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Papers in honour of Atholl Anderson

‘Aye, said the Captain, reverentially; ‘it’s a almighty element. There’s wonders in the deep, my
pretty. Think on it when the winds is roaring and the waves is rowling. Think on it when the
stormy nights is so pitch dark,’ said the Captain, solemnly holding up his hook, ‘as you cant
see your hand afore you, excepting when the wiwid lightning reweals the same; and when you
drive, drive, drive through the storm and dark, as if you was a driving, head on, to the world

without end,’

Charles Dickens, Dombey and Son (1848:252). Philadelphia: Lea and Blanchard
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Preface

The impetus for this volume is the pending retirement of Professor Atholl Anderson from the
Department of Archaeology and Natural History in the Australian National University in June
2008, after a distinguished and brilliant career in academic archaeology. In geographic range,
Atholl’s field research has extended over large swathes of the Pacific Ocean, from the west coast
of South America to Western Micronesia, to Island Southeast Asia, and west to the Indian
Ocean. Few prehistorians of Oceania have seen as much of their subject matter at such close
quarters. The variety and span of his study areas are matched, and quite possibly exceeded, by
the prodigious variety of subjects he has tackled in numerous scientific publications, which are
outlined by Foss Leach in Chapter 1.

As a colleague, mentor and friend to fellow archaeologists, Atholl has been hugely influential
in the development of archaeology in Australasia and further afield, and his intense interest in
prehistory has been propelled by both a love of history and a desire to see the past with fresh
eyes — even if that means upsetting long-established and often cherished conceptual frameworks
in the process. This bent for revisionism aimed squarely at improving the historical realism of
the discipline has led him to engage with new scientific techniques and theoretical orientations,
along with instituting field projects in remote places to recover the essential data. Such an
unusually high level of intellectual enthusiasm recalls Samuel Johnson’s comment about the
prolific Edmund Burke that: ‘His stream of mind is perpetual’, and throughout his career,
numerous prehistorians have benefited from Atholl’s generous sharing of ideas, information and
contacts.

In putting together this volume, our aim was to honour Atholl’s contribution to archaeology
by soliciting papers on subjects which have been at the core of his research endeavours over
several decades. The title Islands of Inquiry: Colonisation, seafaring and the archaeology of maritime
landscapes reflects Atholl’s abiding intellectual interest and fascination with the way people
reached, occupied and transformed diverse, and often extreme, insular environments. Both
‘colonisation’ and ‘seafaring’ are well-established themes in island archaeology, but the concept
of ‘maritime landscapes’ might at first glance appear incongruous. However, island peoples, in
the past as well as in the present, have a strong and visceral connection with the seas and oceans
in which they live. Maritime influences, whether they be situated in subsistence, trade or ritual
domains, permeate the social life of island communities, and are amenable to archaeological
study. Thus, a major aim of the volume is to highlight the importance of an archaeologically
informed history of landmasses in the oceans and seas of the world.



Contributors were asked to write on a relevant theme, and to eschew valediction and
sentiment in favour of scholarly writing. All papers were refereed and we are grateful to the
authors for their participation, and the referees and the manuscript reader, Professor Tim
Murray. We also thank Lorena Kanellopoulos, Duncan Beard, Laticia Wedhorn and Rachel
Lawson for their generous help with volume production. Publication was possible with financial
assistance from the Department of Archaeology and Natural History and the College of Asia
and the Pacific (ANU).

Geoffrey Clark, Foss Leach and Sue O Connor
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Atholl John Anderson:
No ordinary archaeologist

Foss Leach
Honorary Research Associate, Museum of New Zealand Te Papa Tongarewa, Wellington, New Zealand
Foss.Leach@University-of-Ngakuta.ac.nz

Atholl Anderson first ventured into serious archaeological research in 1966, when he carried
out an extensive survey of archaeological sites in the Tasman Bay area at the northern end of the
South Island of New Zealand. The main objective was ‘a complete coverage of all the sites of
prehistoric settlement, including mapping, stratigraphical analysis, and sampling of contents’.
The completed study was submitted to the Geography Department at Canterbury University as
a thesis for the MA degree in 1966 (Maori occupation sites in back beach deposits around Tasman
Bay). This was a bold initiative for a budding archaeologist, aged 23, working alone, with no
formal training in archaeology — that came later. The degree was awarded with Honours. Like
many other young students of the time, he had a Teachers Training College studentship. This
was a scheme which provided financial assistance for those bent on a teaching career to attend
university. After being awarded the MA degree, he was obliged to attend Training College for
a year to complete the requirements for a Diploma in Teaching and thereafter to be placed in a
school somewhere in New Zealand. So in 1968, Atholl became the assistant headmaster at the
small rural school of Karamea, from time to time doubling as the publican of the local hotel.
Karamea, at the northernmost end of the West Coast of the South Island, is famous for its
forest and fishing, and provided ample opportunities for his great love of the outdoors. He was
married by this time to Sandy, with a daughter Rachel.

In spite of the wonderful attractions of West Coast life, Atholl’s burning ambition in life
was professional archaeology, and a career in teaching was not leading in the right direction.
I first met Atholl late in 1969, when he walked into the Anthropology Department at Otago
University to seek advice on how to obtain the necessary qualifications to join mainstream
professional archaeology. I was a junior lecturer at the time. He was accepted into the MA course
in Anthropology in 1970 and became part of a group of young students the like of which had
never been seen before at Otago, and arguably has not been seen since. There was a strong spirit
of friendship, collaboration and healthy competition between them, and several have excelled
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academically, with international reputations. Atholl joined a small team of research students
in the Palliser Bay archacological project 1969—-1972 and carried out groundbreaking research
combining the analysis of a rocky-shore marine environment with high-quality excavation of
nearby midden sites and detailed laboratory analysis (1979¢, 1981c). This set a standard of
maritime economic archaeology which has not been matched in New Zealand since. During this
research, he first ventured into archacometry, greatly improving a novel method of conchiolin
dating, which clarified the chronology of the midden sites he excavated (1973b). At this time,
he also took his first steps in what was to become one of his strongest academic attributes,
archaeological theory, publishing an insightful reappraisal of sampling theory relating to midden
excavations. He strongly rejected concepts of cluster, random and column sampling as having
fundamental misconceptions. He commented ‘leaving the choice of excavation areas to chance
is clearly likely to produce results of the same status as those obtained by mixing chemicals
at random: A puzzling if not dangerous mess’ (1973a:123). He argued that a ‘more sensible
approach is to ... excavate on the basis of research objectives rather than chance, and to restrict
interpretations, in the main, to the results of a full and careful analysis of everything excavated’
(1973a:124). Throughout his career, Atholl has been exemplary in this regard. He was awarded
his second MA degree in 1973 with First Class Honours (Archaeology and behaviour: Prebistoric
subsistence behaviour at Black Rocks peninsula, Palliser Bay).

Following the end of the Palliser Bay project, Atholl applied fora Commonwealth scholarship
at Cambridge University with a proposal for doctoral research based in the Chatham Islands, and
began fieldwork there early in 1973. During the site survey, a letter from Cambridge University
was delivered on horseback during torrential rain while he was digging an underground sauna
at the field camp. This contained welcome news of acceptance at Cambridge. After returning to
mainland New Zealand, he travelled to England and took up residence in Cambridge with his
family. Carrying out further research in the Chatham Islands, on the other side of the world,
without research grants was impossible, so he decided to focus on archaeological problems
closer at hand. He initially carried out fieldwork in France, before turning attention to northern
Sweden. He became sufficiently competent in Swedish to do detailed library research, as well

as intensive fieldwork. This was not without the usual calamities which
accompany archaeological fieldwork. On one occasion, out in the
mountains in South Lapland on a very hot day, he took a short cut
through a large swamp. When he was half way across, the thick layer
of sphagnum moss gave way and he very nearly disappeared in deep
liquid mud underneath. In one of the wonderful newsy letters which he
frequently wrote from abroad, he described this close encounter thus:

I was waist deep in less than a second then slowed to a sinking rate of about
3 inches a second as I frantically clawed moss under my chest and arms. This
stopped me going entirely under, but I would not have lasted more than a few
hours. What saved me was the fact that I had by the greatest good fortune gone
through by a small raft of peat and moss with several small willows growing on
it. I managed to very gingerly work my way close enough to it and ease myself
out, which was very difficult, and then crawled, like the monster from the black

lagoon, back to the edge of the swamp. I was very lucky; if I had gone through

. o several yards either way of that little patch of willows I would never have been able
Figure 1. A whimsical portrayal of Atholl

as the bow-piece of a canoe (courtesy of )
Murray Webb, 1987). the end of the nearest logging track.

to hold on long enough to be found, especially since I was nearly two hours from
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When he returned to the closest township, he learned that a man had gone missing in
the same general area three weeks earlier. Atholl is a person with a strong sense of adventure,
brimming with self-confidence and with good survival instincts, and his career has continued to
be punctuated with occasional close shaves.

Following the research in Lapland, he submitted his doctoral dissertation in 1976 (Prebistoric
competition and economic change in northern Sweden). This helped him to obtain his first academic
post, at Auckland University during the 1977 academic year. At this time, he took his first steps
into the tropical Pacific, to the southern Tongan island of ‘Ata, as a member of the Royal Society
of New Zealand’s Southwest Pacific Expedition (1979b).

In 1978, he took up an appointment in the Anthropology Department, University of
Otago, where he remained until 1993, progressing from assistant lecturer to a personal chair.
He remarried soon after returning to Dunedin and Rosanne has been a staunch supporter of
his research ever since, often accompanying him to remote parts of the Pacific. He and Rosanne
have two children (Kirsten and John). He is a strong family man, devoted to his wife, three
children and grandchildren.

The Otago period was an extremely productive one, not only as a researcher, but also as a
teacher, supervising many thesis students and taking them on his own fieldwork expeditions. A
great deal of Atholl’s energy during this period was devoted to the Southern Hunters Project,
which was focused on archaeological research in southern New Zealand, an area occupied by
hunter-gatherers. However, he continued his Pacific interests with an expedition to the Kermadec
Islands in 1978 (1981i). He later commented that this was his first experience of leading a
team to a Pacific Island. His account of the crisis which arose when one of his assistants ate a
poisonous plant makes hilarious reading, despite the gravity of the event (2004a:56-57).

The Southern Hunters Project involved excavations in no fewer than 20 archaeological

Figure 2. Atholl in the foreground at Shag River Mouth discussing strategy for excavation of the high-dune sequence, 1988—1989
(courtesy of Angela Boocock).
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Figure 3. Atholl during excavation of the high dune at Shag River Mouth 1988—1989 (courtesy of lan Smith).

sites, revisiting places which had earlier seen excavation, and in many cases fossicking, as well as
previously untouched sites. Arguably the most significant of these were Purakanui, Lee Island
and Shag River Mouth, but they all contributed to a far better understanding of prehistoric life
in southern New Zealand. The Purakanui excavations (1981a) took place close to his seaside
home at the time. This research built on his interests in economic prehistory and the exploitation
of the marine environment, begun earlier at Palliser Bay.

The three rock shelters on Lee Island in Lake Te Anau in Fiordland were newly discovered
and contained a wealth of bird bones, fibre artefacts and other perishable remains. His analysis of
the fibre remains involved a pioneering study of cordage and knots (Anderson ez al. 1991b). The
publication that resulted from the Lee Island excavations was his first major multi-authored work
representing collaborative research (Anderson and McGovern-Wilson eds 1991), something that
characterises much of his subsequent work. Atholl has always been a great team leader, inspiring
others with the depth of his knowledge, good humour and personal charisma.

The excavations at Shag River Mouth, spread over four years, and subsequent analyses
were once again collaborative, involving large numbers of students. Numerous uncontrolled
excavations had been carried out at this site for more than a century, producing large quantities
of artefacts and moa bones. It is a great credit to Atholl that he managed to find untouched
stratigraphy, establish a chronology for this major southern site, and produce a substantive
monograph (Anderson ez al. eds 1996).

