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Introduction
Our primary objective in analysing human DNA from Marianas archaeological sites was to provide 
an accurate depiction of the prehistoric record of the people whose ancestors journeyed into the 
Remote Pacific around 3500 years ago and who today bear a distinctive genetic heritage from those 
early seafarers. During the first phase of the study, we compared specimens from Guam (Naton 
Beach, Haputo, Ritidian) and Saipan (Anaguan), along with modern and ancient samples from 
Pohnpei, Palau, Chuuk and Guam. The second phase of the study, currently underway, involves 
examining in greater depth the ancient DNA from skeletal samples obtained from Palau, Guam and 
the Northern Mariana Islands.

In 2019, in collaboration with Drs Ron Pinhasi and David Reich at the University of Vienna and 
Harvard Medical School, respectively, we embarked on a study of ancient DNA from the Naton 
Beach site on Guam. Two distinct populations had been recognised during the excavations and 
laboratory analyses. One group of people lived during the Latte Period, from about 1000 years 
ago, and the other group lived during the Middle to Late Unai (or Transitional Pre-Latte) Period, 
from about 2800 years ago. Analysis showed that the Unai burials contrasted with the Latte burials 
in skeletal morphology, pathology and mortuary practices.

With information obtained during this study, we revised and expanded the previous chronological 
sequence of cultural history of the Marianas proposed by Hunter-Anderson and Moore (2001, 
see Prologue, Table 1). Rosa S. Palomo and Laura M.T. Souder of the Guam CHamoru Language 
Commission supplied the CHamoru phrases and English equivalents corresponding to the 
archaeological terms. It should be noted that the spelling, CHamoru, for the Indigenous language 
and ethnic group, is legal and preferred on Guam; however, elsewhere in the Mariana Islands, the 
older spelling, Chamorro, has been retained. This publication uses the spelling CHamoru.

When we started this project, the prevailing settlement model was based on ceramic similarities 
and linguistics and held that the oldest Marianas sites were created at least 3500 years ago by rice 
farmers who sailed directly across the Pacific from the northern Philippines (Carson 2014; Hung 
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et al. 2011). Eighteenth-century Spanish censuses had distinguished between native and mixed-
race CHamoru (‘neo-Chamorros’) (Rogers 1995), introducing the notion that the truly Indigenous 
Marianas population was ‘swamped’ out of existence by other groups during Spanish colonial times.

We contend that the earliest people in the Marianas were mobile marine foragers from Island Southeast 
Asia (ISEA)—small groups of ‘sea nomads’ (Bellina et al. 2021; Sather 2006), who expanded their 
territory into western Micronesia about 3500 years ago. Their occasional forays into the southern 
Marianas were to harvest the uncontested reefs for materials that could be transformed into trade 
items to exchange with their land-based partners. Their range expansion can be understood as an 
adaptive response to late Holocene environmental conditions: sea level decline in the western Pacific 
and, around 2800 years ago, an abrupt global cooling (Chambers et al. 2007; Raspopov et al. 2000). 
In a time of changing competition for raw materials, conditions may have severely constricted the 
ISEA marine forager niche in Near Oceania. However, the increased shoreline width in the Mariana 
Islands created a new subsistence option: arable coastal land and permanent settlement supported 
by lowland horticulture, foraging and fishing. In embayments like Naton Beach in Tumon Bay, 
small areas of arable soils suitable for imported root crops and tree cultivation were now available 
for settlement.

Human entry into Micronesia
Papuan ancestors colonised Near Oceania about 47,000 years ago. The term ‘Papuan’ is used to 
refer to populations with ancestry going back thousands of years in New Guinea, the Bismarck 
Archipelago and the Solomon Islands. During that time, the remote islands (Remote Oceania) 
of the Pacific were uninhabited.

About 4000 years ago, sea level in western Micronesia began to decline from its mid-Holocene 
peak (Dickinson 2000). Marine foragers reached the Marianas by 3500–3300 years ago, visiting 
the southern islands intermittently. In Palau’s Rock Islands, marine foragers occupied fishing 
camps in rock shelters by 3000 years ago (Fitzpatrick and Nelson 2008). A few hundred years later, 
continuing sea level decline had widened shorelines where trees and root crops could be cultivated, 
and permanent settlements were established along the coasts of the southern Marianas. Their pottery 
and artefacts reflect a mixed economy of farming and fishing (Moore and Hunter-Anderson 1999).

Elsewhere in Micronesia, marine foragers began to exploit the abundant reef systems of Yap, Chuuk, 
Pohnpei and Kosrae, where the oldest sites have been dated to about 2000 years ago. The pottery at 
these sites suggests these people were connected to social systems in northern Melanesia, known as 
Lapita (Kirch 1997). By 1000 years ago, sea levels had stabilised in western Micronesia; the Carolinian 
coral atolls and islands had emerged, soon to be occupied by fisher-farmer groups from Melanesia.

