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ABSTRACT: Holocene sea-level changes affected people living in the Pacific Islands and their
ancestors along the western Pacific Rim. Sea-level changes, particularly those that were rapid,
may have led to profound and enduring societal/lifestyle changes. Examples are given of (1) how a
rapid sea-level rise (CRE-3) about 7600 BP could ultimately have led to the earliest signifi-
cant cross-ocean movements of people from the western Pacific Rim into the islands; (2) how mid
to late Holocene sea-level changes gradually created coastal environments on Pacific Islands
that were highly attractive to human settlers; (3) a hypothesis that rapid sea-level fall during the
‘AD 1300 Event’ brought about widespread disruption to trajectories of cultural evolution
throughout the Pacific Islands; and (4) the effects of recent and likely future sea-level rise on Pacific

Island peoples.
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Most of the world’s oceanic islands are found in the Pacific
Ocean, and the majority of these are in the southwest quadrant
where the geotectonic processes by such islands originate are
most active. Oceanic islands are commonly much younger than
the continents and also usually have much shorter life spans
above the ocean surface. Many oceanic islands emerge above
sea level and sink beneath it within a few million years. The
sea-level changes of the Quaternary Period have occurred at
faster rates than the long-term averages of the tectonic pro-
cesses that affect island level, so over short time spans sea-level
change has been responsible for the successive submergence
and emergence of many islands (Nunn 1994).

This paper examines the impacts that Holocene sea-level
changes may have had on the human inhabitants of the Pacific
Islands. By way of introduction, the first section describes the
Pacific Basin and the configuration of the islands within it, the
next looks at the history of Quaternary sea-level change
globally and within the Pacific region, and the next describes
the history of human settlement of the Pacific Islands. The
following part of the paper explains the ways in which sea-level
change may have affected Pacific Islander lifestyles at four
times:

® the effects of ‘catastrophic sea-level rise events’ on initial
human dispersal during the mid Holocene into the Pacific
Islands region from its western margins;

® the mid to late Holocene sea-level fall that created accessible
and attractive coastal environments for human settlement in
the central and eastern Pacific;

® the ‘AD 1300 Event’ during which sea-level fall may have
contributed to a drop in food resources for people on many
islands and induced profound societal changes; and finally

e future disruption to Pacific Island societies resulting from
both recent and predicted sea-level rise.

The paper concludes with a discussion of the role of sea-level
change as a driver of cultural change on islands.

1. The Pacific Islands region

The Pacific Ocean covers almost one third of the Earth’s
surface and may appear almost empty to a casual observer
(Ward 1989). The indigenous people of the Pacific Islands
(Oceania) view it quite differently, as a ‘sea full of islands’
(Hau’ofa 1993), and were probably able to cross it from New
Guinea in the west to South America, possibly Panama, in the
east (Fig. 1) before 26 September 1513 when the first European
to see the Pacific — Vasco Nuiez de Balboa — did so (Ward &
Brookfield 1992; Anderson 2003).

The southwest Pacific has most islands, including the
largest and highest islands, some of which — like those in New
Caledonia and New Zealand — are of continental not oceanic
origin. Pacific oceanic islands — those that formed from pro-
cesses operating within the ocean basins — tend to be smaller
than the continental islands, often formed by or built above
a single volcano. Islands in the Fiji, Samoa and Vanuatu
groups of the southwest Pacific are examples of those that are
exclusively oceanic in origin.

Other parts of the Pacific have fewer islands. Most in the
northwest quadrant are strung out along arcs of plate conver-
gence while those in the eastern half of the Pacific are
frequently the products of hotspot volcanism and occur in lines
marking the passage of the Pacific Plate across a fixed mantle
hotspot (Nunn 1994, 1998).

The islands that are found in the southwest Pacific are
organised into distinct archipelagos, typically with gaps of
500-1000 km between them. In general, as one moves
outwards into the Pacific Ocean basin from its southwest
part, islands become smaller and farther apart. Low (gener-
ally <3m above mean sea level) atoll islands are found
throughout the tropical Pacific, but are the principal types
of islands in the equatorial central Pacific, where they
comprise entire countries such as the Marshall Islands and
Tuvalu.
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2. Quaternary sea-level changes in the Pacific

The pattern of Quaternary sea-level changes is now well
known in outline although much still remains to discover
about short-period changes and their role in environmental
and human societal change (Lambeck ez al. 2002; Nunn
2004a). The oscillatory pattern of sea-level changes associated
with ice volume changes that reflect global temperature shifts
during the past few million years, primarily as a consequence
of regular changes in the Earth’s orbit, has been effec-
tively unchallenged since it was proposed (Hays et al. 1976).
Observations from the Pacific have contributed significantly to
the global synthesis (Chappell 1974; Nunn 1999; Lambeck
2002).

