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using the software Microware 4.02 of P. Ungar (Ungar,
1995). The lengths were divided into ten classes with
increments of 30 pm (L1 to L10) and the orientations
into four classes: horizontal (0—20° and 160—-180°), hori-
zontal/oblique (20—40° and 140-160°), oblique (40-60°
and 120-140°) and vertical (60—-120°).

Carbon and nitrogen stable isotope analyses

Carbon (C) and nitrogen (N) stable isotope analyses have
proved to be effcient methods for reconstructing palaeodiets
(Tykot, 2004; Bocherens and Drucker, 2005), based on the
fact that the differences in chemical composition between
different categories of food are refected in the bones or teeth
of the consumer. Consequently, they can give a direct meas-
ure of long term diets at an individual level, enabling asso-
ciations to be highlighted between diet and other attributes
such as social status, age or sex (Polet, 2008).

C and N stable isotope compositions are chiefy meas-
ured in bone (and dentine) collagen, the main component
of their organic fraction. Results are expressed as isotopic
ratios (= ratio of abundance of the heavy to light isotope)
relative to an international standard. They are reported as
a delta (3) notation in units per mil (%o). 3 is calculated in
the following way for carbon and nitrogen stable isotopes:

0BC (%o) = [(**C/*2C) sample / (**C/**C) standard —1]
x 1000

OBN (%o) = [(**N/*N) sample / (**N/**N) standard —1]
x 1000

d is positive if the sample is enriched in heavy isotopes
compared to the standard, a negative o indicates the oppos-
ite. For carbon isotopes, the internationally defned stand-
ard is V-PDB (for Vienna Pee Dee Belemnite). The nitrogen
isotopes are reported relative to AIR (for atmospheric air).

We sampled 200—300 mg of compact bone with a drill.
Collagen was extracted by acidic demineralization fol-
lowed by a treatment to remove the contaminants (Bocher-
ens et al., 1991). The carbon and nitrogen isotopic compos-
itions were measured with a NC 2500 Elemental Analyzer
connected to a Thermo Quest Delta + XL isotopic ratio
mass spectrometer at the Geochemistry department of the
University of Tlbingen, Germany.

RESULTS

Stress indicators

No enamel hypoplasia was observed in the seven decidu-
ous dentitions of Easter Island. On the island of Guam,
however, 12.7% (17/134) of the individuals displayed
this stress indicator in their primary teeth (Stodder, 1997).
This pathology concerned 18% of the permanent teeth of
Rapa Nui (table 2).

Cribra orbitalia was present in 12.7% of our Easter
Island samples (table 2).

The percentage of permanent teeth with enamel hypo-
plasia and the percentage of cribra orbitalia are in the
range of variation of other historic and prehistoric Pacifc
samples (Polet, 2006; here: Tg. 3). However, these are
much lower than European medieval populations from
the sixth to the Ffteenth century AD (Polet, 2006).

Within the Rapa Nui sample, women showed sig-
nifcantly higher hypoplasia frequencies than men
(table 2 and Tg. 4a). The percentage of cribra orbitalia
was higher in children than in adults (table 2). The
Ahu Nau Nau individuals are characterized by a lower
rate of cribra orbitalia than the other Easter Islanders
(Polet, 2006).

Dental microwear

In the sampled circular area, the total number of micro-
scratches on the Easter Islanders’ teeth varied between 21
and 119 with an average of 53.9 features (or 77 scratches/
mm?). Their average length was 50.9 um. Most of the
scratches belonged to the classes L1 and L2 (1 to 60 pum).
The frst two classes alone accounted for 75% of all the
features. A horizontal orientation predominated (33%;
Tg. 5). The horizontal, horizontal-oblique and oblique
striations totalized 82%.

As there are no corresponding dental microwear
studies for alternative Polynesian populations, we thus
decided to compare our group to the prehistoric and
medieval samples studied by C. Garcia-Martin (Garcia-
Martin, 2000). Compared to these samples, Easter
Islanders displayed a small total number of striations.

