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Evolution of an Austronesian Landscape:
The Ritidian Site in Guam

Mike T. Carson”

ABSTRACT

Geoarchaeological research reveals 3500 years of landscape ecology and
evolution at the Ritidian Site in Guam, Mariana Islands. This example illustrates the
first time when an Austronesian group lived in an extremely remote and small island
setting. An integrated natural-cultural history of the landscape explores the unique and
isolated habitat of the first settlement and its evolution through subsequent centuries.
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INTRODUCTION

A case study in the Mariana Islands examines lengrtevolution of an isolated
Austronesian landscape, witnessed in the intimateted natural and cultural history. The
specific case study is at the Ritidian site in hemh Guam, where intensive research 2006-11
now enables a high-resolution landscape chronapgyning the last 3500 years. This unique
example supports deeper understanding how Ausieongsoups eventually colonized the
farthest reaches of the remote Pacific and co-edolith their changing landscape ecologies.

The isolated character of the Marianas guaranteeéustronesian origin for initial
adaptations and subsequent landscape evolutiorcoByarison, roughly contemporaneous
Lapita colonists in the Bismarcks and Solomonsrattied significantly with long-established
Papuan communities (Green 2000; Spriggs 1997; Sunayes 2000). The Marianas case
therefore offers the opportunity to examine whatgemed in a solely Austronesian cultural
setting.

The isolation of the Marianas additionally is im@mt for understanding the first
successful migration of people across the Asiafieakontier, for the first time settling in
completely new territory and in a remote Pacifitahsl setting (Figure 1). When first
colonized 3500 years ago, these islands were moae 2000 km distant from any
contemporaneous populated area (Hung et al. 2B¥lgomparison, Lapita groups eventually
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crossed a maximum 900 km into the islands of Reniiteania such as Vanuatu, New
Caledonia, Fiji, Tonga, and Samoa 3100-2800 yegos(Burley and Dickinson 2001; Nunn
2007; Sand 1997), distinctively later and over art@r distance than for Marianas
colonization.
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Fig. 1: Map of Asia-Pacific region, with inset showing Ritidien Guam, southernmost of the Mariana
Islands.

The small and remote context of the Marianas furtbecomes advantageous for
maximizing the realistic material sampling of eovimental and archaeological records. The
physical evidence is more confidently inventoriegtenthan in a larger land mass or more
diverse cultural area. Moreover in the fragile gstsms of remote small islands, the impacts
by people tend to be exaggerated and more easdgtdble.

The 3500-year record in the Marianas enables dremieation of landscape ecology
and evolution, so far not possible in other Ren@teanic islands with shorter chronologies.
The longer time-range in the Marianas accommodatesriety of known changes in the
world’s natural history, as well as regional anchlized environmental and cultural processes.
Intensive multi-year research at the Ritidian bigs been most productive for developing an
ideal model case study.

This research integrates multiple lines of evidefroen radiocarbon dating, terrain
geomorphology, artifacts, and faunal remains ingingle chronology at the Ritidian site in
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northern Guam. First, the 2006-11 Ritidian projectdescribed, and a basic outline is
presented of the landscape ecology and evoluti@xt,Neach line of evidence is presented,
followed by a synthesis.

RITIDIAN RESEARCH PROJECT

Ritidian holds one of the hidden treasures of Gu&mgure 2), where a protected
ecosystem includes a clear lagoon, stunning whitetsbeach, dense forest, and dramatic
limestone escarpment. The area today is preservdteaRitidian Unit of Guam National
Wildlife Refuge (GNWR), managed by US Fish and VifddService (USFWS). Sustained
research 2006—-11 supplied detailed informatiorafeynthesis of the complex natural-cultural
history.

Fig. 2: Photograph overview of Ritidian, 2006.

Ritidian contains several megalithatte sites (Osborne n.d.; Reed 1952; Reinman 1977),
pertaining to the last indigenous village settlety@ior to re-location of the native population
by A.D. 1700 (Carson 2012a). Nearly the entireaiarsurface is covered by varying densities
of artifacts and midden of thiatte period, dating potentially as early as A.D. 900340
(Kurashina 1990). Additional studies 2008-10 fodusm latte household organization
(Bayman et al. 2012) and Spanish colonial contatiteolate 1600s (Jalandoni 2011).

The sustained research 2006-11 revealed a muclerdpeghistory than the surface-
accessibléatte period, significantly pre-dating the developmefithe landscape as seen today
(Carson 2011). The oldest buried site deposit wasircned as nearly 3500 years old (Carson
2010), among the earliest in the Mariana Islands &hole (Carson 2008). This older cultural
chronology was coordinated with natural history usege for a fuller understanding of
landscape evolution at Ritidian.
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The research program entailed exploratory surveg &8 geoarchaeological test
excavations (Figure 3). Landscape evolution wasettathrough a relative chronology of
sedimentary layers and archaeological depositlibgia palaeoterrain model (Carson 2011).
Additional environmental information came from @astudy of the shellfish records and other
faunal remains (Carson 2012b). High-precision reatioon dating provided absolute
chronological control of key points in the landseagquence (Carson 2010).

