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SUMMARY:  Chilean Robinson Crusoe Island is a semi-isolated location with unusually high rates of both consanguinity and
language disorder. The current population of 633 inhabitants is descended almost exclusively from the colonization at the end of the 19th
century, as there were few preceding immigrations to the island. This study investigates the genetic composition and degree of miscegenation
within the island population, using dental morphological markers. The universe of island children was studied (n= 128, 3 to 15 years of
age) using clinical exams, dental cast, and identification of each individual within a previously-constructed extensive genealogy for the
island. The frequencies for Carabelli's cusp (61.7%), shovel-shaped incisor (9.4%), and sixth cusp (2.3%), along with the absence of
seventh cusp, are consistent with a primarily Caucasian population. The estimated degree of miscegenation suggests an Amerindian
component of 4.3%, which is consistent with the extensive known genealogies of the founders. Characterizing the genetic profile of
Robinson Crusoe Island, a location with a remarkably high prevalence of language disorder, facilitates the comparison of the genetic
variants underlying this pathology with those identified in European populations.
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INTRODUCTION

Existing methods for studying human variation have
progressed enormously from the anthropological definitions
that gave origin to the concept of race. Various levels of
observation have been carried out, including isonomy,
qualitative and quantitative anthropometric measures, and
immunologic methods, including DNA analysis. Results
from one type of analysis, however, are not always consistent
with results from another (Cavalli-Sforza & Bodmer, 1971;
Rothhammer & Llop, 2004).

Human populations live in varied conditions, some
isolated for thousands of years and others with variable rates
of genetic mixture among groups. Studying the effects of
population mixture on genetic variation allows for a detailed
evaluation of the role of the environment in diseases that
have both genetic and environmental causes (Weiss, 1995).

Current Chilean populations originate from different
groups, and, therefore, identifying their genetic components
(gene pool) is important in epidemiologic genetic research
when studying the hereditary factors underlying common
diseases. Analysis of the size and shape of maxillofacial and
dental structures has contributed to the study of anthropology
and human evolution. Teeth have a considerable genetic
component, and, under normal conditions, dental structures
are the organism's most stable, changing neither in shape
nor size with aging (Rothhammer & Llop).

Dental morphological variation can be used to
characterize and compare populations, as well as establish
measures of biological distance similar to those established
using serological or molecular markers (Palomino et al.,
1977; Palomino, 1978; Rodríguez-Flórez, 2004; Bollini et
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al., 2006; Aragón et al., 2008; Díaz et al., 2014).

Among dental phenotype is Carabelli's cusp, located on the
mesiopalatine surface of the first superior molar. This is a high-frequency
trait among populations of Caucasian origin (Bailit, 1975; Palomino;
Villavicencio et al. 1996; Rodriguez & Gavilanes, 2002; Rothhammer &
Llop).

Shovel-shaped incisor, a morphological variation on the palatine face
of the superior incisor with variable expression, is a trait of Asian origin. It
appears with high frequency among Amerindian and Eskimo, as well as
Japanese and Chinese, populations (Krauss et al., 1969; Bailit; Palomino et
al.).

The sixth cusp is sometimes present in the inferior molars of Asian
and American Indigenous populations, and the seventh or intermedium cusp
is characteristic of the inferior molars of African populations (Kraus et al.;
Rothhammer & Llop; Delgado-Burbano, 2007)

The present study was carried out in Chilean Robinson Crusoe Island,
which is part of Juan Fernandez Archipelago, located 677 kilometers from
central continental Chile (Fig. 1). Robinson Crusoe is a unique island, with
633 inhabitants according to the national population census (INE, 2002).

The population's genetic structure
is semi-isolated, small, and of recent
origin. The archipelago was discovered
in 1574 and colonized in 1750; however,
it was depopulated in 1850. The most
recent colonization occurred at the end
of the 19th century, with 8 families led
by Swiss Baron Alfred von Rodt (Vicu-
ña Mackenna, 1883; Ruh, 1979). Of the
current population of children, 77% have
at least one of the colonizer's last names,
consistent with the high degree of
consanguinity of the island´s population
(Villanueva et al., 2014).

The present research group has
described a high prevalence of Specific
Language Impairment (SLI; SLI, MIM
602081) in this population (Villanueva et
al., 2008), at a rate seven times higher
than those of the continental Chilean
population (De Barbieri 1999) and five
times higher than those of the global
population (Tomblin et al., 1997). As this
language pathology has a genetic basis,
it may be associated with a founder effect,
that is, the genetic homogeneity that
develops in isolated locations with low
population variance (Cavalli-Sforza &
Bodmer; Villanueva et al., 2010, 2011).