Unai and Latte Period sites on Guam and Saipan
Material traces of human activities in the Mariana Islands provide unequivocal evidence for human 
presence in the Mariana Islands c. 1550–1050 BCE (Carson 2014; Rieth and Athens 2019; 
see Liu et al. 2022 Supplementary Materials for additional information). Fewer than 10 campsites 
are known from Guam, Rota, Tinian and Saipan; these sites are deeply buried and located over 
100 m inland from present shorelines (Amesbury et al. 1996; Carson 2011; Craib 1993). Sparsely 
distributed within calcareous sand deposits are marine shell beads, some unfinished, and other shell 
ornaments, worn sea urchin files (Amesbury et al. 1996), shell and stone adzes, shell fishhooks, chert 
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flakes and cores, and numerous sherds of thin-walled, red-slipped pottery, rarely decorated, called 
Marianas Redware (Spoehr 1957), similar to contemporary ceramics at coastal sites in northern 
Luzon (Philippines), western Borneo, the northern tip of the Sulawesi and Kayoa Island of the 
northern Moluccas (Bellwood et al. 2019; Carson 2014). Faunal remains include bones of turtles, 
pelagic and inshore fish, birds, fruit bats and shellfish, primarily bivalves.

The campsites of the first occupants of the Mariana Islands have yielded no evidence for cultigens or 
domesticated animals. Also absent are remains of the Pacific rat (Rattus exulans), a human commensal 
often found in early sites in the Pacific Islands. These findings fail to support the hypothesis of a 
demic expansion model for human colonisation of Remote Oceania via the Mariana Islands, which 
proposes that population pressure on Neolithic farmers in the northern Philippines prompted 
a migration to the unoccupied Mariana Islands at this time (Hung et al. 2011; Carson 2014).

The range expansion of nomadic foragers can be understood as an adaptive response to late Holocene 
environmental and social conditions; in particular, sea level decline in the western Pacific (Dickinson 
2000, 2003). Sea level decline since its mid-Holocene peak created extensive and abundant reef-
lagoon systems in the southern Mariana Islands that could be harvested, albeit at great costs in 
transportation across the open sea. In a time of intense competition for raw materials, range 
expansion would enable small, more vulnerable marine foraging groups to continue to participate 
in the complex trade networks of ISEA.

The shift from marine foraging and trading to a Mariana fisher-farmer cultural system, termed 
the Unai Period (1550–350 BCE), is recognised in the archaeological chronology developed by 
Hunter-Anderson and Moore. The Early, Middle and Late Unai Periods span the time when land 
use patterns emphasised coastal living. No human interments have been found in Early Unai Period 
sites; however, many human interments from the Middle and Late Unai Periods manifest elaborate 
mortuary practices at the Naton Beach site.

Lower sea level had exposed more flat land and increased the complexity of coastal habitats. 
This made permanent, nearshore settlement possible, supported in part by imported tropical 
cultigens (e.g. coconut, taro, breadfruit). Unai archaeological features and artefacts indicate regular 
and varied residential activities. These include post-mould alignments from substantial pole-and-
thatch structures; hearths and earth-oven deposits; domestic trash pits; basalt and marine shell 
tools of various shapes and sizes used in different tasks, especially woodworking and processing 
of plant materials; clustered and single human burials (all ages and both male and female) with a 
variety of elaborate grave goods not limited to shell ornaments; and a distinctive ceramic complex, 
including large, flat-bottomed, shallow, straight-sided, thick-walled, oval or round ‘pans’. Charred 
taro starch residue has been identified on robust pan fragments found in earth-oven feature deposits 
(Moore 2012).

On Guam, the Huyong Period (350 BCE – 850 CE) succeeded the Unai and is archaeologically 
marked by limited inland settlement expansion. In addition to small coastal residential settlements, 
there were foraging and gardening sites in the island interior. The relatively low density of Huyong 
sites suggests a smaller population responding to a deterioration in agricultural productivity, perhaps 
the result of a cooler, drier climate during this time (Büntgen et al. 2016; Helama et al. 2017). 
The robust pan form was no longer used, indicating that cooking or eating contexts had changed. 
Pot shapes were more suitable for above-ground cooking, although earth ovens were still used. 
The earliest known example of Mariana cave painting in Mahlac Cave in southern Guam’s interior 
has been directly radiocarbon dated to the late Huyong Period (Hunter-Anderson et al. 2013).
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The archaeology of the Latte Period (850–1650 CE) is well-studied on Guam and Saipan due to the 
relatively large number of sites that have survived, although often heavily disturbed from historical 
and modern activities (Carson 2012). A prominent trait of this last period in Marianas’ prehistory is 
the paired stone post-and-capstone two-row configurations, the latte, a unique innovation within the 
Indo-Pacific megalithic tradition and unusual in its use in domestic architecture as house supports. 
Other innovations include large stone mortars, often embedded as site furniture near one end of the 
house or isolated in non-residential locales possibly related to dryland rice cultivation, a prehistoric 
practice unique to the Mariana Islands in the Pacific Islands (Hunter-Anderson et al. 1995). Artefact 
assemblages include an abundance of stone pounders, grinders, abraders, anvils and adzes, dense 
accumulations of chipped stone, shell adzes and bone and shell fishing gear appropriate to inshore 
and pelagic fishing (including spears and harpoons) and fragments of large, robust ceramic pots 
and jars appropriate for cooking and storage, especially after c. 1300 CE. The settlement system 
involved coastal and inland settlements, latte-supported structures throughout the archipelago, and 
primary and secondary burial within or near houses and as isolated inland burials in caves with 
a shift away from frequent and elaborate grave goods as seen in the Unai Period. Adult Latte Period 
skeletons show evidence of dental incising and deliberate tooth staining, and post-mortem collection 
of human skulls and long bones is common.