The Southern Hunters Project explored many aspects of prehistoric economics, but a major
focus was inevitably on moa. During this period, Atholl produced his classic book Prodigious
Birds: Moas and moa-hunting in prebistoric New Zealand (1989a), which has been reprinted as
a paperback. This was a masterly and much-needed synthesis, covering historical, biological,
chronological and cultural aspects of this famous New Zealand megafauna. It was a start to
Atholl’s ongoing interest in Pacific megafauna and extinctions. This work covered the whole
of New Zealand and required a careful reappraisal of evidence from radiocarbon dating. The
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Figure 4. Atholl pondering the complexities of the high-dune excavation at Shag River Mouth 1988—1989 (courtesy of lan Smith).

deficiencies which were uncovered led him to review the chronology of colonisation in New
Zealand and later to undertake re-dating of major moa-huntingsites, such as Houhora (Anderson
and Wallace 1993) and Wairau Bar (Higham ez a/. 1999). Issues of chronology and dating have
been of interest to him ever since.

Archaeology and polemics are no strangers to each other, and Atholl has never shied away
from reasoned debate on controversial issues. His first major encounter arose when a colleague
published an argument that New Zealand had been occupied at least twice the length of time
of current orthodoxy. Atholl responded to this with a well-reasoned argument to the effect that
if anything, the New Zealand chronology should be shortened, not lengthened (1991c). He
carefully re-examined the entire history of radiocarbon dating in New Zealand, and re-evaluated
the dating of many archaeological sites, not only for New Zealand, but for East Polynesia (Spriggs
and Anderson 1993).

In all this, Atholl has displayed a dogged determination to get to the truth of any issue by
focusing on quality of evidence and interpretation. Since the initial foray with moa chronology,
refinement in dating has become a major preoccupation in Atholl’s research. Probably the best-
known example of this is the controversy over radiocarbon dates of the small Polynesian rat,
Rattus exulans, in New Zealand. Suggestions that this rat came to New Zealand with or without
humans 2000 years ago have seen intensive research both for and against. Atholl has left no
stone unturned to get to the truth and has been responsible for uncovering serious deficiencies
in the initial accelerator dates. His publications on this topic have spanned eight years (1996h,
1997¢, 1998d, 2000b, 2004h; Smith and Anderson 1998; Anderson and Higham 2004;
Higham ez al. 2004), again showing his determination to resolve this matter. The issue of short
and long chronology is one which frequently arises in archaeology, most famously perhaps with
the problem of Glozel in France, but the Pacific region has had its fair share of similar debate. In
stressing the need for the highest quality of dating throughout the process, from sample selection
from secure provenance and close documentation, to the finest laboratory methodology, Atholl
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has set aside the spectacular and been the champion of good scholarship. Throughout his career,
he has steadfastly stressed the importance of interpretations arising from primary high-quality
data and vigorously opposed speculative scenario building.

He has always been careful to distinguish what can and cannot be established by
archaeological methods and by other disciplines which contribute to prehistory. A good example
is his insistence that hypotheses based on one line of evidence must be tested against all available
archaeological information. A typical case of this arose when it was proposed on the basis of
pollen evidence that humans had arrived on Mangaia in the Cook Islands by the surprisingly
early date of 2500 BP. Atholl showed that the pollen evidence alone could be interpreted in a
number of ways, but was insufficient to overturn existing unambiguous archaeological evidence
for a much shorter time scale (1994e).

Atholl has Scottish ancestry from his father, and through his mother he is descended from
a branch of Ngai Tahu Maori from Rakiura (Stewart Island). When the Ngai Tahu placed a
claim before the Waitangi Tribunal about historical grievances endured by their people from
actions and inactions by the Crown, Atholl became a key researcher for the Ngai Tahu iwi
(tribe). He gave a great deal of important evidence to the Waitangi Tribunal, clarifying difficult,
highly contentious, historical issues. He has earned the greatest respect from both the Crown
and Maori tribal authorities, not just for the depth of scholarship he brought to these hearings,
but also for his balance and scrupulous honesty, even at times when his evidence ran counter to
some tribal submissions. As a result, he has become a foremost authority on the ethnohistory of
southern Maori, marshalling diverse historical documents into publishable form. An excellent
example of this is Traditional lifeways of the southern Maori (1994 ed), an enormous task of

Figure 5. Atholl taking notes during the excavations
at Emily Bay, Norfolk Island, 1996 (courtesy of lan
Smith).
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editorial work definitely not for the faint hearted. In these endeavours, Atholl also managed to
bridge the gap between deep scholarship and publications for a wider audience, such as When all
the moa ovens grew cold (1983a), 1é Puoho’ last raid: the battle of Tuturau, 1836—1837 (1986d),
and The welcome of strangers (1998a). The Ngai Tahu settlement with the Crown following the
Waitangi Tribunal hearings has been among the most successful of recent times, and Atholl made
an important contribution towards this outcome. He also contributed a number of biographies
of southern Maori to the Dictionary of New Zealand Biography, including one on his ancestress
Anne Wharetutu Newton (1990f).

In 1993, Atholl and his family moved to Canberra, where he took up the Establishment Chair
of Prehistory at the Research School of Pacific and Asian Studies, Australian National University.
This post offered new opportunities for research throughout the Pacific basin and rim, both for
himself and for students under his supervision. His numerous fieldwork expeditions have taken
him to Niue, Fiji, Norfolk, Lord Howe, Tuvalu, Maupiti, Kiritimati Island (Kiribati), Palau,
Taiwan, Philippines, Juan Fernandez, Mangareva, Rapa, Christmas Island (Indian Ocean), New
Caledonia, Yaeyama Islands (Japan), Galapagos Islands, Mocha Island (Chile), and Huahine.
Some of these are extremely isolated places and reflect Atholl’s desire to investigate the remotest
limits of prehistoric exploration of the Pacific.

These expeditions took place within the framework of two major projects: the Indo-Pacific
Colonisation Project, and the Asian Fore-Arc Project, and have resulted in many scholarly
publications and lecture series. Collaborative monographs have been produced on Norfolk
Island (Anderson and White eds 2001), Niue (Walter and Anderson 2002) and Kiritimati
(Anderson et al. 2000c). Volumes on Rapa (Anderson and Kennett eds nd) and Fiji (Clark and
Anderson eds nd) are forthcoming.

This period of research in Canberra has been immensely productive. Besides carrying out
and publishing fundamental archaeological research in various parts of the Pacific, Atholl has
pursued a number of interrelated themes centering on colonisation and the sustainability of
settlement on small islands. Island sequences and the chronology of initial settlement of islands
have been continuing concerns (2000e, 2005a; Spriggs and Anderson 1993; Anderson and Clark
1999; Anderson and Sinoto 2002; Anderson ez al. 2003a; Phear ez al. 2004). He has made major
contributions not just towards the facts of migration and dispersal, but towards suggestions of
causes for these events (1995a, 2001a, 2003b, 2004b, 2006b), and has highlighted issues of
isolation, remoteness and abandonment (2001b, 2005b).

Atholl’s interest in birds, megafauna and extinctions has resulted in reports of fossil fauna
and new bird species from Niue (Steadman ez al. 2000; Worthy ez a/. 2002), and the important
discovery of extinct megafauna in Fiji (Worthy ez 2l 1999; Anderson er al. 2001a). His
excavations in the Volivoli caves inland from Sigatoka in 1998 uncovered a previously unknown
extinct crocodile, which was named after him — Volia athollandersoni — and features on the
Fijian 50c stamp. He has also considered wider issues of faunal collapse and landscape change
on Pacific islands (2002b, 2007a).

A keen yachtsman himself, Atholl has contributed significantly to discussion of voyaging
strategies (1996a) and the development and capabilities of Pacific voyaging canoes (2000d,
2001d), and considered the effects of La Nifia and El Nifo on Pacific migrations (Anderson ez
al. 2006a).

Throughout this period in Canberra, he has continued to publish extensively on New
Zealand archaeological topics. In 1998, he launched the Southern Margins Project, organising
expeditions to Rakiura (Stewart Island), New Zealand’s Subantarctic Islands, and Whenua
Hou (Codfish Island) off Stewart Island. This project built on Atholl’s earlier research in the
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Figure 6. Atholl wet sieving during excavations in
Palau, 2000 (courtesy of Geoffrey Clark).

Kermadecs and Norfolk Island, as well as New Zealand, and showed that Polynesian voyaging
had extended into the sub-polar region some 700 years ago (Anderson and O’Regan 2000;
Anderson 2005d). Atholl was thus able to extend his definition of ‘South Polynesia’ to include
not only Norfolk, the Kermadecs, the two main islands of New Zealand, the Chatham Islands
and Rakiura, but also the Auckland Islands.

One might think that someone who has devoted so much energy to his own personal research
and publications would have had little time for advancing the careers of others. The opposite
is the case with Atholl. He has been a dedicated teacher throughout his career, supervising
many thesis students at both the University of Otago and Australian National University, and
has helped students from other countries too. But his generosity towards others does not stop
there — over the years, he has also accepted the thankless task of serving on a variety of university
committees, the New Zealand Historic Places Trust, and many editorial boards, and acted as
advisor to Te Runanga o Ngai Tahu, and as a referee for diverse granting agencies. He has always
been a prompt and insightful referee of manuscripts submitted for publication in journals and
books. He has helped numerous colleagues over the difficult hurdles of promotion in academic
institutions by giving personal and professional assistance, and has gone out of his way to
promote people for awards, honorary positions and degrees.

A typical example of his generosity towards others was the festschrift for Ron Scarlett, which
he initiated in 1976 before his doctorate was completed. Ron was a person whose contribution
behind the scenes, identifying bird bones from archaeological sites, might otherwise have gone
unnoticed (ed 1979). Not all those he approached for contributions felt that such an accolade
was justified, but Atholl correctly recognised that people like Ron provided extremely important
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Figure 7. Atholl during fieldwork in Palau 2000
(courtesy of Geoffrey Clark).

basic data, without which archaeology would be the poorer. The volume was well supported
and a valuable contribution to knowledge resulted. This was the first of several festschrifts of
which he was an invaluable organiser, and was followed by those for Jim Allen (Anderson and
Murray eds 2000), Rhys Jones (Anderson ez a/. eds 2001), and Janet Davidson (Anderson ez 4.
eds 2007).

Not surprisingly, his own contributions to knowledge have been widely recognised. His
awards include Fellow of the Royal Society of New Zealand (1991), Fellow of the Australian
Academy of the Humanities (1996), Fellow of the Society of Antiquaries of London (2002),
Doctorate of Science University of Cambridge (2002), Federation Medal of Australia for services
to archaeology (2001), and Companion of the New Zealand Order of Merit for services to
archaeology and anthropology (2005). He has often been invited to give keynote addresses and
has held visiting fellowships at numerous academic institutions around the world.

From a very young age, Atholl displayed enthusiasm for many outdoor pursuits: tramping
in the forests of New Zealand, hunting deer, skiing, sailing and mountaineering. On one
spectacular occasion, he had a near miss on Mount Windward at 2000 m, slithering 500 m
down a near-vertical ice slope in winter before coming to a halt on the brink of a bluff. He
was 17 years old at the time, but this event did not put him off mountaineering. He went on
to conquer some quite demanding peaks as an adult. He also developed an abiding interest in
diverse fishing activities: scuba diving, spear fishing, dragging nets for flounders, whitebaiting,
surf casting and fly fishing. Not all of his professional colleagues may fully appreciate just how
strong the ‘call of the wild” is for him, so this sketch of ‘Atholl the academic’ should be rounded
off with some comments on this other side to his character.
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Figure 8. Atholl has been a keen mountaineer since school days. Here, he is with Barry Clark on the summit of Mt Cupola, Nelson
Lakes National Park, 1998 (courtesy of Barry Clark).

