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ABSTRACT

Components of the Pacific transported landscape have been used as
proxies to trace the prehistoric movement of humans across the Pacific
for almost two decades. Analyses of archaeological remains and DNA
sequencesofplants,animals,andmicroorganismsmovedbyorwithhu-
mans have contributed to understanding prehistoric migration, trade,
exchange, and sometimes revealed the geographic origins of particular
plants and animals. This paper presents the basic elements of a DNA-
based commensal model and discusses the phylogenetic and population
genetic approaches these models employ. A clear delineation of the un-
derlying assumptions of these models and the background information
required to construct them have yet to appear in the literature. This
not only provides a framework with which to construct a commensal
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model but also highlights gaps in current knowledge. The ways in which
commensal models have enriched archaeological reconstructions will
be highlighted, as will their current limitations. With these limitations
in mind, options will be outlined for augmenting commensal models
through the application of established techniques and new technolo-
gies in order to provide the best tools for reconstructing ancient human
mobility and behavior in the Pacific and beyond.

INTRODUCTION

A “commensal model” is focused on the ex-
amination of biological variation in species
that have been transported by or with hu-
mans. This variation reflects the transloca-
tion of specific organisms and so is a suit-
able proxy for tracing the routes by which
each individual species was moved by hu-
man agents in the past (Matisoo-Smith 1996;
Matisoo-Smith and Robins 2004). The term
commensal derives from the Latin commen-
salis, com meaning together and mensalis
of the table; interpreted as sharing a ta-
ble. A commensal, in the context of archae-
ological/anthropological investigation, has
become a broadly encompassing term for
any species that has a close association with,
and is translocated by, humans (Matisoo-
Smith 2009). Commensal species are often
plants and animals that are used for food,
although they also include species with util-
itarian and other uses, as well as pathogenic
and non-pathogenic microbial species. Con-
sistent with the anthropological literature,
this broad definition of commensal is the
one adopted in this paper. It should be clear,
however, that this definition differs from the
ecological definition of commensalism as
a biological interaction, where one species
benefits while the other remains unaffected
(Martin and Hine 2008). While the ecologi-
cal definition of commensalism may explain
the relationship for some species that trav-
eled on Pacific canoes (e.g., skinks), other
relationships such as mutualism and para-
sitism also feature. Rather than distinguish-
ing between these different types of biolog-
ical interaction—which is often difficult, es-
pecially when dealing with plant and ani-
mal species outside of the native distribu-
tions of their wild relatives—we use the term

commensal to refer to any species that was
translocated by humans.

The use of non-human organisms as a
proxy for human mobility has several addi-
tional strengths. Arguably the most impor-
tant is to provide a means to examine migra-
tion and interaction without using ancient
human remains or modern human DNA.
Many people have well-founded concerns
about how their genetic material may be
stored, used, interpreted, or even patented
without their knowledge or explicit con-
sent. The destructive nature of most current
analytical techniques also means that with
very few ancient remains currently avail-
able for study, the permanent loss of hu-
man skeletal material is a serious concern.
Furthermore, the lack of genetic variation
observed in human mitochondrial DNA in
many Pacific populations (Lum and Cann
2000;Murray-McIntoshetal.1998)andthe is-
sues of DNA preservation in tropical environ-
ments (Hagelberg and Clegg 1993; Robins
et al. 2001) make the use of abundant and
widely dispersed animal and plant remains
an attractive alternative for studying human
mobility.

The Pacific is not the only region in
which the biomolecules and distributions of
domestic or commensal plants and animals
has been used as a means of understanding
prehistoric human behavior, but it does pos-
sess a number of unique features. The Pacific
is the region in which both the oldest human
translocations of animals in island environ-
ments have been documented, dating to as
early as 20,000 years ago (White 2004), and
the region encompassing some of the most
recent, large-scale human migrations that in-
volved the movement of plants, animals, and
microorganisms. The Pacific, specifically Re-
mote Oceania, also differs from other island
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systems for which plant and animal translo-
cation are used to understand human mo-
bility in being relatively isolated from con-
tinental land masses, the Americas to the
east and Asia to the west. However, com-
mensal models can also be applied in other
regions of the world and have provided an
alternative means of understanding prehis-
toric human migration and interaction in the
Mediterranean (for examples, see Cheylan
et al. 1998; Reese 1996; Vigne and Valladas
1996), Sweden (Fraser et al. 2012), the Chan-
nel Islands of California (Collins 1991; Rick
et al. 2008; Rick et al. 2009), the islands
of Mocha and Chiloe off the Chilean coast
(Becker 1997), and in the Caribbean (de
France et al. 1996; Giovas et al. 2012; Wing
1993).

Pacific commensal species are of two
major types: those that were purpose-
fully moved as part of a transported land-
scape, and those that were unintentionally
transported, including infectious organisms
or stowaways. Transported landscapes are
those that contain all or most of the plant
and animal stocks that recreate the range of
subsistence items found at colonists’ home-
land in new locales (Anderson 1952; Kirch
1997:217–220). Some commensals, includ-
ing geckos, skinks, and garden snails (Kirch
2001; White 2001), are believed to have been
inadvertently transported. However, it is not
always possible to confidently distinguish
unintentional from deliberate introductions.
Lee et al. (2007) have argued that some
Polynesian snail species were purposefully
traded for their shells, which were used in
the production of jewellery. In addition, a re-
cent study of cricket translocation suggested
that these insects may have been intention-
ally introduced to some Remote Oceanic is-
lands (Tinghitella et al. 2011). A list of all
species that have been studied to understand
human migration and interaction in the Pa-
cific through DNA analysis can be found in
Table 1, and the locations of islands and
archipelagos is illustrated in Figure 1.