Naton Beach site
The Naton Beach site (Site No. GHPI66-01-2488) is situated in Gogna Cove at the north end of 
Tumon Bay, where a limestone headland juts into the sea, forming the northern terminus of the 
Tumon embayment (Figure 3.1). Elevations here range from 3–61 m above present sea level, and 
the land slopes steeply toward the sandy beach. Northern Tumon Bay once had a series of shallow 
lagoons and marshes that infilled as sea level declined from its mid-Holocene peak (Dickinson 
2000). A narrow strip of beach eventually formed (Chappell 1982; Easton et al. 1978), providing a 
stable land surface for settlements. Freshets flowing over the sand during low tide may have been 
a source of freshwater in this limestone substrate area that lacks streams.

From 2006 to 2008, Paul H. Rosendahl, Inc. (PHRI) conducted archaeological investigations during 
the Okura Hotel renovation project at Naton Beach that resulted in the recovery and analysis of 367 
sets of human remains described in reports prepared by SWCA Environmental Consultants, Guam 
(Walth 2016a, 2016b). Two temporally and culturally distinct groups were defined: 212 individuals 
associated with the Latte Period and early European contact era, and 155 individuals associated with 
the Unai Period.

Unai burials contrasted with the Latte burials in morphology, pathology and mortuary behaviour. 
Descriptive and metric analyses revealed significant differences in size and dimensions of cranial 
bones, postcranial bones and dentition. Frequencies of non-metric dental traits also differed between 
the Unai and Latte burials. Tooth dimensions decreased by 7 per cent from the Unai to the Latte 
Period. The Unai individuals had a higher frequency of caries, antemortem tooth loss and dental 
calculus, while the Latte individuals had a higher frequency of linear enamel hypoplasias, abscesses 
and attrition. Nearly one-half of dental non-metric traits were significantly different, and dental 
modifications (abrasion, incising, staining) were also significantly different. Betel nut dentition 
staining, common in the Latte Period adults, was almost absent in the prior Unai population 
(Figure 3.2). Both groups suffered trauma, gout, periostitis and degenerative joint disease (DJD), but 
the locations of DJD were different, suggesting differences in chronic activity patterns. Treponemal 
infection (yaws) was not identified in the Unai individuals, but it commonly occurred among the 
Latte Period individuals.
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Figure 3.1. Ancient DNA sampling locations in Guam and Saipan, Phase 1 of the Marianas 
DNA Project.
Source: Liu et al. (2022), Figures S22 and S23.

Figure 3.2. Betel nut staining and cross-hatching on the teeth of a Latte male at Naton Beach.
Source: Walth (2016b), Figure 9.5.
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Ninety-six per cent of the Unai burials were 
in a fully extended supine position compared 
to 56 per cent of the Latte Period burials. 
Both the Unai and the Latte burials were 
oriented predominately along an east–west axis 
perpendicular to the shore. The Unai skeletal 
assemblage had fewer subadults relative to 
adults. Adults represented 82 per cent of the 
Unai population, with nearly an equal number 
of females and males. The relatively few Unai 
subadults may reflect different burial loci or 
preservation conditions. The Latte group was 
more evenly distributed relative to the numbers 
of subadults and adults, with adults comprising 
70 per cent of the total. Differential burial 
treatment by sex or age in either group was not 
observed. The Unai burials had a much greater 
quantity and variety of grave goods than the 
Latte burials (Figure 3.3). Post-mortem bone 
harvesting and fabrication of human bone into 
tools, common in the Latte Period, was not 
found for the Unai burials.

Figure 3.3. Burial 286 at Naton Beach, an in 
situ Unai individual with a necklace of Anadara 
beads and a pearl oyster shell.
Source: Walth (2016a), Figure 7.10.

The Unai burials were interred deeply in white calcareous sand, overlain by the dark brown, 
culturally enriched soils in which the Latte Period individuals were buried. The Latte Period practice 
of interment in residential cultural deposits contrasts with separate placement of the Unai burials 
away from residential deposits. Unai burials were clustered north of the Latte burials. The Unai 
burial clusters may mark family mortuary spaces, whereas the Latte burial clusters may mark the 
location of houses, commonly observed at coastal Latte Period sites. The Unai burials were found 
approximately 50 m inland of the current shoreline along the toe of a steep slope, 4 m above mean 
high tide, which may account for their preservation in the well-drained, alkaline sand in which they 
were interred.

