











coastal arc around the northwest coast to the site of Ahu Nau Nau. The Mahatua site on
the northeast coast, west of the Poike volcano, is putatively assigned to the Tupahotu
territorial division, but appears to affiliate with the Costa Norte samples in the Miru
division (Tables 4.8 and 4.9).

Overall, the notion of limited tribal endogamy, when considered for all inter-
territory comparisons, is not supported by the genetic evidence. Similarly, Stefan (1999)
and Chapman’s (1998) arguments for the absence of regional patterning is not supported
by the genetic evidence. Evidence for both gene flow and genetic barriers exist between
various sites, but do not correspond to the territorial divisions of Routledge (1919) or
Meétraux (1940, 1957). Overall, the general pattern suggested by the AMOVA (Table 4.9)
and Rsr analyses is that the large south coast Akahanga site appears to affiliate regionally
with centers on the west, south and southeast coasts (Figure 5.5).

Meétraux (1940) suggested that the Miru division, supposed as the descent group
from which the Rapa Nui kings were selected, maintained complicated assortative mating
rules with other social divisions, called tumu, which dictated the path of marriage for
particular territorial divisions. The Miru division, which claimed much of the west,
northwest and north coastal areas, includes the sites of Kote Riku, Kihi Kihi Rau Mea,
the Costa Norte samples and those from Nau Nau (Figure 5.5). The Costa Norte samples
show strongest pairwise genetic affiliation with the Mahatua samples from the northeast
coast, crossing the territorial boundary between the Miru and Tupahotu (Table 4.8; Figure
5.4). The Nau Nau samples from Anakena beach in the central extent of the north coast,
suggested by many authors as the first point of contact for the colonization event and the

seat of
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Figure 5.5. Map of Rapa Nui territorial divisions with shaded area showing the regional sites with
greatest intergroup gene flow observed in the present study. The extent of the shaded area
corresponds to the pairwise Rg; comparisons (Table 4.8).

island rule, demonstrates high levels of gene flow between the south coast site of Onero
and with the west coast site of Kihi Kihi Rau Mea. Onero is assigned to either the Ngaure
or Marama territorial division, and only the Kihi Kihi Rau Mea site is within the Miru
territorial division of the Nau Nau site. Whatever the final validity of the territorial
divisions proposed by Routledge and Métraux, this analysis suggests using them as
markers of social geography and genetic architecture within a mating scheme of limited
tribal endogamy (Stefan, 1999) needs to be reassessed, in light of the genetic data

presented here.
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Differences in patterns of gene flow by sex

The observation of what appears to be differential gene flow patterned by sex in the split
decomposition network was a somewhat unexpected discovery. Previous work by Stefan
(1999) suggested that, based on craniometric studies conducted on 334 crania from Rapa
Nui, North and South America, and Europe, some small but statistically not significant
variation existed between male and female geographic distribution and mobility,
calculated using unbiased Mahalanobis D’ and minimum Fs; (Konigsberg and Blangero,
1993) values. His opinion was that minimum Fsy values and determinant ratios described
by male and female variance/covariance matrices supported an explanation of slightly
higher subpopulation structure through gene flow (minimum Fsy = 0.06378 for males,
versus 0.09409 for females, conditioned on 11 variables; Stefan 1999:415) among
females than males. This result is comparable to the SplitsTree unrooted split
decomposition networks constructed in Chapter 4, which showed a lower number of
interconnecting nodes or branches between the female sample, at positions nearer the
central node than was the case for the male samples (Figures 4.16 and 4.17). Because of
the small number and unevenness of genetic samples per site for females, no site-level
estimates of gene flow are available here, but the overall pattern of reduced gene flow for
females is consistent with Stefan, and is a topic for further research. The SplitsTree
output does indicate that females show strong affinity to one another by site, especially
for samples from the skeletal series from Mahatua (Figure 4.17). Overall, the female split
network samples are indicative of low mobility, compared to the pattern shown for males,
which appears to represent higher mobility and closer affiliation between North Coast

individuals generally, and individuals from Akahanga and Tongariki, specifically.This
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result suggests greater overall mobility for males than females in the skeletal series, and
may reflect differential residence or pattern of interment between the sexes.