In whatever part of the world he travels, he characteristically seeks out every opportunity to
explore the nearby environment, whether mountain, forest, river or sea: fly fishing for grayling
in the ice lakes of Alaska, long-line fishing in the cold Subantarctic waters of the Auckland
Islands, catching halibut in the seas around Kachemak Bay (Alaska), sailing chartered yachts
around the Stockholm archipelago in the Baltic Sea, the inner Hebrides of Scotland, or Tuvalu
in the tropical Pacific, and sailing his own yacht Cepheus in the Marlborough Sounds in New
Zealand. When he lived in Dunedin, he was often seen windsurfing on the harbour, especially
when high winds forced all but the bravest off the water. This lifestyle has not been without its
mix of adventures, including breaking an arm skiing in Japan, and breaking a foot site-surveying
at Murdering Beach in Otago. In another life, Atholl may well have been an explorer. As it is, he
has combined the best things of two worlds, academic and outdoors, equally at home in both.

Atholl is due to retire in 2008 and take up residence in a property right in the centre of the
richest vineyards of the Wairau Valley in New Zealand, surrounded on all sides by grapes of one
of his favourite wines, Marlborough sauvignon blanc. One corner of his property adjoins the icy
cold waters of Spring Creek, famous for prize-winning brown trout. What better way to fill out
the years ahead than by writing books close to the very best things of life — mountains, forest,
clear rivers, and the sea.
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Figure 9. Atholl’s deep knowledge of all aspects of fishing follows a lifetime’s interest in fly fishing in remote parts of the world.
Maruia River, New Zealand, 2002 (courtesy of Barry Clark).

Figure 10. For Atholl, one of the great pleasures of life is unwinding by the camp fire at the end of a day’s tramping. Taken at
Downie’s hut, Matakitaki River, Nelson Lakes National Park, 1993 (courtesy of Barry Clark).
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Introduction

The level of intentionality in the behaviour of early modern humans is a continuing debate that
we have had with Atholl over the years. For our part, we argue that the cognitive abilities of
early modern humans, reflected in the patterns of the late Pleistocene archaeological records, are
qualitatively different from their predecessors and not vastly different from our own. This being
the case, we feel able to assume purpose in past human behaviour that Atholl does not. Presented
with evidence that is often meagre, indirect or ambiguous, Atholl counters with explanations
that require little or no intent on the part of these humans. Nowhere has our debate crystallised
as clearly as in the case of early watercraft and their use in colonising Sahul, a milestone modern-
human achievement for which no direct evidence is or is likely to become available. We all accept
without question that it happened, that watercraft were involved and that this water crossing
was only achieved by modern humans. Despite some continuing debate, it is increasingly likely
that first colonisation occurred about 45,000 years ago. Beyond this, we do not know where
people stepped off the Asian continent, what routes to Sahul may have been taken, what length
of time elapsed between humans leaving Sunda and arriving in Sahul (Figure 1), what viable
population sizes might have been needed to form successful colonisations, where first Sahul
landfall was, whether the first successful entry was preceded by unsuccessful ones, whether
there were multiple successful entries at different locations, and so on. But one can engage in
constructive, theoretically driven, potentially testable speculation on all of these points.

This paper was first presented at an ANU seminar in 2005 to draw attention to these
questions, largely untouched since Birdsell’s (1977) seminal paper. It provoked useful discussion
between Atholl and us and was a focus for subsequent work (Bulbeck 2007; O’Connell ez 4.
2007; O’Connor 2007), and we offer it here to acknowledge our intellectual debt to Atholl
Anderson.

Since direct evidence to answer questions concerning the initial colonisation of Sahul is
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Figure 1. Map of Wallacea showing places referred to in the text.

unlikely to be forthcoming in the archaeological record, alternative approaches are limited.
For us, inductive approaches are currently unsatisfactory, relying as they do on arguable
interpretations of sketchy data that are frequently date-driven. For example, O’Connor (2007)
predicates her entire argument on a human arrival date in Sahul of 60,000 BP. This date, mooted
18 years ago (Roberts ez al. 1990), has received no compelling support in the intervening years
and today only a tiny minority defend it. The incorrect argument of Chappell ez al. (1996) and
Fifield ez al. (2001) that our appeals to a younger chronology were the result of blind adherence
to radiocarbon has been continuously weakened by the increasing use of luminescence and
improved radiocarbon pre-treatment (ABOX-SC). To date, neither technique has produced
an archaeologically associated date approaching 50,000 BP, outside the two original Northern
Territory claims of Nauwalabila and Malakunanja. Regardless of what calibration is applied to
available radiocarbon dates, a current ‘best-estimate’ date for human arrival is c. 45,000 years
ago, or a little earlier (Allen and O’Connell 2003; O’Connell and Allen 2004; O’Connell ez 4.
2007).

A better alternative is to develop models for this colonisation that will throw up testable
hypotheses to approach these questions. This paper offers one such model that assumes that the
first successful human colonisation of Sahul was the consequence of many small but deliberate
decisions that involved conscious and continuing risk assessment of behaviours intended to
maximise reproductive fitness. People crossed from Sunda to Sahul as a consequence of these
behaviours, rather than with conscious intent, like the chicken, to get to the other side. Even so,
the colonisation of Sahul was not accidental.

Background

The first public recognition that human entry into Australia and New Guinea at any time in
the past required the crossing of a significant water barrier might be attributed to Grafton Elliot
Smith at the meeting of the British Association for the Advancement of Science in Sydney in
1914 (Elkin 1978:99). Although a glacio-eustatic explanation of relative sea-level changes had
first appeared in 1842, and occasionally later in the 19th century, it was not until 1910 that
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a paper by R.A. Daly revived the theory and finally dismissed previously accepted models of
sunken land bridges and lost continents (Daly 1910; Baulig 1935).

Today, we take for granted that this water barrier, with all routes having at least one crossing
of about 90 km whatever the sea level, has always confronted humans moving into Sahul. It is
this barrier that kept Homo erectus west of Timor and Sulawesi for more than a million years, and
it is the ability to overcome this barrier that has been and continues to be a principal hallmark
of the behavioural modernity of the initial human colonists into Sahul.

So commonplace is this understanding that with a few exceptions, most notably Joseph
Birdsell in 1977, no close attention has been paid to how or where the initial crossing may
have been achieved. A route from Timor to northwest Australia has sometimes been favoured
(e.g. Butlin 1993), although on arguable evidence. Indeed, recently both Australianists (e.g.
Chappell 2000; O’Connor and Chappell 2003) and European scholars (e.g. Foley and Lahr
1997) have posited distinctly separate colonisations of Australia and New Guinea even though
these countries comprised a single landmass at the time of colonisation, regardless of which
chronology is favoured for that event. Instead, models of Australian colonisation have mostly
discussed how people spread through the continent after they landed (e.g. Bowdler 1977;
Horton 1981; Rindos and Webb 1992).

However, the question of how landfall was made is fundamental in considering how Australia
and New Guinea might subsequently have been settled, because understanding the processes of
successfully establishing a foothold in Sahul directly informs the strategies that eventually took
people to Tasmania and into the nearer western Pacific islands.

Past studies have called up a diverse range of questions, from the motivation(s) of first
colonists and the nature of watercraft involved, to the relative inputs of biology, culture and
adaptability, speed of settlement and technological inventiveness. We take as a useful starting
point Joseph Birdsell's 1977 paper “The recalibration of a paradigm for the first peopling of
Greater Australia’.

The Birdsell model

Birdsell’s larger model was primarily biological in nature and paid scant attention to culture
as a contributing factor. In large part, it was concerned with population events after arrival in
Australia, whether people remained coastally oriented or moved inland, the time needed to infill
the continent, and so on.

However, Birdsell’s enduring contribution to modelling Sahul colonisation concerned his
detailed treatment of probable routes for watercraft between the Sunda and Sahul continental
shelves. Like many before and since, Birdsell favoured minimalist assumptions and sought to
define those routes that provided the fewest, safest and shortest sea crossings. He isolated three
pertinent variables concerning each target island, the next island to be reached from home
base. These were distance to the target island, target height (and thus visibility from the home
island) and target width, the notion being that wider targets could be more readily reached with
limited navigation and other sailing capabilities. These three variables taken together were seen
to indicate preferred options, apart from distance alone. A high and wide target, for example,
could offset a longer distance.

Birdsell defined three variants for a northern route through Sulawesi and two variants for
a southern route through Timor. The two northernmost routes arrived in present-day New
Guinea in the vicinity of the Bird’s Head; two middle routes arrived, depending on sea level,
at Aru and further south on the Torres Plain; while the southernmost route via Timor reached
Sahul west of the present-day Kimberley region. These routes variously took from eight to 18
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stages and each involved from one to four stages of more than 30 km. From north to south, the
longest crossings of the five routes, based on a sea level of -150 m, were, respectively, 93 km, 69
km, 103 km, 98 km and 87 km.

Birdsell explored a mid-range scenario by raising the sea level to -50 m. At this level, all
routes increased some inter-island distances, but such a sea-level change had little real effect
on the three northern routes, apart from the problem of reaching Sulawesi in the first place,
where, by Birdsell’s reckoning, the gap doubles to 87 km. Mulvaney and Kamminga (1999:108)
indicated that Birdsell favoured the southern route through Timor, but this was the case only
when the sea was at its lowest point. Birdsell (1977:130) noted that during periods of higher sea
level, the Timor route would have been ‘excessively formidable” and ‘of no great importance’.
Birdsell believed there was ‘a constant if somewhat straggling trickle of small groups of human
beings over all or most of the routes’” and given the limitations of potential watercraft, group
sizes were likely to have consisted of small families. He also accepted that these were staged
journeys, arguing that when each new target island was reached, there would be a long period of
adaptation to local wind, water and tides, and that the crossing from Sunda to Sahul may have
taken centuries (1977:147).

Some authors have rejected this view. For example, Thiel (1987:238-239) reckoned that
by drifting on the longest possible route from Sunda to Sahul, people could have made the
crossing in 14 days. In our view, such speculations are obfuscating, since such a journey does
not conform to the normal known behaviour of hunter-gatherers, ignores the geographic and
ecological potentials of Wallacea, and makes unwarranted assumptions about weather, fresh-
water requirements and long-term biological viability, just to name a few. At any given time, a
bird in the hand on Sulawesi may well have been worth two potential birds in the Kimberleys.

On routes

Many commentators after Birdsell have preferred the shortest routes and assumed minimalist
conditions such as the most basic watercraft and smallest biologically viable colonist group size.
As well, most have assumed a continuous west-to-east movement, with few westward returns,
except where water gaps were short. Birdsell’s colonising routes covered most available options,
and these routes have been reproduced mostly uncritically by subsequent commentators.

One exception is Butlin (1993:16-25), who determined that the Timor to Kimberley route
offered the best chance of success and was probably the route most regularly used. Butlin also
based his judgement on minimalist assumptions, pointing out that Timor was more easily reached
during the Pleistocene than was Borneo/Sulawesi (his assumed point of departure to reach New
Guinea) and that the Kimberley route required less navigational skill because Australia had huge
target width compared with the target islands of Wallacea.

Butlin used newer data, unavailable to Birdsell, and noted that if the sea level fell to 60 m
below present levels (and in many cases a lesser amount of -30 m to -40 m), a long chain of
shoal islands, running roughly parallel to Timor and Roti, would appear on the eastern side of
the Timor Trough. These are now known as the Sahul Banks (Figure 1). If viable, these islands
would reduce the single crossing to the Australian shore considerably. Butlin estimated some of
these islands might be as close as 90 km from Timor/Roti and he believed they would be visible
from Timor. East of these islands, the Sahul Rise is a low formation of limestone outcrops cut
by tidal channels that were exposed by sea levels between -60 m and -80 m (Figure 1). Butlin
saw these as stepping stones that would have led in the north on to Bathurst Island and in the
south on to the southern side of Joseph Bonaparte Gulf.
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To bolster his case, Butlin (1993:33—41) offered an additional series of ‘pull’ and ‘push’ fac-
tors. For Timor—Australia, pull factors included smoke, bushfire glow and migratory birds, and
more generally for Island Southeast Asia, inter-island visibility. Push factors were more strictly
Malthusian, centred on population increase and consequent reductions in resource availability.