Area of detail

GUAM

A Information kiosk
[5] Test excavation
Vehicle road

----- Hiking trail
m
200

Fig. 3: Ritidian 2006-11 study area, noting locations &t &xcavations. Individual test pit numbers
and material findings intentionally are removednirthis detailed scale of map, in accordance
with site-protection measures of the US ArchaeolodResdource Protection Act (ARPA).

LANDSCAPE ECOLOGY AND EVOLUTION

The Ritidian landscape chronology coordinates exddeof sea-level history, terrain
formation, faunal remains, number and size of laibit sites, and artifact associations
(Figure 4). The different lines of evidence in tatflect the natural and cultural components
of a holistic landscape. These components intatadlin complex ways over a long-term
sequence, mutually affecting each other while &mglécape evolved as a whole.

58



Journal of Austronesian Studies 3(1) June 2012

C1
e . C I g_LF:
NN

0_:210 Q_

131,000\

130,000l
n
1000,

80 Combined Anadara,
40 limpets, chitons,
and sea urchins
0
40 Combined
0
40‘
| —
0

Sq m of habitation site

per 100 liters excavation

Minimum number of individuals (MNI)

27

£ = =N

3

g \

2

2 AN

1

3 \

o

AN

~
~

o L ~
L I 1 I 1 I I I ]
S N N N o N o N
N I\ O N N S N I\ N
S S

Years Before Present (B.P.)

Fig. 4: Integrated landscape chronology of Ritidian.

The established field dandscape ecologgtresses the inter-relations of individual parts
within an environment (Turner et al. 2001). Typigathe analysis is synchronous within a
singular defined time-range or modern setting, thilswing close observation of living
details otherwise not possible in archaeologicatliss of remnant material records. The
relationships between landscape components areessqat in spatial configurations and
functional operations, creating in essence a straabr identity of the landscape (Cumming
2011), subject to change over time as in the Ritidixample.
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The Ritidian research emphasizes the chronologioaknsion of landscape, thereby
expanding the usual short-term view of landscapsogy for a more long-term view of
landscape evolution. This perspective parallelfiaological pursuits dfistorical ecology
(Crumley 1994), here with a focus on the landscapself, perhaps familiar to
geoarchaeologists working to extendhaman ecologyperspective (Butzer 1982; Wilson
2011). As shown here, the landscape as a wholbeeatudied for each separate time interval.
Evolution or co-evolution of inter-related elememisn be examined best in a long-term
perspective, as in the 3500-year record at Ritidian

The Ritidian example draws on material geoarchagcodb evidence related to the past
landscape and how it evolved, as summarized inr&iguEach line of evidence is reviewed,
followed by a comprehensive chronological syntheEiss integrated natural-cultural history
then can support discussion of how the landscapévey or more precisely how its inter-
related components co-evolved.

RADIOCARBON DATING

The chronological sequence is based primarily tative ordering of stratigraphic layers,
with radiocarbon dating of key components. Theaealibon dating supplements the overall
sequence with absolute calendar dates. The comgldiecarbon results are summarized in
Table 1 for reference.

The dating shows first settlement in one small arearly 3500 years ago, but the most
extensive habitation occurred within the last 1988rs. The settlement growth was more than
a simple linear progression reflecting steady pafah increase. Rather, it involved
fluctuating relations between resident groups dedchanging natural habitat, in conjunction
with social change.

One crucial technical advance in the radiocarbdimglavas calculation of a local marine
reservoir correction AR) for Anadara antiquatashells, paired with carbonized coconut
nutshells (Carson 2010). In two separate pairirigs, individual AR results significantly
overlapped with one another, giving a confidentrage (mean)AR of -44+41. These shellfish
were an important food resource during the eartjleseent period, and they often were
discarded in clearly cultural contexts within siteddens. The bivalves lived in confined
ranges of muddy or swampy environments with litt®vement, so theAR does not
significantly vary from one specimen to another.d®mnparison, other types of shells, such as
ConusandCypraea have proven unreliable due to the migrating matfrthese gastropods
over reefs of variable ages.

A second important advance was for direct datinfyesthly depositetialimedasp. algal
bioclasts that comprise a major material compor@ntertain coastal landforms like at
Ritidian (Carson and Peterson 201Halimedashed their bioclasts every 2—12 months, so
beds of the bioclasts can accumulate quickly insigeotected lagoon as at Ritidian. These
bioclasts erode quickly into smoothed edges, stirfgqnthem in intact condition signifies fresh
deposition in primary context.
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The ability to dateAnadara shells andHalimeda bioclasts greatly strengthened this
research program, especially at Ritidian with ausege of coastal landforms generally
lacking datable charcoal in the earliest layerse @hating results must be acknowledged as
requiring attention to their context and associgiofor proper understanding of the
chronological sequence.

PALAEOTERRAIN MODELING

The Ritidian research contributed significantly am island-wide reconstruction of
Guam’s palaeohabitat (Carson 2011), depicting #reaih during first human settlement
3500-3000 years ago (Figure 5). Initial colonizaiiecurred long prior to the development of
the broad sandy beaches and coastal plains seaw. tbte colonists targeted specialized
shoreline niches, but this way of lifeeventuallyukeb not be sustained after substantial
environmental change, cultural impacts, and pouiagrowth.