A possible explanation for this pattern based on social organization has indirect
support from the early anthropological literature in Polynesia. Early accounts of explorers
and ethnographers describe the existence of flexible residence rules in many parts of
Polynesia that some have described as matrilocal or ambipatrilineal residence or descent
(Sahlins, 1958; but see also Métraux 1940; McCall, 1979), under the ramage or lineal
fission system. As described by Sahlins (1958) in his survey of social organization in
Polynesia, a matrilocal descent system is a misnomer, since all Polynesian societies seem
to be uniformly organized under the patrilineal, patrivirilocal residence pattern (Metraux,
1940). However, Sahlins argues that within this social norm some flexibility of residence
was practiced as a mechanism to relieve social pressure and disputes between groups or
lineages. The relocation (or initial residence) of a female and her nuclear family into the
extended family of her father was considered by Sahlins as a common ‘deviation’ from
the modal pattern of patrilineal and patrilocal residence after marriage (1958:146). Since
the underlying pattern was not matrilocal outside of the most recent generation, Sahlins
preferred the term ambipatrilineal, to reflect the flexibility in the system to choose the
lineage in which to take up residence. In the case of Rapa Nui, owing to its isolation and
the evidence for lineage-based social competition in monumental architecture (Flenley
and Bahn, 2002; Sahlins, 1955), it is not unreasonable to predict that flexibility in
residence pattern might be selected at higher frequency than in other cases where outlets
to population and social reinforcement through migration or trade were possible.

Raymond Firth (1936) suggests that ambilaterality in New Zealand and the tendency to
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uxorilocal residence in Tonga and Samoa represent the variability of flexible descent and
residence systems in Polynesia.

Unfortunately, with low discriminatory variation in the mtDNA in Polynesia and
especially in Rapa Nui, it may not be possible to validate the genetic study presented here
using female-mediated genetic material. The pattern that results from the microsatellite
aDNA work presented here lends support to the argument that matrilocal or uxorilocal
settlement was more common in Rapa Nui than is described elsewhere in Polynesia, and
may represent a satisfactory solution to the traditional account of extreme social

competition occurring between lineage or ramage descent systems (Sahlins, 1955, 1958).

Cave sites may be historic period burials

Being the two samples with the highest average inbreeding coefficient compared
to the other sites, the Oroi and Mahiha caves skeletons may represent a late protohistoric
or historic period skeletal assemblage (Shaw, 2000b). Obsidian hydration dates within the
caves suggest their use as habitation and fishing camp shelters until around AD 1798;
Shaw (2000b) argues that their simultaneous use as bundle burial interments would be
incompatible with habitation use. Skeletal indicators (as well as the genetic analysis)
attest to their high level of intra-site relatedness (Gill et al., 1983; Zimple and Gill, 1986)
and their low level of genetic relatedness to other, non-cave interments from this study.
Although a late date is argued, supported with the extended position of the skeleton, as
well as the presence of historic artifacts with the skeletons, these are not considered
convincing evidence for a late date in and of itself, as the caves appear to have been in

continuous use up to the time of skeletal recovery in 1981, and some modifications to the

229



cave morphology and interments appears to be the result of presenting a more dramatic
scene for tourists and other visitors (Shaw, 2000b).

The coastline of Rapa Nui is marked by the occurrence of hundreds, if not
thousands of natural and modified caves and shelters, and many of them are known to
contain human skeletal remains (S. Rapu, personal communication). Caves figure
prominently in the protohistoric and historic accounts of Rapa Nui, with descriptions of
caves as places of refuge and hiding for the protohistoric and historic Rapa Nui pervasive
in the literature (see Routledge, 1919 for extensive treatment). The inclusion of the cave
specimens here was oriented toward understanding if these skeletons could be positively
associated with late protohistoric through historic period interment. During the forty year
interval of “blackbirding”—the forced removal of Rapanui to serve as slaves for Peruvian
guano mining operations—the population of the island was reduced to a historic low of
111 individuals by 1868 (McCall, 1979). The Rapanui took to hiding in coastal and
inland caves to avoid the predation of the slave traders, and may have subsequently
established burial places within these caves to bury lineage related individuals.

Unfortunately, the cave sample is too small to determine with certainty the status
of these skeletons with respect to the ahu and avanga burials. The high heterozygosity
maintained by the skeletons from the Mahiha caves is inconsistent with localized
inbreeding, unless these skeletons demonstrate heterozygosity due to sampling bias. I
demonstrated that the Mahiha skeletons shared a high proportion of their overall
microsatellite variation within the sampled individuals (83% alleles shared at all loci),
indicating that these samples possess evidence of familial relatedness. This observation,

coupled with the higher than expected H, versus H, for the Mahiha cave skeletons, and
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the nearly equivalent H, versus H, for the Oroi caves skeletons, suggests that the
maintenance of heterozygosity is an artifact of family-level relatedness between the
specimens. Although the obsidian hydration chronology has established some lower age
boundaries for these skeletons, direct radiocarbon dating of the skeletal material will help

place them in a time-structured context within the island-wide skeletal series.
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Chapter 6. Conclusion

Summary of challenges and problems

In general, the results of this study demonstrate the potential for recovering
minute quantities of DNA from old and/or degraded skeletal samples and the prospects
for anthropologically and archaeologically-informed phylogenetic reconstructions based
on these kinds of data. This project is as much a pilot study of the kinds of contamination
reduction extraction procedures that are required to produce microsatellite, or STR
genotype data using skeletal materials as it is a thesis about population history and
demography on Rapa Nui. The challenges, materials and methods, experimental failures
and successes are documented herein to provide some baseline information for future
experiments using genomic DNA to test phylogenetic models of population expansion,
niche filling and differential gene flow in an archaeologically-meaningful context.