Haputo Beach site
The Haputo Beach site (Site No. GHPI66-08-0009) is situated in Haputo Bay, a small, sandy cove on 
Guam’s north-west coast (see Figure 3.1). In 2013, prehistoric house floors were excavated by Olmo 
and Kataoka, and several human burials were exposed. Osteological descriptions of the excavated 
human remains are unavailable. The site was occupied for about 1800 years, from the Unai Period 
into the Historic Period, as indicated by 15 radiocarbon dates. Haputo Bay was a traditional canoe 
landing place for visitors coming from the coral islands of the Carolines, but the Latte Period village 
was abandoned when Spanish colonisers forcibly relocated the residents to the capital, Hagåtña.

Ritidian Beach cave
Ritidian Beach Cave (Site No. GHPI66-08-0012) is west of Ritidian Point in northern Guam. 
The site is positioned approximately 200 m from the present shoreline. Excavations at Ritidian 
revealed multiple occupations starting around 1550 BCE (Pugach et al. 2021). Two sets of human 
remains were found buried side by side in an extended position near the mouth of a limestone cave. 
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The two skeletons were highly fragmentary and had been disturbed by large pits dug into the original 
burial pit; the torso and skull were missing from both individuals. In a separate study, a tarsal bone 
from each individual was analysed for DNA and a bone from one of the skeletons was radiocarbon 
dated to 2180 ± 30 cal. BP (Pugach et al. 2021). Osteological analysis was not undertaken, and the 
remains were left in situ.

Anaguan site
Anaguan (Site No. SP-1-0762) is in the town of Garapan on the western coastal plain of Saipan 
(Figure 3.1). Anaguan is situated within 200 m of the present shoreline, less than 2 m above present-
day sea level. The area was first occupied on an unstable sandy beach area as early as 100–200 CE 
and by 800–900 CE, people were living in a more stable back beach area. These are approximate 
dates based on a regional sea level history (Dickinson 2000, 2003) in conjunction with dates from 
geoarchaeological testing of coastal site settings in the Mariana Islands (Carson 2011, 2014).

Archaeological excavations at the Anaguan site were conducted by Swift Harper Archaeological 
Resources Consulting (SHARC) from 1996 to 1999 (Swift et al. 2004). Fifty-three archaeological 
features, including earth ovens, shell refuse pits and structural postholes, and 260 burials were 
excavated during that time. SHARC noted that the condition of the burials and the recovery of a larger 
than usual number of slingstones suggest that the village may have been occupied during the time 
of the Spanish–CHamoru wars, c. AD 1684. Discoveries included a high number of child burials. 
A possible cause for the high rate of child mortality may have been contagious diseases resulting 
from European contact. In 2015, Scientific Consultant Services (SCS) conducted excavations 
prior to construction of the Imperial Pacific International casino, hotel and supporting facilities. 
The technical report by SCS (Dega et al. 2017) provided descriptions of the human remains and 
their spatial distribution in three major burial clusters. The 2015 excavations recovered a minimum 
of 416 individuals. In all, the skeletal remains of a minimum of 676 individuals were excavated from 
Anaguan. Radiocarbon dating showed continuous occupation of this coastal zone from the eleventh 
century through the seventeenth century, with the Latte Period occupation being densest in the 
thirteenth through the sixteenth centuries.

The Marianas ancient DNA project
Although ancient DNA analysis was part of the original Naton Beach research design, it was not 
until 2015 that the Guam Historic Preservation Officer, Lynda B. Aguon, granted permission to 
conduct testing of human skeletal remains. We began investigating the DNA from the Naton Beach 
site by sampling dentition. At that time, long bones and teeth were thought to be the best skeletal 
elements for DNA recovery because of their strength and density. We submitted the samples to 
research colleagues at the University of Huddersfield in England. The Naton skeletons were fragile 
after millennia of burial in a warm, wet environment, DNA preservation was poor and initial efforts 
to extract ancient DNA from Naton Beach dentition met with limited success (Foody et al. 2018).