Most important for the palaeoterrain modeling, entsea level stood about 1.8 m higher
during the first Austronesian colonization prior 3000 years ago (Dickinson 2000, 2001,
2003). These conditions did not last for long aftgtial settlement, followed by sea- level
drawdown 3000 through 1800 years ago. Excavatiossiine cases encountered ancient coral
reef layers, now deeply buried, where the deptits dates verified the regional sea-level
chronology. Others found evidence of ancient lagbenvironments, where again the depths
and dates were important for reconstructing themahhistory sequence.

A. Conditions 3500-3000 years ago

RITIDIAN

Mangilao

.~ ancient sandy beach
(] ASS
0 2km N

B. Modern conditions
Tarague

RITIDIAN

Mangilao

Fig. 5: Guam-wide terrain model: A. 3500-3000 years ago; anch&lern conditions. Locations are
shown for confir-med early-period settlement sit@ther buried beach deposits have not yet
shown evidence of earliest settlement.
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Intensive research made the Ritidian case the wuheistled of the Guam-wide study
(Figure 6). The terrain model was adjusted for eéamnk interval, accounting for the measured
dates and depths of ancient land surfaces throwghelgiven sequence. The archaeological
findings then could be contextualized within ttdggler model.

B. 3100-2700
ears B.P.

C. 2700-2000]
years B.P.

D. 2000-1500
years B.P.
I Cultural site activity

= Coral reef growth
Il Ocean water without reef

-
N

—_—
0 1km

Fig. 6 : Riditian palaeoterrain sequence.

ARTIFACT CHRONOLOGY

The Ritidian pottery and other artifacts are cdaesiswith the overall Marianas regional
chronology. The earthenware artifacts are the reessitive for chronological change, and
their abundant broken pieces conveniently supgonipbral estimates for each site layer. At
least a few stone and shell artifacts additionaty diagnostic of certain time periods. Features
such as stone-column house posts, stone mortatspek art mostly relate to tHatte period
1000-300 years ago.
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The pottery shows a clear change over time, beginmith thin-fine red-slipped small
bowls and jars, shifting to large flat-bottomed Ikiva pans, and ending with coarse-thick
large vessels (Figure 7). The very thin-walled dimely made pottery of the earliest
settlement period 3500-3100 years B.P. was notisest for more than a few centuries.
Slightly thicker and coarser wares began productioout 3100-3000 years ago, marking the
beginning of a trend of increasingly thicker, cearsand larger vessels over time. The most
exceptionally large vessels were produced only ntateh, within the last 1000 years.

1100-300
years B.P.

1800-800
years B.P.

E,
2200-1500
years B.P.

C,

3100-2000
years B.P.

3500-3100
years B.P.

Fig. 7 : Pottery chronology at Ritidian.

The overall trends in pottery-making suggest aneiasing scale of production, as well as
larger serving-size. The vessels likely were predumore quickly for more people. Another
possibility involves a shift in practical daily ysd first involving single-serving vessels in the
earlier periods, then accommodating larger commsealing of larger households in later
periods. The outcomes are most pronounced in thelame vessels produced within the last
1000 years, coinciding with the most impressivelyggé habitation sites and presumably a
regional population growth (see Figure 4). This ngea further correlates with a shift in
shellfish gathering, introduction of rats for thiestf time, and possible decline in local avifauna
as discussed in the next section of “Faunal Recoideese factors did not co-occur entirely
by accident, but they reveal a complex set of irgations.
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Adzes and flaked debitage at Ritidian include bailtanic stone andridacna (giant
clam) shell (Figure 8-A and -B). Both were usedtighout the chronological sequence, and
both show signs of local production and maintenadeitidian. In addition, many flakes may
have been used as cutting or slicing tools, eslhecihose made of chert or other
cryptocrystalline.

Fig. 8: Examples of stone and shell artifacts at RitidianStone adze or chisel, 1000-500 years B.P.;
B. Tridacnasp. shell adz, broken, 1000-500 years B.P.; yrireat of probable fish-trolling
lure, about 3000 years B.P.; D. Set @bnussp, shell beads, 2700-2500 years B.P.; E.
Incomplete fish-hook ofsognomonrsp. shell, 500-300 years B.P.; F. Work&gpraeasp. shell
portion of octopus lure, 500-300 years B.P.

Shell was the preferred material for fashionindifig gear and personal ornaments.
Isognomonshell is most common, especially in workshop defst valued for its nacreous
qualities and its easily workable flat surfacegy(ifeé 8-E). A rare fragment of a probable
trolling lure represents one of the few known spetis from a context about 3000 years old
(Figure 8-C). A set of 71 ofonusshell beads was found at one location dated abt®—
2500 years ago (Figure 8-D). A worked piecé&gpraeashell resembles one component of a
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typical Oceanic octopus lure, in this case datifg-800 years ago, just prior to Spanish
colonial occupation (Figure 8-F).