A modelling approach

In contrast to this inductivism, we believe there are alternative ways to look at the question
of how Sahul was settled, by developing theoretical models that may refocus arguments about
sea levels, marine technological capabilities, motivations to move, and the like. Ideally, these
should be testable in the data (available or potentially gatherable), or minimally make sensible
appeal to uniformitarian principles of human behaviour, well beyond notions like exploration
being a fundamental component of the human spirit. We also take the view here that there is
no imperative to assume minimalist conditions a priori. Regardless of whether the behaviourally
modern-human move eastwards began in Africa or Southwest Asia or even Southeast Asia, it is
reasonable to assume that the adaptive ability that carried modern humans through and beyond
the previous range of Homo erectus was capable of sufficient invention to reach Sahul as a part of
a process involving conscious assessment of the risks and the minimisation of those risks, rather
than as an accident.

The question of sea levels

Contrary to the minimalist views of many commentators who have favoured lower sea-level
periods for the initial colonisation of Sahul on the grounds of shorter distances, Thiel (1987)
proposed that this colonisation was the result of rising seas reducing land area and drowning
islands, with the resulting pressuresleading to human migration. The central tenet of thisargument
had been shown already to be probably wrong, when Dunn and Dunn (1977) demonstrated
that rising sea levels significantly increased the length of coastline in Sundaland, thus catering
for higher populations in this important ecotone (see also Bellwood 1990). However, Thiel may
have been right for the wrong reasons. Chappell (1993:45-47; 2000:89-90) has argued that
the earliest voyages to Sahul probably occurred during phases of sea-level rise or during relative
maximum levels because rising seas favour the development of coral reefs and lagoons; rivers
and streams develop estuaries and mangroves and trap sediments that can move landwards,
contributing to backwater swamp and inland waterway expansion and the formation of deltaic
plains. Such sedimentary ‘aquatic coastal environments’ favour the regular use of watercraft, as
opposed to the rocky coastal environments associated with falling and low sea levels, especially
on precipitous coasts. Under these conditions, corals form only a narrow fringing reef and
lagoons become dry land. Rivers are entrenched in narrow valleys and discharge their sediment
directly into the ocean; coastlines are likely to be steep and simple with few offshore islands.
Areas of sedimentary coast ‘would have been small and uncommon on the islands from Lombok
to Timor, the Moluccas, much of northern New Guinea and the Bismarks’ during falling-sea
periods (Chappell 2000:90).

If, as Chappell suggests, watercraft usage fluctuated with sea-level rises, it would seem likely
Sahul was reached first during a high sea-level/high-usage phase. Chappell (1993:45) notes that
for levels between -20 m and -75 m, inter-island distances do not vary very much, with three
exceptions, Kalimantan to Sulawesi, Tanimbar to the Aru shelf, and especially Timor to the
Kimberley. At -75 m, Butlin’s stepping-stone islands are ‘small and sparse’, and they disappear at
-30 m. The Timor route is the most problematic in terms of distances at all lowerings less than
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-75 m. Distances between target islands during the time of probable landfall (even allowing this
to be as wide a margin as 60 kya years to 40 kya) were most favourable along the northern route
from Sulawesi to New Guinea.

The Lambeck and Chappell (2001) sea-level curve constructed from Huon Peninsula (Papua
New Guinea) data indicates there were four occasions during the 60—40 kya period when the sea
levels rose and peaked, before falling again (Figure 2). These oscillations ranged between c. -80
m and -42 m, with the four maxima varying between -53 m and -42 m. While we favour the last
of these high stands, at c. 44 kya, as a probable arrival time, for reasons argued elsewhere (Allen
and O’Connell 2003; O’Connell and Allen 2004), the model put forward here holds for any of
these options, given that the high-stand maxima vary by only c. 11 m.

Working from maps published by Voris (2000), there are few differences in land exposed
by the -40 m and -50 m contours. In both cases, the Gulf of Carpentaria is open to the sea and
the Aru Islands are part of the mainland. But at -75 m, the Torres Plain is greatly extended and
the gulf has become Lake Carpentaria. At intermediate times, fluctuating salinities suggest this
was a complex estuarine embayment (Torgersen ez al. 1985).

This leads to three other questions concerning lowered sea levels. Somewhat contrary to his
own argument, Butlin (1993:24) notes that the islands of the Sahul Banks rose out of a part of
the ocean frequently more than 150 m in depth. With sea levels at c. -40 m these islands were
probably small atolls, but at lower sea levels they would have presented sheer coral cliffs with
heights proportional to sea level fall below -40 m, thus suggesting their usefulness as stepping
stones during periods of very low sea level would be minimal. In the Pacific, similar islands are
known as makatea islands, formed there by tectonic uplift at plate margins. Many lack surface
water, with rainwater disappearing into the karst. Whether the Sahul Banks comprised makatea
islands or coral atolls is unclear but of little consequence; both are precarious for settlement

(Kirch 2002:49-50).

Figure 2. Pleistocene sea-level
fluctuations following Lambeck and
Chappell (2001). Data for periods of
rocky versus estuarine coasts from
Chappell (2000).
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The second question follows directly. What might have been the propensity of such islands
to provide food and especially fresh water in any quantity? Birds, birds’ eggs and marine foods
would support seafarers in transit, but might not assist any longer-term settlement. Fresh water
may have been more difficult to obtain, even in the short term. The Ashmore Reef, about 100
km south of Roti, consists of three small vegetated islands on a large area of reef. Currently, fresh
water is available from wells that tap into fresh-water lenses (the Ghyben-Herzberg aquifer)
beneath the surface of the islands. The sizes and salinity distributions of such acquifers are
dependent on many factors, including rainfall, the amount and nature of surface vegetation,
the nature and distribution of soils and the size of an island, particularly the width from sea
to lagoon. It is thus uncertain that such low islands anywhere in Wallacea would have greatly
assisted movements towards Sahul, apart from providing fishing and birding grounds.

The third question concerns the viability of different coasts for hunter-gatherer settlers
beyond the general parameters outlined by Chappell, who himself noted exceptions to them
(Chappell 1993:46). Remnant ‘aquatic’ coastal environments may have supported some human
movement at periods of lower sea level. Demonstrating this possibility seems to require better
data than are currently available. In particular, it is reasonable to ask whether the greatly expanded
Sahul plain west of the Kimberley Plateau would have had a sufficient number of streams and
rivers to facilitate successful settlement by chance arrivals, especially in periods when lower sea
levels were accompanied by lower precipitation.

Watercraft and seafaring

Almost all commentators have assumed a minimalist position when speculating about what
marine technology was employed in the successful colonisation of Sahul. While such a position
makes the fewest assumptions, it should not deny the possibility that greater technological
inventiveness was involved, given that such inventiveness is one hallmark of modern humans
(O’Connell and Allen 2007) and that the speed with which distant parts of Australia were
colonised strongly suggests initial colonisation was inventive and systematic. Added to this, we
now recognise that watercraft had to be of sufficient size or number to get founding populations
into Sahul (see also Irwin 1992:27). The sizes and compositions of such populations are
considered in more detail below.

Anderson (2002:13—19) has most recently summarised the minimalist case. Along with many
commentators, he favours bamboo rafts for their buoyancy, speed and ease of construction, and
light displacement which would allow such a craft to be propelled by wind, even without sails.
If bamboo rafts were used, however, there are interesting implications, for Birdsell (1977:144,
following Munro 1868) argued that while suitable bamboos are nearly continuous along the
northern route, they do not occur along the southern route beyond Java, and that if the southern
route was used, different materials would have been demanded. Although the Pleistocene
distribution of bamboo is unknown, if drier and cooler conditions pertained we might expect
its Pleistocene distribution to have been even narrower than today. Understanding distributions
of bamboo 45,000 years ago is also complicated by the likelihood that its usefulness to humans
caused them to move this plant to locations beyond its natural distribution at that time.

Anderson also considers initial settlement required no more than occasional drift voyaging
and he suggests systematic voyaging in Pleistocene Near Oceania remains improbable. Whether
he includes coastal voyaging in this dismissal is unclear. But while people reached Manus by at
least 20,000 years ago, involving a crossing of at least 180 km including some 60 km out of the
sight of land, Anderson argues this could have been achieved by a drifting or paddled raft.

Anderson (2000:16-17) is critical of both the term and the concept of Irwin’s proposed
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‘voyaging nursery’, extending from Island Southeast Asia to the Bismarcks. Regardless, we
continue to find utility in Irwin’s data and arguments, particularly as they pertain to Wallacea.
Whether or not earlier watercraft were in use still further west is unimportant here; it is no leap
of faith to suppose that once the larger landforms of the Sunda shelf had been left behind, the
technological sophistication and use of watercraft, even bamboo rafts, increased among the large
and small islands of Wallacea.

Irwin (1992:18-30) initially followed Birdsell in examining questions of distance, angle
of target and intervisibility, adding data and comment on climate and weather, watercraft and
navigation, passages in the voyaging corridor, and voyaging intent and frequency. He observed
that even with sea levels at -40 m to -70 m, distances between high islands — those islands visible
at a distance — were much the same when sea levels were lowest, so that the distances and angles
he calculated were similar to Birdsell’s.

By translating island heights into the specific distances that land might be ahead, Irwin
demonstrated that Birdsell’s northern route through Halmahera provides unbroken intervisibility;
his two other northern routes are on the borders of intervisibility; but the two southern routes,
through Tanimbar and to the Kimberley coast, are both blind. Again, this intervisibility remains
essentially constant, whatever the sea level. Moving westwards from New Guinea in the reverse
direction (an important consideration, see below), the Halmahera route is just beyond the limits
of intervisibility, but the route through Seram has continuous intervisibility, which it did not
have moving eastwards (Irwin 1992:21-22).

Given the equatorial position of Wallacea, Irwin (1992:24-25) argues that there would have
been no wholesale latitudinal displacement of weather patterns during the period of interest. As
is the case today, the southern winters would have been dominated by the southeasterly trade
winds and the summers by the northwest monsoon winds. Currents followed the wind patterns,
such that seasonal reversals of winds and currents would have been predictable. In particular,
their equatorial position would have placed both the voyaging corridor and the settled islands
between northern and southern tropical-cyclone belts. While elsewhere sailors may avoid adverse
cyclonic weather, frequently their settlements do not. This seems likely to have been a further
advantage of the corridor for first settlers.

Thus, seasonal two-way sea journeys would have been facilitated by winds and currents.
The most likely exception is again the Timor—Kimberley coast route. A computer simulation by
Wild (1985:69, cited in Irwin 1992:28) found that most watercraft drifting from Timor during
the monsoon season reached the Australian coast, but the reverse voyage was difficult, even
during the southeasterly trades, when most craft were blown back on to the Australian coast or
south into the Indian Ocean.

Ideal free distribution (IFD) and optimal foraging theory

Questioning whether the human settlement of Sahul was deliberate or accidental may be
missing the point altogether. If a group leaves familiar territory, food-procurement success
will decline and the probability of failure due to unpredictable events will increase (Wobst
1974:152-153). Long-distance moves will lower the population density and increase instability
in social networks. Thus, large-scale or long-distance migrations are improbable; in Wobst’s
view ‘colonisation would take place gradually and randomly by small breakaway groups along
the fringes of the settled area’. In modelling the colonisation of the New World by 25 people,
Wobst calculated a maximum migration speed would be only 5 km/year, a speed that could not
be conceptualised as a conscious process of migration.
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We agree with this general position. Even so, reaching Sahul was only a matter of time once
humans first moved beyond the Sunda mainland.

