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ABSTRACT 
 

 

The origins of the sweet potato (Ipomoea batatas) and bottle gourd (Lagenaria 
siceraria), two important commensal species in prehistoric Polynesia, have remained 
elusive. Most recently, a South American origin has been favoured, which prompts a 
number of interesting questions surrounding how, when, from where and by whom 
these species dispersed into the Pacific. For this project, hypotheses were formulated 
based on existing archaeological, linguistic and maritime evidence, and tested using a 
molecular approach. For both species, extensive marker development was necessary. 
 

For the bottle gourd, a set of seven molecular markers (two chloroplast and five 
nuclear) was developed to test the hypothesis of a South American origin for the 
Polynesian bottle gourd. These were sequenced in 36 accessions of bottle gourd from 
Asia, the Americas and New Zealand. Analyses of these markers support a dual origin 
for the Polynesian bottle gourd: the chloroplast markers identify an Asian origin, but the 
nuclear markers reveal alleles that originate in both the Americas and Asia. By 
combining information from a number of sources, a model for the domestication(s) and 
global dispersal of the bottle gourd is proposed. 
 

For the sweet potato, the amplified fragment length polymorphism (AFLP) 
technique was used. First, using a new procedure that will be applicable to other studies, 
AFLP scoring parameters were optimised to improve phylogenetic resolution. Second, 
to elucidate sweet potato dispersal in Oceania, AFLP profiles were generated for 270 
unique accessions of sweet potato from Asia, Island Melanesia, Polynesia and the 
Americas. The putative kumara lineage, which represents a prehistoric, Polynesian-
mediated introduction from South America, was identified. Sweet potato accessions 
from Asia to Western Polynesia were found to be genetically diverse, and the 
relationships between them are more complex than previously recognised. The 
phylogenetic positions of the Māori varieties ‘Hutihuti’, ‘Rekamaroa’ and ‘Taputini’ are 
inconsistent with these accessions representing pre-European cultivars; instead it is 
more likely that they are early European introductions. 
 

To answer questions about the prehistoric dispersal patterns of the bottle gourd, 
future work could make use of high resolution markers and ancient DNA (aDNA) from 
archaeological and early historic-period samples. Future work on the sweet potato is 
needed to narrow down the point of Polynesian contact on the South American coast, 
and to answer this question more intensive sampling is required. Integration of genetic, 
linguistic, historical and morphological data will also be important. 





 vii

ACKNOWLEDGEMENTS 
 

 

Firstly, I would like to thank my supervisor, Professor David Penny. The opportunity to 

work with you, and in your lab, has been an exciting, challenging and rewarding 

experience. Your unyielding enthusiasm for biology, relentless pursuit of interesting 

questions, and blatant disregard for interdisciplinary boundaries have been particularly 

appreciated. Thank you also for providing funding to complete research here at Massey 

and to travel and meet the large number of people who have contributed to this project. 

 

I would also like to thank my team of co-supervisors: Dr John McCallum, 

Professor Peter Lockhart and Professor Lisa Matisoo-Smith. John, thank you for 

allowing me to spend time in your lab, and for lots of interesting ideas. Pete, thank you 

for advice on data analysis and encouragement along the way. Lisa, thank you for your 

advice in interpreting data, and helping me see my research in an anthropological 

context. 

 

Trish McLenachan helped with everything from PCR-fixing, cloning-fixing and 

sequencing-fixing, to experimental design, emotional support (“It’ll be fine” when I 

needed it), editing and proof-reading and even the occasional meal and alcoholic 

beverage. All have been appreciated. 

 

For this project I have relied a great deal on those who have generously provided 

samples. For bottle gourd samples I especially thank Charles Heiser and Mike 

Burtenshaw, as well as Richard Cross, John Palmer and Peter Matthews. For allowing 

me to sample the Yen Sweet Potato Collection in Japan, I thank Makoto Nakatani and 

staff at the National Institute of Crop Science, Tsukuba. Steve Lewthwaite also 

provided many sweet potato samples of New Zealand material, Pam Fletcher provided 

tissue culture material from the Yen Collection, Mary Taylor provided modern samples 

from the Pacific, and Richard Walter provided samples from Mangaia, Cook Is. 