This study is not meant to replace existing explanations for population history
derived from ethnographic, physical anthropological and archaeological research. In fact,
the previous conclusions drawn from these studies provide the spatial and temporal
information crucial to forming testable hypotheses that can be evaluated with molecular
data. Without this baseline data, the conclusions drawn from the chemical and genetic
analysis of variation in the skeletal series would be rather meaningless, much in the same
way an ecological phylogenetic study of variation requires prior environmental, spatial,
temporal and evolutionary data to frame and test hypotheses and evaluate experimental
results. For this reason, I argue that my thesis provides complimentary and supporting

test explanations for previous observations of non-random spatial patterning among the
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prehistoric/protohistoric Rapanui. From the standpoint of the effectiveness of the various
methods employed to understand this spatial patterning, I would like to address the faults
and strengths of the analysis, in terms of the conventional archaeological and paleo-

research methods in trace element chemistry and ancient DNA.

What worked

The chemical trace element analysis for residential stability supports the
hypothesis of chemical affiliation for site-specific skeletal samples (Table 3.3). The
methodology for revealing elemental variation in dental enamel caused by dietary intake
during the period of enamel formation is effective, if important precautions are taken to
insure that the event and time that is sampled is equivalent and repeatable across samples
(Figure 2.1). Laser ablation ICP-MS is a recognized method for these types of chemical
evaluations, in that specific areas of enamel pertain to precise temporal stages of enamel
imbrication, or mineralization (Cucina et al., 2007; Dolphin et al., 2005).

Contrary to the pessimistic outlook of previous researchers in osteological
chemistry (Burton and Price, 2000; Hancock et al., 1989), modern analytical techniques
permit fine-scale chemical fingerprinting of bone trace element signatures, if care is
exercised in data collection and interpretation. The influence of possible diagenetic
effects in chemical analysis is reduced by: 1) selection of archacological element for
minimum visible alteration; 2) sampling the most diagenetically-resistant areas of the
skeleton (i.e., tooth enamel); 3) monitoring the concentration of diagenetically-diagnostic
elements; 4) pretreatment before analysis to control for surface contamination.

Even though one to one correlations between geochemical land surface and

enamel trace element chemistry were not possible in this study (see Kabata-Pendias and
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Mukherjee, 2007; Love and Babu, 2006 for reasons why this might be so), the high
predictive efficiency of the posterior Mahalanobis classification of regional samples
(Table 3.3), suggests that skeletal samples maintain compositional affinity to their
interment cohort. This affinity is assumed to represent residential continuity, although
more study is needed to evaluate the strict linkage of chemical signature in teeth to the
geochemical signature of the island’s individual volcanic flow events. This observation is
central to the anthropological interpretations of individuals being associated with
particular archaeological features and the interpretation of low demographic mobility or
regional endogamy, although the broader observations of the general distribution of
genetic patterning over space are not inherently damaged by this fact. The chemical
analysis succeeds at identifying skeletal affinity through chemistry, and demonstrates
some previously unidentified morphological characteristics of the Rapa Nui geochemical
landscape (Figure 3.17) and with further study may help pinpoint dietary landscapes and
the contribution of terrestrial and marine diet components.

The genotyping analysis of the sample of Rapanui skeletal material, while quite
preliminary, suggests that many of the samples prepared for microsatellite amplification
and identification produced viable genotyping data at frequencies consistent with
previous studies of old or degraded samples (Edwards et al., 2003). Benchmarks for the
evaluation of successful amplifications are supported by exterior evidence. Of the
samples that possessed 50% or better recovered loci at the eight positions scored by
Minifiler, 40 of 51 samples coincided with the sex determinations made by Gill and
colleagues during their osteological assessments of remains recovered from the 1979 and

1981 field research seasons. Eight of the eleven genotype-reclassified skeletons were
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changed from male to female, based on analysis of the amelogenin locus. This accords
well with Weiss’ (1972) finding that about 12% of skeletons sexed by diagnostic criteria
are misclassified as male, based on secondary sex characteristics. Similarly, comparison
of the relative levels of endogamy between male and female samples as expressed in split
decomposition networks (Figures 4.16 and 4.17) and Stefan’s craniometric analysis
(Table 1.1) show that the evidence for greater variation in male lineages (female lineage
endogamy, in Stefan’s [1999] discussion) is at least coincident with the osteometric
evaluation.

