guzmán, et al.   Journal of Anthropological Archaeology 60 (2020) 101226

13

http://refhub.elsevier.com/S0278-4165(20)30199-9/h0295
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0295
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0295
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0295
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0300
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0300
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0300
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0300
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0305
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0305
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0305
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0305
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0305
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0310
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0310
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0310
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0310
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0315
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0315
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0320
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0320
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0320
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0325
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0325
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0325
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0330
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0330
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0330
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0335
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0335
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0335
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0340
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0345
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0345
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0350
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0350
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0355
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0355
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0355
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0360
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0360
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0360
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0360
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0365
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0370
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0370
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0370
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0370
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0375
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0375
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0380
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0380
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0380
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0385
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0385
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0390
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0390
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0390
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0390
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0395
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0395
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0395
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0400
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0400
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0405
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0405
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0405
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0410
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0410
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0415
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0415
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0420
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0420
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0425
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0425
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0425
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0430
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0430
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0430
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0435
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0435
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0440
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0440
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0440
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0445
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0445
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0445
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0450
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0450
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0455
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0455
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0455
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0460
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0460
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0460
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0470
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0470
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0470
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0475
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0475
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0475
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0475
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0480
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0480
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0485
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0485
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0485
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0490
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0490
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0495
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0505
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0505
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0510
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0510
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0515
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0515
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0515
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0525
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0525
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0530
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0530
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0530
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0535
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0535
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0545
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0545
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0545
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0550
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0550
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0550
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0550
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0550
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0550
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0555
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0555
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0555
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0560
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0560
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0560
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0565
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0565
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0565
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0570
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0570
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0575
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0575
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0580
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0580
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0585
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0585
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0590
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0590
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0595
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0600
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0600
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0600
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0605
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0605
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0610
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0610


(Eds.), Natives, Europeans, and Africans in Colonial Campeche: History and 
Archaeology. University Press of Florida, Gainesville, FL, pp. 130–151. 

Tiesler, V., Cucina, A., Ramírez-Salomón, M., 2017. Permanent Dental Modifications 
among the Ancient Maya. In: A World View of Bioculturally Modified Teeth. 
University Press of Florida, Gainesville, FL, pp. 270–284. 

Torres de Araúz, R., 1980. Panamá Indígena. Instituto Nacional de Cultura, Patrimonio 
Histórico, Panama City, Panama. 

von Tschudi, J.J., 1868. Reisen durch Südamerika. F.A. Brockhaus, Leipzig. 
Ubelaker, D.H., 1977. Drilled Human Teeth from the Coast of Ecuador. J. Wash. Acad. Sci. 

67, 83–85. 
Ubelaker, D.H., 1987. Dental Alteration in Prehistoric Ecuador: A New Example from 

Jama-cocoaque. J. Wash. Acad. Sci. 77, 76–80. 
Ubelaker, D.H., 1994. Biología de los restos hallados en el Convento de San Francisco. 

Quito-Ecuador. Quito: Instituto Nacional de Patrimonio Cultural del Ecuador. 
Agencia de Cooperación Española, Quito. 

Valerio-Alfaro, I., Chavarría-Bolaños, D., 2017. Pre-Columbian Dental Modifications in 
Costa Rica: A Study of Three Archaeological Sites. Odovtos – Int. J. Dental Sci. 19, 
79–85. 

Vásquez, R., 1983. Excavaciones de muestreo en el sitio Nacascolo: Un paso adelante 
dentro del Proyecto Arqueológico Bahía Culebra. J. Steward Anthropolog. Soc. 14, 
67–92. 

Verrill, A.H., 1921. Panama: Past and Present. Dodd, Mead & Co, New York. 
Verrill, A.H., 1927. Panama of Today. Dodd, Mead & Co, New York. 
Vidal, Lorenzo C., 2008. Funerary traditions and death worship in the church of the 

Borgia in Gandía: interpretations from archaeology. World Archaeol. 40, 407–426. 
Villalobos, Jiménez R., 2018. Decoraciones dentales en Costa Rica. Odontología Vital 

1, 5–6. 
Wafer, L., 1934. A New Voyage & Description of the Isthmus of America. Hakluyt Society, 

Oxford. 
Wankmiller, J.C., 2016. Bioarchaeology of Jícaro: Analysis of human skeletal remains and 

mortuary practices at a Sapoa Period (A.D. 800/900-1350) site in Greater Nicoya. 
Unpublished PhD dissertation. Michigan State University. 

Wasterlain, S.N., Neves, M.J., Ferreira, M.T., 2016. Dental Modifications in a Skeletal 
Sample of Enslaved Africans Found at Lagos (Portugal). Int. J. Osteoarchaeol. 26, 
621–632. 

Whipkey, C.E., Capo, R.C., Chadwick, O.A., Stewart, B.W., 2000. The importance of sea 
spray to the cation budget of a coastal Hawaiian soil: A strontium isotope approach. 
Chem. Geol. 168, 37–48. 

Young, P.D., 1970. Notes on the ethnohistorical evidence for structural continuity in 
Guaymi society. Ethnohistory 17, 11–29. 

Young, P.D., 1971. Ngawbe: Tradition and Change among the Western Guaymí of 
Panama. University of Illinois Press, Urbana. 

Zucchi, A., 1997. Tombs and Testaments: Mortuary Practices during the Seventeenth to 
Nineteenth Centuries in the Spanish-Venezuelan Catholic Tradition. Historical 
Archaeol. 31, 31–41. 

Zuckerman, M.K., Turner, B.L., Armelagos, G.J., 2012. Evolutionary thought in paleo-
pathology and the rise of the biocultural approach. In: Grauer, A.L. (Ed.), A 
Companion to Paleopathology. Wiley-Blackwell, Chichester, UK, pp. 34–58.  

N.E. Smith-Guzmán, et al.   Journal of Anthropological Archaeology 60 (2020) 101226

14

http://refhub.elsevier.com/S0278-4165(20)30199-9/h0610
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0610
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0615
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0615
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0615
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0620
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0620
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0625
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0630
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0630
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0635
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0635
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0640
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0640
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0640
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0645
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0645
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0645
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0650
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0650
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0650
http://refhub.elsevier.com/S0278-4165(20)30199-9/opto7x0CIjXnL
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0655
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0660
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0660
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0665
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0665
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0670
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0670
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0675
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0675
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0675
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0680
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0680
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0680
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0685
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0685
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0685
http://refhub.elsevier.com/S0278-4165(20)30199-9/optQEime3XEr8
http://refhub.elsevier.com/S0278-4165(20)30199-9/optQEime3XEr8
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0690
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0690
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0695
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0695
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0695
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0700
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0700
http://refhub.elsevier.com/S0278-4165(20)30199-9/h0700

	Intentional dental modification in Panamá: New support for a late introduction of African origin
	1 Introduction
	1.1 Background

	2 Materials and methods
	2.1 Archaeological context of the Cathedral of Panama Viejo
	2.2 Osteological analysis
	2.3 Isotope analyses

	3 Results
	4 Discussion
	4.1 Intentional dental modification and the African diaspora
	4.2 Evidence from ethnohistorical and ethnographic sources
	4.3 Contemporary dental modification practices among the Ngäbe

	5 Synthesis and conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	mk:H1_17
	Funding
	mk:H1_19
	References