In the past 25 years, it has become increasingly apparent
that such long-term oscillations of sea level masked smaller
short-term rises or falls that could be immensely disruptive to
a range of organisms including humans (Berger & Labeyrie
1987; Adams et al. 1999). For example, the Younger Dryas
(approximately 11 200-10 200 BP) was a time of rapid cooling,
in some places along the Pacific Rim marking a return to full
glacial conditions, that was associated with a corresponding
rapid sea-level fall (Edwards et al. 1993). Environmental stress
on human ecology may have helped force the development of
agriculture, initially as a survival mechanism, independently in
various parts of the world including (along the Pacific Rim)
coastal East Asia and Central America (Mannion 1999). Some
disruptions to human ecology in the Pacific by rapid sea-level
change may have occurred during the catastrophic sea-level
rise event (CRE-3) about 7600 years BP (Blanchon & Shaw
1995).

Sea level rose throughout the Pacific during the early
Holocene, reaching its present level 7000-6000 BP in most
parts, then exceeding it by 1-2 m (Grossman ef al. 1998; Nunn
& Peltier 2001). The mid to late Holocene sea-level fall, which
saw the shore platforms cut at the sea-level maximum about
4200 BP gradually exposed, transformed many Pacific Island
coasts from being cliffed and surrounded by deep water into
places marked by fertile coastal plains fringed by shallow-
water reefs and lagoons (Nunn 1994). This transformation
may have assisted initial human colonisation of various parts
of Remote Oceania from 3000-1000 BP (Dickinson 2003).

Sea level reached its present level about 1200 BP.
Subsequent changes may be correlated with significant prob-
lems for coastal dwellers throughout the Pacific Basin (Nunn
2000a, 2007). In particular, the comparatively rapid sea-level
fall marking the AD 1300 Event may coincide with widespread
societal disruption in the region (Nunn 2000b). The last 100
years or so have seen Pacific sea level rise at a similar rate to
other parts of the world, a change that has also led to problems
ranging from shoreline erosion to groundwater salinisation for
people throughout the region. Sea level is likely to rise in the
foreseeable future, probably at an accelerating rate, which will
increase disruption to many Pacific Island societies.

3. History of human settlement in the Pacific
Islands

The earliest and most comprehensive movements of people
into the vast Pacific Islands region originated along its western
continental margins. Using a range of evidence, most writers
cite either the south China-Taiwan area or island southeast
Asia as places whence the ancestors of Pacific Island peoples
came (Oppenheimer 1999; Kirch 2000). Much thought has
been given as to why they moved into the island Pacific
from what today appears to us as the security of the Asian
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continental fringe. While it is possible that the diaspora of the
first Pacific Islanders had nothing to do with natural (rather
than human) processes, the idea of sea-level rise flooding
densely-populated lowlands of the continental margin leading
to some of their inhabitants to search for new lands across the
ocean is a compelling one.

Most is known about the colonisation of the tropical
southwest Pacific archipelagoes (Melanesia and west
Polynesia), although it seems likely that the island groups to
the north (Micronesia) were colonised in separate events
(Kirch 2000; Rainbird 2004). Although people had occupied
the larger islands in Papua New Guinea and Solomon Islands
as much as 40 000 years ago, there is no evidence that these
Papuan-language speakers explored east of here. They were
joined about 3500 BP (1550 BC) by groups of Austronesian-
language speakers who had arrived from the northwest. Within
the Bismarck Archipelago of Papua New Guinea about
3300 BP (1350 BC) some of these people developed the
extraordinary Lapita culture (Kirch 1997), representatives of
which, carrying their distinctively decorated and diagnostic
pottery, were the first to colonise the island groups of Vanuatu,
New Caledonia, Fiji, Tonga and Samoa in a series of what
appear to have been intentional voyages that involved crossing
open ocean distances of more than 1000 km (see Fig. 1).

With a few exceptions, the remainder of the Pacific Islands
were colonised from Tonga and Samoa: this process involved
open-ocean crossings of perhaps 3300 km from the Marquesas
Islands of French Polynesia to the Hawaiian Islands around
1300 BP (AD 650), and around 3800 km from Easter Island to
South America before AD 1513. New Zealand appears to
have been the last major island group to be colonised in the
Pacific, people probably reaching there around 675 BP
(AD 1250-1300) by following migratory birds across an open-
ocean distance from Rarotonga (a possible source in the Cook
Islands) of at least some 2900 km (Hogg et al. 2003).