Thedevelopmentof acommensalmodel
requiresseveral steps toestablishaclearasso-
ciation between genetic data and ancient hu-
man behavior. The first step is to understand
the characteristics of the organism that is to

be used as a proxy. The researcher must un-
derstand its natural range and origins, repro-
ductive biology, capacity for self-dispersal,
adaptability, and value to humans. As part
of the first step the researcher must clearly
document the association between specific
organisms and humans through a critical ex-
amination of the existing archaeological and
historical evidence. Once it has been estab-
lished that the organism can and has been
moved with humans, a review of the pub-
lished genetic data may allow for the identifi-
cation of genetic markers with sufficient res-
olution to distinguish individuals from one
another. Of particular interest are markers
that display phylogeographic signal that may
reveal something about the origin of the in-
dividuals sampled. Defined sequence types
(haplotypes) should be examined for their
relationships to archaeological assemblages,
chronology, and geography. An additional
step is required if the reconstruction of pre-
historic human mobility is to be based only
on evidence from modern DNA (that is, DNA
collected from extant populations). This re-
quires an attempt to document the introduc-
tions of specific organisms from the time of
their first known association with humans in
the region of interest up until the time the
modern samples were acquired. These intro-
ductions can include overlapping waves of
importation derived from multiple potential
source populations over extended time pe-
riods by a variety of agents. Finally, the re-
sults, within their archaeological and histor-
ical context, can be used to explore the role
of humans in creating the genetic patterns
observed in space and through time.

The examination of genetic patterns
across time and space has been a major focus
of Pacific commensal research over the past
15 years. Although other research fields—
especially archaeology, zooarchaeology, lin-
guistics, and ethnobiology—can provide in-
sights into commensal histories, we cannot,
for space reasons, reviewthat literaturehere.
Instead, our focus is on how specific ele-
ments of these fields, especially research on
adaptability and human choice, can be in-
tegrated into DNA-based models to under-
stand the translocation of organisms by hu-
mans. The aim of this paper is to delineate
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DNA and Pacific Commensal Models

the underlying assumptions of genetic
(DNA-based) models, and describe the steps
involved in constructing these paradigms.

BUILDING A COMMENSAL MODEL

Documenting the Characteristics of a
Transported Organism

Understanding thenatural rangeand
origins of a commensal species. The first
step in building any commensal model is to
identify the natural range and habitat of the
animal, plant, or microorganism to be used as
aproxy.Mostof theanimals introducedtoPa-
cific islands have Southeast Asian origins and
do not naturally occur in the Pacific (Matisoo-
Smith 2007a). This is not so, however, for
many of the economically important plant
species, many of which are of Oceanic origin
(Whistler 1991) nor several endemic New
Guinea species such as phalangers, moved
in early prehistoric times (White 2004). This
may complicate issues where native and
introduced lineages have overlapping geo-
graphic ranges. In such cases it must first be
established whether introduced varieties are
reproductively isolated from wild ancestral
types. The possibility of hybridization events
between wild and introduced lineages and
what effect this might have on interpreta-
tions of results generated from the analysis
of genetic markers should also be assessed.

Documenting dispersal mechanisms
and charting distributions: It is essential
that the potential for self-dispersal be exam-
ined for plants and animals that are to be
used as models for human mobility. This can
often be accomplished through researching
the published literature relating to modes of
dispersal, proclivity for migration, and mor-
phological constraints on dispersal. Direct
dating of animal bones and investigations of
faunal assemblages from eras before human
settlement provides lines of evidence to sup-
port claims for human-mediated transport of
animals. For example, the archaeological dis-
tribution of chickens has been documented
(Storeyetal.2008)andfaunalassemblagesre-
covered from Pacific islands archaeological
deposits pre-dating colonization do not con-

tain the remains of domestic fowl, support-
ing their association with humans (Steadman
2006). However, one must also be conscious
that in some cases human settlement and its
associated environmental impacts increases
the abundance of some native species, or
allows for the self-introduction of exotic
species (for avian examples, see Trewick and
Gibb 2010). Either of these events could be
misinterpreted, when examining the archae-
ological record alone, as the introduction of
a commensal species by humans.

Plants present a more difficult case for
assessment of the timing and mode of intro-
duction because they are rarely preserved
in the archaeological record, and have not
always been the target of systematic col-
lection from archaeological excavations. Pa-
cific plant remains recovered from archaeo-
logical sites, both as macro-remains and mi-
crofossils, include coconut (Kirch and Hunt
1988; Lepofsky et al. 1992; Spriggs 1984),
sweet potato (Coil and Kirch 2005; Hather
and Kirch 1991; Ladefoged et al. 2005;
OrliacandOrliac1998;Skjølsvold1961),bot-
tle gourd (Burney et al. 2001; Irwin 2004),
breadfruit (McCoyet al. 2010), andpandanus
nuts (Summerhayes et al. 2010). The pres-
ence of some plants may be attested through
residue studies and associated technological
innovations and tools (Green 2005), as well
as by linguistic evidence (Green 2000). Sec-
ondary evidence, such as the building of gar-
den alignments or the use of specific agricul-
tural techniques, can also be used to identify
the prehistoric presence of specific plants,
as has been done with sweet potato (e.g.,
Coil and Kirch 2005; Ladefoged et al. 2011).
However, in most cases, the presence of
plant species in specific prehistoric contexts
must be established through inference using
early historic accounts that mention particu-
lar species (e.g., Beaglehole 1962; Ladefoged
et al. 2009; McNab 1914). Further compli-
cating plant commensal models is the fact
that some species can disperse naturally via
wind, water (by drifting on currents or in
rafts of floating debris) or by animals (e.g., in
bird faeces). Arguments exist both for (Ward
andBrookfield1992)andagainst (Dennisand
Gunn 1971) the ability of coconuts to sur-
vive at sea and successfully germinate upon
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Figure 1. Mapof thePacific (modified fromKirch2000a:6) showingmajor islandsandarchipelagos,
the traditional geographic divisions of Melanesia, Micronesia, and Polynesia, and the
division between Near and Remote Oceania, indicated by the broken line east of the main
Solomon Chain (color figure available online).

washing up on a new beachfront. However,
wild and domestic coconuts differ in their
morphology which, in turn, affects their abil-
ity to disperse naturally. It is likely that hu-
mans preferentially selected coconut vari-
eties that had a high water content, which
is thought to inhibit long-distance water dis-
persal (Zizumbo-Villarreal and Quero 1998).
This property may increase their suitability
for use in developing commensal models.