The objective of this study is to
estimate the genetic component and
degree of miscegenation of the population
of Robinson Crusoe Island, using dental
morphological markers. The results will
allow for a more detailed analysis of the
genetic and environmental contribution
to the risk for the disease in this
population.

Fig. 1. Robinson Crusoe Island, geographic
area studied (33° .37´ 56´´ S.; 78° .49´ 45´´
W). This Island belongs governmentally to the
5th region of Chile
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MATERIAL AND METHOD

The socioeconomic conditions of the island
inhabitants are relatively homogenous in terms of education
level and quality of life. According to data from the national
population census, inhabitants are largely fishermen and
belong to a middle- and lower-middle-class socioeconomic
level (INE).

After signing informed consent, there were created
dental casts of the superior and inferior teeth of the universe
of island children aged 3 to 15 years (n= 128). Each child
was identified within the extensive genealogy previously
created.

It was recorded the following dental morphological
characteristics of the teeth: shovel-shaped superior incisor,
Carabelli's cusp on the superior molars, sixth and seventh
cusps on the inferior molars. The evaluation criteria are
described in Kraus et al.

The estimation of genetic mixture was determined
based on frequency of shovel-shaped incisor and Carabelli's
cusp, using the Berstein method and assuming a population
of mixed Amerindian and Caucasian origin (Cavalli-Sforza
& Bodmer).

The data were compared using the Chi square method
and Student t-test.

The study was approved by the Ethics Committee of
the School of Medicine and undertaken as part of the
UCHILE DID TNAC 01-02/01 and UCHILE DI MULT 05/

05-02 projects funded by the University of Chile. The
Municipality of Juan Fernandez Archipelago signed a legal
contract with the University, permitting the realization of
this project.

RESULTS

The universe of preschool- and school-aged children
on Robinson Crusoe Island had an average age of 9.5 years
±3.2 for males and 9.5±3.1 for females, with no significant
differences of age by sex (t= 0.07; p= 0.94). Type of dentition
was mainly mixed (58.6%), with no differences by sex (x_=
3.04; df =3; p= 0.52) (Table I).

Of the 128 children studied, 61.7% had Carabelli's
cusp, and 9.4% had shovel-shaped incisor, with no
differences by sex (x_= 1.98; df= 3; p= 0.79) (Table II).

Sixth cusp was found in 2.3% of subjects with erupted
inferior first molars, independent of the sex. The seventh
cusp was absent in all Island children.

Table III shows the frequencies of shovel-shaped
incisor and Carabelli's cusp for the Island population in
comparison with estimated frequencies for larger racial
groups and various continental Chilean populations. Shovel-
shaped incisors were found at significantly lower frequency
in comparison to the other populations (x_= 69.17; p=
0.0001), and Carabelli's cusp is common among Islanders.
Carabelli's cusp is found at high frequency in mainly
Caucasian populations and low frequency in Asian and
Indigenous populations. The frequency found for Island

Males Females Total
n % n % n %

Stage 11 17.2 10 15.6 21 16.4
1st Stage Mixed 18 28.1 23 35.9 41 32.0
2nd Stage Mixed 21 32.8 13 20.3 34 26.6
Permanent 14 21.9 18 28.1 32 25.0
Total 64 100 64 100 128 100

Males Females Total
n % n % n %

Carabelli's cusp 38 59.4 41 64.1 79 61.7
Shovel-shaped incisor 8 12.5 4 6.3 12 9.4
Sixth cusp 2 3.1 1 1.6 3 2.3
Seventh cusp 0 0.0 0 0.0 0 0.0

Table II. Dental morphological markers in the preschool- and school-aged
population of Chilean Robinson Crusoe Island, by sex.

Table I. Distribution of the school- and preschool-aged population of Chilean
Robinson Crusoe Island by sex  and type of dentition

children is significantly higher (x_= 201.5; p=
0.0001) than for children attending public school
in Santiago and southern Chile. Students
atprivate schools, especially in southern Chile,
show values closer to those of the children of the
island (Palomino et al.).