3.1. Example 1: Rapid sea-level rise as a driver of
Pacific Island colonisation

One of the greatest mysteries concerning the colonisation
of the Pacific Islands region is what motivated people,
accustomed to much shorter ocean crossings, to venture into
Remote Oceania where inter-archipelagic distances are hugely
greater (Irwin 1992). One possibility is that the initial part of
this colonisation process —the Lapita diaspora that led to
the earliest sustained human occupation of Vanuatu, New
Caledonia, Fiji, Tonga and Samoa — was not something that
began in the Bismarck Archipelago, but the end of a long-term
intermittent migration that began far earlier in coastal East
Asia.

Agriculture based on rice and foxtail millet appeared in East
Asia around 11000 BP and spread so rapidly that city-
sized communities existed as much as 7000 BP (Zhao 1998).
Agriculture was most successful in the alluvium-choked valley
and coastal lowlands of the largest rivers, particularly the
Yangtze and Huanghe (Bellwood 2005). Even a few thousand
years after the beginning of agriculture, the combined delta
plain of these rivers extended hundreds of kilometres farther
out to sea than it does today. This plain may have been
peppered with small communities, dependent on both hunting
and gathering but mostly on agriculture.

Postglacial sea-level rise caused considerable recession of
this part of the East Asia shoreline leading to the displacement
of the people who had settled there. Little attention has been
given to where they and their descendants went, and it is
argued here that a significant number went to sea and began
the migration process that culminated in the South Pacific
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(a) 10,500 years ago

c) 8,000 years ago

b) 9,500 years ago

d) 7,600 years ago

Figure 2 Maps showing the suggested coastline changes and human response associated with postglacial
sea-level rise 10 500 to 7600 years ago along a hypothetical part of the East Asia coast. The earliest map shows
the spheres of influence of human communities overlapping for the first time, particularly along valley floors,
meaning that a hunting and gathering lifestyle alone could no longer feed those communities. This time saw the
plant domestication as a direct response to sea-level rise and associated shorelines recession. The second map
shows the effects of continuing postglacial sea-level rise which, combined with population increase, led to
increasing dependence of these communities on agriculture and on littoral hunting and gathering. The third map
illustrates how the rate of sea-level rise at this time was insufficient to drown the most rapidly prograding coasts,
particularly around the mouths of large rivers, and how newly-formed deltas would have been occupied by
agriculturalists. The final map shows the effects of CRE-3 (6:5 m in <140 years) and how some of the displaced
agriculturalists and coastal dwellers would have migrated across the ocean.

30004000 years later with the terminal Lapita settlement of
Tonga and Samoa.

Figure 2 shows plausible changes along a hypothetical part
of the East Asia shoreline during the latest Quaternary.
Communities are represented by filled squares and the
surrounding circles represent the ‘spheres of influence’ within
which the community hunted and gathered wild foods in order
to survive. The overlap between circles represents the need to
plant crops and domesticate animals in order to survive.
Figure 2a and 2b represent times when postglacial sea-level rise
was slow, and communities were able to adapt to its effects. In
Figure 2c, sediment deposition at the mouth of a large river is
sufficient to cause shoreline progradation even though sea level
continues to rise. Yet in Figure 2d, the effects of a catastrophic
sea-level rise event causes the shoreline to recede rapidly. The
resulting overcrowding prevented all the area’s inhabitants
from long-term in-situ adaptation, forcing some to migrate
across the sea. The basic sea-level rise data are from Blanchon
& Shaw (1995); various compatible scenarios of East Asia
delta evolution are in Hori et al. (2002) and Saito et al. (2000).
While this scenario is largely speculative, it is plausible
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although other factors may also have helped force over-ocean
migration.

There are innumerable pathways that migrants could have
followed from the East Asia coast about 7600 BP before
reaching Tonga about 3000 BP. Most involve extended periods
of settlement in parts of island southeast Asia and western
Melanesia before some migrants evidently continued the east-
ward push (Bellwood 1978; Kirch 2000). It is possible that
some of these migrants became sea nomads, as described by
Chen (2002), finally settling Pacific Islands only after the
attractiveness of their coasts increased sharply with the fall of
sea level during the late Holocene.

3.2. Example 2: Late Holocene sea-level fall and human
occupation of Remote Oceania

Following its mid-Holocene maximum of 1-2 m above present,
sea level fell to its present level between approximately 4000—
1200 BP. To understand the effects of this sea-level fall it is
necessary to understand what happened along Pacific Island
coasts in earlier times.
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Around 9000 BP the waters in the tropical (non-equatorial)
Pacific became warm enough once again to allow the wide-
spread recolonisation of submerged shallow-water flats by
corals and associated organisms which began the process of
coral-reef growth. As sea level continued to rise, so these
nascent coral reefs attempted to build themselves upwards at
the same rate as sea level was rising (Neumann & Maclntyre
1985). Some —the so-called ‘keep-up reefs’ —succeeded.
Others —so-called ‘give-up reefs’ —failed and drowned. A
number of others, perhaps the commonest type in the tropical
Pacific (Nunn 1994), are known as ‘catch-up reefs’ because
they caught up with sea level later, possibly only when sea level
fell during the late Holocene.