Watercraft were essential to move east from Sundaland, and whether or not watercraft
sufficient to the task had been invented before or after the edges of the Sunda shelf had been
reached is immaterial here. While it is currently impossible to calculate the costs and benefits
for the first people of moving beyond this ‘edge of the world’, it is still a more effective way
to consider the problem for hypothesis building than are appeals to the adventurous spirit.
Humans do not take risks without some understanding of an eventual return that will justify
such risks. We can assume reasonably that leaving the edge represented an increase in investment
in marine technology, even if this technology was simple and unsophisticated. We can then only
assume the benefits would fall into some of those categories that Butlin termed ‘push’ and ‘pull’
factors. Within the current argument, it is unimportant to specify these, be they crowding from
population increase, declining returns from existing territories, or what Hiatt (2001) called
colonisation by elopement.

What is important is to recognise that the investment in marine technology is a calculated
response to some set of conditions that propels people into Wallacea. Once there, the probable
imbalance between terrestrial and marine resources in relatively impoverished island habitats
would demonstrate the possibility of increasing returns from marine resources as a function of
improving technology, of which watercraft were a part. This is the way any distinctive material-
cultural assemblages were developed in past cultural groups. In our view, the use of marine
resources and increasing familiarity with them on the islands of Wallacea over time demanded
a concomitant response in improved watercraft technology. This may still have been bamboo
rafts. The notion does not demand canoes, outriggers, sails, or other more complex technology,
but it does not deny them either.

In modelling the movements of behaviourally modern humans, we thus appeal to the ideal
free distribution model (hereafter IFD). This was developed by Fretwell (1972) to account for
distributions of dispersive birds in new habitats. It proposes that the way individuals occupy
new territories is set up via habitat selection. Each habitat within a territory will have a different
suitability, dependent on the number of occupants. The model suggests that in an empty
landscape, the ‘best’ habitats, that is, those that optimise evolutionary success, will be occupied
first.

But since optimality is density-dependent, there comes a point when optimal evolutionary
success is threatened by population increase within the habitat. If habitat suitability declines
with an increase in population density, then optimum distribution may become an unstable
function of population size, where slight increases in population may cause major changes in
distribution. When the suitabilty of the best habitat declines, as a function, for example, of
increasing population depressing the availability of resources, and falls to the level of suitability
of the next-most-suitable habitat, this second habitat will be occupied — and so on, in a cascading
demographically driven pattern of habitat occupation where all occupied habitats have the same
level of suitability, or in other words, all individuals have the same level of reproductive fitness.
But this can occur only if all individuals are free to choose where they settle; that is, this is the
pattern that settlement will ideally follow if no other constraints are applied.

The IFD model is not without its critics. Lima and Zollner (1996:132-133) point out that
a dispersing animal will have little information about the distribution or number of living sites
within a habitat or the greater landscape. They point out that IFD models mostly deal with
small spatial scales that have high levels of available information and that opportunities for
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learning at large scales are minimal, since they involve the repeated abandonment and location
of habitats that might be widely spaced, thus increasing risk. While such criticisms are valid,
they might apply less to human groups that can disperse and regroup during exploration phases
and exchange information via language, thus minimising risk.

While we perceive IFD as an overarching model that is useful in conceptualising how
and why groups might occupy pristine territories, Fretwell was anxious to emphasise that
the model only predicted the equalising of reproductive fitness if all individuals were free to
occupy whatever territory they chose, and it is probable that in the face of finite resources
at any particular location, those in possession moved to exclude other groups. At this more
specific level, we model behaviour by appealing to optimal-foraging theory, a set of models for
assessing food acquisition (Stephens and Krebs 1986; for a review of archaeological applications,
see Bird and O’Connell 2006), a primary concern among hunter-gatherers and archaeologists
reconstructing their past behaviour.

One of these models, the diet-breadth model, ranks available foods according to their
potential to maximise nutritional-return rates, by assessing not only nutritional value, but
also time spent in search, capture and processing. Marginal-value theory, on the other hand,
determines the point in time when foragers should abandon one location for the greater benefits
of another. As understood, this mostly means that higher foraging returns at the new location
will compensate for lower present returns plus costs associated with moving. However, these
costs may also include social costs, and at this point, we perceive how IFD and optimal-foraging
models begin to meld.

Taken in conjunction, IFD and optimal-foraging theory provide us with a way to
understand how Wallacea might have been crossed as part of a conscious foraging strategy
that involved neither accidental castaways, nor deliberate colonisations. Under the diet-breadth
model, technologies that reduce search and capture time and expand the list of available foods
will be favoured. Thus, we would expect watercraft and fishing technologies to improve once
people moved into the island world of Wallacea. We have expanded on these ideas elsewhere
(O’Connell et al. 2007).

How might this operate on the ground? Let us assume that a behaviourally modern hunter-
gatherer group exploits a territory that borders the Sunda shelf coast, the same barrier that has
restricted earlier humans for more than a million years. Like these earlier humans, members of
the group know islands exist to their east because they can see them from sea level; but unlike
these earlier humans, they have (or develop) sufficient technology to occasionally reach these
islands, utilise new sets of resources and return to their group. Even if the natural resources
of the new location rival those in the existing group territory, this does not of itself make it
a preferred habitat. Provided the suitability of the existing territory does not diminish, the
social advantages of the established population there, from territorial knowledge to cultural
association, from security from predators to marriage partners, maintains the original territory
as the preferred location of the group.

Under Fretwell’s IFD model, this balance is ultimately upset by population increase. However,
the upset might equally be caused by diminishing resources in the territory, competition with
neighbouring groups, or even short-term climate change such that the suitability of the habitat
diminishes. While internal group conflict might cause fission, the decision to establish a new
settlement on a peripheral island need not involve expulsion, nor indeed any conscious decision
to go. A family or two may merely spend longer and longer periods away from their original
group territory and in the new one; others might gradually join them until a new foraging
territory comes into existence. The assumption here is that the initial group will settle in the
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habitat where diet breadth maximises its reproductive fitness (Beaton 1991). While the group
remains small, all people joining it will settle in the same place because suitability is highest there.
Since humans are gregarious, the variation to IFD known as Allee’s principle will apply (Fretwell
1972:90-91). Initially, the suitability of the new habitat increases with an increase in the density
of human groups, for the cooperative and social advantages already outlined. If at the same time
the suitability in the original territory continues to decrease, it becomes advantageous to move
into the new territory, until the suitability of the new territory approximates that in the former
territory. Although the new territory will be different in its resources and their deployment, and
human densities will differ in each, the IFD model suggests the reproductive fitness of both
groups will equalise. As discussed in the next section, it may be necessary for the new group to
maintain social and economic ties with its ancestral group for the exchange of different resources
(a mutual benefit) and the exchange of genes (perhaps mainly a benefit to the new group).

The important point is that under the model, a small change in conditions, be it population
increase, competitive increase, or resource downturn, can occasion a relatively large change in
the distribution of the humans involved.

Some islands, such as Suluwesi, are large and would likely contain multiple territories, while
smaller islands might be bypassed altogether for more suitable habitats. It may be instructive
that today, with high populations and an agricultural base, only 6000 of Indonesia’s 17,000
islands are inhabited. When multiple hunter-gatherer groups are operating entirely within island
environments, some islands will have much greater natural suitability than others, whether this
is a product of island size, reef size, resource diversity and productivity, availability of water, or
combinations of all these things. Water sources, or equivalents such as coconuts, perhaps a less
crucial variable on the Sunda mainland, will likely become a more critical one on islands with
restricted catchments, making some islands or groups of islands preferred habitats and others
very peripheral.

One implication of this is that the next-most-suitable habitat need not be adjacent to the
first. Not all islands will be occupied in longitudinal turn and some may be never occupied nor
even utilised. As such, our model is neither strictly a diffusionist wave-of-advance model, nor
a streaming linear point-and-arrow model (Rockman 2003). While our interest is in a general
east-to-west advance, specific islands may have been initially colonised from any direstion.

Thus our model leads us to conclude that the earliest Wallacean colonists selected the most
suitable habitats, and when fission occurred, similarly suitable habitats were occupied, even at a
distance. We refer to this model as the ‘sweet-spot’ model, a term coined by Robert Elston (e.g.
Elston 1992) to mean a place in a landscape that, given particular hunter-gather technology,
diet and population, is optimally located with regard to procuring a suite of resources, including
food, water, fuel and shelter. While moving from sweet spot to sweet spot may well have been
also the prevailing mode that propelled modern behavioural humans to the edge of Sunda, we
believe the nature of the island world of Wallacea refined and intensified it as a strategy for
colonising it. Eventually, Sahul loomed on the horizon.

The magic number

The demographic parameters of successfully colonising Wallacia and Sahul appear to be the
missing pages of most such histories. Exceptions include Birdsell’s (1957) early modelling that
indicated a founding group expanding at ethnographically observed rates might fill Australia
to carrying capacity in only several thousand years. Jones (1989:753-756) favoured chance
castaway landings that were occasionally successful in establishing viable small populations,
but he recognised no account had been taken of the genetic shortcomings of such models.
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Frequently quoted, but least likely, is Calaby’s (1976:23-24) imaginative but biologically
improbable suggestion that a single pregnant female caught in a flood and swept to sea on a
fallen tree or raft of vegetation could have been the Aboriginal Eve.

The general absence of the demographic parameter in the settlement of Sahul is under-
standable, given that the scales at which archaeology or genetics operate are unlikely to directly
inform the problem. As with voyaging simulations in the Indo-Pacific region, demographic
simulations of small colonising populations appear to offer the best illumination at present.

An early important attempt in Australia at simulating small founding populations was
made by McArthur (1976). McArthur recognised that unlike modelling large populations,
the demographic fate of each individual in a small group is of great significance to the fate
of the group, but that by assessing the fate of each individual year by year, and introducing
birth and marriage (monogamous vs polygamous) and incest rules, the capacity of the 1976
CSIRO computer was rapidly strained. Thus, these simulations ended when any population
included either 500 men and women who had ever lived, and/or the maximum timespan for
any of the populations generated was 500 years. The simulations were run for groups of three,
five and seven couples and whatever the size of the group, groups with younger members had
significantly lower probabilities of extinction than those with older couples, but the smaller
groups had higher likelihoods of extinction.

McArthur found the slowing down or reversal of a group’s demographic increase was
traceable to distortions in the sex ratios, either the predominance of one sex among the births, or
the failure of some to survive and reproduce. However, under the constraints of the experiment,
McArthur was unable to indicate what demographic threshold needed to be achieved for long-
term viability.

The problem has recently been re-examined by Moore (2001), who notes that in bands
of 25-50 individuals, people are frequently organised around co-resident lineages that restrict
potential spouses from marrying opposites who are closely related. In ethnographically described
small-scale foraging societies, such marriage restrictions are almost universal. Thus, in small
groups, eligible spouses rapidly become rare. Four demographic factors — birth rates, death
rates, sex ratio and distribution of sibship size — appear to determine the success of an isolated
colonising band. The stochastic nature of birth and death rates can devastate small groups, as
can an unbalanced sex ratio, even if women outnumber men and polygyny is adopted, since,
other things being equal, the average completed fertility in polygynous marriages is often lower
than in monogamous ones. Even if economically viable, such a band will almost inevitably die
out unless members either commit incest, a solution with its own fitness costs, or recruit suitable
spouses from outside the group.

Again using computer simulations, Moore (2001:400) proposed that unbalanced sex
ratios might be more damaging for the long-term viability of a group than fertility issues,
especially if long runs of male offspring occur. More telling is the clear indication that lower
starting population sizes produce more variable and less predictable results than larger starting
populations. Whereas the fate of small groups might turn on a few specific births or deaths,
these small events are buffered in larger groups.