The ethnic composition of the populated
was calculated using the Bernstein method for
markers Carabelli's cusp and shovel-shaped
incisor. The degree of miscegenation estimated,
which represents the average of the two markers,
indicates that the Amerindian component of the
population of Robinson Crusoe Island was
4.34%. This value is compared with those
obtained for the continental Chilean population
and larger Caucasian and Amerindian racial
groups in Table III.
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DISCUSSION

It was described a high prevalence of Specific
Language Impairment in children on Robinson Crusoe
Island, at rates well above those reported for populations in
Santiago de Chile or Europe (Villanueva et al., 2008). This
language disorder has been described as highly heritable,
complex, and multifactorial (Newbury et al., 2010;
Villanueva et al., 2011). Therefore, identifying the genetic
components of this interesting population (gene pool) allows
for a more detailed evaluation of the role of genetic and
environmental contributions in this developmental disorder.

Current Chilean populations are descended from
different origins and, therefore, their population structure
and degree of genetic mixture cannot be assumed. It is known
that the country's population is descended primarily from
the mix of Amerindian inhabitants and European settlers that
colonized the country after its discovery and conquest
(Rothhammer & Llop). It is also known that the Amerindian
populations were genetically homogeneous but that the
proportion of European or African genetic contribution varies
within the population (Salzano & Callegari-Jacques, 1988).
In Chile, the impact of African genes is quite low
(Rothhammer & Llop).

Chilean Robinson Crusoe Island is highly endogamic,
with a recent and known origin, with little prior immigration.
The names of 77% of current children remain the same as
those of the founding families (Villanueva et al., 2008). The
families that colonized the island originate from a rural zone
in the center of Chile, descended primarily from Spanish
settlers with a relatively low indigenous component. Few of
the settlers had other European backgrounds including
German, French, and Swiss.

There are various methods for establishing the ethnic
composition of a population, each of which has been
demonstrated to be useful and to provide equivalent results.

Dental markers have been widely used because of
their stable morphology over the lifespan. Studies of intra-
and interpopulation dental morphological variability in
groups with varying levels of indigenous American genetic
contribution have concluded that philogenetic comparisons
based on dental morphology are a useful indicator of
biological distance (Palomino et al.).

In the Robinson Crusoe Islanders, it was analyzed
four markers that are clearly different among racial groups.
Out results show that the frequency of indigenous genes in
the population is low (4%) and that there is no presence of
African genes, which is consistent with historical and
demographic data regarding the origin of this population
(Vicuña Mackenna; Arana, 2010).

Furthermore, studies of schoolchildren in Santiago
and Southern Chile show that dental morphology is a good
phenotypic marker for estimating the degree of mixture
within the population, with results equivalent to those
obtained using serological markers in the same individuals.
Populations of private and public school students in Santia-
go evaluated from a socioeconomic and ethnic perspective
showed lower levels of Amerindian component than their
public school counterparts (Valenzuela et al., 1987). In the
rural zone of Southern Chile, especially in the Lake District,
there has been a recent immigration of individuals from
Germany resulting in relatively closed groups with respect
to the surrounding resident population, and especially

Carabelli's
cusp

Shovel-shaped
incisor

GENETIC
MIX

Populations % % %
Robinson Crusoe Island 1 61.7 9.4 4.3
Caucasian 2 59.5 12.6 ---
Amerindian 2 7.2 88.6 ---
Santiago public school  2 15.5 41.7 70.7
Santiago private school 2 24.7 19.5 37.8
Southern Chile public school 3 23.7 62.4 66.6
Southern Chile Private school 3 65.8 21.8 7.9

Table III. Frequency of dental morphological characteristics in the Chilean Robinson Crusoe
Island, in continental Chile, and in larger racial groups.

1= Data obtained in the present study.
2= Data published by Palomino et al. Morfología Dentaria en la Evaluación de la Etnicidad Poblacional.
Odontología Chilena 43, 91-94, 1995.
3= Data published by Rothhammer & Llop, Poblaciones chilenas. Cuatro décadas de investigaciones
bioantropológicas. Editorial Universitaria, Santiago, pp. 115-128, 2004
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exclusive of the numerous indigenous settlements. Currently,
the public schools in the zone are attended by both indigenous
and non-indigenous students from the mixed Chilean
population, while the private schools of German origin are
attended mainly by students from the colonizing German
families. Studies have shown a similar pattern for school
populations in Santiago (Rothhammer & Llop).