Lastly, a network analysis of multidimensionally-scaled genotype data that
includes the two most likely modern contaminants in this study (myself [JVD] and my
recording assistant [ACD]) shows that the likelihood of contamination at multiple loci is
graphically-remote (Figure 6.1). The affiliation of Rapa Nui genotypes and the multiple
lines of connection between them are in contrast to the distant position of JVD and ASC
on the upper central part of the graph. The network analysis treats genotype data as
numerical values only, expressing the overall locus by locus difference as two-
dimensional distance. In this regard, it is a somewhat more conservative assessment of
relatedness, without invoking an evolutionary model of mutational change, such as the
SMM, and is appropriate for describing the phenetic distance of an outgroup with respect
to the sample population. Sharing of alleles between the sample group and the outgroup
at any loci can occur by chance, as a result of common evolutionary history, or through
contamination the bone extracts by the analyst’s (outgroup) DNA. The MDS distance
matrix argues for none of the above, suggesting that the sample group matrix is consistent

with the recovery of endogenous DNA.
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Figure 6.1. Network analysis graph of MDS-scores generated from genotype data.

What needs work

While efforts were made during the analysis to reduce the chance of
contamination, several standard measures used to validate the experiment were not
performed because of logistic, time or monetary constraints. In a letter to Science
Magazine entitled “Ancient DNA: Do it Right or Not at All” Cooper and Poinar (2000)
invoke a set of standards to provide “criteria of authenticity” for studies of ancient DNA.
These standards are both sensible and important for original studies and submission of
manuscripts for publication. However, as the authors point out, these criteria can be time-
consuming and expensive. More recent studies have shown that some of these

impediments to creating high fidelity results using old or degraded DNA can be
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substantially mitigated using novel or enhanced laboratory protocols (Kemp and Smith,
2005), reagents (Graham, 2007) or technologies (Ballantyne et al., 2007; Barber and
Foran, 2006). The criteria which Cooper and Poinar (2000:1139) recommend to promote

the validity of ancient DNA studies are:

1. Physically isolated work area. To avoid contamination, it is essential that, prior to the
amplification stage, all ancient DNA research is carried out in a dedicated, isolated environment.
A building in which large amounts of the target DNA are routinely amplified is obviously
undesirable.

2. Control amplifications. Multiple extraction and PCR controls must be performed to detect
sporadic or low-copy number contamination, although carrier effects do limit their efficacy. All
contaminated results should be reported, and positive controls should generally be avoided, as they
provide a contamination risk.

3. Appropriate molecular behavior. PCR amplification strength should be inversely related to
product size (large 500- to 1000-base pair products are unusual). Reproducible mitochondrial
DNA (mtDNA) results should be obtainable if single-copy nuclear or pathogen DNA is detected.
Deviations from these expectations should be justified; e.g., with biochemical data. Sequences
should make phylogenetic sense.

4. Reproducibility. Results should be repeatable from the same, and different, DNA extracts of a
specimen. Different, overlapping primer pairs should be used to increase the chance of detecting
numts or contamination by a PCR product.

5. Cloning. Direct PCR sequences must be verified by cloning amplified products to determine the
ratio of endogenous to exogenous sequences, damage-induced errors, and to detect the presence of
numts. Overlapping fragments are desirable to confirm that sequence variation is authentic and not
the product of errors introduced when PCR amplification starts from a small number of damaged
templates.

6. Independent replication. Intra-laboratory contamination can only be discounted when separate
samples of a specimen are extracted and sequenced in independent laboratories. This is
particularly important with human remains or novel, unexpected results.

7. Biochemical preservation. Indirect evidence for DNA survival in a specimen can be provided by
assessing the total amount, composition, and relative extent of diagenetic change in amino acids
and other residues.

8.  Quantitation. The copy number of the DNA target should be assessed using competitive PCR.
When the number of starting templates is low (<1,000), it may be impossible to exclude the
possibility of sporadic contamination, especially for human DNA studies.

9. Associated remains. In studies of human remains where contamination is especially problematic,

evidence that similar DNA targets survive in associated faunal material is critical supporting
evidence. Faunal remains also make good negative controls for human PCR amplifications.

237



The only criteria for successful analysis that I was able to provide in the limited time and
funding available for this project was to physically isolate the work areas for
documentation, extraction, PCR (WGA and Minifiler PCR) and purification prior to
genotyping. Questions arose during gel electrophoresis about the fragment size (Figure
4.6) of the WGA products (> 2176 bp), but I argue that the large modal fragment sizes
are indicative of the hyper-networked DNA fragments produced during the rolling circle
amplification of the template DNA (criteria 3). Had I dissociated the fragments using
heat, sonication or restriction enzyme, I believe the fragment behavior would
approximate the smaller (< 500 bp) fragments expected from the degraded nature of the
template.