A number of factors influence the
survival of commensal remains in the archae-
ological record, including taphonomy, dif-
ferential disposal, and consumption by ani-
mals such as pigs. In areas with highly acidic
soils, faunal remains are rarely recovered
and so the initial introduction and persis-
tence of animals may be impossible to re-
construct. Where soil conditions are con-
ducive to preservation, other factors may
act to obscure the true density and distribu-
tion of food remains. In some regions refuse
may have been thrown into the sea (McCoy
and Cleghorn 1988:110) which generally re-

sults in the destruction of organics. In rare
instances, however, remains are preserved
in anaerobic environments leading to the re-
trieval of organics rarely found in other Pa-
cific island sites. Archaeological sites such
as Talepakemalai in Mussau, New Guinea
(Kirch 2001; Kirch et al. 1991) and the
swampy deposits at Huahine in the Society
Islands (Lepofsky 1988; Sinoto and McCoy
1975) show the potential such deposits hold
for reconstructing prehistoric faunal and flo-
ral communities.

Other factors may also influence dis-
posal behavior and subsequent recovery,
such as cultural values attached to specific
animals and the effects of scavengers. It has
been suggested that superstitions related to
dogs may have resulted in differential depo-
sition of their remains and could account for
the absence of evidence for canines in some
Pacific archaeological contexts (Bulmer
1976; Bulmer 2001; Davidson 1969). In ad-
dition, observations of pigs and dogs scav-
enging bones from contemporary garbage
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heaps may be extended into prehistory as
a potential agent inhibiting the preservation
of faunal and floral remains in archaeologi-
cal assemblages (Reitz and Wing 1999; Spen-
nemann 1990; Takayama and Intoh 1978;
Trotter 1979).

Dispersal mechanisms for microorgan-
isms must also be carefully considered be-
fore they can be used as proxies for hu-
man mobility. Ideally for commensal models,
a microbial species will be vertically trans-
mitted. This means that the virus or bac-
terium is passed only from human parents
to their offspring, linking the evolution of
these microbes to the genealogies of their
hosts. Horizontally transmitted microorgan-
ismscanalsobeused, insomelimitedcircum-
stances, to trace human migration. Horizon-
tal transmission implies that an organism or
virus can be passed by direct or indirect con-
tact between individuals. In the Pacific, mi-
croorganisms used to trace the relationships
between prehistoric Pacific populations in-
clude malarial parasites (Plasmodium falci-
parum) (Lum et al. 2004), the gram nega-
tive stomach bacterium Helicobacter pylori
(Moodley et al. 2009), human herpesvirus-
8 (HHV-8) (Rezza et al. 2001), human T-
lymphotropic virus type 1 (HTLV-1) (Takao
et al. 2000), JC virus (JCV) (Takasaka et al.
2004; Yanagihara et al. 2002), and human
papilloma virus type 16 (HPV) (Watts et al.
2002). However, very few, if any of these
have a fully vertical mode of transmission.
HTLV-1 is transmitted through breastfeed-
ing, sexual contact, and blood (Carneiro-
Proietti et al. 2006), yet horizontal transmis-
sion through populations is rare (Ohkura
et al. 1999). The JC Virus may be passed
through contact with urine and, thus is hori-
zontally transmitted (but has been observed
to be stable within families). Multiple JCV
infections in individuals are rare and, thus,
recombination is considered unlikely which
also increases its suitability as a commensal
model (Pavesi 2004). In the study of Heli-
cobacter pylori there is observed interfamily
clustering of the bacteria, suggesting trans-
mission along family lines. However, the bac-
teriacanalsobespread throughsaliva, vomit,
faeces, and contaminated water supplies and
is often found at much higher prevalence

in crowded institutional conditions (Brown
2000). For a review of microorganisms and
what they contribute to the reconstruction
of Pacific settlement, the reader is referred
to Czarnecki et al. (2007).

Assessing adaptability. In order to
survive transport and successfully establish
intheirnewhomes,commensal speciesmust
either be sufficiently adaptable or have suf-
ficient effort invested in their husbandry.
Specific adaptations to life on Pacific islands
may be unique. Rats are known to be par-
ticularly adaptable and, as scavengers, re-
quire no intentional human care once they
are introduced to an island. Dogs are highly
adaptable omnivores, and it has been sug-
gested that some of the dogs living on Pa-
cific islands were fed only a vegetarian diet
andobtainedprotein from scavenging scraps
(Titcomb and Pukui 1969), hunting, or eat-
ing wild foods (Bulmer 2001). In addition,
several island dog populations have become
skilled at fishing, both singly and as packs,
an activity that can still be observed in many
Pacific coastal villages (Mills 2004; Titcomb
and Pukui 1969:31).