In 2018, the Guam Historic Preservation Office approved a new team and a new approach to 
study the DNA of the early people on Guam, and the Commonwealth of the Northern Mariana 
Islands (CNMI) Historic Preservation Office approved testing of the Anaguan skeletal assemblage. 
The collaboration included geneticists from the University of Vienna, led by Dr Ron Pinhasi, and 
Harvard Medical School, led by Dr David Reich.
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Rosalind Hunter-Anderson, Joanne Eakin and Olivia Cheronet (University of Vienna) collected 
samples from the Naton Beach skeletal assemblage on Guam and the Anaguan skeletal assemblage 
on Saipan (see Figure 3.1). In addition, dental samples from the Haputo Beach site were provided by 
Richard Olmo. The samples were processed and analysed by our collaborators in Vienna and Boston 
and results were incorporated into a regional study of Micronesian population history. In that study 
(Liu et al. 2022), the DNA of 109 individuals from the Unai and Latte Periods on Guam, including 
published data from two individuals from Ritidian (Pugach et al. 2021), were analysed along with 
the DNA of 46 Latte Period individuals from Saipan and 11 Isohkelekel Phase individuals from 
Na Island and Nan Madol in Pohnpei (provided by Dr Michael Pietrusewsky). Modern DNA from 
112 individuals from Guam, Palau, Pohnpei and Chuuk, collected by Dr Miguel Vilar, formed an 
important part of the study, along with previously published data from 95 prehistoric and 1642 
present-day individuals (Vilar et al. 2013).

DNA specimen processing and interpretation
Ancient DNA can become extremely degraded in hot, moist tropical environments. Formerly, 
successful DNA retrieval required large pieces of bone, which caused significant destruction of 
human remains. Further, the amounts of DNA obtained were low, and preservation of DNA was 
often poor. A major breakthrough was the discovery that the petrous portion of the temporal bone 
is a reliable DNA source (Pinhasi et al. 2015).

The cochlea, situated deep inside the hard, protective petrous bone, is the optimal site to retrieve 
ancient DNA since it is less subject to deterioration and damage, even under adverse burial 
conditions (Figure 3.4). Dr Pinhasi developed methods to sample a small amount of cochlear bone 
with minimal destruction to human skeletal remains. The sample can be collected in the lab from 
a portion of the petrous bone or directly from remains in the field. Processing entails powdering a 
small portion of the cochlea. The powder is then chemically processed to purify the sample.

Figure 3.4. Petrous bone, part of the temporal 
bone in the skull, collected for the Marianas 
ancient DNA study.
Source: Photo by author.

At the Reich Lab, the DNA fragments are 
decoded and transformed into sequence data. 
The geneticists then perform highly detailed 
and complex analyses of the data using various 
bioinformatic and statistical methods. Next, these 
DNA sequences are analysed and compared to 
those of other populations. In this way, ancient, 
historical and contemporary relationships can 
be discerned. Details of the DNA processing 
and interpretation process may be read in the 
Supplementary Materials of Liu et al. (2022).
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Phase 1 results: Migration patterns
The study detected five prehistoric migration streams that entered the western Pacific, four of them 
prior to 1700 years ago and one about 1000 years ago (Figure 3.5). A migration stream is composed 
of individuals who share a genetic lineage. A DNA lineage refers to the entire line of ancestry traced 
through an individual’s genetic material, encompassing all their ancestors from a specific parental 
line. A haplogroup is a specific grouping of individuals who share a common genetic mutation on 
their Y chromosome (paternal line) or mitochondrial DNA (maternal line; mtDNA), indicating 
a shared distant ancestor within that group. The abbreviation FRO refers to First Remote Oceanians, 
those who participated in the first three prehistoric migration streams entering Micronesia before 
2800 years ago and no later than 1700 years ago.

The M1 lineage, FROMarianas, was identified from Naton Unai individuals. Analysis revealed a 
homogeneous ancestry; a thousand years later, Latte Period people derived c. 85 per cent of their 
ancestry from the same source, harbouring the same mitochondrial haplogroups E1 and E2. Modern 
CHamoru share the same maternally inherited lineages, and they derive their East Asian ancestry 
from the earliest inhabitants of the Mariana Islands. These findings exhibit remarkable genetic 
continuity throughout the prehistoric record and into modern times.

Figure 3.5. Five migration streams into Micronesia.
Source: Liu et al. (2022), Figure 1A.
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Figure 3.6. Possible first Remote Oceanian Marianas, M1 lineage, route from ISEA/Wallacea into 
north-western Micronesia.
Source: Adapted from Clark and Winter (2019), Figure 2.1.

The precise geographic area from which M1 emerged is unclear. The Marianas archaeological 
record and the genetic dominance of the E1 and E2 haplogroups lead us to believe that an origin 
in the ISEA/Wallacea region is likely (Figure 3.6) and supports previous inferences in studies of 
modern maternally inherited DNA (Hill et al. 2007), which found that the origins of these ancient 
haplogroups were in Wallacea, not Taiwan, as implied by historical linguistics models of Marianas 
settlement (e.g. Blust 2019; Hung et al. 2011).

Phase 1 study results (Liu et al. 2022) suggested that Latte people derived c. 15 per cent of their 
genetic ancestry from the M2 FROPalau migration stream between 2400 and 1700 years ago; however, 
preliminary Phase 2 results (Liu et al. in press) indicate that the admixture in the Marianas was 
a lineage originating directly from East Asia and not related to Palauans.