While I was not able to test the statistical likelihood of error resulting from
sporadic contamination, allelic dropout or systematic laboratory artifacts (criteria 2, 4 and
6), I argue that the project provides preliminary data in support of an expanded effort to
determine the experimental frequency of these parameters in this dataset. Due to the
uniqueness of the archaeological context under which these samples were recovered, the
criteria of assessing contamination through mixing and comingling of remains (criteria 8
and 9) may not be germane to this sample. As other authors have demonstrated (Kemp
and Smith, 2005), the level of contamination due to recovery and handling may be
minimized by the extended time of storage of the skeletal remains and the conservative
contamination protocols employed here.

Although the recommendations and warnings given by Cooper and Poinar are
important and apply (especially so in the present context) to studies of ancient human

DNA, the study of genetic variation as a population-level phenomena will require a
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unique subset of evaluation criteria that should not rely solely on molecular tests of
empirical sufficiency. I argue that many of the features of this experiment, especially the
internal consistency of larger samples of skeletal genotypes under various archaeological
and anthropological observations, are meaningful independent tests of the validity of
these results. The congruence of the genetic data with archaeological, ethnographic and
osteological explanations for Rapa Nui prehistoric and protohistoric demography, as well
as alternate examples of the genetics of Pacific Island colonization (Whyte et al., 2006)
illustrates the potential for integrated studies of anthropological genetics. The problems
and ambiguity of recovering and interpreting ancient biomolecules are manifest, but they
may be partially offset by expanded sampling efforts and anthropologically-grounded
hypotheses testing.

Validation is a key component of this work however, and will be the focus of my
future research with previously extracted DNA samples, in addition to sampling more
deeply within the skeletal collection. Not only is replication and inter-laboratory
verification of the results of this study paramount, but I plan to revisit both the site-
specific sampling and regional spatial coverage to increase both the number of sites
sampled and the frequency within each archaeological sampling unit. Validation
procedures can be used to identify potential contamination from those preparing the
samples, as well as the unknown number of individuals that have handled the specimens
since their recovery. The nature of the sample preparation and the sensitivity of
polymerase chain reactions require the most scrupulous of contamination protocols—
which have been followed in exacting detail in this analysis—to minimize amplification

of extraneous DNA present in the laboratory.
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An equally problematic scenario, especially for this analysis, is the occurrence of
erroneous polymerase base (C-T transition) insertions (Graham, 2007). Similar
transitions occur naturally in old, degraded samples and are a byproduct of postmortem
alteration (Salamon et al., 2005). These miscoding lesions, whether produced by PCR or
postmortem damage, are a serious impediment to microsatellite genotyping because
sequencing di- and tetranucleotide repeat motifs may be derailed by incorrect base
insertions or postmortem mutations. Stutter products, produced by incomplete
tetranucleotide core repeat incorporation also manifest in incorrect repeat number or unit,
and may result in erroneous or no allele assignment (Walsh et al., 1996). These
potentially confounding molecular errors are usually recovered and identified by repeat
extractions, amplifications and genotyping experiments (see Pdébo et al., 2004 for
guidelines) and stress the need for multiple, independent evaluation of these results. In
many ways, the present product of the genotyping experiments suggests that these issues
are by far the most likely source of error and data ambiguity. The low number of
specimens that produced full genotypes (15 of 91, 16.5%—all 8 loci scored) argues for
degradation rather than contamination. It remains to be determined whether the
assignments made during genotyping and genotype interpretation are marked by PCR or
mutation-induced artifacts.

Even if the level of contamination is low (suggested by the low frequency of
overlapping alleles in the network analysis) and the optimized reagent set minimized the
number of amplification artifacts, the low numbers of potentially intergenerational
samples used in the analysis interpretation may render some of the conclusions made in

Chapter 5 suspect, from the perspective of population genetics theory. Small sample sizes
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raise the issue of the severity of genetic drift and migration in multigenerational samples,
where the trajectories of allele frequencies may be stable in one set of site-specimens, yet
moving toward fixation in another. The unknown duration and number of generations
present in the current sample presents problems of sample equivalence and comparability
which are usually addressed more effectively in far larger, panmictic populations (Miller
and Kapuscinski, 1997; Palm et al., 2003).

One way to address this problem would be to generate specific chronometric dates
for the sampled individuals and to group them by arbitrary chronometric intervals.
Alternatively, large increases in the number of individuals sampled would reduce the
sampling bias at each site or location of recovery, providing a more accurate modal
assessment of the features of the genetic variation present in each sampling location.
Unfortunately, the limitations on chronometric dating of recent archaeological material
(Niklaus et al., 1994) and the lack of population-level samples of skeletons for
genotyping relegates the present study to rather uncomfortable levels of interpretational
ambiguity. The conclusions presented in this thesis should therefore be viewed as an
attempt to link possible anthropological explanations to the incomplete genetic record of
archaeological variation in Rapa Nui, and to explore the kinds of data that will be
required to formulate testable hypotheses for the evolution of spatial demographic

patterning.