 



 viii 

At the National Museum of National History, Smithsonian Institution, I would 

like to thank Bruce Smith, Noreen Tuross (now of Harvard University), Dave Erickson, 

Sarah Zabriskie and members of the Laboratories of Analytical Biology. Your 

generosity in hosting me for an internship was greatly appreciated, as was the 

opportunity to write a paper with you afterwards. 

 

Roger Green generously provided me with draft copies of his 2005 Sweet Potato 

Transfers in Polynesian Prehistory paper, which greatly helped develop the background 

material for the project. Roger was also very generous with his time — lending his vast 

knowledge of Pacific prehistory to the interpretation of the bottle gourd and sweet 

potato results in archaeological, historical and linguistic contexts. 

 

Heidi Meudt helped with many aspects of the project, including high-throughput 

DNA extractions, AFLP fingerprinting, scoring and analysis of AFLP data, and proof-

reading of various chapters. Heidi’s patience even extended to writing an AFLP review 

with me, an opportunity for which I am very grateful — even if I sometimes wondered 

whether writing a review paper concurrently with a thesis was really a good idea! 

 

Barbara Holland assisted with the data analysis for both the bottle gourd and 

sweet potato, lending her extensive phylogenetic expertise to a daunting task. I have 

particularly appreciated Barbara’s ability to see research potential in even the scariest 

data matrix. If David’s “tame mathematician” exists then she is certainly Barbara. 

 

I would like to thank the many others who helped during the course of this 

project. Mike Burtenshaw was an excellent collaborator on the bottle gourd project. 

Peter Matthews assisted with the sweet potato sampling in Japan, and the bottle gourd 

manuscript. Peter’s extensive knowledge of Pacific ethnobotany and tendency to ask 

really hard questions were both appreciated. Ashley Gould provided excellent guidance 

on the historical aspects of the sweet potato in New Zealand. Meeghan Pither-Joyce and 

the other members of the Genome Research Lab at Crop & Food Research (now Plant 

& Food Research), Lincoln taught me many molecular techniques. Ruth Morrison 

assisted with germinating bottle gourd seeds to obtain fresh tissue. Sue Gardiner’s lab at 

HortResearch (now Plant & Food Research), particularly Mike Cook, helped grind the 

sweet potato tissue for DNA extraction. Paul Hocquard, Karen Sinclair and Joy Wood 



 ix 

made sure I had all the consumables I required, often at short notice. Warwick Allen 

wrote several time-saving Perl scripts. Tim White assisted with the network analysis of 

the bottle gourd. Lorraine Berry did all the capillary electrophoresis of the DNA 

sequencing and AFLP products, and was always helpful with troubleshooting when 

things didn’t go quite according to plan. 

 

Māori consultation was an important part of the project, and I would like to 

acknowledge the guidance of Nick Roskruge, Jonathan Procter and Rangitāne O 

Manawatu, and the late Dell Wihongi. 

 

For stipend funding I would like to acknowledge a Massey University Doctoral 

Scholarship and the generosity of Pete Lockhart and Mike Hendy. For travel funding to 

attend conferences, conduct field work and complete lab work away from Massey, I 

would like to thank the Institute of Molecular BioSciences, the Allan Wilson Centre for 

Molecular Ecology and Evolution, the Royal Society of New Zealand, the Smithsonian 

Institution, John McCallum and the New Zealand Institute for Crop and Food Research. 

 

I would also like to thank all the staff, students and visitors — both past and 

present — of the Allan Wilson Centre and Institute of Molecular BioSciences who have 

contributed towards this project, especially the occupants of the Farside and PLEB 

Labs, the Boffin Lounge and the Fish Bowl. I have benefited enormously from 

everything from help with lab work and literature searches, to interesting discussions 

about molecular biology, data analysis and anthropology (amongst many other things). 