> 20 yrs 6/31 19.4 > 20 yrs 3/51 5.
13-20 yrs 1/8 125 <20yrs 6/21 28.6
Male 1/19 5.8 Male 1/28 3.6
Female 4/11 36.4 Female 5/25 20.0

Table 2 — Proportion of individuals affected by enamel hypoplasia (on permanent teeth) and by cribra orbitalia amongst Easter Islan-

ders.

Tabl. 2 — Proportion d’individus atteints d’hypoplasie de I’émail (pour les dents permanents) et de cribra orbitalia chez les Pascuans.
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compared to those collected from fve archaeological Polyne-
sian samples (see references in Polet, 2006; Pietrusewsky et al.,
2014).

Fig. 3 — A : fréquences d’hypoplasie de [’émail pour les dents
permanents de [’échantillon pascuan comparées a celles rele-
vées dans huit échantillons polynésiens archéologiques et trois
échantillons actuels (les références sont dans Polet, 2006, Pie-
trusewsky et al., 2014); B : fréquences de cribra orbitalia pour
[’échantillon pascuan comparées a celles relevées dans cing
échantillons polynésiens archéologiques (les références sont
dans Polet, 2006 ; Pietrusewsky etal., 2014).

Fig. 4 — A: frequencies of enamel hypoplasia on permanent
teeth in male and female Easter Islanders; B: frequencies of cri-
bra orbitalia in male and female Easter Islanders.

Fig. 4 — A : fréquences d’hypoplasie de [’émail pour les dents
permanents des Pascuans de sexe masculin et féminin; B : fré-
quences de cribra orbitalia chez des Pascuans de sexe masculin
et féminin.



Caroline PoLET

118
Orientation classes
vertical / 33%
oblique
horizontal
oblique
22 %

/

horizontal
oblique

27 %

Fig. 5 — Distribution (pie-chart) of the Easter Islanders micro-
striations over four orientation classes (horizontal, horizontal/
oblique, oblique and vertical/oblique).

Fig. 5 — Répartition des micro-stries des Pascuans dans quatre
classes d’orientation (horizontale, horizontale/oblique, oblique
and verticale/oblique).

Furthermore, multivariate statistical analyses, based on
the length and orientation of the scratches, revealed that
the microwear pattern of the Easter Islanders were most
similar to those of the coastal medieval sample of Coxyde
(Polet et al., 2008).

Within our adult sample, we did not observe any sex
or age-related differences in microwear pattern (Polet
et al., 2008). With regard to social status, our study
showed that Ahu Nau Nau, the royal ahu, was distin-
guishable from the other sites on the basis of its dental
microwear (Polet et al., 2008): it was characterized by
a lower number of striations and fewer short features
(0-30 pm).

We also observed that the individuals dated to before
the deforestation presented signifcantly less horizontal

scratches than those dated after this event (Polet et al.,
2008).

Carbon and nitrogen stable isotope analyses

The results for the 109 Rapanui individuals analysed
produced the following results: their bone collagen 6 N
ranged from 10.6%o. to 16.9%o with an average of 13.4%o;
and their 6 '*C ranged from —21.0%o to —15.5%o with an
average of —18.4%o. (Polet and Bocherens, 2016).

We also tried to identify trends within our sample
by comparing the individuals buried in the ahu to the
individuals buried in caves, but they did not display
any signifcant differences in their isotopic signals
(table 3).

Regarding sex differences in adult individuals, males
displayed higher carbon and nitrogen isotopic values than
females (fg. 6 and table 3).

We also studied the isotope distribution according to
age at death (fg. 7). The sample was divided into four age
classes: 0—3 years, 4—11 years, 12—18 years and adults.
The frst category produced the most individuals with the
highest value of nitrogen isotopes, aside from two young
children: a two-year old child and a baby.

The spatial distribution of the isotopic signatures also
provided interesting results with individuals clustered
according to their place of burial (fg. 8).

The individuals from Ahu Nau Nau, displayed the
highest value of nitrogen and carbon isotopes (except for
one male individual).