In Oceania there is a noticeable west-to-
east decline in the number of plant species
that were successfully introduced to islands
and archipelagos and this is likely related
to the adaptability, successful transport, and
acclimation of cultigens to new environ-
ments (Whistler 1991). Many of the plant
species that were successfully introduced to
Eastern and Marginal Polynesia were those
that were able to be propagated vegetatively
(without seed) (Hinkle 2004; Yen 1991).
These include ti (Cordyline fruticosa), pan-
danus (Pandanus sp.), breadfruit (Artocar-
pus altilis, A. camansi, A. mariannensis),
taro (Colocasia esculenta), yams (Dioscorea
alata, D. esculenta), paper mulberry (Brous-
sonetia papyrifera), and sweet potato (Ipo-
moea batatas). Of the species that are able
to reproduce vegatatively, some, such as taro
and paper mulberry, can persist without hu-
man intervention and have the ability to form
wild or feral populations (Matthews 1995).
While it might be predicted that a species’
distribution will be correlated with its ability
to survive in varied habitats, this is not always
the case. For example, in prehistoric New
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Zealand, sweet potato and bottle gourd were
so important that Māori modified their agri-
cultural practices to ensure the success of
these crops in a climate where both species
would have otherwise struggled to survive
(Best 1925; Harris et al. 2000).

Assessing the role of human choice in
the establishment and dispersal of com-
mensal species. White (2001) asserted
that people have a very clear understanding
of the requirements for the transportation
of domesticated and commensal animals.
Therefore, several choice options should be
considered to understand the observed den-
sity and distribution of commensal species.
The first choice made by voyagers is whether
or not to intentionally transport and intro-
duce any particular plant or animal to a pris-
tine island environment. Once introduced,
populations must be maintained, which may
mean providing protection from predators
including other domesticates such as pigs
and dogs. In the case of introduced ani-
mals, populations may also require feeding
and thus impact upon the overall food sur-
plus (Bay-Petersen 1984; Giovas 2006; Kirch
2000b). Finally, should an island’s popula-
tion of animals or plants become endangered
or extinct, people can later choose to use
their established trade networks to reintro-
duce species or merely to trade to meet their
immediate needs for end products. Trade
and exchange can account for the presence
of some prehistoric faunal remains and is
evidenced in the ethnographic record for
islands which cannot bear the production
or maintenance costs of particular animals,
such as pigs (Baldwin 1990).

The plants selected by ancient Pacific
seafarers were also typically multipurpose
plants.Ti (C. fruticosa)plants servedaspack-
aging, raw material for sandals and costumes,
and had cultural and religious associations
(Hinkle2004).Breadfruit is important ineast-
ern Polynesia as a storable resource in the
form of ma (the fruit fermented in pits and
stored for several years), and the leaves were
used to wrap food and to create rope. Tim-
ber from breadfruit trees was widely used for
house and ship construction, bowls, coffins,
and fishing floats (Ragone 1991).

Understanding whether a species was
transported intentionally or unintentionally
(e.g., stowaways) may be important to how
commensal data are interpreted. Purposeful
behavior provides evidence about choices
and perhaps motivations, with respect to col-
onization and trade. However, stowaways
and infections may reveal interactions that
did not include institutionalized or ritual ex-
change of living organisms and potentially
point to unintentional drift voyages.

Choosing an Appropriate Genetic Marker
to Determine Evolutionary Relationships

Mitochondrial and plastid/chloro-
plast DNA. Mitochondrial DNA is found
in high copy number (between 1000 and
10,000 per cell) in the mitochondria of
most eukaryotic cells (Clayton 1991). Due
to its abundance, mtDNA is more commonly
the target for study in ancient animal sam-
ples because nuclear DNA is rarely pre-
served in sufficient quantities or long enough
fragments for traditional sequencing meth-
ods (Clayton 1991). Mitochondrial DNA is
nearly always maternally inherited and re-
combination is thought to occur rarely if
at all (Ho and Gilbert 2010; Pakendorf and
Stoneking 2005). Because of the mitochon-
drion’s cellular machinery, the DNA muta-
tion rate is higher than the average muta-
tion rate of nuclear DNA (Horai et al. 1995;
Nei 1987; Pakendorf and Stoneking 2005).
However, the mutation rates for mtDNA
vary among species in both mammalian and
avian genomes (Nabholz et al. 2009). Re-
gions of the mtDNA genome with the great-
est diversity, such as the control region
(CR)/displacement loop (D-loop), are typi-
cally used for comparisons at the population
level and are also those most often employed
in commensal studies. However, studies of
these regions are further complicated by the
presence of mutational hotspots, which not
only have an accelerated mutation rate but
also are more prone to damage both within
the cell and after the death of the organ-
ism (Pakendorf et al. 2006; Threadgold and
Brown 2003). Much work is yet to be done
to fully understand the implications this may
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have on the application of evidence from
these regions and the interpretation of com-
mensal models.

Compared with Y-chromosome or bi-
parentally inherited nuclear DNA markers, it
has been argued that the mtDNA of domestic
animals is expected to show less localized ge-
ographic differentiation and more continuity
through time (between ancient and modern
populations) (Jobling et al. 2004:333). The
assumption is that males produce far more
offspring than females in managed breeding
systems. In theory then, by sampling a large
number of individuals it is possible to infer
the hypothetical ancestor(s) from which all
the observed variation has arisen (Tapio and
Grigaliunaite2003).However, theseassump-
tions can often be violated because of human
choice or environmental factors and so it is
necessary to evaluate these assumptions and
their applicability when using genetic data
for the identification of domestication cen-
ters (e.g., Storey et al. 2012).

Although plants also possess mitochon-
drial DNA, due to its relative complexity in
this kingdom it is generally not used in evolu-
tionary studies. Instead, plastid DNA (usually
referred to as chloroplast DNA; cpDNA) is of-
ten used, and this can be considered broadly
equivalent to the mtDNA of animals. This is
because cpDNA also has high copy number,
is maternally inherited, does not undergo re-
combination and, in specific regions, has a
high mutation rate (Olmstead and Palmer
1994; Palmer et al. 2012).