By c. 1000 years ago, additional DNA lineages indicate ties among the Latte people on Guam 
and Saipan with Melanesian and Eastern Indonesian populations. A maternally inherited lineage 
common in ancient Polynesians also appears in Latte people. The increased genetic variations at 
that time appear to reflect migratory streams within, and into, Micronesia. Stable sea levels and 
favourable climatic conditions would have enabled population mobility and settlement and growth.
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M2 lineage, FROPalau, is a previously unknown lineage present in the people who populated Palau. 
The lineage was evident in the modern Palauans who were included in the study. During Phase 1, we 
did not have ancient DNA from Palau. Preliminary results of Phase 2 of the study indicate that M2 
lineage was admixed with ancestry related to East Asians (~60 per cent) and Papuans (~40 per cent), 
similar to the proportions in present-day Palauans, implying more long-term genetic continuity in 
Palau than elsewhere in Remote Oceania (Liu et al. in press). The major admixture between Papuan 
and East Asians must have begun at least 3880–3429 BP, showing that Palauans had substantial 
descent from both East Asians and Papuans before arriving in Palau.

M3 lineage, FROSouthwestPacific, was previously identified from Lapita samples in Vanuatu and Tonga. 
The M3 migration stream into Micronesia began before 2100 years ago. Our study inferred genetic 
homogeneity in central Micronesia; M3 is a better single source proxy for the primary First Remote 
Oceanian ancestry in central Micronesia, including Pohnpei and Kosrae. The M1 lineage, FROMarianas, 
is older and found only in western Micronesia.

The first three migration streams: FROMarianas, FROPalau and FROSouthwestPacific shared East Asian ancestry. 
Geneticists differentiate the M1: FROMarianas from the closely related M3: FROSouthwestPacific. These 
two First Remote Oceanian lineages, M1 and M3, derived from two ‘sister lineages’ originating in 
ISEA and they both lived during the Late Neolithic era. They shared some cultural traits, such as 
locating their habitation sites along newly emergent shorelines, decorated redware pottery, and shell 
ornaments; however, major archaeological differences are apparent. Human interments and domestic 
animals are lacking in the earliest Marianas sites yet are present at some FROSouthwestPacific-associated 
Lapita sites. These and other cultural contrasts suggest different adaptive conditions prevailed in the 
two geographic regions.

The M4 and M5 migration streams began east of ISEA in northern New Guinea and Polynesia. 
M4 is Lineage PapuanNewGuinea, and no East Asian ancestry was detected in the M4 migration 
stream. Due to limited comparative cases, current data favour an origin in highland New Guinea 
and the northern coastal region, which would include Manus and other Admiralty Islands. Our 
study has inferred dates of FROSouthwestPacific and PapuanNewGuinea mixture in Chuuk and Pohnpei 
at 2100 to 1800 years ago, implying that the two lineages had come into contact at least by the time 
of the first marine forager camps in the central Micronesian high islands.

M5 Polynesia, the most recent prehistoric migration stream identified to date, flowed from Polynesia 
into central Micronesia to populate the so-called ‘Polynesian Outliers’ such as Nukuoro and 
Kapingamarangi in Pohnpei state. M5 Polynesia pertains to the older, transient occupation of these 
atolls c. 1000–700 years ago. We do not yet have ancient DNA from the atolls and raised coral islands 
of central and eastern Micronesia. However, the estimated date for M5 Polynesia matches well the 
geological record of c. 1000-year-old emergence of the coralline Caroline Islands (Dickinson 2009).

Whole-genome analysis of Marianas populations
The Unai burials at Naton were confirmed to be the earliest known burials in the Marianas. 
Radiocarbon dates for the Unai burials range from 850 BCE to 250 BCE. Whole-genome analysis 
showed strong genetic continuity between Unai and Latte populations at Naton Beach. Mitochondrial 
DNA in both Unai and Latte populations was homogeneous, which implies the consistent practice 
of matrilocality, a post-marital residence pattern in which the husband comes to live with their wife’s 
family. Matrilocality is widespread in Micronesia and is often associated with matrilineal inheritance 
(Jordan et al. 2009; Sudo 1984).
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Among Unai individuals on Guam, paternally inherited Y-DNA was restricted to the O haplogroup 
and a rare variant, O-AMO. The O haplogroup originated about 35,000 years ago in Asia and has 
over 30 known subclades including the variants seen in the Marianas. Unai mtDNA (maternally 
inherited) is very homogeneous: >90 per cent belong to the most common lineage that is present 
in modern CHamoru, E2a. To maintain a viable population over time among a relatively small 
population would favour in-migration from the same source. This scenario is plausible, given the 
homogeneity of maternally inherited DNA harboured by Marianas individuals from the Unai to 
the Latte Periods.