The latte period, approximately 1000 through 300 years agonamed after the
megalithiclatte stone ruins of house-posts topped with capitatsaprstones (Figure 9). Other
stone features of this era included stone mortainbacalledlusong often carved into the
limestone bedrock along the cliff-base (Figure 10).

4.} AL g e ¥ N e
Fig. 9 : Photograph olatte ruins at Ritidiar Scale bar i

At least four caves at Ritidian contaifffs
pictographs of hand-prints, male and fema
figures, and other shapes, made in red, blag

has not yet been attempted of the pigme
but the cultural deposits inside these caves
constrained within the last 2000 years a
most intensive within the last 500 year{:
Images of headless bodies perhaj@
memorialize  post-mortem  head-remova
known ethnohistorically in the Marianas
(Cabrera and Tudela 2006). The hand-priry
imply markings by individual participants in
rites of passage.

y. 10: Photogrph I’usongmortar stone at
Ritidian. Scale bar is in 20-cm
increments.

Several artifacts and features relate to the Spatidonial period, most intensive at
Ritidian during the late A.D. 1600s. A Jesuit nisgiry outpost was established at Ritidian
during this time, today found only in scatteredsuface remnants (Jalandoni 2011). Surface-
visible ruins include stone-faced terraces and estmred wells (Figure 12). Asian and
European goods were imported during this periodstmbvious in the form of ship’s nails,
glass beads, and porcelains (Bayman et al. 2012).
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Fig. 12: Photograph of Spanish-era stone-faced terraceidtaRi. Scale bar is in 20-cm increments.
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FAUNAL RECORDS

Certain details of the ancient environmental sg#tinvere studied through records of
shellfish and other faunal remains in the datesl mitddens (Figure 13). This effort examined
the minimum number of individuals (MNI) in each miagategory. For the most reasonable
comparative analysis, the results were standardizelNI per 100 liters excavation in each
represented time period.
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Fig. 13: Summary of Ritidian faunal records. Values are inimum number of individuals (MNI) per
100 liters of excavation in each represented timwerval.

The faunal remains indicate a local nearshore resodepression around 3100-2700
years ago. This pattern appears to be due to theahaea-level drawdown, combined with
impacts of cultural harvesting at the same timeother sites of Guam where first habitation
occurred much later, the cultural harvesting impamuld be separated from the effects of
sea-level change (Carson 2012b). Compared to asites of different ages, the decline in
Anadaracan be linked to the natural sea-level changepthér taxa (e.g., limpets, chitons,
and sea urchins) were affected by cultural hamgsshortly after human occupation in each
location, regardless of the time period. In theidRih case, the co-occurring factors
contributed to a localized resource depressioreraiise not witnessed in most other later-
dated sites missing the early record of sea-ldvahge.

The decline ofAnadaraand other shellfish immediately was compensatetdryesting

other taxa.Gafrarium could tolerate the changing coastal conditiongebethan could
Anadara More important in a long-term view, shellfish buasTurbo andTrochusfrom the
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middle-outer reef were more resilient to the chaggécosystem. Just a few of these large
shellfish could provide more protein and nutrittban several dozens Glafrarium

The later part of the Ritidian sequence shows &edhincrease itstrombusn the site
middens. The particular species was the ratherl setadmbus gibberulysoverwhelmingly
dominant in mostatte period site middens (Carson 2012a). The speciearaptly thrived in
the new lagoonal systems of this later period, modeover the shellfish may have become a
preferred culinary ingredient.

Another important finding in the Ritidian faunacoed was the appearance of terrestrial
snail shells, namely the tree-sn@drtula sp., following the formation of larger stable &m.
These animals live in forested areas, so theirratesen the earliest period likely reflects an
absence of forested habitat. Their increasing poesdater indicates the expanding coastal
terrain with healthy forest growtR.artula are considered endangered today in Guam, so their
more abundant archaeological occurrence gains imggeest for studying long-term forest
ecology.

When considering faunal records, the absence ofedticated animals has posed a
curious issue in the Marianas (Wickler 2004). Thwegl distance of ocean voyage may have
made translocation of animals impractical during &arliest settlement period. In most other
Pacific Islands, domesticated pigs, dogs, and enmiskwere introduced by the earliest
Austronesian settlers. The difference in the Ma$amrase undoubtedly contributed to a
separate trajectory of landscape evolution, batsib implies a unique migration route apart
from what occurred elsewhere in Oceania with stgfaeanimal transport.

3500-3100 YEARS B.P.

The earliest site occupied at Ritidian was a spetith of unstable sand between the high
and low tide (see Figure 6-A), where a stilt-raibedse likely stood over or near the shallow
water. The original cultural layer was buried 2368-2m (Figure 14), containing thin redware
pottery, burned coral cobbles, shellfish remaimg] animal bone fragments. The materials
were found within a natural deposition of intdtalimedasp. algal bioclasts, overlaying a
slightly olderHelioporasp. coral formation.

So far, only a 1 by 1 m excavation found this eatlicultural deposit. Other test pits at
10-m intervals did not encounter cultural materiatsthis depth. The oldest site deposit
therefore is confined within less than 20 by 20 m.