Nuclear DNA. In addition to mito-
chondrial and chloroplast DNA, commen-
sal studies often employ multilocus ge-
nomic fingerprinting techniques. These in-
clude Amplified Fragment Length Polymor-
phisms (AFLPs; Vos et al. 1995), Randomly
Amplified Polymorphic DNA (RAPDs; Welsh
and McClelland 1990; Williams et al. 1990),
and Inter-Simple Sequence Repeats (ISSRs;
Zi

↪
etkiewicz et al. 1994). These are all Poly-

merase Chain Reaction (PCR) based tech-
niques that allow for amplification of DNA
fragments from organisms for which there
is no known reference sequence, and can
therefore be used on organisms for which
there is no a priori sequence information
(Schlötterer 2004). Multilocus DNA finger-

printing techniques can be ideal in many
of the situations that apply to studies of
Pacific commensal species, such as when
the organisms’ DNA sequences are not yet
known, when genomic heterogeneity is high
(i.e., when it is necessary to amplify many
loci to ascertain an accurate measure of ge-
nomic diversity), when genetic variability is
low (i.e., when it is necessary to amplify
many loci to locate the few that are poly-
morphic), and in polyploids (Bensch and
Åkesson 2005; Meudt and Clarke 2007). Pre-
vious studies using genomic fingerprinting
techniques demonstrate their applicability
to Pacific commensal studies (e.g., Clarke
et al. 2006; Hinkle 2007; Zerega et al. 2004).

In addition, nuclear microsatellite mark-
ers have been widely used at the population
level, and can be applied to Pacific commen-
sal studies. When compared to genomic fin-
gerprinting techniques, microsatellite mark-
ers are often slower and more expensive to
develop, yet they are also considered more
robust, especiallywhenusedacrossdifferent
labs (Belaj et al. 2003; Bensch and Åkesson
2005). A recent study examining the pop-
ulation structure and dispersal of coconuts
used this approach in an attempt to bet-
ter characterize the dispersal history of co-
conuts and discern episodes of purposeful
human translocation of the species (Gunn
et al. 2011).

Employing genetic methods to iden-
tify significant patterns. Just as a typol-
ogy allows archaeologists to group sets of
like artifacts together, a phylogeny allows ge-
neticists to group similar genetic sequences
together based on their evolutionary his-
tory. Identical sequences which, by defini-
tion, share single nucleotide polymorphisms
(SNPs) are designated as haplotypes. As the
name implies, SNPs involve variation of a sin-
gle base pair. While any nucleotide has the
potential to mutate through transversion or
transition to another nucleotide, SNP stud-
ies concentrate on those bases that show
an appreciable frequency of variation within
the population of interest and thus may dif-
ferentiate populations through space and
time. Phylogenetic analyses of genetic se-
quences estimate the relationships among
them. Closely related haplotypes are called
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haplogroups and these are usually seen as
clades on phylogenetic trees.

Commensal studies that use genetic
data typically employ a phylogeographic ap-
proach, that is: they aim to understand the re-
lationship between genetic patterns andgeo-
graphic space. Bradley (2006:275) described
phylogeography as having “two orthogo-
nal dimensions—the horizontal one repre-
senting the geography of genetic diversity
and the vertical one representing the time
through which this geography emerges.” An-
cient DNA (usually DNA from archaeologi-
cal material) contributes to phylogeography
by providing a means to date the appear-
ance/disappearance of types, and examine
continuity of genetic lineages through time.
Ancient DNA can be obtained from macro
remains of both animals and plants, although
remains from the latter are rare, particu-
larly from seedless plants, which are not of-
ten preserved in the archaeological record.
For plants, increasing attention has been fo-
cussed on recovering DNA from microfossils
(namely: pollen, starch and phytoliths) but
this field is still developing. DNA has been
successfully recovered from ancient pollen
(e.g., Parducci et al. 2005) and modern but
not yet ancient starch (Waiblinger 2012).
Current evidence suggests that DNA may not
be present in phytoliths (Elbaum et al. 2009).
Although past studies have largely focussed
on obtaining microfossil pollen DNA from
sediments, future research may focus on mi-
crofossils trapped in ancient tools and teeth.
This would help control for potential leach-
ing/percolation of microfossils, which is a
serious concern (Anderson-Carpenter 2011;
Haile et al. 2007). In cases where ancient
DNA cannot be obtained from archaeologi-
cal material, herbarium and museum spec-
imens can be used to extend the temporal
range of studies (e.g., Clarke et al. 2006).

Documenting Historic Era Dispersals to
Interpret Modern DNA Evidence

Ancient DNA is a powerful tool to deter-
mine prehistoric patterns of genetic diver-
sity. However, due to a paucity of suitable
archaeological material and technical limi-
tations, amplification of ancient DNA is of-

ten not possible, and modern (contempo-
rary) DNA sampling is used instead to in-
fer prehistoric genetic diversity. Because of
their poor representation in the archaeolog-
ical record, this reliance on modern DNA
alone is especially common for plants and mi-
crobes. In order to apply modern sequence
data to the construction of commensal mod-
els an additional step is needed: in-depth
research into historic commensal transfers,
both within the Pacific and from outside
ports to determine the relationship between
prehistoric groups of animals and plants, and
those found living on islands today. With-
out this historical context, the data can pro-
vide an extremely limited view of prehistory
(Bradley 2006; Jobling 2012).

The application of modern DNA data
to archaeological questions introduces new
complexities not encountered when using
ancient DNA. Most importantly, inferences
using modern DNA data must be tempered
with a clear understanding that contempo-
rary processes (e.g., translocation, natural
dispersal, selection and genetic drift) may
have obscured ancient patterns.

Sampling and DNA sequencing/
genotyping of modern individuals within
populations provides a snapshot of genetic
diversity at the time of sampling. The extent
to which modern genetic diversity reflects
past genetic diversity can vary. For plant
translocations, Whistler (1991:142) defined
the time after which translocations could no
longer be considered to be free of European
influence as AD 1769 (the year of Cook’s
first voyage into the Pacific) due to the
documented impact of Europeans on Pacific
floras. Studies of plant genetics are further
hindered by the complex interactions that
still occur between contemporary Pacific
populations and the historic and modern
species moved by Europeans. This means
that conclusions based on plant DNA studies
must be considered in light of known his-
toric and contemporary interaction spheres
(Yen 1974).