When sea level reached its mid-Holocene maximum
(perhaps 5000-4000 BP) it was stable for the first time in
around 14 000 years. Until that time many Pacific Island coasts
had been cliffed — the common form of a coast around which
sea level has been rising for a long time — and there would have
been little coastal lowland. Most coral reefs would not have
been at the ocean surface; only a few coasts in the warmest
parts of the Pacific (for example, in western Kiribati—
Marshall & Jacobson 1985) or along unobstructed windward
coasts (in Fiji, for example: Nunn 2005) may have had
ocean-surface reefs at this time. So wave erosion dominated
along Pacific Island coasts at this time.

Stabilisation of sea level in the mid Holocene induced
profound geomorphological changes along most Pacific coasts.
Particularly around the mouths of large rivers along the Pacific
Rim, estuaries expanded and wetlands and enclosed bays
developed. Keep-up reefs reached the ocean surface in some
places. Along many island coasts, broad shore platforms were
cut at low-tide level.

As sea level fell during the late Holocene, so these shore
platforms gradually emerged and became covered with sedi-
ments of colluvial-alluvial-marine origin to form the ‘coastal
plains’ that are found on many Pacific Islands today. Many
‘catch-up’ coral reefs succeeded in re-establishing themselves at
sea level at the same time because it fell 1-2 m. So within
perhaps as little as 2000 years, the majority of tropical Pacific
Island coasts were transformed from being cliffed with only
deep water offshore to being fringed with fertile well-watered
coastal plains and newly-established coral reefs. The attractive-
ness of these environments for potential human settlers
increased considerably after 4000 BP as a result and may thus
have supported the colonisation of Pacific Islands (Nunn
1988). There is clear evidence for regular return voyaging from
outpost to homeland within the Lapita world (see Fig. 1), a
process that would have spread favourable reports of island
coasts to the east among potential colonists and would
have probably then encouraged further deliberate voyages of
colonisation (Kirch 1997).

It is evident from the records of Holocene sea-level change
from various parts of the Pacific Islands region that late
Holocene sea-level fall took neither the same course nor fell at
the same rate(s) in different parts of the region (Dickinson
2001). A critical factor in human settlement, especially but not
exclusively for the low atoll islands of the region, would have
been the date at which the fringing shore platforms (or reef
flats in the case of ‘keep-up reefs’) emerged permanently above
sea level thereby becoming available for human occupation.
This ‘crossover date’ was calculated for most tropical Pacific
Island groups by Dickinson (2003), who found that it matched
extremely well their earliest-known dates for human settle-
ment. Dickinson therefore concluded that the emergence of
flats suitable for coastal dwelling was a critical factor in the
colonisation of many Pacific Islands.
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3.3. Example 3: Effects of sea-level fall during the

‘AD 1300 Event’

Recent work building on the compilation of Nunn (2000a)
suggests that sea level fell a total of 50-80 cm at a rate of
10mma~"' around AD 1350 throughout the Pacific Basin
(Nunn 2000a, forthcoming). Part of the ‘“AD 1300 Event’, this
sea-level fall appears to have been driven by temperature fall.
The magnitude of this was about 1-4°C in New Zealand
(Grant 1994) and as much as 3-:2°C in China and the tropical
Andes (Ge et al. 2003; Polissar et al. 2006).

Sea-level fall during the AD 1300 Event potentially caused
problems for human occupants of the Pacific Islands in many
ways. Prior to the AD 1300 Event, during the Little Climatic
Optimum, humans along many Pacific island coasts had
become dependent on foods growing in coastal plains (particu-
larly coconuts and root crops such as taro and yams), and
found offshore, particularly within nearshore lagoons or on
offshore coral reefs.

Sea-level fall could potentially lead to a fall in the water
tables of coastal lowlands that could conceivably have affected
crop productivity at this time. Offshore, sea-level fall may have
led to increased turbidity in lagoons, reducing their biological
productivity, and to the exposure of the surface of offshore
coral reefs killing their most productive parts. The overall
effect may have been to reduce food availability on some
islands coasts by as much as 80% within perhaps 100 years.

The effects on human society varied considerably across this
vast region, but sea-level fall may coincide with a region-wide
increase in conflict (where hardly any existed before). Possible
examples range from the toppling of the statues on Easter
Island and the associated mining of the island’s obsidian to
manufacture spearheads (Bahn & Flenley 1992), to the aban-
donment of open coastal settlements in favour of hilltop inland
or offshore settlements surrounded by defensive walls and
fences in Fiji and Palau (Kumar et al. 2006; Masse et al. 2006).