Main themes and interpretation

The prehistoric Rapanui samples are spatially heterogeneous

The results of this study indicate that the skeletal series curated at the Museo

Anthropolégico Padre Sebastian Englert (MAPSE) is a population that is well defined,
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both spatially and genetically. Although firm temporal assessment of the skeletal remains
is not available at the time of this study, most descriptions of the skeletal material suggest
they are representative of a late prehistoric—protohistoric—historic era population. Their
position in crevices or pockets in the ahu platforms, partially constructed or proximal to
fallen moai (statues), suggests that these interments most definitely post date the era of
monument construction and platform maintenance as image ahu. The skeletons recovered
from the various secondary structures around the ahu, called avanga and poe poe, appear
to be temporally later than the image ahu, being constructed partially of facing and fill
stone previously incorporated in the platform during earlier construction phases.

Chemically, the skeletons appear to be regionally distinctive as measured by
patterns of minor and trace elements of the dental enamel. Mahalanobis posterior
classification of skeletons successfully groups skeletons by spatial proximity more than
eighty percent of the time. However, the positive ascription of individuals to distinctive
regional geology is difficult and the results are ambiguous. The chemical analysis
technique does not positively identify skeletons to geochemical region, probably due to
biopurification of dietary trace elements and the averaging effects of other dietary
components, especially from the marine environment. What does appear to be the case
for the Rapanui skeletal collection is that chemical similarity of specimens is correlated
with the site of recovery, and this is the basis for interpreting the skeletons within each
site of recovery as maintaining substantial geographic stability.

In addition to chemical distinctiveness on the level of the archaeological site, the
skeletal samples demonstrate a high proportion of genetic similarity at the site, or

subpopulation level. Inbreeding coefficients within sites argue for gene flow at the site
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level, and are supported by the large within subpopulation variance components
determined through AMOVA. Groups or clusters of site samples are also structured, but
are not correlated to the ethnographic explanations for regional political units over the
island. Sampling groups that are structured by positive gene flow include a long transect
of the south coast and a segment that includes the site of Akahanga on the south coast and
Kihi Kihi Rau Mea on the west coast. No other regional groups were found to be as
highly related as the south (Akahanga) and west (Kihi Kihi Rau Mea) coast group,
although some north coast to south coast gene flow is observed between the Nau Nau and
Onero sites, and north to northeast gene flow between the Costa Norte and Mahatua sites.
By minimizing the AMOVA variance component between sites within subgroups to
maximize the variance component between subgroups, I arrived at a hypothetical island
demographic segregation scheme that maximizes the observed gene flow between sites
with a minimum of violations of geographic or spatial proximity. The most inclusive site
clustering scheme (pairs the most sites into regional groups) is geographic scheme M
from the AMOVA summary in Table 4.9. Two sites from the south coast, Akahanga and
Onero are grouped with the west coast site Kihi Kihi Rau Mea. The southeast coast sites
of Tongariki and Koe Hoko are clustered together based on the pairwise Rsr values from
Table 4.8. The north and northeast coast sites of Costa Norte and Mahatua are grouped
together, and the Oroi and Mahiha cave sites on the south coast near Akahanga are
grouped together. The site of Ahu Nau Nau is an isolate in this geographic scheme,
although it possesses high pairwise Rsr relatedness with the Onero site on the south coast.

This is one potential solution to the problem of confederating the individual sites and is
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very arbitrary, although it maximizes the spatial proximity criterion favored by genetic
drift theory.

It is possible that no larger-scale group confederation exists between the
archaeological sites, and the pairwise Rsr inbreeding coefficients represent some pattern
of cryptic, or ephemeral gene flow, or stochastic effects of genetic drift over time in small
sample sizes. This is difficult to estimate for a few reasons. First, the island is small with
respect to the potential for human mobility, and no effective geographic barriers exist to
explain structured gene flow. Second, the sample sizes, both in terms of the individual
sites and the island as a whole, are too small to develop significant Rsrestimates for many
sites. Sorting the genetic data for a minimum 50% recovery of allelic data removed some
sites completely from consideration in the downstream genetic analyses, creating
patchiness in the geographic sample that obscures some of the intermediate relationships.
Third, the overall geographic sampling is biased toward the south coast sites, with
secondary sampling biases in the Mahatua and Kihi Kihi Rau Mea sites. Although a total
of twelve skeletons were sampled from Ahu Nau Nau, seven were discarded from genetic
analysis because of missing data. Better recovery within this putatively important site
would certainly improve the visibility of potential relatedness for these skeletons in the
larger island context. Lastly, although I intended to sample sites as evenly as possible
from the entire perimeter of the island, no coverage is produced for the southwest or
extreme southeast of the island. These areas are established as territories for the Marama,
Ngatimo and Haumoana clans, and their lack of inclusion in the genetic analysis leaves

large unexplored holes in the island’s social geography.
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The demographic expansion of the prehistoric Rapanui