The high frequency of Carabelli's cusp and low
frequency of shovel-shaped incisor described in the present
work allows us to conclude that the population of Robinson
Crusoe Island has remained semi-isolated, with scarce
genetic variability. The population has maintained the
characteristics of the founding families originating mainly
from Europe. The absence of the seventh cusp rules out the
existence of African genes.

Significantly, the frequency of shovel-shaped incisor
on the Island is similar to that described for Caucasians and
lower than that described for indigenous South American
populations, while Carabelli's cusp is more common than in
urban continental Chilean populations. Populations
influenced by racial mixing and less isolation generally show
higher frequencies of traits of Caucasoid origin and decreased
frequencies of Amerindian traits (Palomino et al.; Aragón
et al.).

The frequency of Specific Language Impairment in the
island (35%) (Villanueva et al., 2008) is higher than in English
spoken children (Tomblin et al.) or continental Chile (De
Barbieri et al., 1999), where rates are below 10%. This island
population with a low frequency of indigenous genes can be
considered to be mainly European in origin. Therefore, it would
be useful to compare the genetic profiles of SLI cases reported
in Europe with those in Robinson Crusoe Island.

In fact, four genes associated with spoken language
disorder have been identified in European populations (for
more detail see Newbury et al.).

In the population of Robinson Crusoe, a marker has
been identified, along with five zones highly associated with
the pathology on other chromosomes (Villanueva et al., 2010,
2011). Among these, a zone in chromosome 7 coincides with
the location of genes identified as an area of susceptibility
for SLI, autism, and vocabulary and grammar disorders.
Furthermore, it coincides with the location of the gene
FOXP2 recognized as an area of susceptibility for speech
and language disorders over a decade ago, and described as
a biological modulator of the evolution and development of
language in the human species (Konopka et al., 2009).

 In conclusion, this study confirmed a scarce
indigenous genetic contribution to the semi-isolated Chilean
population of Robinson Crusoe Island, according to dental
morphological markers. This is the first step in describing
the genetic profile of this population, in which a high
prevalence of language disorder is reported. This
characterization paves the way for comparisons of the genetic
variants underlying the language pathologies described in
European populations with findings for this Chilean island
population.

ACKNOWLEDGEMENTS

 The authors are extremely grateful to the inhabitants
of Robinson Crusoe Island who have agreed to participate
in this study. We would also like to thank to the Mayor of
the Ilustre Municipalidad de Juan Fernandez, for his infinite
assistance in the development of this research.

FUNDING.  The characterization of the Robinson Crusoe
population was funded by two grants of Vicerrectoría de
Investigación, Universidad de Chile [grant number UCHILE
DID TNAC 01-02/01], [grant number UCHILE DI MULT
05-05/02].

VILLANUEVA, P.; QUEVEDO, M.; DE BARBIERI, Z.; PIÑEIRO, S.; HERRERO, C.; FERNÁNDEZ, M. A. & PALOMINO, H. Marca-
dores morfológicos dentarios en la estimación de la etnicidad poblacional de la Isla Robinson Crusoe. Int. J. Morphol., 33(2):538-543, 2015.

RESUMEN: La isla chilena Robinson Crusoe es un semiaislado geográfico de alta consanguinidad. Su población actual de 633 habitantes
proviene de la última colonización ocurrida a finales del siglo XIX y pocas migraciones posteriores, en quienes recientemente se ha descrito una alta
incidencia de trastorno de lenguaje. Este estudio estimó el componente genético y grado de miscegenación de la población isleña usando marcado-
res morfológicos dentarios. Se estudió al universo de niños isleños (n= 128, 3 a 15 años de edad) con exámenes clínicos, modelos dentales y
ubicación de cada individuo en genealogías extensas confeccionadas previamente. La frecuencia de Tubérculo de Carabelli fue 61,7%, Diente en
Pala 9,4%, tubérculo sexto 2,3% y ausencia del rasgo tubérculo séptimo, lo que concuerda con una población eminentemente caucásica. El grado de
miscegenación estima que el componente amerindio de esta población es de 4,3%, que también se evidencia al analizar las genealogías extensas
originadas por los colonizadores. La descripción del perfil genético de esta población, donde se han reportado altas prevalencias de trastorno de
lenguaje, permitirá comparar con las variantes genéticas subyacentes a esta patología descritas para poblaciones europeas.

PALABRAS CLAVES: Marcadores morfológicos dentarios; Tubérculo de Carabelli; Incisivo en forma de pala; Isla Robinson Crusoe.
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