DISCUSSION

Stress and malnutrition

The enamel hypoplasia and cribra orbitalia study
revealed that the stress level of Easter Islanders during
childhood was not higher than that of other ancient popu-
lations of the Pacifc, but was lower than that of European

oC | 79 -18.3 0.87 28 -18.2 1.09 0.36 NS
O®N | 79 13.4 1.23 28 133 1.02 0.32 NS
oBC | 32 -18.2 0.98 30 -18.6 0.73 0.0407 *

OBN | 32 13.5 0.95 30 12.8 0.46 0.00016 o

Table 3 — Statistical parameters of the comparison of isotopic signatures (6'*C and d*°N in %o) between individuals buried in ahu and
individuals buried in caves, between males and females. NS = not signifcant; * = signifcant; *** = highly signifcant.

Tabl. 3 — Paramétres statistiques des comparaisons de signatures isotopiques (0°C et 6N en %o) entre individus inhumés dans les
ahu et ceux inhumés dans les grottes, entre les hommes et les femmes. NS = non significatif; * = significatif; *** = trés hautement

significatif.
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Fig. 6 — Bivariate plot of 5N and 3'*C values from males, fe-
males and adults of unspecifed sex from Easter Island.

Fig. 6 — Graphique bivarié présentant les valeurs de 5"°N et de
083C des hommes, des femmes et des adultes de sexe indéterminé
de I'ile de Paques.
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Fig. 7 - Bivariate plot of 85N and 3'*C values from Easter Islan-
ders belonging to different age categories. The individuals that
displayed the highest nitrogen isotope signatures belong to the
category 0—3 years. Two children were exceptions: a 2-year old
child and a baby who died between 0 and 6 months.

Fig. 7 — Graphique bivarié présentant les valeurs de 6"°N et de
08C de Pascuans appartenant a différentes catégories d’dge.
Les individus qui présentent les signatures isotopiques de
l’azote les plus élevées appartiennent a la catégorie d’dge 0-3
ans. Font exception : un enfant dgé de 2 ans et un bébé mort
entre () et 6 mois.

medieval populations. Therefore, we can state that child
malnutrition on Rapa Nui was far from severe. This result
is in direct opposition to the catastrophist theories (i.e.
chaos, war and famine following deforestation) popular-
ised by Jared Diamond (Diamond, 2005, p. 79-119).
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Fig. 8 — Bivariate plot of 6N and §'*C values from Easter Islan-
ders aged over 12 years and buried in different a/u.

Fig. 8 — Graphique bivarié¢ présentant les valeurs de 0N et
de 01°C de Pascuans dgés de plus de 12 ans et inhumés dans

différents ahu.

General composition of the diet

The Easter Islanders’ microwear was characterized by
few features: short and mainly horizontal or oblique
scratches. These results can be related to the dominance
of sweet potato (Ipomoea batatas) in their daily meals
as stated by historical (Pollock, 1993; Flenley, 1993),
ethnographical (Routledge, 1919, Métraux, 1940) and
archaeobotanical (Flenley, 1993; Cummings, 1998) data.
The high percentage of caries recorded by D. Owsley and
colleagues (Owsley et al., 1983 and 1985) also confrms
this hypothesis as the sweet potato and the other tubers
consumed by the inhabitants of Rapa Nui (i.e. taro, yam
and arrow-root) are rich in starches and are highly cari-
ogenic (Lingstrom et al., 2000).

The microwear pattern of the Easter Islanders is
most similar to that of the Cistercians of Coxyde (Polet
et al., 2008), a medieval coastal population where marine
Tsh consumption has already been attested to. The ich-
thyophagy of the Rapa Nui people is also confrmed by
the marine faunal remains (Steadman et al., 1994; Ayres
et al., 2000) and fshing implements (e.g. Lavachery,
1935; Ayres, 1985) discovered in Easter Island archae-
ological sites.