Most telling in Moore’s simulations is that while the longevity of the group increases with
size, no groups of any of the tested sizes up to 60 people avoid extinction, and only rarely do
they remain extant for 1000 years in isolation. Such an incursion into Sahul might well remain
archaeologically invisible. However, the potential for viability increases significantly if the group
exchanges spouses with one other group of equal size. This suggests that if we model the crossing
of Wallacea in a ‘string-of-pearls’ formation, the lead group in the string is as biologically viable
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in its reproductive ability as a group further towards the centre of the string, provided contact
with the second group is maintained.

Stemming directly from Moore’s analysis (see also Wobst 1974:170-173) is the conclusion
that there is no magic number that will assure viability for any isolated small group of hunter-
gatherer colonists crossing Wallacea or entering an empty landscape. While, equally, every small
group has some minimal chance of survival, if it arrived as a biologically unbalanced group of
castaways on Sahul, its ultimate biological success would seem to be miniscule and dependent on
soon being overtaken by subsequent castaway colonists to add to the gene pool. Such an event is
probably rare, and even if it did occur, success would require some minimum complementarity
in age and gender, as Crusoe realised when he met Friday. The alternate strategy whereby
deliberate contact is maintained to bolster potential long-term reproductive success seems to us
more probable.

The discussion here has centred on the biological requirements for small pioneering groups
entering empty landscapes. We have considered only what Moore refers to as the period of
stochastic crisis when extinction might result from the magnified effects of only one or two
deaths in a small group. However, if the small group can attain a size at which these critical
stochastic events are buffered by the co-occurrence of benevolent events, it may reach the point
of ‘Malthusian takeoff’, when the group begins to increase its population geometrically. At this
point, while the threat of extinction recedes, it is replaced by the opposite problem of too many
people for the mode of production. While less suitable habitats previously bypassed may now
be filled in, or economic intensification might increase the productivity of a habitat, other social
solutions, such as infanticide, might also be introduced.

The Timor route

None of the variables discussed here offers much support for the Timor to the Kimberley coast
route. While the target was wide, it was a blind crossing and its value could not be determined
by scouting, its location only surmised on the basis of smoke, migrating birds and bushfire
glow. It required sufficient technology to cover a longer journey at times of higher sea level, the
opportune times to utilise coasts and islands, but from a starting point that may have lacked
bamboo, the favoured watercraft-building material. If people could not return to Timor, no new
information about what lay ahead was available to subsequent intending colonists. The nature
of the Kimberley coast at various lower sea levels is uncertain, but extensive mud flats and lack
of fresh water may have been a problem. Lastly, the long-term reproductive viability of colonists
taking this route would seem to have depended on being overtaken by subsequent gender- and
age-compatible colonists.

Alternatively, these deficiencies appear not to attend the northern route that eventually
brought people on to or near the Bird’s Head of western New Guinea. This is the most likely
route of entry into Sahul.

Conclusion

We intend to pursue the corollary to this paper, the dispersal of people through Sahul, in another
place. However, we note that if people did enter through the Bird’s Head, as we suggest, then
dispersal eastwards was controlled in large part by geography. The central cordillera running the
length of New Guinea, and in places reaching 4000 m above sea level, is thought to have been
shrouded in cloud and inhospitable. This mountain chain formed an effective wedge, isolating
people moving along the northern coast towards the Bismarck Archipelago from those moving
southwards into Australia. On either side, the catchment of the cordillera provided numerous
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rivers, the basis for coastal and lowland sweet spots. But to the north, the coastline channelled
people in string-of-pearls fashion towards the immediate dead-end of the Bismarcks, while to
the south, a different scenario was played out.

Despite decades of biological research in Australia and New Guinea that has emphasised the
differences between the two regions, recent genetic research has begun to change this situation.
There are now three or four shared haplogroups, P3, S, Q2, and possibly P4, that indicate
ancient mtDNA linkages (Friedlaender ez a/. 2005; Friedlaender ez a/. 2007; Hudjashov ez 4.
2007). Interestingly, one of these, Group S, is in Papua on the Oriomo Plateau (Figure 1), and
thus is south of the cordillera, supporting the view of an early incursion along the southern New
Guinea coast towards what is now Australia. The others are from the Bismarck Archipelago. This
genetic evidence is more fully considered in O’Connell ez a/. (2007).

In keeping with our understanding of the ability of behaviourally modern humans to solve
problems with technology and determine the costs and benefits of their actions and decisions,
we see little to recommend the parsimony of minimalist views that wash the first Australians
and New Guineans ashore as helpless castaways. We find equally unpersuasive views that invoke
long-distance migration and voyages of exploration in the style of Magellan and Cook. People
crossed Wallacea as a consequence of specialised foraging behaviour, in much the same manner

as they had travelled from Africa to the edge of Sunda.
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Introduction

How and when islands in the Pacific and Indian Oceans were colonised by Austronesian speakers
has been of great interest to archaeologists for decades. Few people, however, have gone to such
great lengths to answer the questions from so many different methodological and theoretical
perspectives as Atholl Anderson. Atholl probably also has the distinction of having stepped on
more islands in the Pacific than any other archaeologist and his efforts to understand Oceanic
prehistory have influenced and will continue to inspire future generations of archaeologists.
Given that his research has been so varied and spanned several oceans, dozens of islands and
thousands of years in prehistory, we felt it appropriate to write a paper for Atholl’s festschrift
that embodied one of the core questions regarding Austronesian expansion — how did peoples
reach these islands?

Using computer simulations of voyaging, we examine the prehistoric colonisation of
Madagascar. This approach to studying ancient seafaring is increasingly used worldwide
to investigate colonisation, migration and culture contact (Levison ez a/. 1973; Irwin 1992;
Callaghan 2001, 2003a, 2003b, 2003¢; Montenegro ez al. 2006; Avis ez al. 2007; Callaghan
and Fitzpatrick 2007, 2008). The results of these simulations can be coupled with other data to
develop more robust hypotheses regarding the possible routes of migration to Madagascar by
Austronesian speakers, illustrating the extent to which peoples were willing to travel to colonise
new islands.

The colonisation of Madagascar

Madagascar, one of the world’s largest islands (587,000 km?), is located in the Indian Ocean
about 420 km from the southeast African coast and 5600 km west of the Indonesian archipelago.
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Archaeological and paleoenvironmental evidence suggests Madagascar was first colonised by
peoples about 2000 BP (Dewar and Wright 1993), although its settlement history thereafter
appears to have been more complex, with people voyaging from around the Indian Ocean,
including Southeast Asia, East Africa, South Asia and the Near East (Dewar and Wright
1993:418). What makes the Madagascar case particularly intriguing is that it lies relatively close
to the African mainland, but was settled initially by Austronesian speakers from much further
away. The most widely spoken language on the island is Malagasy, of Austronesian origin, which
has its closest affinity to Borneo (Dhal 1951, 1977). There is also evidence of extended contact
with the Bantu language, but it seems to have diverged from Island Southeast Asian languages
1000 to 2000 years ago (Dewar and Wright 1993:419). Genetic analysis also indicates major
migrations to Madagascar from both Indonesia and East Africa (Pigache 1970).

A computer-simulated approach

Migrations from East Africa would have required sea crossings of about 400 km (215 nautical
miles). Direct migrations crossing the Indian Ocean from Indonesia to Madagascar, however,
were 15 times further, requiring sea crossings of about 6000 km (3200 nautical miles). It is the
latter crossings which are of interest here, since this is where the first colonists originated. In this
paper, we use computer simulations to investigate migration routes, strategies and seasonality.
These simulations take advantage of detailed oceanographic, anemological and climatological
data to determine how watercraft will move or react to ocean conditions at a given time of the
year.

A number of voyaging strategies can be investigated using computer simulations. The two
basic divisions are between simple downwind sailing and directed voyages. In this analysis, we
investigate both strategies. The first is downwind sailing, or sailing before the wind. In this
strategy, vessels are simply sailed before the wind with little or no attempt to navigate in a
particular direction. This allows close to the maximum distance to be covered in a given time.
The initial discovery of Madagascar may have involved this type of strategy. It is consistent with,
but not limited to, situations where sailors are lost at sea. Dening (1963:138—153) notes that
the limited empirical evidence of voyagers lost at sea in Polynesia suggests a common pattern of
behaviour in which sailors conclude they are lost early in the voyage and respond by allowing the
vessel to sail before the wind, with no further attempt to navigate in a particular direction.

The second strategy used in the simulations is one in which sailors intentionally try to sail in
a particular direction. This requires vessels that have some capability to sail to windward. During
the period from 1000 to 2000 years ago, it is well known that Indonesian and other vessels sailing
in the Indian Ocean had such capabilities. McGrail (2001:301) notes that vessels carved into the
eighth-ninth century temple of Borobudur on Java carry lug sails and canted rectangular sails. La
Baron Bowen Jr (1954:201) refers to the canted rectangular sails at Borobudur as a form of lug
sail. Lug sails are one of the most powerful rigs for sailing to windward that can be made using
fairly simple technology (Bolger 1984:42). We also simulated return trips from Madagascar to
Indonesia as linguistic evidence suggests contact was maintained between Malagasy speakers
and languages on the eastern side of the Indian Ocean (Adalaar 1989).

One possible route is described in the Periplus of the Erythraean Sea (Schoft 1912). The
Periplus was probably written about AD 60 (Schoff 1912:15) and overlaps the period of interest
here. The Periplus describes the timing of trading voyages from about 10° S along the East
African coast around the Indian Ocean and through the Straits of Malacca to about 5° S off the
east coast of Sumatra. There is a description of the goods traded along what is largely a coastal
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Figure 1. Map of the Indian Ocean.

route. However, seasons for two open-sea crossings are given. One is for crossing the Arabian Sea,
and the other for crossing the Bay of Bengal. The crossings make use of the seasonal monsoonal
shifts. Overall, the coastal route from the Straits of Malacca to just north of Madagascar would
involve sailing more than 11,000 km, or 6000 nautical miles. As this route is well documented
and is primarily a coastal trading route, we did not simulate migration voyages along it. Rather,
we investigate alternative, more direct routes to the south.

The simulation program

The problem of establishing alternative migration routes, durations and seasonality is addressed
here using computer simulations based on the known patterns of winds and currents throughout
the year. When running downwind-sailing simulations, four main variables are considered: (1)
current patterns; (2) wind patterns; (3) vessel type; and (4) propulsion. The structure of the
simulation is the actual mechanics of the program — for example, how data are selected, and
success as a percentage of all voyages calculated. Parameters include such factors as the starting
position of the vessel, whether it is a downwind or directed voyage, the duration at sea, and what
constitutes a successful voyage.

Currents will affect objects caught in them in a 1:1 ratio. That is, the object will have the
same speed and set as the current unless other forces are operating. Any object floating with an
appreciable part above the water will be more affected by winds than currents unless a current
is exceptionally strong. The effect of wind on objects floating high in the water was used by
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traditional navigators in Kiribati to determine the direction of land when recent winds differed
from the flow of the current (Lewis 1972:212). The source of wind and current data is the CD-
ROM version of the US Navy Marine Climatic Atlas of the World (Version 1.1 1995).

The type of vessel and how it is propelled make up the final variables of the problem, as the
shape of an object above and below the waterline will respond to the effects of wind. However,
in this problem, we do not know what types of vessels were used. Some form of Indonesian
sailing vessel from the period of interest is most likely, as Indonesian-style outriggers are still
used in some parts of Madagascar (Dewar and Wright 1993:419). Recently, a replica of a first-
millennium Indonesian vessel based on one depicted on the temple of Borobudur <http://
www.borobudurshipexpedition.com/index.htm> made a direct crossing of the Indian Ocean
to Madagascar. However, there are 11 vessels depicted at Borobudur, not all of which are the
same design (McGrail 2001:301). Because we do not know precisely what types of vessels were
involved in migrations to Madagascar, and it is likely multiple designs were used, we have used
generalised sailing speeds derived from a number of vessel types. Speeds at which the vessels used
in this simulation can travel under various wind conditions are taken from figures provided by
Levison et al. (1973).