Another Pacific-wide phenomenon that occurred soon
after the AD 1300 Event was the end of long-distance and
sub-regional interaction (Fig. 3). The coincidence of the sea-
level fall and profound change in many Pacific societies may
plausibly include:

® the breaking up of large communities into smaller groups
that could not so readily organise a long-distance or even
inter-island voyage;

e the initiation of inter-tribal conflict at a level where trade
and other ‘friendly’ contacts were not desired; and

® the creation, through the emergence of numerous reefs and
associated changes to lagoonal circulation, of impediments
to successful routine inter-island sailing.

In all, the AD 1300 Event is a possible case of how small
magnitude sea-level changes and probably associated climate
shifts may have affected human societies. Other factors besides
sea-level changes may have contributed to societal disruption
around this time, including population-linked stress and inter-
nal societal changes, although it could be argued that these
were manifestations of climate-driven changes.

3.4. Example 4: Effects of recent and future sea-level
rise on Pacific Islands

If no humans lived on the Pacific Islands or depended on them
for any valuable commodity, then probably there would have
been a lot less discussion of their singular vulnerability to
recent and future sea-level rise. Yet this discussion has been so
intense, particularly in international fora mandated to find
global solutions to the challenges of contemporary climate
change (see for example, Leatherman & Beller-Simms 1997;
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Green 2001), and Chatham Islands (interaction with New Zealand; Sutton 1980).

Kaluwin 2001), that sea-level rise is widely yet misleadingly
perceived as ‘the’ problem confronting Pacific Islands in the
21%-century (Nunn 2004a, b).

Sea level has been rising at an average rate of about
1-:0-1-5mma "' for the past 100-200 years in the Pacific
(Wyrtki 1990; Nunn 2004a) but the precise rate matters less, as
for the future, than the environmental and other effects of
sea-level rise. Most Pacific Island coasts, except for those that
are rising tectonically, have experienced inundation and
erosion over the past hundred years or so that is attributable
directly to sea-level rise. Associated mobilisation of sand in
nearshore areas has changed lagoonal dynamics, as have a
range of human impacts. Sea-level rise has also been associated
with the inland extension of saltwater wedges into low-
lying coastal plains increasing groundwater salinisation and
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forcing agricultural changes, although the latter have often
exacerbated the situation.

Twentieth-century sea-level rise in particular was ac-
companied on most Pacific Islands by changing and generally
increased human demands of the environment, both terrestrial
and marine. Many of the associated effects, particularly of
logging, cash cropping, coastal infrastructural growth, and
increased coral-reef exploitation, have exacerbated the effects
of sea-level rise creating communities that are experiencing
unprecedented crises of subsistence and land loss (Fig. 4).

The rate of sea-level rise experienced over the past hundred
years or so is likely to accelerate within the next hundred years
(IPCC WGI 2001). If this happens then the effects of recent
sea-level rise are likely to be amplified, although parts of many
coastal plains are higher than sea level is predicted to rise. It
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Figure 4 (Upper photo) shows the coast at Uluibau Village, Moturiki Island, central Fiji, typical in many ways
of settlements of largely subsistence dwellers along Pacific Island coasts. The settlement is located on a coastal flat
that rises less than 1 m above mean high-tide level and is often flooded. Community responses to this problem
have involved placing cut trees along the back of the beach and piling rubbish up behind them. A partly-complete
seawall is also visible. The reef flat immediately offshore the village is largely barren of marine foods because of
pollution associated with village activities and because of long-distance sediment transport from nearby larger
islands [photo: P. Nunn]. (Lower photo) shows the seawall and associated structures built along the front of the
port area of Avarua, Rarotonga Island, Cook Islands. The port is the conduit for most imported goods to the
Cook Islands, and its sustainability has been a priority for the government. Before the seawall, the coastal plain
on which Avarua is built, -3 m above mean high-tide level, was being eroded [photo: P. Nunn].

https://doi.org/10.1017/51755691007000084 Published online by Cambridge University Press
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has been suggested that potentially catastrophic sea-level
rise may also occur this century (Rignot & Kanagaratnam
2006).

Coastal inundation and erosion are likely to render parts
of many modern coastal plains uninhabitable, forcing their
occupants (and their means of livelihood) elsewhere. Increased
nearshore sediment mobilisation, combined with increased
ocean-surface temperatures, may mean that bleaching of coral
reefs —a response to unacceptably high stress — will continue
and become more frequent and widespread, perhaps leading to
massive losses of coral reef ecosystems (Hoegh-Guldberg
1999). This will have huge consequences for subsistence dwell-
ers in the Pacific Islands but also for the dynamics of physical
ocean-coast interactions. Some low-lying islands may become
uninhabitable, both because of inundation and because of
increased groundwater salinisation.