The pottery in the lowest layer was broken fromn tied-slipped vessels (see Figure
7-A and-B). The collection consisted of 428 pie€&33.5 sq cm) from the single 1 by 1 m
excavation. None of these pieces showed signifieaosion, and many could be re-fitted.
Close examination concluded that the fragmentsesgmted about 10-20% of two different
small bowls or jars, plus more than 55% of anofirailow open bowl.
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Beta-239576 (Anadara antiquata shell),
cal. 3110-2745 years B.P.

Beta-239577 (charred coconut endocarp),
cal. 3005-2792 years B.P.

100

Beta-239578 (limpet shell),
cal. 3110-2745 years B.P.

Beta-303808 (Acropora sp. branch coral),

cal. 3309-2291 years B.P.

Beta-253681 (Anadara antiquata shell),
cal. 3499-3205 years B.P.

200

Beta-253682 (Halimeda sp. algal bioclasts)
cal. 3532-3238years B.P.

Beta-303807 (Acropora sp. branch coral),
cal. 3878-3593 years B.P.
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Ocm

Beta-253683 (Heliopora sp. coral),
cal. 4404-4017 years B.P.

Ritidian fenceline pit 35, northwest profile
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Bioclastic sands, dense Acropora sp. branch coral debris, no cultural deposit

Fig. 14: Stratigraphy and dating at Fenceline Pit 35.
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According to discarded shellfish remains, peopledsted arc clams such Asadarasp.
that soon declined rapidly in numbers with a fallisea level and loss of their preferred
habitats in swamp-like shallow waters and grassb&ea urchins and chitons were among
the earliest local meals, absent in later contesabably due to combined stress by harvesting
and changing coastline. Various limpets experiergceiilar but more prolonged decline.

A date range of cal. 3499-3309 B.P. (years Befarsdht = before A.D.1950) is
proposed for the lowest cultural layer, based atumdant statistical overlap of two dated
samples (see Figure 14). First wasadara antiquatashell at cal. 3499-3205 B.P. (Beta-
253681). Second was freshly deposiktalimedasp. algal bioclasts at cal. 3532—-3309 B.P.
(Beta-253682). Despite careful recovery and sievimgugh one-half-mm mesh, no datable
charcoal was recovered, presumably due to thenatigiter-tidal setting during a time of sea
level 1.8 m higher than today.

The early age has been supported by additional lseanp lower (pre-dating) and upper
(post-dating) positions. Directly pre-dating theltaral layer, a segment ohcropora sp.
branch coral was dated cal. 3878-3593 B.P. (Be3&®0), from a context at 262—263 cm
lodged within a crevice in the underlyirigeliopora sp. coral dated cal. 4404-4017 B.P.
(Beta-253683). In a much later stratigraphic positat 110-120 cm within a surge-layer of
branch coral debris, anothécropora sp. segment was dated cal. 3309-2991 B.P. (Beta-
303820), covered by a cultural layer at 93—110 atedical. 3005-2792 B.P. (Beta-239577).

3100-2700 YEARS B.P.

The original site was covered by a massive sandnagiation, followed by occupation of
a newly formed beach ridge 3100-2700 years agoRggee 6-B). The beach ridge formed
within a context of sea-level drawdown, creatingarst-like environment, wherein the
Halimedabioclastic sands were partly emerged above ttiedadea level in some but not all
areas. Ridges of these sands formed parallel Wwélcoastline, and people lived along one of
them, leaving concentrations of broken potterynattols, and remains of campfires burned
directly in the sands.

The beach ridge habitation included two temporamponents of initial and later
occupation, interrupted by a layer &€roporasp. branch coral debris. The interrupting layer
shows that a typhootsunamj or other high-energy surge covered the coastheubabitation
immediately resumed. The relevant radiocarbon dasimepicted in Figure 14.

The initial beach ridge habitation contained mixhth and thick red-slipped pottery,
whereas the later continued habitation containdyl tbe thicker variety (see Figure 7-C and -
D). The thicker variant was coarsely made, and/éssels were larger bowls and jars. The use
of red-slipping was diminished in comparison tdieapottery.

A broken piece of a probable fish-trolling lure wasind within the initial beach ridge
habitation (see Figure 8-C). It was made of cut palished nacreous shell. The particular
shell may have been a large piecelstfgnomon offering a workable long flat surface as
opposed to the more curving naturefafbo or Trochus
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During the beach ridge habitation, discarded skbliidden contained significantly less
Anadaraand increasing frequency aiurbo and Trochusgastropods. Limpets, chitons, and
sea urchins also showed significant decline in, Species richness, and overall abundance.

2700-2000 YEARS B.P.

After sea level was lowering for a few centurieg@-2000 years ago people lived on
narrow pockets of slightly elevated beaches intscad locations along the base of the cliff
(see Figure 6-C). Shells of the tree-siattula sp. verify terrestrial habitat and at least some
forest cover. People abandoned the prior choicghofeline zones that had become barely
recognizable. They now instead inhabited newly fxinpocket beaches at the cliff-base,
specifically in loci directly outside small caves.