The observation of heterozygosity deficiency in the skeletal series, coupled with
the evidence of extra allelic diversity within the microsatellite loci studied suggests that
this population experienced a rapid post colonization demographic expansion after an
initial colonization bottleneck. The rapid population expansion provided a mutation
frequency advantage that added many new allelic variants to the population that had not
been completely sorted out of the population by genetic drift at the time of sampling. I
explored the parameters for the size and timing of the demographic increase required to
retain high allelic variability in the population without consequent heterozygote balance.
If the Rapanui colonized the island much later than previous standard doctrine suggests
and immediately set to work populating the island, the demographic fingerprint of this
population expansion would be visible in the skeletal collection at the time of sampling,
even if the population growth curve had leveled off to stable population size maintenance
by about AD 1600.

Bayesian simulation of the effective population size (N,) at the time of sampling
the skeletal collection indicates that the overall genetic variability within the population
could be accounted for by a total of 24.06 individuals, indicating a small gene pool. It is
unclear whether this estimate retains the signature of the original colonizing population or
is an artifact of a second bottleneck event caused by introduced disease after initial
contact with European explorers and whaling vessels after AD 1722. I argue, based on
obsidian hydration evidence that the skeletal series samples are temporally coincident
with the period directly before and after first European contact. This would indicate that

the skeletons I sampled, even if only the first wave of the catastrophic loss of Rapa Nui
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population due to European and South American contact had occurred, would still
possess the genetic variability of the pre-contact population, and therefore represent the
“natural” state of Rapanui genetic variation. Whether this observation is indicative of the
decline of variability through sorting by genetic drift after population size stabilization, or
whether this effective size is representative of the initial colonizing population is
unknown, and probably unknowable until a significantly larger population of skeletons
are sampled. Larger sample sizes would clarify the features of the demographic
expansion in the population after colonization, and better regional sampling would
determine whether the current population samples are truly representative of the entire
island, or whether the extreme south and southwest coasts evidence population
segmentation, indicating a cryptic north—south subdivision not recorded by the early

historians and ethnographers.

Future research in the skeletal series

In order to better understand the particular life histories of individuals as
represented in the skeletal collection from Rapa Nui, [ am developing a sampling strategy
that combines information for five classes of variability within the collection: temporal
variation; regional stability variation; health, stress and dietary variation; mitochondrial
DNA variation; and sex-biased gene flow variation. Understanding each of these signals
within the skeletal series will help produce a fine-scale picture of human variability for
the island.

Developing skeletal chronologies is crucial to understanding the temporal sorting
of variation on Rapa Nui. The current dating criterion for assessing the age of the skeletal

collection is superposition over, and association with, obsidian hydration dates. While
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this method provides some basic temporal information for multicomponent structures, the
association with skeletal artifacts is uncertain, due the lack of stratigraphic superposition
in unburied bone and artifact collections. Instituting a skeletal dating initiative for all
curated collections at MAPSE would profoundly increase the amount of indexable
information for the island’s archaeology. Absolute chronometric dates from skeletal
material would tie the construction of the ahu crevices and the avanga and poe poe
interments proximate to the ahu into the expanding radiocarbon chronology for the
island, and give some boundary limits for the cultural changes associated with the decline
of the image ahu culture. Precise dating of skeletal material may help to temporally sort
the multiple interments in the caves sites, to determine whether familial-related burials
are temporally-contiguous, or whether long-standing lineage inbreeding is responsible for
high levels of genetic relatedness on one hand, or whether Rgr estimates are driven by
rapid allele frequency changes in small living populations that have overlapping
generations. This last issue is crucially important for testing the amount of inbreeding
within the population through time.

All recovered skeletal material needs to be positively identified to a particular
regional /iving context, and not simply assumed to be associated with a particular region
on the basis of recovery. As I stated above, the island is small enough to traverse
completely within one day, there is no compelling reason other than the often cited oral
tradition of historians and ethnographers, to assume that burial context is synonymous
with living context. Without probabilistic assignment of individuals to particular regions,
it is unclear if associated skeletal remains are representative of biological populations and

not simply a result of idiosyncratic interment. Although the chemical testing of dental
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enamel has shown that it is possible to identify individuals within particular natal cohorts,
it is important to develop the chemical provenancing methods to positively ascribe
individuals to the island’s varying geography. If this can be accomplished, it may be
possible to separate discrete ahu locations, based on modal geochemistry, to determine
the regional origin of all skeletal material within a particular interment context. [ have
been exploring the addition of several stable isotope measurements to the suite of
discriminatory trace elements in the enamel provenancing database, and I believe if we
are able to sort individuals by natal region we can begin to understand the nature of
human migration between archaeological sites and island regions, to more fully describe
the level of social integration.