In summary, future sea-level rise is likely to fundamentally
change the geography of the Pacific Islands, force migration,
and lead to profound changes in both individual livelihoods
and national productivity. Pacific Island governments and
communities face huge challenges yet appear to presently lack
both sufficient understanding of these and the will to confront
them (Barnett 2001).

4. Conclusions: the vulnerability of island societies
to sea-level change

Through a series of examples from Pacific Islands, it has been
shown that both sea-level rise and sea-level fall may have the
potential to disrupt, often quite profoundly, the nature of
island societies. This is not a widespread view and this paper
represents one of the first syntheses to review the role of
sea-level change in cultural change on islands. Several themes
appear common to the examples given and worthy of further
research.

The first is the response of vulnerable (island) societies to
sea-level changes of varying rapidity. In general, island com-
munities are better able to adapt to slow rather than rapid
sea-level change. Yet slow change may well involve environ-
mental thresholds that may trigger similar abrupt responses,
particularly when they involve primary food resources. The
study of change-response patterns in the past may improve
understanding of how best to confront future sea-level
changes.

The second is the effects of sea-level change on the diversity
and amount of food resources available to subsistence dwell-
ers. Pacific Island people who depend, as most do today, on
lowland-nearshore foods may be vulnerable in the future to
changes in their diversity and amount arising from accelerated
sea-level rise.

Finally is the heightened vulnerability of sedentary
communities (like those of recent centuries) over those able to
adapt to undesirable environmental change, including that
associated with sea-level change, by shifting elsewhere (as in
the distant past). Studies of community mobility in response
to past sea-level changes could inform studies of likely
future relocation of communities in response to accelerated
21st-century sea-level rise.

5. Acknowledgements

The first draft of this manuscript was significantly improved by
comments from Geoff Hope and Ben Horton, neither of whom
should be regarded as necessarily endorsing everything in the
final version.

https://doi.org/10.1017/51755691007000084 Published online by Cambridge University Press

6. References

Adams, J., Maslin, M. & Thomas, E. 1999. Sudden climate transitions
during the Quaternary. Progress in Physical Geography 23, 1-36.

Anderson, A. 1991. The chronology of colonisation in New Zealand.
Antiquity 65, 767-95.

Anderson, A. 2003. Initial human dispersal in Remote Oceania:
pattern and explanation. /n Sand, C. (ed.) Pacific Archaeology:
Assessments and  Prospects, 71-84. (Proceedings of the
International Conference for the 50th Anniversary of the First
Lapita Excavation, Kone-Nouméa 2002). Nouméa: Services des
Musées et du Patrimoine.

Bahn, P. G. & Flenley, J. 1992. Easter Island, Earth Island. London:
Thames and Hudson.

Barnett, J. 2001. Adapting to climate change in Pacific Island
countries: the problem of uncertainty. World Development 29,
977-93.

Bellwood, P. 1978. Man’s Conquest of the Pacific: the prehistory of
Southeast Asia and Oceania. Auckland: Collins.

Bellwood, P. 2005. First Farmers: the origins of agricultural societies.
Malden: Blackwell.

Berger, W. H. & Labeyrie, L. D. (eds) 1987. Abrupt Climatic Change.
Dordrecht: Reidel.

Blanchon, P. & Shaw, J. 1995. Reef drowning during the last
deglaciation: evidence for catastrophic sea-level rise and ice-sheet
collapse. Geology 23, 4-8.

Buck, P. (Te Rangi Hiroa) 1949. The Coming of the Maori. Christch-
urch: Whitcombe & Tombes.

Chappell, J. 1974. Geology of coral terraces, Huon Peninsula, New
Guinea: a study of Quaternary tectonic movements and sea level
changes. Geological Society of America, Bulletin 85, 553-70.

Chen Chung-Yu, J. 2002. Sea nomads in prehistory on the southeast
coast of China. Indo-Pacific Prehistory Association Bulletin 22,
51-4.

Dickinson, W. R. 2001. Paleoshoreline record of relative Holocene sea
levels on Pacific Islands. Earth-Science Reviews 5, 191-234.
Dickinson, W. R. 2003. Impact of mid-Holocene hydro-isostatic
highstand in regional sea level on habitability of islands in Pacific

Oceania. Journal of Coastal Research 19, 489-502.

Di Piazza, A. & Pearthree, E. 2001. Voyaging and basalt exchange in
the Phoenix and Line archipelagoes: the viewpoint from three
mystery islands. Archaeology in Oceania 36, 146-52.

Edwards, R. L., Beck, J. W., Burr, G. S., Donahue D. J., Chappell, J.
M. A., Bloom, A. L., Druffel, E. R. M. & Taylor, F. W. 1993. A
large drop in atmospheric '*C/'>C and reduced melting in the
Younger Dryas, documented with >*°Th ages of corals. Science
260, 962-8.