The caves themselves bear no evidence of humaduiisey this period, but presumably
proximity to the caves somehow was important fag tinmediately adjacent habitations.
Dripping water could be collected inside the cawsrned remains of large crabs reflect
meals of the coconut-robb&irgus latro known to dwell in these settings. The caves may
have provided temporary shelter from typhoons addeise weather, but no identifiable
cultural deposits developed in the interior space8 much later.

Outside the caves, the cultural layers containegeleharcoal and ash, unlike the scant
or non-existent charcoal in prior occupation pesioBartly, this change was due to better
preservation conditions in the stable elevated ftamas. However, the density of burned
organic material suggests an increased intensitabitation.

The site settings today are easily recognizedigistlsl elevated terrain hugging the base
of the cliff directly outside caves (Figure 15). Morecent artifacts and midden cover the
surface, extending downward variable depth. Theeroldeposits are completely buried,
detectable only through excavation.

" d - Sl -7..:/% %
Fig. 15: Example of cliff-base habitation site. Scale Isani20-cm increments.
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In some cases, the adjacent caves were creatatgdbe preceding era of higher sea-
level prior to 3000 years ago. These particulaesavere formed by wave-cutting of notches
into the limestone. The elevations correspond with1.8 m higher sea level. The caves and
the adjacent pocket beaches therefore could na heen occupied until after the sea level
began to lower, generally following 3000 years agthe earliest.

Five cliff-base habitations were identified of thisme-range, based on relative
stratigraphy and pottery association. The age wveadirmed by radiocarbon dating at two
locations (Figures 16 and 17). According to botticgearbon results and pottery associations,
these two cases represent the earliest and latebe dime-range. Toward the end of this
period, a few flat-bottomed shallow pans were poediu(see Figure 7-E).

Walkway pit 2

Ritidian walkway test pits, northeast profile g
Limestone boulder

Beta-263447
(charred coconut endocarp),
cal. 776-669 years B.P.

Beta-263448
(charred coconut endocarp),
cal. 2744-2459 years B.P.

Walkway pit 5 | Walkway pit 4

Beta-263449 100
(Anadara antiquata shell),

cal. 2842-2454 years B.P.

Beta-263450
(charred coconut endocarp),
cal. 2744-2459 years B.P.

X XX X XX]
XX XX

Beta-263451 e o~
(Conus sp. shell bead), XX X XX X XX
XX XX

cal. 2842-2454 yearsB.P. -
XX X XX X XX

100

200 cm

N~~~ ~~ o~~~ ~N SN~ o~~~ Non-cultural sand continues,
not excavated

T YTy ey e ey m e e e 100 cm

v o o - v o o i e i e . Rocky sandy clay, cultural deposit
El Ashy matrix and mixed calcareous material, cultural deposit
N M e e e e e o A B Pulverized calcareous material, no cultural deposit

Basal limestone sloping from adjacent cliff, no cultural deposit,
not excavated

200 cm

Non-cultural sand continues, not excavated

0 100 200 cm

Fig. 16: Stratigraphy and dating at Walkway Pits 2, 4, and 5.

The trends that already had begun in the shelléslords now continuedlurbo and
Trochusshells were most commonly represented. Small ateaainbird bones appeared for
the first time, possibly indicating a change ines=cto different resource zones.

NumerousConusshell beads (N=71) were found at one locatiorelyikbroken from a
single original necklace strand (see Figure 8-Dnil8r beads are known at other Marianas
sites, often earlier but generally ending productmound 2000 years ago. In later periods,
shell beads were larger and less thoroughly palishe
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Beta-303809 (charcoal),
cal. 926-790 years B.P.

Beta-303810 (charcoal),
cal. 1995-1872 years B.P.

Beta-303811

cal. 4365-4029 years B.P.

(Halimeda sp. algal bioclasts),

Ritidian trail test pit 1, northwest profile
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Fig. 17: Stratigraphy and dating at Trail Test Pit 1.
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2000-1500 YEARS B.P.

A broader coastal landform developed 2000-1500syego, as the former shallow
lagoon became mostly filled but not entirely stalaleove sea level (see Figure 6-D).
Habitations remained at the most secure cliff-tsgs@s while expanding modestly in size by
just a few sg m at each location. Dense ash, gotténer artifacts, and food debris indicate
intensive residential occupation.

The most clearly diagnostic pottery type at thisetiwas a large flat-bottomed shallow
pan (see Figure 7-E). The popularity of this newsigie signified a change in food production
and consumption. Larger serving-sizes now were estjdpossibly reflecting growth in
household size. The shallow pans may have beenllgsidreflecting a different cooking
practice than previously evidenced. Pending taxeoadentifications, thick burned starchy
residues most likely represent breadfruit, tarojaon.

In at least one cave, limited cultural activity oged during this time. Curiously, no
artifacts are present during this period or anyenthe only surviving cultural evidence
includes discarded shellfish remains and sparse ash

1500-1000 YEARS B.P.

The coastal plain began to approach current camditi 500—1000 years ago (see Figure
6-E). The former lagoon was stable above sea lanel,a new reef ecosystem was growing in
its more seaward location known today. The forragobn was now entirely buried in some
cases more than 2 m beneath the young coastal plauarface of organic soil horizon began
to form, only weakly over the bioclastic sands. ltlons intensified at the same cliff-base
sites, while low-intensity activities were diffuseder the newly expanded terrain.