I have been exploring some ways to estimate the overall health and dietary status
of the Rapa Nui skeletal series using chemical and micro-analytical methods to sample
the microscopic evidence of diet contained in dental enamel and adhering residues. Using
scanning electron microscopy, I have begun a project to classify the types and
concentration of plant and animal microfossils in dental calculus (tartar), identifying
characteristic pollens and plant phytoliths arising from processing plant materials (usually
in terms of diet, but also in terms of bark processing for cloth and rope), and the
contribution of marine diatoms as an indicator of exploitation of marine resources.
Understanding the dietary contribution of certain plant and marine foods offers test
explanations for residence pattern based on access to arable land and tidal versus offshore
marine resources. | have also been working on a chemical method to identify enamel on
tooth root lesions caused by dietary stress or infectious disease. Certain enamel defects

visible in the anterior dentition are not visible in the posterior dentition, due to chemical
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remodeling before tooth eruption. In many of the Rapa Nui skeletal samples the anterior
dentition is absent due to post-mortem attrition and tooth decay, leaving only the
posterior dentition. Because the chemical method utilizes elemental density differences
instead of visual markers for growth interruption, subsequent infilling of disruption lines
or striations is noted by their different minor and trace element chemistry from the rest of
the tooth matrix. I believe these chemical and microscopic methods will provide dietary
and stress indicators in the bone and tooth enamel than has previously been verified for
the collection.

DNA variation is the core of this thesis and will be the investigative basis of my
research efforts on Rapa Nui for the foreseeable future. I have been able to show that
STR variation can be successfully extracted from archaeological remains and used to
provide a genetic picture of the population offering evidence for the anthropological
questions that have been asked about the island for over a century. While the application
of microsatellite DNA analysis has been shown to provide intra-population evidence for
colonization time and size, and regional and site-specific evidence for gene flow and
isolation, this study’s articulation to other prehistory research in Polynesia is practically
non-existent. Nearly every study of prehistoric or modern Polynesian genetics has been
focused on the variation in the mitochondrial genome.

Because of its maternal inheritance pattern and higher copy number in bones and
teeth, mtDNA has been the biomolecule of choice for Oceanic studies of the timing and
direction of migration in the Pacific. However, because of the extremely low variability
in mtDNA in remote Polynesia, archaeological genetic research has not been especially

productive for islands east of Tahiti, other than studies that demonstrate the Polynesian
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character of skeletal material or identify early European contact in the region. Recently
however, archaeologists have begun to advocate sequencing whole sections of the
hypervariable region in mtDNA to identify single nucleotide polymorphism (SNP)
variation, which may elucidate nucleotide level variation under a standard mutation
model to account for very small amounts of variation in the mitochondrial genome. In
fact, one of the first projects I hope to take on after this thesis is the sequencing mtDNA
variation in the purified extracts I obtained from the original sample. While I expect the
level of variation in the mtDNA to be very low within the population sample from Rapa
Nui, I anticipate a subset of the variation in the microsatellite study will be discovered in
the mtDNA, if the model for rapid demographic expansion on the island is correct.
Because most of the current archaeological human genetic research in the Pacific has
concentrated on the mitochondrion, this work will have immediate relevance for prior
mtDNA studies in New Zealand, Tahiti and Central East Polynesia.

In consideration of the large amount of information that can be added to this study
by accessing maternally-inherited mtDNA, I have also considered the application of a kit
based reagent set for microsatellites in the male transmitted Y chromosome. Applied
Biosystems has recently introduced a high sensitivity primer set for determination of
degraded Y chromosome microsatellite loci. Called Y-filer, it incorporates much of the
primer length optimization in the Minifiler kit, optimized for Y chromosome
microsatellites. By combining approaches using SNP sequencing in the mitochondria, as
well as allelic variation on the Y chromosome, estimates of sex-biased gene flow within
and between archaeological sites, lineage divisions and geographic regions on Rapa Nui

will be possible without the confounding effects of recombination. I anticipate the
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evidence from analysis of sex biased gene flow will be incorporated into the evidence
created from this thesis, to observe the social genetic evolution of the Rapa Nui from both
sexes.

Part of the research design that I have outlined above is already underway on the
Rapa Nui skeletal collection. I hope to complete the majority of the preliminary work on
these research activities before repatriating my dissertation materials back to MAPSE and
Rapa Nui in the summer of 2008. I hope that by demonstrating the unique nature of this
research and my commitment to continued scholarly activity in this area—with attendant
sensitivity to the study of human skeletal remains—that this and future projects will

generate positive enthusiasm for continued research.
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