To estimate the proportion of marine food in their diet,
we applied the linear mixing model of S. Mays (Mays,
1997) based on carbon isotopes. In this model, an entirely
terrestrial diet leads to a value of -21.5%. and a wholly
marine-based one to —12%.. The contribution in marine
products for Easter Islanders varied between 4.8 and 57%,
with an average of 29.5%.® Moreover, A. Commendador
and coworkers (Commendador et al., 2013) compared
the carbon and nitrogen isotopic ratios of forty-one Rapa
Nui human teeth coming from seven archaeological sites
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(i.e. Ahu Tongariki, Ahu Kihi Kihi Rau Mea, Ahu Nau
Nau, Ahu Akahanga, Ahu One Makihi, Ahu Mahatua, and
Ana Oroi) with 132 animal remains from one archaeolo-
gical site on Easter Island (Anakena Beach) and came to
the conclusion that their diet was predominantly terrestrial.

A. Commendador and colleagues (Commendador
et al., 2013) compared their data with twelve other Pacifc
islands. They observed that their Rapa Nui material was
within a similar range of & '*C but consistently higher
in & N. They suggested that the Easter Islanders’ diet
was more focused on terrestrial resources than the other
Pacifc islanders. We reached the same conclusion with
our 109 isotopic dataset (Polet et Bocherens, 2016).

Gender effect

Women of Rapa Nui showed signifcantly higher hypo-
plasia frequencies than men (table 2 and fg. 4A), which
leads to the assumption of a preferential investment in
boys (Guatelli-Steinberg and Lukacs, 1999): as the tooth
crown records stress events that occurred during its form-
ation (i.e. childhood).

These sex differences continued during adulthood
with males displaying higher carbon and nitrogen iso-
topic values than females (fg. 6 and table 3). This result
indicates they had a higher intake in animal protein than
the women.

There is little mention of gender difference in diet
in the ancient population of Rapa Nui. A. Métraux
(Métraux, 1940, p. 164) quotes a description of a banquet
by Father Zumbohm in 1879, which details the order in
which the guests received their food: the best pieces were
given to the missionaries, then the chief and his friends
were served, the commoners helped themselves, and the
women and children were served last. “From a delicacy
like chicken or fsh all they got was the bones to chew and
these bones were already chewed once or twice”.

Age effect

A higher percentage of cribra orbitalia in children,
compared to adults (table 2), has already been recorded
in numerous other populations (Polet and Orban, 2001,
p. 120; Pietrusewsky et al., 1997) and can be explained
by the healing and disappearance of the lesions with age.

The higher nitrogen isotopes for the 0—3 year class
can be explained by the fact that they were breastfed.
Prior to and immediately after birth, the 0 N values
of babies are the same as those of their mothers (Fuller
et al., 2006). Afterwards, by exclusively consuming their
mother’s milk, a human product, babies are one trophic
level higher than their mother: they show 2—3%. higher
0 N values (Fogel et al., 1997). After the introduction
of supplementary foods, infant & >N values decrease and
gradually approach the values found in adults.

The low 0 ®N values in two of the young children
can be explained by the fact that the 2-year old child was
probably already weaned, and that the baby probably died
at birth without consuming any of its mother’s milk.

The diet of the children from 4 years up was more
or less similar to that of adults, indicating that they were
fully weaned.

Spatial distribution effect

On the basis of the stable isotope analysis, we can state
that there was no noteworthy difference in diet between
individuals buried in the ahu or individuals buried in
caves. Leslie Shaw (Shaw, 2000) mentioned that burial
patterns were very similar in both caves and a/u tombs,
which may indicate that we are probably dealing with the
same groups, each with its own dietary habits, burying
their dead in both structures.

We observed clusters of individuals according to their
place of burial as this can often indicate family or tribe
dietary specifcities. However, the isotopic variations did
not match the tribal land divisions recorded by Katherine
Routledge (Routledge, 1919, p. 221-224). For example,
the individuals from Ahu Nau Nau and those from Ahu
Kihi Kihi Rau Mea, both located on the Miru tribe land
(fg. 1), displayed quite different nitrogen and carbon
isotopic values (fg. 8). It should also be mentioned that
these land divisions were recorded as late as the twentieth
century, and they may have changed over time.