1000-500 YEARS B.P.

A revolution occurred 1000-500 years ago in cultuse of the landscape (see Figure 6-
F). The total habitation area at Ritidian exceetg@ 000 sq m, as compared to less than 1000
sq m throughout the prior 2500 years. This incrieddize-increase was linked to construction
of formal latte-type megalithic house-posts (Laguana et al. 20IR2¢se sites were built not
just at Ritidian but throughout even the smallest anost isolated of the Mariana Islands.

Along with the newatte constructions and large-scale land-use, many tspématerial
culture changed at this time (Carson 2012a). Largkthick pottery was produced prolifically
(see Figure 7-H). Mortar depressions were carvedboulders and sometimes into limestone
bedrock for processing plant foods and possiblgofurposes (see Figure 10). Ritual use of
caves was commemorated in painted pictographs mahuigures, hand-prints, and various
enigmatic images (see Figure 11).

By 1000-500 years ago, the habitat of the origslahd colonists no longer existed, but

instead conditions resembled more or less the mostencture. Forest growth was luxuriant,
as seen in thicker soil development and abun&amtula shells. At an island-wide scale,
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though, the forest transformed in concert with agtural land-clearing (Athens and Ward
2004) and first introduction of rats (Pregill anig@&iman 2009).

In terms of people adjusting to the new coastakgsiem, the ancient preference for
Anadara shells was impossible in the altered environmentl®00 years ago, long since
replaced by other shellfish taxa. Beginning abo00(L years agoStrombusgastropods
dominated the site middens, in part due to thertMe new habitat of open sandy nearshore
zones. This rising importance 8trombusadded one point to the pre-existing trends in the
shellfish records, but this additional point wasagkably voluminous.

500-0 YEARS B.P.

The most recent 500-year period encompasses emresldtween the native population
and Spanish colonial powers. After years of confliost severe during the late A.D. 1600s,
the native population was vastly reduced, and sarsi were re-located into a few easily
controlled villages in Guam. Following thieduccionperiod, the desertion of Ritidian and
other indigenous villages led to abandonment afiticmal management of the forest, lagoon,
and other resources. Meanwhile, exotic animals sscpigs, deer, horses, water buffalo, and
others began to degrade the terrestrial ecosyder, even more devastating when the
infamous brown tree snake nearly exterminated eatiifauna. Today, fruit bats also live in
dangerously low numbers.

In the years preceding the Spanigiluccionperiod, latte village habitation was most
intensive and widespread. Nearly all of the sur@sible ruins date to this particular era (see
Figure 6-G), also incorporating a few new additiofisstonework due to Spanish influence.
These findings indicate that Spanish colonial contaccurred during a time of growing
indigenous population, possibly already nearingtial state.

Along with escalating density and extentlatte villages, cave interiors show increased
cultural use, reflected in greater density of disbllremains, ash, and charcoal. Given the
continued absence of artifacts, cultural use oésagrobably was restricted in scope. Rock-art
images suggest ritual contexts, perhaps furthafaeied by scattered human skeletal remains
in at least two cases.

CONCLUSIONS

The Ritidian case study illustrates a shift fronrmarowly specialized shoreline niche
exploitation to broader-scope land-sea ecosystemagenent, through extended processes
linking the changing environment, cultural userd tandscape, and population growth. Three
major points can summarize the sequence:

(1) The first Austronesian colonists targeted spe@dlighallow-water reef zones 3500

years ago, but this lifestyle became unsustainbpl2700 years ago, when the coasts
and reefs had transformed past a threshold no taugporting the original niches.
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(2) Newly formed small patches of landward terrain tHeetame the preferred
habitation locales, soon thereafter expanding @stidble coastal landforms continued to
prograde.

(3) The most extensive coastal terrain was stabilized @0 years ago, coinciding
with regional population growth and expansion, tyeatensifying the cultural impact
on the landscape.

This study shows that the habitat structure ordaape ecology at any one time did not
occur in isolation, but rather it was shaped bgrayer chronological sequence. The oldest and
youngest time periods were almost entirely foreigrone another, in terms of the physical
setting and how people behaved within the givetingetin other words, the ecological
relationships became substantially different owmef so that acceptable cultural practice in
one era was not necessarily suitable or even gessilnother era.

At some time following the initial Austronesian td&tnent, a significant change occurred
in the landscape structural identity. The environtrend associated cultural practice of this
early period simply did not exist in later centsri®eople attempted to maintain the original
lifestyle through changing conditions, for exampléfting habitation from the shoreline to
newly formed beach ridges and then to other codatalforms. They meanwhile adjusted
shellfish-collection strategies and presumably otlesource-use as well. At a certain point,
though, all of these factors changed to such aedegs to compose an entirely different
ecological structure, especially concerning thee rof human communities within the
landscape.

In addition to the early-period landscape changether major change occurred after
1000 years B.P., during the period of megalitldtte sites (Carson 2012a). The large
residential village at Ritidian was only one of @&l throughout Guam and the other islands
of the Marianas, all created during this later getrwithin the last 1000 years. Populations
expanded into new territories, and the small idandrth of Saipan were settled for the first
time.