Fornander, A. 1969. An Account of the Polynesian Race, Its Origins
and Migrations, Volume 2. Tokyo: Tuttle.

Ge, Q., Zheng, J., Fang, X., Man, Z., Zhang, X., Zhang, P. & Wang,
W-C. 2003. Winter half-year temperature reconstruction for the
middle and lower reaches of the Yellow River and Yangtze River,
China, during the past 2000 years. The Holocene 13, 933-40.

Grant, P. J. 1994. Late Holocene histories of climate, geomorphology
and vegetation, and their effects on the first New Zealanders. In
Sutton, D. (ed.) The Origins of the First New Zealanders, 164-94.
Auckland: Auckland University Press.

Grossman, E., Fletcher, C. & Richmond, B. 1998. The Holocene
sea-level highstand in the Equatorial Pacific: analysis of the
insular paleosea-level database. Coral Reefs 17, 309-27.

Hau’ofa, E. (ed.) 1993. Our Sea of Islands. Suva: School of Social and
Economic Development, The University of the South Pacific.

Hays, J. D., Imbrie, J. & Shackleton, N. J. 1976. Variations in the
earth’s orbit: pacemaker of the ice ages. Science 194, 1121-32.

Hoegh-Guldberg, O. 1999. Coral bleaching, climate change and the
future of the world’s coral reefs. Review of Marine and Freshwater
Research 50, 839-66.

Hogg, A. G., Higham, T. F. G., Lowe, D. J., Palmer, J. G., Reimer, P.
J. & Newnham, R. M. 2003. A wiggle-match date for Polynesian
settlement of New Zealand. Antiquity 77, 116-25.

Hori, K., Saito, Y., Zhao, Q. & Wang, P. 2002. Evolution of the
coastal depositional systems of the Changjiang (Yangtze) River in
response to Late Pleistocene-Holocene sea-level changes. Journal
of Sedimentary Research 72, 884-97.

IPCC WGI. 2001. Climate Change 2001, Scientific Basis. Cambridge:
Cambridge University Press.

Irwin, G. 1992. The Prehistoric Exploration and Colonisation of the
Pacific. Cambridge: Cambridge University Press.

Kaluwin, C. 2001. Adaptation policies —addressing climate change
impacts in the Pacific region. /n Noye, B. J. & Grzechnik, M. (eds)


https://doi.org/10.1017/S1755691007000084

PACIFIC SEA LEVEL AND HUMAN RESPONSE 125

Sea-Level Changes and their Effects, 273-91. Singapore: World
Scientific Publishing.

Kirch, P. V. 1997. The Lapita Peoples. Ancestors of the Oceanic World.
Cambridge, Massachusetts and Oxford: Blackwell.

Kirch, P. V. 2000. On the road of the winds: an archaeological history of
the Pacific Islands before European contact. Berkeley, California:
University of California Press.

Kumar, R., Nunn, P. D., Field, J. E. & de Biran, A. 2006. Human
responses to climate change around AD 1300: a case study of the
Sigatoka Valley, Viti Levu Island, Fiji. Quaternary International
151, 133-43.

Lambeck, K. 2002. Sea level change from mid Holocene to Recent
time: an Australian example with global Implications. In Mitro-
vica, J. X. & Vermeersen, B. L. A. (eds) Ice Sheets, Sea Level, and
the Dynamic Earth, 33-50. Washington: American Geophysical
Union.

Lambeck, K., Esat, M. & Potter, E. 2002. Links between climate and
sea levels for the past three million years, Nature 419, 199-206.

Leatherman, S. P. & Beller-Simms, N. 1997. Sea-level rise and small
island states: an overview. Journal of Coastal Research, Special
Issue 24, 1-16.

Luders, D. 1996. Legend and history: did the Vanuatu-Tonga kava
trade cease in AD 14472 Journal of the Polynesian Society 105,
287-310.

Mannion, A. M. 1999. Domestication and the origins of agriculture.
Progress in Physical Geography 23, 37-56.

Marshall, J. F. & Jacobson, G. 1985, Holocene growth of a mid-Pacific
atoll: Tarawa, Kiribati. Coral Reefs 4, 11-17.

Masse, W. B., Liston, J., Carucci, J. & Athens, J. S. 2006. Evaluating
the effects of climate change on environment, resource depletion,
and culture in the Palau Islands between AD 1200 and 1600.
Quaternary International 151, 106-32.

Neumann, A. C. & Maclntyre, 1. 1985. Reef response to sea-level rise:
keep-up, catch-up or give-up. Proceedings of the 5th International
Coral Reef Congress 3, 105-10.