The program itself is also based on the United States Navy Marine Climatic Atlas (US Navy
1995), which includes all of the world’s seas and oceans, except Arctic waters. The data are
organised in a resolution of one degree Marsden squares (one degree of longitude by one degree
of latitude). In particular, this resolution allows the effects of smaller and more variable currents
to be accurately reflected in the outcomes. The program randomly selects wind and current data
that are frequency-weighted according to the compiled observations of the Marine Climatic
Atlas. These forces are allowed to operate on vessels for a 24-hour period before a new selection
is made (see Levison ez al. 1973 for a justification of the period length).

The distance and direction travelled are based on the wind and current data, combined
with the speeds from Levison ez al. (1973:19) and parameters selected by the program operator.
Examples of parameters here include the use of sails, sea anchors to keep a vessel oriented into
the wind during storms, or droques to slow the vessel and prevent following seas from swamping
it. It is also possible to include changes of heading when under sail. This last feature is important
when assessing the level of navigational skill required to reach a selected target during directed
voyages. The program automatically shifts to the database for the following month after the
month originally selected has expired. This feature better reflects the reality of changing wind
and current conditions over long voyages. The result of the simulations is expressed as the
percentage of successes for a particular vessel type from selected points.

Parameters of the simulation are choices made by the program operator in order to set up
the simulation to answer a particular question. These include the following information: (1)
points of origin and destination; (2) crew strategy; (3) performance characteristics; (4) duration
of voyages; (5) time of year; and (6) number of simulations.

Four points of origin were used, with Madagascar as the destination. These were the Bali
Straits between Bali and Java; the Sunda Straits between Java and Sumatra; the north end of the
Malacca Straits off the northwestern tip of Sumatra; and just west of Sri Lanka and south of
India. One point of origin off the northeastern tip of Madagascar was used for return voyages
to Indonesia.

The second parameter is the strategy used by the crew. As noted above, in this analysis,
we have chosen to investigate two strategies. The first is downwind sailing or sailing before the
wind. In this strategy, vessels are simply sailed before the wind with no attempt to navigate,
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allowing close to the maximum distance to be covered in a given time. The second strategy is
one in which sailors intentionally try to sail in a particular direction.

The duration of the downwind voyages was set at 200 days, after which it was assumed
the crew perished. Two hundred days would approach the longest voyage in an open boat due
to shipwreck or other misfortunes documented in the Pacific (Howay 1944; Levison e al.
1973:20-21; Callaghan 2003c). The longest recorded shipwreck voyage in an open boat seems
to be in the order of seven to eight months, and several of these have been documented in the
past few decades. A number of these recorded voyages covered distances of about 5500 km over
six to 10 weeks, and more travelled slightly shorter distances. For the purposes of this study,
100 downwind voyages were simulated for all 12 months of the year from each of the points of
origin.

Survival

Survival of the crew in long open-ocean voyages is an important consideration. The three
main factors affecting survival at sea are the surface temperature, the availability of water and
the availability of food. These factors are all related to the duration of the voyage. Sea surface
temperature is not a significant factor here, as the surface temperatures of the equatorial Indian
Ocean, 28C-29C (Heikell 1999:209), are well above temperatures that would present a
significant problem (McCance ez al. 1956).

Wiater is probably the greatest problem on long ocean voyages. Lee (1965:96, 99) states
that the maximum time an individual can be deprived of water under survival conditions is 10
days. The availability of water, however, is very difficult to calculate. As stated by Levison ez 4.
(1973:20), ‘between the extremes of no water and ample water the whole range of unpredictable
situations makes it impractical to construct a separate risk table for this factor’ in a simulation
program. Aside from what is stored on board, water can be obtained from precipitation, especially
in the tropics, and it is not difficult to retrieve from sails (Heikell 1999:5). Even in the dry
season, some regions of the Indian Ocean have showers in the afternoon (1999:214-215). There
are several other sources of drinking water at sea, besides precipitation. Bombard (1986:61)
was, at times, able to collect nearly a pint of water from dew during survival experiments in the
Mediterranean. While displacement vessels have an advantage over rafts in that the hull will
collect dew, almost any material (including cloth, matting and leather) can be used to collect
water particles. Lee and Lee (1980:139-160) cite instances in which water has been obtained
by shipwreck survivors from fish and barnacles, or in which blood was a viable substitute.
Bombard (1986:212-213) demonstrated that one can survive by drinking seawater, as long as
small amounts are drunk before dehydration sets in.

Given that the voyages investigated here are not shipwreck situations, it is expected that
vessels are well provisioned. A wide variety of dried fruits and nuts are available in the lands around
the Indian Ocean (Heikell 1999:11) and rice and other grains have considerable storability. Fish
are currently abundant and easy to catch in the equatorial Indian Ocean (Heikell 1999:18) and
should have been more so in the past. In emergencies, a number of resources may have been
available. Lee and Lee (1980:139-160) describe instances of survivors eating everything from
non-vegetable plankton to toredo borers. One report (Lee and Lee 1980:110-111) describes
barracuda leaping on to a life-raft, though they were perceived more as a threat than a food
source. Sharks, often too small to be a threat, are commonly reported following small vessels.
Turtles and sea birds are other food sources not necessarily requiring specialised technology to
capture that are often reported available to survivors.
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Results

Downwind sailing from the Bali Straits would not allow voyagers to reach Madagascar at any
time of the year. However, from April to August, it would be possible with some knowledge to
use the technique to sail significant distances to the west and to reach 88¢ E, particularly in June.
Similarly, downwind sailing is not a feasible strategy for reaching Madagascar from the Sunda
Straits. From the Bali Straits, significant progress westward can be made from April to August,
especially in June when voyagers using downwind sailing could reach as far west as about 83¢ E.

From the northwest tip of Sumatra, downwind sailing could allow voyagers to reach as far
west as about 72° E from December to March, before they would be driven back to the east.
However, in November and December, downwind sailing could be used to reach Sri Lanka
in as few as 40 days, making no attempt to navigate other than keeping the wind at the stern.
From the India/Sri Lanka position in January (Figure 2), and to a lesser extent in February,
the pattern for downwind sailing is interesting. Vessels would move to the southwest through
the Maldives before the pattern bifurcates, with vessels moving either to Madagascar or Java.
Downwind voyages to Madagascar using this route would take as few as 81 days. The route to
Java could take as few as 73 days. In March, November and December, vessels move through
the Maldives before travelling east to Indonesia. During the rest of the year, vessels are pushed
back to Sri Lanka.

The final set of downwind simulations was from Madagascar to Indonesia. From August
through April, most vessels were simply blown back to the island, with a few in March and
April, and August through December moving to the west, and landing on the adjacent African
coast. The majority of vessels setting sail from May to July moved to the northwest, landing
along the Somali coast, with a smaller number reaching the west coasts of India and Sri Lanka.

The second set of simulations assumed a moderate ability to sail to windward, averaging
1 knot when sailing across or into the wind. These voyages were directed, in that a heading
towards Madagascar was selected. Other than choosing an initial heading, no attempt was made
to steer the vessels. From the Bali Straits, it was not possible to reach Madagascar. From August
to March and in May, vessels were forced to Java. In June and July, vessels could sail west to a
position south of Sri Lanka before being forced back to the east. However, 18 percent of vessels
setting out in April reached Sri Lanka in an average of 157 days.

Sailing west from the Sunda Straits from December through March, a number of voyages
either reached Madagascar or passed north of the island. Vessels passing north would have had
lictle trouble making landfall on Madagascar. In December, five percent of vessels passed to the
north of Madagascar, reaching Africa in 103 to 115 days. In January, eight percent of vessels
reached Madagascar or the nearby Seychelles or Amirante Islands. On average, the voyages took
163 days, but they could be as short as 109 days. In February, 18 percent of vessels landed in
Madagascar or the Seychelles and Amirante Islands. On average, the voyages took 142 days,
with a minimum of 99 days. Vessels starting out in March (Figure 3) had the greatest chance of
reaching Madagascar, or they passed to the north, landing on the coast of Africa in a total of 53
percent of voyages. The average voyage duration was 152 days, with the shortest being 100 days.
In April and October, vessels made headway south of Sri Lanka before being swept eastward.
Approximately 25 percent of vessels landed on Sri Lanka and the west coast of India. From
May to September, vessels sailed west to a position south of Sri Lanka before being blown back
eastward to the coasts of Thailand and Burma. Vessels setting sail in November primarily were
forced back to Java, although two landed on Sri Lanka and two on the Somali coast.

Simulations of voyages westward from the northwest tip of Sumatra in January (Figure 4)
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Figure 2. Downwind sailing from South India/Sri Lanka in January.

Figure 3. Directed sailing from the Sunda Straits in March.

and February all reached Madagascar in 93 and 72 days respectively. In December and March,
a few vessels reached Madagascar, but most passed to the north, landing on the African coast.
Vessels starting in December reached Madagascar in a minimum of 111 days, while those
beginning in March took a minimum of 180 days. Vessels starting in October were forced to
the west coast of India in a minimum of 40 days, while vessels starting in November were mostly
forced to Sri Lanka in a minimum of 21 days. In April, vessels were all forced to Sri Lanka in a
minimum of 23 days.

Simulations from the India/Sri Lanka position were given a southwest heading. From
December through March, all voyages passed through the Maldives, making landfall on
Madagascar. The minimum durations were as follows: December: 60 days; January: 44 days;
February: 43 days; March: 61 days. Vessels in April were first swept towards Sumatra and then
to the west past northern Madagascar, landing on the African coast in a minimum of 110 days.
A similar pattern was found for October, with vessels landing on the Somali coast in minimum

of 95 days.
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The final set of simulations was from Madagascar to Indonesia. A heading of due east was
given to the vessels. From November through April, there were successful voyages between
Madagascar and Indonesia. However, the percentage of successful voyages and their durations
varied considerably. Success ranged from 50 percent for vessels setting out in March, to 100
percent for those setting out in April. Durations ranged from 113 days in January, to 55 days
in November. Overall, April (Figure 5) proved the most favourable time to begin voyages to
Indonesia, with 100 percent success rates and durations as low as 63 days. In May, most vessels
landed in Sri Lanka, with a minimum duration of 38 days. From May through August, most
vessels landed on the west coast of India and Sri Lanka. Minimal durations were from 23 to 38
days. In September, about half of the vessels landed in India and Sri Lanka, with a minimum
duration of 29 days, while the rest landed on the east coast of Africa. In October, virtually all
vessels were swept west to Africa.

Figure 4. Directed sailing from northwest Sumatra in January.

Figure 5. Directed sailing from Madagascar to Indonesia in April.
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Discussion and conclusions

Computer simulations of seafaring between Indonesia and Madagascar have provided insight
into the challenges facing prehistoric settlers. Our findings indicate that downwind sailing from
the Bali or Sunda Straits did not result in reaching Madagascar. Some vessels would have made
it as far to the west as 88° E from the Bali Straits and 83° E from the Sunda Straits during
the months of April through August. After reaching those positions, vessels are forced back to
Indonesia. Using a downwind strategy from these positions does not result in the discovery of
any islands. Downwind sailing from off the northwest tip of Sumatra proves more intriguing.
From December through March, vessels could reach as far west as 72° E before being swept
back to the east. The ability to sail this far to the west would bring vessels to the Maldives and
the Chagos Archipelago. In the months of November and December, downwind sailing could
bring vessels from off Sumatra to Sri Lanka in about 40 days. Downwind sailing from the India/
Sri Lanka position is also interesting, particularly in January, when vessels pass through the
Maldives before sailing on to either Madagascar or Indonesia. At other times of the year, vessels
also pass through the Maldives, but only move to Indonesia.