A greater consumption of marine products may
explain the dental microwear pattern in Ahu Nau Nau
and its higher value of nitrogen and carbon isotopes.
This “privileged’ diet is probably related to the taboos
(tapu) they imposed on the other islanders (Métraux,
1940, p. 130-132). Fishing tapu was applied from May
to October but did not apply to the nobles. During these
months, only the royal canoe could be used for fshing,
with a crew composed of important men (Métraux, 1940,
p. 173). All the fsh caught from the royal canoe were
presented to the king, who kept them for his own use
or, more often, distributed them among the elders (this
may have also played a role in dietary gender differ-
ence). Other arguments also support a dietary difference
between the individuals buried in Ahu Nau Nau and those
buried elsewhere: the remains of offshore fshing hooks
were more prevalent in the west and north of the island,
which is where the royal ahu was (Ayres, 1979): the only
harpoon head was discovered in Anakena Bay (Wallin,
1996) and the majority of petroglyphs depicting marine
organisms, canoes or implements relating to deep-water
Tshing activities are located in the north of the island
(Lee, 1992, p. 74-96, 104—112, and 113-115).

Furthermore, Ahu Nau Nau individuals are charac-
terized by a lower rate of cribra orbitalia than the other
Easter Islanders (Polet, 2006). Suggesting that they were
less anaemic or less vitamin B12 defcient (Walker et al.,
2009), probably thanks to a higher intake of iron- and/or
cobalamin rich foods, such as meat and seafood.

Temporal changes in diet

The dental microwear data (orientation and length of
scratches) indicated a decrease in the consumption of
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animal products post deforestation (Polet et al., 2008).
However, the small number of individuals analyzed
clearly date to the second half of the seventeenth century,
which prevents us from drawing frm conclusions.

Nevertheless, the stable isotopes study of A. Com-
mendador and coworkers (Commendador et al., 2013)
demonstrated a decline in nitrogen isotopes ratios through
time during the pre-contact period. They interpreted this
result as a chronological decrease of the consumption of
terrestrial animal proteins. Surprisingly though they did
not observe changes after the historic contact.

As most of the burial sites we studied were used over
long periods of time, we can assume that the dietary dif-
ferences between genders and lineages continued during
the post-contact period or at least until the disappearance
of most of the population following the Peruvian slave
trade and subsequent epidemics.

CONCLUSION

his study aimed to document the diet of ancient

Easter Islanders from the seventeenth to the nine-
teenth century.

The dental microwear data confrmed that tubers were
their staple food. Stable isotopes indicated that on aver-
age one third of their proteins originated from the sea.
Stress indicators showed that child malnutrition was far
from severe. The dental microwear data also suggested a
decrease of animal product consumption related to defor-
estation, which was confrmed by the stable isotopes
data of A. Commendador and coworkers (Commend-
ator et al., 2013). Similarly, we deduced that the Easter
Islanders relied more on terrestrial food resources than
other Pacifc islanders.

Within our sample, we observed sex differences in
stable isotopes revealing that women ate signifcantly less
animal products. Stress indicators also suggested gender
disparities in the access to basic resources, resulting from
a preferential investment in sons. We showed that chil-

dren were breastfed until three years old. The clustering
of isotopic signatures according to the place of burial
(ahu) may indicate family dietary specifcities. However,
no difference in diet was observed between individuals
buried in the ahu or individuals buried in caves, suggest-
ing the same groups of people used both structures for
funerary purpose. With regard to social status, our study
showed that the royal ahu can be distinguished from other
ahu on the basis of the stable isotopes data, the dental
microwear pattern and the frequency of cribra orbitalia.
A greater consumption of marine products could be the
origin of this distinction.
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NOTES

(1) The Dutch explorer Jacob Roggeveen was the frst European
to discover the island in 1722 on Easter Day, hence its name.

(2) The actual proportion of marine food in their diet must have
been lower since collagen is preferentially produced from
dietary proteins (Ambrose and Norr, 1993)
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