By the Latte Period, all the islands of Micronesia, including the raised coral islands and atolls of 
the central Carolines, the Marshalls and Kiribati, had been occupied by seagoing peoples, and our 
study detected more DNA lineages among the Latte individuals. These new Latte Period lineages 
reflect ties with Melanesia and Eastern Indonesia. A maternally inherited lineage common in ancient 
Polynesians, B4a1a1, also appears in Latte individuals. The increased genetic variations at that time 
appear to relate to migratory streams within and into Micronesia. The new Y-DNA lineages S and M 
that appear during the Latte Period indicate later male migration into the Marianas from the south, 
not from the north, west or east (Table 3.1).

Table 3.1. Whole-genome analysis results from Naton Beach, Guam.

Location Period N male Y haplogroup N female Sex Unk mtDNA Dates

Naton GU Late Unai 8 O 22 4 E2, E2a, E1a1b, 
M (n=1)

c. 800–470 BCE

Naton GU Latte 26 O, M (n=1), S (n=2) 27 22 E2, E2a, E1a1b c. CE 1250–1630

Source: Author’s data, summarised from Liu et al. (2022).

Family relationships
Whole-genome analysis yielded accurate estimates of family relationships up to third-degree relatives. 
The state of preservation of DNA determined the extent these relationships could be identified. 
Of the 28 Unai individuals at Naton whose DNA was successfully analysed, we identified four 
families, each with two members, including one pair with a first-degree relationship and three pairs 
with second- or third-degree relationships.

Among 75 Latte individuals at Naton, whole-genome analysis identified seven families. Each burial’s 
location had been plotted during excavation, and the whole-genome analysis confirmed that closely 
related individuals were often buried next to each other, or nearby, in genetically defined family 
groups. We found three pairs of individuals with mother–daughter relationships and three pairs who 
had a father–son relationship. Four pairs were siblings, and three pairs had unspecified first-degree 
relationships. In addition, 82 pairs of Latte individuals had second- or third-degree relationships—
grandparents, uncles, aunts and cousins. These detailed results indicate better DNA preservation 
among the Latte individuals than the DNA of the Unai people, probably due to a shorter time in 
the ground.

Precise information about burial location is absent from Haputo, but among the four individuals 
studied, we found one family with three members. One pair of individuals had a first-degree 
relationship, and another pair had a second- or third-degree relationship. All were buried at one 
house at the site.
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Among 46 individuals from Anaguan, the study identified six families, with two to six members in 
each. A family of five included a mother and her two sons. Two other individuals had a mother–
son relationship, and there were two families with pairs of siblings. Also identified were 15 pairs 
of individuals with second- or third-degree relationships.

Radiocarbon dates
Project samples yielding analysable DNA are all directly radiocarbon dated to pinpoint more 
accurately the age at death of the individuals studied and provide an estimate of how long the 
site was occupied (Table 3.2). At Naton, the Unai dates show that interment at the site began 
about 2700 years ago (792 BCE) and continued for 220 years, approximately eight generations. 
Except for one individual dated to 385 CE, no interments were made again until 1242 CE. What 
happened during the 17 centuries between Unai and Latte use of the Naton burial area? Did people 
abandon Naton Beach entirely or just shift the customary location of burials elsewhere at the site? 
Unfortunately, we cannot answer this question easily because the rest of the site was destroyed 
during construction of a hotel in the 1970s.

Table 3.2. Radiocarbon (14C) dates of human skeletal remains from Naton Beach, Guam.

Period 14C beginning date 14C ending date

Unai 792 ±9 years BCE 470 ±43 years BCE

Isolated 385 ±39 years CE n/a

Latte 1242 ±16 years CE 1632 ±61 years CE

Source: Author’s data, summarised from Liu et al. (2022).

Stable isotope analysis
Analysis of the ratios of stable isotopes of carbon and nitrogen from data produced during the 
radiocarbon dating process are used to estimate the dietary proportions of land and marine foods 
consumed by an individual. In our study, a large proportion of the diets of both Unai and Latte 
Period individuals was terrestrial food, while marine resources were a comparatively minor dietary 
component (Table 3.3). This finding indicates that from the beginning of permanent settlement on 
Guam, the subsistence system involved horticulture supplemented by nearshore and pelagic species. 
Stable isotope analysis of Saipan Latte Period individuals found a similar dietary pattern.

Table 3.3. Dietary variation among Unai and Latte groups.

SI signatures Unai
n=17

Guam Latte
n=19

Saipan Latte
n=14

delta C% –17.2 (s.d. 0.35) –18.6 (s.d. 0.85) –18.5 (s.d. 0.56)

delta N% 10.1 (s.d. 0.77) 9.3 (s.d. 1.16) 9.5 (s.d. 0.94)

C:N 3.25 3.22 3.26

Note: SI=stable isotope.
Source: Author’s data, summarised from Liu et al. (2022).

At the whole-population level, the Saipan Latte people at Anaguan and the Guam Latte people at 
Naton are comparable using C:N ratios. Latte females had lower delta N per cent than males in both 
collections (Table 3.4). That pattern could indicate females did not have access to the same amount 
of marine protein as the males or that their protein was derived more from plant foods. Between 
Unai females and males, the same distinction is evident as in the Latte populations (Table 3.5). 
On average, Unai males consumed more marine protein than the females.
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Table 3.4. Dietary variation between Latte males and females from Saipan and Guam.