The pattern of downwind simulations suggests the Maldives, and to a lesser extent the
Chagos Archipelago, may have been important stopping points on the voyage to Madagascar
from either the India/Sri Lanka or Sumatra positions. They may also have been important for
travel from India/Sri Lanka to Indonesia. The Maldives and the Chagos Archipelago are not well
known archaeologically, however. Although Maldivians were aware of the Chagos Archipelago
(Ramiro-Frias 1999:19), the archipelago was not permanently settled until the French arrived
in the second half of the 18th century. According to Maloney (1980:75), Buddhists arrived in
the Maldives in the first few centuries AD. The islands were occupied at the time (1980:49-70),
but the antiquity of occupation has not yet been determined. That the Maldivians were capable
sailors at the time of the initial settlement of Madagascar from Indonesia is suggested by the
record of Ammianus Marcellinus (1980:72) writing in the fourth century AD, who provides a
list of emissaries sent to Rome, including Maldivians.

People voyaging from Indonesia to Madagascar by simply using a strategy of downwind
sailing and starting from December to March could have broken the journey in the Maldives.
There, they could have resupplied and provisioned, and sailed to a favourable position for
continuing on to Madagascar, particularly in January. However, there does appear to have been
two-way contact between the two regions. Downwind sailing from Madagascar to Indonesia is
not possible at any time of the year, nor can the Maldives be reached. From May to July, it would
have been possible to use the route described in the Periplus of the Erythraean Sea to travel along
the African coast and then on to southern India and Sri Lanka, and from there to Indonesia.

Sailing with a heading towards Madagascar, and with the ability to sail across and to
windward, is more complex. From a position in the Bali Straits, some vessels could make it to
the Maldives in June and July, but the numbers are too low to make this a viable route for regular
contact. A fairly large number of vessels would reach Sri Lanka if starting out in April, but the
durations would be rather long. March would be the most favourable month for westward
sailing to Madagascar. While just over half of the vessels were successful in the simulations,
the numbers would be much greater if the Maldives were used as a waypoint. As with sailing
from the Bali Straits seasonally, a significant number of vessels would have landed in Sri Lanka.
Vessels starting out during January and February from off the northwest tip of Sumatra would
all arrive in Madagascar, most in a reasonable length of time. The Maldives would once again be
strategic in the voyages. As with the other Indonesian starting points, a significant number of
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vessels made landfall in Sri Lanka in the simulations. From December through March, vessels
simply heading to the southwest from Sri Lanka would reach Madagascar via the Maldives in a
fairly reasonable length of time. Sailing from Madagascar to Indonesia with an eastward heading
is possible from December through April. The April success rate is 100 percent. The Maldives
are also strategic to these voyages.

Durations for the simulations with a heading are considerably longer than is likely in reality.
Only a single heading was chosen and maintained throughout the voyages. Sailors would have
had the flexibility to change their heading throughout the voyage, moving out of areas with
unfavourable winds and considerably shortening the duration of the voyage. Still, the patterns
shown by the simulations do reveal the possibilities for direct contact between Indonesia and
Madagascar. They also show the interconnectedness of sea routes in the Indian Ocean.

Simple downwind sailing could account for westward voyages from the northwest tip of
Sumatra if the voyages were begun in November and December, but such voyages would have
required use of the Maldives as a waypoint. The voyages would be lengthy, with a large number
of failures. Unsuccessful voyages would not necessarily be disastrous for the crews, as most
vessels would end up back in Indonesia or in Sri Lanka. The strategy of using downwind sailing
to reach Madagascar from Indonesia seems unlikely, even using the Maldives as a stopping point.
Downwind voyages from Madagascar are ruled out to Indonesia, but not to western India and
Sri Lanka. In both instances, downwind sailing would need to follow a primarily coastal route,
similar to that of the Periplus of the Erythraean Sea. Downwind sailing to either Madagascar or
Indonesia from Sri Lanka in January and February is an interesting possibility, but the durations
are rather long. The Maldives would again figure prominently in such voyages. Sailing on a
westward heading from Indonesia would be most successful from off the northwestern tip of
Sumatra starting in January and February, with most vessels passing through the Maldives.
From the India/Sri Lanka position, with a southwest heading, starting in December through
March, success in reaching Madagascar is high, and also would involve the Maldives. If leaving
Madagascar in April with an eastward heading, the success rate for reaching Indonesia is 100
percent. Once again, the Maldives would be encountered.

In conclusion, if the weather patterns were followed, direct contact from northern Indonesia
with Madagascar, and in the reverse direction, is feasible. However, it seems likely the Maldives,
in such a strategic position, would have been relied on for resupplying and waiting for favourable
conditions to continue the voyage. It might be expected that evidence of these stopovers will be
found archaeologically in the Maldives, particularly if these voyages were repeated over time.
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Introduction

A landscape can be conceived as composed of aggregates of factors that either impede or
facilitate the movement of living organisms (Lee 1996). Landscapes that are hostile, fragmented,
unfamiliar or difficult to reach are resistant to settlement and are colonisation ‘friction zones’,
while those that are familiar, continuous, easy to reach and resource rich support species
establishment. In this paper, we examine Lapita colonisation using the ecological concept of
friction landscapes (i.e. Joly ez al. 2003). We begin by reviewing the major points in the Lapita
distribution where colonisation is argued to have been negatively impacted by the properties of
a particular environment. To evaluate these, we examine, first, how colonisation ‘patchiness’ has
in several cases been proposed and later modified during the course of Lapita studies, as a result
of improved sampling and better understanding of the palacolandscape. Second, we construct
a simple friction model of Lapita colonisation to identify points where Neolithic settlement
may have been difficult, and compare these ‘friction zones” with those indicated by the known
distribution of Lapita sites.

Neolithic colonisation of the Indo-Pacific region is conventionally partitioned into three
geographic areas. The oldest movement from mainland Asia is suggested to have spread first
through the Philippines and northern Borneo—Sulawesi, with another branch (based on
differences in the earliest ceramic assemblages) occupying eastern Indonesia (Bellwood 2005;
Spriggs 2007). At some point — palacoecological opinion suggests human arrival at 4500 BP,
while archaeological sites are more recent at 3500 BP — one or more of these groups ventured
into the Pacific Ocean and colonised Palau, the Marianas and probably Yap (Dodson and Intoh
1999; Athens et al. 2004; Clark 2005). Another movement brought Austronesian speakers,
known to archaeologists under the Lapita rubric, to the Bismarck Archipelago by 3400-3300
BP and as far east as Samoa by 2850 BP (Green 2002; Specht 2007).

The Lapita colonisation of the Bismarck Archipelago—Samoa area (Figure 1) is interesting as
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its geography includes elements common to both of the other Neolithic colonisation events, with
in situ non-Austronesian populations in the large and mostly intervisible islands of the Bismarck
Archipelago—Solomon Islands, and uninhabited and generally smaller and increasingly remote
landmasses at the eastern extent of Lapita in Fiji—West Polynesia. Archaeologically, Lapita is the
best known of the Neolithic migrations and the combination of a comparatively rich material
record and a diverse colonisation landscape could provide insight into the structure and pattern
of the other prehistoric dispersals.

This is plausible, as Neolithic expansions in island Asia and the Pacific share a punctuated
dispersal chronology (Anderson 2001), represented archaeologically by the spread of new types
and styles of material culture over large areas. Similarly, the distribution of the three prehistoric
expansions in each area is not geographically uniform, and they exhibit colonisation ‘patchiness’
at large and small scales. For example, the avoidance of small islands within an archipelago is
proposed for Palau (Wickler 2001; cf. Clark ez al. 2006), the avoidance of an archipelago is
suggested by Sheppard and Walter (2006, cf. Felgate 2007) for the main Solomon Islands by
early Lapita groups, and Austronesian colonisation either failed in, or avoided, Australia and
inland New Guinea.

The reality of ‘patchiness’ in a colonisation distribution is important to evaluate, as the ‘gaps’,
if real, point to the limits of Neolithic demographic, economic and transportation systems, and
it informs whether maritime expansion and migration, for instance, proceeded mainly by long-
distance leapfrogging, or demic wave-of-advance movement, or some combination of the two
(Burley and Dickinson 2001; Anderson 2003; Diamond and Bellwood 2003; Fort 2003).

Lapita gaps: Past and present

Understanding of the geographic distribution of Lapita emerged gradually in the early 20th
century with the discovery of distinctive ‘dentate’ ceramics at Watom in the west (Meyer 1909),
New Caledonia in the centre (Piroutet 1917) and Tonga in the east (McKern 1929). The
investigation of Lapita sites became an increasing focus of archaeological activity through the
1960s and 1970s, resulting in the discovery of sites in new archipelagos, including Reef/Santa
Cruz (Green and Cresswell 1976), and Vanuatu (Hébert 1965; Hedrick and Shutler 1968;
Garanger 1971), and additional Lapita deposits in Island New Guinea, New Caledonia and
Fiji. The western and eastern margins of Lapita were extended to their current limits by the
discovery of Lapita pottery on Aitape (Terrell and Welsch 1997), Manus (Kennedy 1981) and
Samoa (Jennings 1974).

Figure 1. Map of the Lapita distribution and location of potential ‘friction zones.
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By the 1980s, Lapita was not only recognised as a widespread cultural complex that stretched
from Island New Guinea in the west to Samoa in the east (Golson 1971), but significantly was
seen to represent the first population to occupy Remote Oceania (Spriggs 1984). Before the
primacy of Lapita was established, there were several other ceramic styles (i.e. paddle impressed
and incised and applied relief) that represented potentially different waves of prehistoric
migration (Golson 1968:10). With such a crowded field of colonising groups, geographic
gaps in the Lapita distribution could be explained by the initial settlement of an area by one
of the ‘non-Lapita’ ceramic cultures. Once the chronological position of Lapita was clarified,
such an explanation was no longer tenable. However, the presence of non-Austronesians in
Near Oceania (Bismarck Archipelago—Solomon Islands) since the late-Pleistocene presents an
analogous situation in which the success of Lapita colonisation might have been controlled by
the strength of the indigenous response to incoming migrants.

Nonetheless, ongoing research has tended to diminish the size and extent of gaps in the
Lapita distribution, with new sites recorded in Vanuatu (Bedford 20006), the Loyalty Islands
(Sand 1995) and the Western Province of the Solomon Islands (Felgate 2003). At the same
time, more Lapita sites were also being found in Fiji and Tonga (Burley ez 2/. 2001; Clark and
Anderson 2001), and the tally of Lapita sites in Island New Guinea has continued to grow
(Specht and Torrence 2007; Summerhayes 2007).

A key to much of this success has been the recognition of factors that have transformed
palacolandscapes, particularly tectonic and volcanic activity, along with sea-level change
(Dickinson and Burley 2007). The exemplar is Samoa which has a single Lapita site removed
by tectonic subsidence 4 m below its original position, so that it is now underwater (Dickinson
and Green 1998). Groube (1971:279) had earlier claimed that the absence of Lapita in Samoa
after ‘thorough archaeological examination” was real, although he did not discuss why Lapita
colonisation should have failed to reach Samoa.

The increasing number of Lapita sites, coupled with improved understanding of the
palacolandscape, provides fertile ground for refining models of colonisation, since variability
in the size, number and location of sites across an island or archipelago might well result from
landscapes that were unfamiliar and difficult to occupy prehistorically (Rockman and Steel
2003). Such ‘friction zones’ or ‘gaps’ in the Lapita geography have been recently proposed for
the central Solomons and the northern Tonga—Samoa region (Figure 1).

Sheppard and Walter (2006:48) argue that during the earliest phase of Lapita expansion,
the main Solomons were entirely leapfrogged, with migrants travelling directly from Island
New Guinea to the Reef/Santa Cruz Islands. The ‘leapfrogging’ pattern of movement of early
Lapita colonists is thought to be the result of negative and positive factors. On the one hand, the
already established population in the Solomons inhibited early Lapita occupation, and on the
other, the discovery that uninhabited islands east of the main Solomons held dense and easily
accessible marine and terrestrial resources encouraged long