An analogy to this problem is the limited
interpretive power provided by a seriated ty-
pology developed from collections of con-
flated assemblages on the surface of a site
where the regional chronology has not yet
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been established. As with surface-collected
assemblages, it is unlikely that all types will
be represented, nor will the assemblage ad-
equately reflect all time periods of interest.
Insteadtheassemblagereflectsmoremodern
processes that have intermixed ancient and
modern signatures. This is not to imply stud-
ies based only on modern information are un-
informative, but they are limited in their abil-
ity to reconstruct prehistoric translocations.
To maximize these modern results they must
be carefully examined within an archaeolog-
ical and historic context to disentangle the
layers of signal that may be observed.

A number of processes can change the
frequencies of particular genetic signatures
through time, and the influence of these
processes will differ between species and lo-
cations. At best, contemporary genetic diver-
sity will broadly reflect prehistoric genetic
diversity; at worst, contemporary diversity
at a particular location may be reflecting
a full-scale replacement that occurred within
the past decade. This is especially true for
crop and livestock species, where the huge
selective pressures exerted by humans for
more desirable breeds and cultivars can
causecompletegenetic replacement in short
periods. For examples, post-contact intro-
ductions and translocations of pigs, dogs,
and chickens in the Pacific by Europeans
may have changed both the phenotypes and
genotypes of existing populations. It is likely
that post-contact voyagers also moved do-
mesticated animals in multiple directions,
bringing both European breeds west from
the Americas and Asian breeds east from the
continents. As several of the important com-
mensal species of the early Pacific settlers
are of Asian origin, differentiating an ancient
Asian phylogenetic signal from a more re-
cent one may be incredibly difficult. The ex-
ception is the Pacific rat (Rattus exulans),
the only Pacific commensal mammal that
has escaped introgression with strains of an-
imals introduced by European sailing ships
(Matisoo-Smith 1994).

Several animal species, such as pigs and
dogs, canswimbetween islandsandmayself-
disperse from the island to which Europeans
introduced them without human interven-
tion or intent. Pigs were observed swimming

between islands in the Malay archipelago
by Wallace (1869:81). In addition, diseases
introduced with foreign stock are likely to
have caused the loss of indigenous lineages
of commensal plants and animals. The loss
of these genetic lines is something that can
only be observed using ancient DNA data
(Matisoo-Smith 2002). Even where selective
pressures are weak or dispersal is limited,
natural processes such as genetic drift will
cause changes if given enough time and suf-
ficient isolation. These changes will occur
more rapidly in small populations, such as
those often found on islands.

Analysis of the historical literature in-
cluding shipping records, naturalists’ ac-
counts, missionary journals, and records of
animal and plant disease, can provide valu-
able information about events that have
changed genetic diversity through time. This
information can be used to critically evalu-
ate the extent to which modern sampling
and genetic data can be used to infer prehis-
toric diversity. For example, the use of his-
torical records helped to demonstrate that
the frequency of Asian mtDNA signatures in
modern European pig breeds was due to the
importation of pigs from Asia to Europe in
the eighteenth and nineteenth centuries to
improve stocks, and was not a pattern which
reflected the initial domestication or disper-
sal of pigs (Giuffra et al. 2000). Similar effects
should be expected in the Pacific.

While modern DNA may certainly reveal
some clues about prehistoric process, it will
require the addition of ancient DNA data to
reveal a fuller, temporally stratified picture
of prehistoric migrations and interactions.
Therefore, modern genetic information for
domestic animals will be of limited use until
pre-contact Pacific lineages can be reliably
identified and separated from the European
signatures.

FURTHER CONSIDERATIONS:
PROSPECTS FOR ADVANCING

COMMENSAL STUDIES

Commensal DNA studies have focused on
the density, distribution, and chronology of
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faunal and floral introductions. This in-
creased scrutiny on previously neglected
faunal assemblages (see Nagaoka 1988), in
particular, has led to a much deeper un-
derstanding of human-animal relationships
that extends beyond documenting routes of
transport. The development of commensal
models has led to a greater appreciation for
the nuances of specific interactions between
prehistoric people and their traveling com-
panions, both chosen and stowaways. Stud-
ies focused on commensal specimens have
provided new perspectives on taphonomy,
the cultural and religious significance of ani-
mals, differential disposal behavior, and the
choiceshumansface inextirpationofspecies
from their transported landscapes.

Due to the focus on plants and animals
and their archaeological context, the timing
of introductions of many of the major animal
species has been more firmly resolved. It has
become clear that the idea of singular pack-
ages of transported landscapes has limited
utility. Animals and plants were moved to dif-
ferent places at different times to meet a vari-
ety of needs. The development of commen-
sal models has highlighted the areas in which
animals were introduced (e.g., the temporal
delay in the introduction of Pacific rats to Mi-
cronesia) or not at all (e.g., New Caledonia)
(Matisoo-Smith 2007a). Commensal models
have also provided evidence for multiple,
temporally distinct, introductions of some
species, such as chickens (Storey et al. 2012).