A suddenly larger resident population size cerfambust be acknowledged about 1000
years B.P., but possible population replacemetms not yet been resolved. Not enough is yet
known to discern the possible scenarios of: a)l [population increase, creating substantively
new developments overtaking pre-existing traditidmsinvading groups replacing the local
population; or ¢) combination of both scenarioseSenissues will need further examination at
sites with detailed records throughout the few wees$ directly before and after 1000 years
B.P.

Concerning the habitat of initial Austronesian Isetent 3500 years ago, the colonists
evidently favored locales at the shoreline withedir access to productive coral reefs,
mangroves, and nearby forested land-mass. Thegrti@is were widely dispersed from one
another, each occupying an ideal nexus of primatyral resources. The uninhabited territory
and even some entire islands served as potenpplesuentary resource zones. The ability to
recruit from a potentially broad resource catchnmeay have been critical for survival of the
founding colonies.
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Comparing the earliest Marianas settlement with-gpiisting Austronesian modes of
landscape relations in Taiwan and the northernigphiles, the Marianas case expectedly
exhibits unique differences in this truly isolatad small-island setting. A coastal-maritime
economy seems logical for an obviously sea-orieptaple making the unprecedented long-
distance voyage to these remote islands. At the $ene, though, land-based food-production
equally was essential for nutritional survival, liutequired special strategies in the remote
islands where most economically useful plants ngéedebe imported. Coconutdcos
nuciferg and a local seeded breadfrultrfocarpus marianensjsprovided some baseline
plant-food subsistence, but other tree and rogiscrecessarily were transported.

Along with the imported plants, people brought aon$ of how to create and maintain
cultivated landscapes, presumably reflecting aeritdd Austronesian landscape system, but
an exact replication was not always possible. kanmple, the systems as known previously in
larger land masses like Taiwan and the northerlippiries were not practical in the Marianas.
Rice and millet were important crops in Taiwan ffleore than 1500 years prior to Marianas
colonization (Hsieh et al. 2011), but the physiealdforms in the Marianas did not include
suitable plots for rice-farming, at least not dgrie earliest settlement period as described
here. Moreover, a presumably small colonizing papoh may not have been able to manage
large-scale investments in agricultural systemseReportedly was grown during Spanish
colonial contexts in the A.D. 1600s and probablyiem but it was in small amounts and
lacking formalized fields. Instead, mixed tree andt crops were dominant, but these were
grown in informal managed forests and family gasjemt in formalized field systems (Dixon
et al. 2012).

The creation of a new Austronesian landscape iMdganas further differed from prior
examples by excluding domesticated animals fromlahd-use system. The full package of
land-use and subsistence therefore was missing naberu of key components. These
components related to each other in ways that are atways obvious in material
archaeological evidence, much like the inter-agtiohingredients in a cooking recipe.

With certain ingredients missing in the Marianasecand others added for the first time,
an original inherited Austronesian formula for lacdpe management could not be replicated
exactly. Rather, some other product was necessénthe available materials, ingenuity, and
skills. The result was a new system of Austronekiadscape suitable for a remote and small-
island setting, previously not experienced. Thimeahat experimental new system worked in
the Marianas, and variations of this theme werdieghpn other remote Pacific Islands. One
important difference is that pigs, dogs, chickeasg rats accompanied other Pacific Island
colonists, although they did not appear in the Bt until thousands of years later (Wickler
2004). Different modes of irrigation works, drylantbunds, field borders, and other durable
land-shaping complexes developed throughout théfi®adslands for tree and root crops
(Carson 2006), but the Mariana Islands were amtegplaces where no such elaborate
systems developed. The remoteness and the slightlier colonization of the Marianas,
compared to other Pacific Islands, could explamahsence of some of the hallmarks of other
Remote Oceanic colonizing systems.

An emphasis on coastal-maritime resources furtbeerguated the uniqueness of this
new system in the Marianas, but it was not perm@ariEms originally successful strategy
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eventually needed to change, following substactalstal geomorphological transformations.
Other adaptations became necessary after cumulatiitaral impacts on the ecosystem,
increased population growth, and various internaila developments.

A single model of Austronesian landscape was nafayd practical throughout the
diverse geographies, natural histories, and culgsatings of the Austronesian world. At least
a few major landscape adaptations accompanied gnestran expansion into new parts of the
great Asia-Pacific. Other aspects of landscape uwdeol occurred throughout long-term
habitation at individual places. All of these pairdare illustrated in the Ritidian research.
Future efforts can expand for cross-regional corapar not yet undertaken to the extent of
the Ritidian case study.

The Ritidian example emphasizes that the landseméogy seen today embodies
complex long-term outcomes of intimate human-emunnent relations. As outlined here, the
sequence of landscape ecology and evolution repsesa integrated natural-cultural history
and heritage. Modes of landscape relations at aeytine are partly inherited from prior
events and processes, not always by choice, bytribeetheless set the parameters within
which social-ecological systems continue to evolve.
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