Nunn, P. D. 1988. Recent environmental changes along south-west
Pacific coasts and the prehistory of Oceania: developments of the
work of the late John Gibbons. Journal of Pacific Studies 14,
42-58.

Nunn, P. D. 1994. Oceanic Islands. Oxford: Blackwell.

Nunn, P. D. 1998. Pacific Island Landscapes. Suva: Institute of Pacific
Studies, The University of the South Pacific.

Nunn, P. D. 1999. Environmental Change in the Pacific Basin: chro-
nologies, causes, consequences. London: Wiley.

Nunn, P. D. 2000a. Illuminating sea-level fall around AD 1220-1510
(730-440 cal yr BP) in the Pacific Islands: implications for
environmental change and cultural transformation. New Zealand
Geographer 56, 46-54.

Nunn, P. D. 2000b. Environmental catastrophe in the Pacific Islands
about AD 1300. Geoarchaeology 15, 715-40.

Nunn, P. D. 2004a. Understanding and adapting to sea-level change.
In Harris, F. (ed.) Global Environmental Issues, 45-64. Chichester:
Wiley.

Nunn, P. D. 2004b. Through a mist on the ocean: human understand-
ing of island environments. Tijdschrift voor Economische en So-
ciale Geografie 95, 311-25.

Nunn, P. D. 2005. Reconstructing tropical paleoshorelines using
archaeological data: examples from the Fiji Archipelago, south-
west Pacific. Journal of Coastal Research, Special Issue 42, 15-25.

Nunn, P. D. 2007. The AD 1300 Event in the Pacific Basin: overview
and teleconnections. The Geographical Review 97, 1-23.

Nunn, P. D. & Peltier, W. R. 2001. Far-field test of the ICE-4G (VM2)
model of global isostatic response to deglaciation: empirical and
theoretical Holocene sea-level reconstructions for the Fiji Islands,
Southwest Pacific. Quaternary Research 55, 203-14.

Oppenheimer, S. 1999. Eden in the East: the drowned continent of
Southeast Asia. London: Phoenix.

Polissar, P. J., Abbott, M. B., Wolfe, A. P., Bezada, M., Rull, V. &
Bradley, R. S. 2006. Solar modulation of Little Ice Age climate in
the tropical Andes. Proceedings of the National Academy of
Sciences 10.1073/pnas.0603118103.

Rainbird, P. 2004. The Archaeology of Micronesia. Cambridge:
Cambridge University Press.

Reid, A. C. 1977. The fruit of the Rewa: oral traditions and the growth
of the pre-Christian Lakeba state. Journal of Pacific History 12,
1-24.

Rignot, E. & Kanagaratnam, P. 2006. Changes in the velocity
structure of the Greenland ice sheet. Science 311, 986-90.

Saito, Y., Wei, H., Zhou, Y., Nishimura, A., Sato, Y. & Yokota, S.
2000. Delta progradation and chenier formation in the Huanghe
(Yellow River) Delta, China. Journal of Asian Earth Sciences 18,
489-97.

Sutton, D. G. 1980. A culture history of the Chatham Islands. Journal
of the Polynesian Society 89, 67-93.

Ward, R. G. 1989. Earth’s empty quarter? The Pacific islands in the
Pacific century. The Geographical Journal 155, 235-46.

Ward, R. G. & Brookfield, M. 1992. The dispersal of the coconut: did
it float or was it carried to Panama? Journal of Biogeography 19,
467-80.

Weisler, M. 1. 1995. Henderson Island prehistory: colonization and
extinction on a remote Polynesian island. Biological Journal of the
Linnean Society 56, 377-404.

Weisler, M. 1. 1996. Taking the mystery out of the Polynesian ‘mystery
islands’: a case study from Mangareva and the Pitcairn group. In
Davidson, J. M., Irwin, G., Leach, B. F., Pawley, A. & Brown, D.
(eds.) Oceanic Culture History: Essays in Honour of Roger Green,
615-29. New Zealand Journal of Archaeology Special Publication.

Weisler, M. & Green, R. C. 2001. Holistic approaches to interaction
studies: a Polynesian example. /n Jones, M. & Sheppard, P. (eds)
Australasian Connections and New Directions: Proceedings of the
7th Australasian Archaecometry Conference. Research in Anthropol-
ogy and Linguistics 5, 417-57.

Wyrtki, K. 1990. Sea level rise: the facts and the future. Pacific Science
44, 1-16.

Zhao, X. 1998. Origin of rice paddy cultivation at the Hemudu site.
Agricultural Archaeology 1998, 131-7. [In Chinese.]

MS received 19 January 2006. Accepted for publication 9 March 2007.

https://doi.org/10.1017/51755691007000084 Published online by Cambridge University Press


https://doi.org/10.1017/S1755691007000084