Each commensal species has its own in-
dividual advantages and limitations for the
construction of models. The different com-
mensal species provide opportunities to ex-
plore different aspects of human settlement
behavior and subsequent interaction. Com-
parison of the patterns of the various com-
mensal species allows for a much more com-
plete understanding of the complexities of
prehistoric human behavior. As commensal
studiesprogress, coveragemaybecomesuffi-
ciently even through time and space to com-
pare the patterns among species. Examining
the similarities and differences in the translo-
cation of domesticates and stowaways may
revealuniqueaspectsofhumanbehavior and
mobility. A comparative approach may also
prove fruitful in the application of several

biomolecular methods to address the move-
ment of specific plants and animals. DNA has
proven useful in some situations, where it
is available. Unfortunately it has been ob-
served that the preservation of DNA in mam-
malian bones from open archaeological sites
on tropical islands is the exception rather
than the rule (Robins et al. 2001). It is also be-
coming increasingly clear that mtDNA mark-
ers may not always provide the best dataset
with which to reconstruct prehistoric mi-
gration and interaction (Storey et al. 2012).
In these situations other techniques may be
used in conjunction with, or substituted for,
DNA analyses in order to address questions
related to the translocation of commensals in
prehistory.

DNAisnot theonlybiomolecularmarker
available to the commensal researcher.
There are other techniques, such as stable
isotope studies, that can and should be em-
ployed to understand the origins and mobil-
ity of animals using archaeologically recov-
ered bone. Such methods will also need to
be carefully considered with reference to
potential dispersal mechanisms, adaptabil-
ity, human choice, and post-contact move-
ments and much of the material in this paper
is also relevant to their use. Stable isotopes
can and should be used whenever possible to
supplement, and even perhaps replace stud-
ies of DNA. This is particularly true in cases
where the genetic markers currently avail-
able are not sufficiently diverse to separate
populations from different islands from one
another. Several stable isotopes have been
employed in the past to reconstruct the ori-
gins and migrations of humans and can be ex-
tended to the translocation of animals. Stron-
tium isotopes are linked to local geology
and can separate individuals who were born
in regions with distinct geological histories
(Bentley 2006) and thus may differentiate an-
imals that were born and raised on high is-
lands from those reared on coral atolls. Stron-
tium is prone to contamination by the in-
troduction of exogenous strontium through
groundwater percolation, and sampling of
enamel is preferential to the use of bone
to avoid inaccurate results (Bentley 2006).
Stable isotopes of sulphur may be used to
differentiate local from foreign individuals
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(Richards et al. 2003) but can be complicated
onsmall islandswherethesea isalwaysproxi-
mate,oron large islandswereseveral sulphur
profiles can occur. This may mean the ques-
tions about introductions or translocations
need to be more narrowly defined in a Pacific
context. In addition the sulphur content of
rainwater is altered as sea spray contributes
most of the atmospheric sulphur in the Re-
mote Ocean (Thode 1991). Thus the sulphur
profiles of small islands, such as atolls may
be very similar to each other and therefore
unsuitable as a means to discriminate origins.
Oxygen isotopes were once considered a re-
liable means to differentiate the origins of in-
dividuals in a single burial environment, but
are less reliable inOceanicenvironmentsdue
to the dependence of oxygen fractionation
on latitude, altitude, and distance from the
sea (Schwarcz 2002). Similarly deuterium,
the heavier stable isotope of hydrogen, has
been successfully applied to tracking migrat-
ing birds and in forensic investigations (e.g.,
Brown et al. 2005) but it has not yet been suc-
cessfully applied in archaeological contexts.
Finally, in terms of oxygen and hydrogen iso-
topes it is not yet clear if the dynamic his-
tory of hydrology in a particular region and
changes to the water cycle through time may
influence the distribution of stable isotopes
and thus skew results in ways not yet fully un-
derstood. Regardless of the isotope chosen,
like DNA testing, isotopic determinations re-
quire the destruction of material and only in
large and complete samples would one have
the opportunity to obtain a DNA sequence, a
radiocarbon date, and a full spectrum of iso-
topic information from the same sample. At
present decisions must be made on a case-by-
case basis as to which method is best suited
to answering the archaeological question of
interest given the particular circumstances
of the assemblage under investigation.

In the case of understanding the ultimate
origins, and breeding histories of animals,
DNA analysis may still be the best method
currently available. In fact with the advent of
Next Generation Sequencing it may provide
a whole new perspective on these fascinat-
ing aspects of human-animal relationships. It
will also be interesting, once a large enough
database is assembled, to compare and con-

trast the DNA patterns seen on island types.
It has been noted that in the Mediterranean
the genetic diversity in the nuclear DNA of
black rats may be related to factors such as
island size and relative isolation (Cheylen
et al. 1998). In the case of interactions and
attempts to reconstruct the more proximate
sources of animals through time to establish
trade and exchange relationships isotopes
may provide more informative. For example,
if animals were part of the sewai exchange
between the Carolinian atolls and the larger
continental island of Yap (Intoh 1992) then
the study of stable isotopes of domestic ani-
mals is likely to be more fruitful to examine
the source of individual animals.

THE COMMENSAL DATABASE

Several comprehensive reviews of the con-
tributions commensal studies have made to
Pacific prehistory have been written in the
last five years (Czarnecki et al. 2007; Matisoo-
Smith 2007a, 2007b, 2009) and it is not our
intention to repeat that information in this
paper. Instead we aim to highlight both the
progress of, and gaps in, our current knowl-
edge of commensal species. To do this a sur-
vey of published literature was undertaken
and a summary of the available DNA data was
compiled in Table 1. Individual sequences as
reported inthepapersarepresented inaggre-
gate by archipelago. This highlights both the
sheer number of commensal species identi-
fied and studied in the past 15 years as well as
the substantial geographic gaps in coverage.
It is clear that the geographic coverage for
commensal organisms using DNA from both
modernandancientsources isunevenand, in
its current form, difficult to accurately com-
pare across time and space. It is unlikely that
there is a representative sample even of the
potential diversity of modern commensals in
Oceania. The existing database for examin-
ing ancient genetic signatures is even more
sparsely populated.