Saipan Latte SI signatures Females
n=7

Males
n=7

delta C% –18.4 (s.d. 0.6) –18.5 (s.d. 0.6)

delta N% 9.4 (s.d. 1) 10.0 (s.d. 0.9)

Guam Latte SI signatures Females
n=11

Males
n=8

delta C% –18.7 (s.d. 0.8) –18.5 (s.d. 0.1)

delta N% 8.8 (s.d. 0.1) 10.0 (s.d. 1.1)

Note: SI=stable isotope.
Source: Author’s data, summarised from Liu et al. (2022).

Table 3.5. Dietary variation between Unai females and males.

Guam Unai SI signatures Females 
n=8

Males 
n=9

delta C% –17.2 (s.d. 0.89) –17.2 (s.d. 0.95)

delta N% 10.4 (s.d. 0.87) 10.0 (s.d. 0.68)

Note: SI=stable isotope.
Source: Author’s data, summarised from Liu et al. (2022).

Summary of Phase 1 findings
The DNA data contradict origin models based on historical linguistics and ceramic similarities, 
which propose that the first Marianas people were rice agriculturalists from the northern Philippines. 
An exception is Zobel’s (2002) placement of CHamoru and Palauan origins based on linguistics, 
which is more in keeping with the genetic results. The analysis of Unai and Latte individuals’ DNA 
showed no direct prehistoric connections to the Philippines.

The E2a lineage characteristic of Unai and Latte groups originated during the Holocene (10,000–
5000 years ago) in Eastern Indonesia, most likely Sulawesi (Soares et al. 2008). These variants are 
present in all ancient individuals from Guam and Saipan and are absent from ancient individuals 
from Polynesian sites, who derive from Melanesian sources. The E1 and E2 haplogroups are common 
throughout ISEA today. A previous study of the Anaguan remains by Dega et al. (2017) reached the 
same conclusion.

Despite differences in appearance and custom, the Unai and Latte people of Naton Beach, along 
with the Latte people from Haputo and Anaguan, shared the same maternally inherited lineages, 
proof of remarkable genetic continuity across 2500 years and into the present day.

Beginning with a small founding population, isolation and population growth would result in 
the fairly homogeneous population observed in the Latte Period. Geneticists call this the result of 
‘founder effect’ or ‘genetic drift’. The extent of genetic drift in the maternal lines is significant and 
could indicate the practice of matrilocal residence, common in several Micronesian cultures.

Despite their differences in appearance and custom and the centuries-long occupation gap at Naton, 
the Unai were the direct ancestors of the Latte Period population who lived there much later. More 
than 90 per cent of the Unai maternally inherited DNA belongs to the most common lineages 
present in modern CHamoru DNA. The CHamoru people have been in the Marianas from the 
beginning of human occupation.
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Phase 2 of the Marianas Ancient DNA Project
The search for CHamoru origins using ancient DNA has just begun to reveal information that is 
challenging older scenarios. Ancient DNA goes much deeper into the human past while directly 
connecting present-day people to that past.

The Marianas data are limited due to the small number of archaeological sites sampled. A new goal 
is to obtain a more comprehensive record by analysing more samples from sites in Guam, Saipan, 
Tinian and Rota. The archaeological record in each island is complex and DNA from prehistoric 
occupants is bound to reveal new and interesting information.

The Marianas DNA project presents another research challenge: to better document the Huyong 
Period (about 1500–1000 years ago). Preliminary results from Phase 2 indicate an influx of new 
genetic material into the Marianas from East Asian sources between 2400 and 1700 years ago. 
A radiocarbon-dated image in a limestone cave was painted during the Huyong, a time that 
archaeological surveys indicate there was a major settlement expansion into Guam’s interior. 
Who were the people involved in these changes?

In 2023, we collected 37 specimens from four sites on Palau, including three burial caves, and 
seven additional samples in 2025. We collected 34 samples from Latte Period individuals from the 
Naton Beach site for the purpose of more intensive determination of relatedness of individuals. 
We collected 11 samples from excavations at Camp Blas on Andersen Air Force Base, Guam, whose 
analysis could illuminate patterns of relationship between inland and coastal villages and between 
different regions of Guam. Also in 2023, we collected DNA samples from skeletal collections housed 
at the CNMI historic preservation offices on Saipan (n=103), Tinian (n=60) and Rota (n=98).

Phase 2 of the project will significantly expand the genetic data previously obtained from the Anaguan 
site on Saipan and from Naton Beach, Haputo and Ritidian Beach Cave on Guam. By sampling 
DNA from sites in Palau and additional locations in the Marianas, we expect to reveal in greater 
detail the regional migration patterns and biological relationships among the Indigenous people who 
have lived in western Micronesia for thousands of years.
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