It seems very likely that as the ge-
ographic coverage of commensals is ex-
panded and larger sequence datasets are
assembled that new haplotypes will be dis-
covered. For example new dog haplotypes
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have recently been reported in New Guinea
(Oskarsson et al. 2011). In addition the an-
cestral gene pool of the Pacific commensal
species is often less well understood than
their Oceanic descendants. The amount of
genetic and archaeological work that re-
mains to be done in Southeast Asian domes-
tication centers is staggering (for examples
see the summaries presented in Glover and
Bellwood 2004; O’Reilly 2007). As a result
the use of the term ‘Pacific clade’ to de-
scribe any haplogroup, for chickens (Dan-
cause et al. 2011), dogs (Oskarsson et al.
2012), or pigs (Larson et al. 2005) is likely to
be premature and will require much larger
ancient DNA-based datasets. A larger sam-
ple from the Pacific as well as potential do-
mestication centers will be necessary to en-
sure that extant Pacific haplogroups are truly
unique as a result of genetic isolation and not
due to inadequate sampling in other parts of
the world.

The availability of samples is affected by
a myriad of factors, including accessibility of
islands and the survival of DNA in animal and
plant remains during excavation, analysis,
storage and/or transport to laboratories (for
a discussion see Hinkle 2004; Robins et al.
2001). The unreliable preservation not only
of DNA in archaeological remains but also
of the remains themselves will always be a
hindrance to developing a complete picture
of prehistory. DNA studies are also destruc-
tive, and where only a few remains are avail-
able their use in commensal studies is not
always the best way to answer the archae-
ological question of interest. Studies based
on pathogenic commensals will largely be
restricted to modern DNA evidence and are
inhibited by modern rates of infection. For
example in a study of 138 individuals from
Easter Island, only one was infected with
HTLV-1 (Ohkura et al. 1999). However, the
numbers assembled in Table 1 do provide a
meansof identifyinggaps in thedata forexist-
ing commensal coverage. Future researchers
can endeavor to provide a more even cover-
age of all the islands and archipelagos of the
Pacific.

As can be seen from Table 1, Polynesia
has the best coverage of commensal organ-
isms in the Pacific, with fewer sequences

available from Near Oceania and Microne-
sia, and very few from the Polynesian out-
liers. Of 18 Polynesian outliers, only 4 have
had samples included in commensal studies.
Polynesian outliers may provide important
corridors for the spread of commensals be-
tween Island Melanesia and Polynesia, espe-
cially in the period after the initial coloniza-
tion of Polynesia. This hypothesis could be
tested by the inclusion of commensal sam-
ples from Polynesian outliers in future re-
search projects. For example Kirch (2000a)
has indicated that subtle dietary shifts are ev-
ident in the archaeological record of Tikopia
after the arrival of Polynesians on the island.
This included the introduction of Canarium
almonds from Vanuatu, mosaic-tailed rats
from the main Solomon Islands, and further-
more that changes in anthropophilic land
snail populations may be linked to the move-
ment of plants (Kirch 1986). In addition, it
has been speculated that Tikopians may have
obtained pigs or pig meat from Vanikoro
in later prehistory. These sorts of questions
are difficult to document using traditional ar-
chaeological techniques and are most suited
to investigations using chronologically con-
trolled analyses of commensal DNA or stable
isotopes.

At present the bulk of commensal sam-
pling appears to have occurred in the more
easily accessed regions, such as Fiji and the
Cook Islands. This is likely due to issues of
convenience, affordability, and safety. In ad-
dition, samples for the study of commensal
bacteria and viruses were often collected
in opportune situations such as during the
South Pacific Games where people from
around the Pacific gathered (for example,
see Yanagihara et al. 2002). These studies
represent important first steps in develop-
ing a model based around specific organisms
but it is clear that much work remains to be
done. In some cases the gaps in plant and
animal commensal studies can be filled by
using specimens from more remote locales
gathered for herbarium collections or during
archaeological excavations. Greater collabo-
ration among commensal researchers could
result in targeted collecting expeditions to
more remote regions to obtain samples of
several species for use in multiple studies.
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Such an approach would not only increase
the depth of current studies but would also
broaden discussions and allow wider inter-
pretations of the resulting genetic signatures
of commensal species, both purposefully
and accidentally transported.

PROSPECTS WITH NEW TECHNOLOGY

Projects such as Google Books and the In-
ternet Archive (archive.org), among others,
provide researchers with unparalleled ac-
cess to historical documents that can help
with examining both ethnographic accounts
of human/animal interactions in the Pacific,
and also records for European dispersals of
plants and animals into and around the Pa-
cific. In addition, free online translators are
vastly improved from only five years ago and
applications such as Google Translate pro-
vide easy access to information in several
languages. This provides new opportunities
for background research when constructing
a commensal model, particularly with re-
spect to understanding the origins, biology,
translocation, effects of human choice, and
historic transport on the organism of inter-
est.

The development of next generation
sequencing technologies means that re-
searchers can start to target whole viral and
mitochondrial genomes and specific nuclear
genes, including those most likely to be the
target of human selection. Identifying and
targeting these genes, such as those that
control yield, breeding, time to maturity,
and important morphological traits, may pro-
vide unprecedented insights into the spe-
cific choices made by groups of humans
in the selection of domesticated lineages
of plants and animals. Questions about the
tempo of evolutionary change, especially
with reference to domesticated animals, will
be enhanced by studies of ancient DNA as
these add a necessary temporal component
(Matisoo-Smith 2002; Ramakrishnan et al.
2005). Analysis of nuclear genes may also
reveal how individual species have adapted
to different island environments (e.g., high
islands versus atolls). The identification of
New Guinea as an independent center of do-

mestication (Denham et al. 2003) suggests
such studies are likely to have implications
far beyond the Pacific. Commensal studies
remain in their adolescence but the appli-
cation of these models has grown consid-
erably. The future for commensal studies is
bright and will continue to provide an excel-
lent avenue for the investigation of aspects
of ancient human behavior, migration, inter-
action, and beyond.
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