You have provided a stimulating, supportive and entertaining environment in which to 

work. I would especially like to acknowledge the good friends I have made during my 

time here: Richard Carter, Fred Delsuc, Chrissie Down, Barbara Holland, Anu Idicula, 

Kim McBreen, Heidi Meudt, Matt Phillips, Melanie Pierson, Renae Pratt, Scott Roy and 

Alice Storey. Of course there are many others I could name, including outside the Allan 

Wilson Centre. 

 



 x 

I would like to acknowledge and thank Andrea Bryant, whose love, support and 

tolerance were often far in excess of what I deserved. I would also like to thank 

Andrea’s family for being so supportive and welcoming, especially Ralph and Raewyn, 

and fellow PhD-ers Jeremy and Michelle. 

 

Finally, I would like to acknowledge the support of my family. Mum and Dad, 

your support — in all areas — has been unwavering for much longer than the course of 

this degree, but has been particularly appreciated during the last few years. Thank you 

also to my sister Sarah, who is always encouraging despite still having no idea what it is 

I actually do. 



 xi 

PREFACE 
 

 

The sweet potato (Ipomoea batatas) and bottle gourd (Lagenaria siceraria) were two 

crop species fundamental to many agricultural systems in Polynesia. A long-standing 

scientific interest in these species centres on their origins; both are thought to have 

arrived in the Pacific from South America. If the prehistoric Oceanic lineages of these 

species are of South American origin, then this prompts a number of interesting 

questions surrounding how, when, from where and by whom these species were 

dispersed into the Pacific. Based on existing archaeological, linguistic, botanical and 

sailing technology evidence we are able to formulate testable hypotheses around the 

dispersal of these species. These hypotheses are tested in this thesis using a molecular 

(DNA) approach. 

 

The thesis is divided into five chapters. The first chapter is a general 

introduction that frames the remaining research by providing an overview of prehistoric 

human settlement and mobility in the Pacific, with the focus on the contribution of 

molecular studies of humans and their commensals (animals and plants) to 

understanding human mobility in the Pacific. The discussion then narrows to the 

question of contact between Eastern Polynesia and the Americas, specifically the 

evidence and likelihood of such contact. Chapter One concludes with the aims and 

hypotheses of the research. 

 

Chapter Two describes the molecular strategies employed for the bottle gourd 

and sweet potato. The chapter begins by outlining the considerations and approaches for 

developing appropriate molecular markers for a given taxonomic group and scientific 

question, with a focus on closely-related taxa where genetic variation is relatively low. 

In the context of these considerations, the molecular methods of choice are justified for 

both the bottle gourd and sweet potato. For the bottle gourd, PCR and sequencing 

markers derived from inter-SSR multilocus genetic fingerprints (so-called ISSR-derived 

SCAR markers) were chosen as an appropriate marker system. The development of 

these, which employed a novel combination of existing molecular methods, is described 

in detail. For the sweet potato, AFLP fingerprinting was chosen as an appropriate 
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marker system. Although the AFLP technique is firmly established and widely used, 

there are several aspects of the method which require further development — primarily 

scoring, i.e., methods for converting raw AFLP profiles into a binary data matrix. 

During the course of the AFLP work it was found, in collaboration with Drs Barbara 

Holland and Heidi Meudt, that the widely-used parameters for generating binary data 

matrices from unedited AFLP profiles are non-optimal, and that by adjusting these 

parameters the number of characters can be significantly increased and the amount of 

homoplasy significantly decreased. 

 

Chapter Three describes research on the origins and dispersal of the bottle gourd 

in Oceania. The introduction brings together disparate and rarely synthesised bottle 

gourd research, allowing the Oceanic origins of this species to be placed in context: as 

with humans themselves, the introduction of the bottle gourd into the Pacific represents 

the most recent event in the global dispersal of this species. Because the bottle gourd 

occurs in Africa, Asia and the Americas, gourds from all areas are germane to the 

origins in Oceania. A range of bottle gourd accessions from Asia, the Americas and 

Oceania were obtained and these are described. This is followed by the methods, which 

describe how the five SCAR markers developed in Chapter Two were used, along with 

two additional chloroplast markers, to amplify and sequence polymorphic loci from 36 

accessions of bottle gourd. The analyses of these data are presented, followed by a 

discussion of Oceanic dispersal scenarios compatible with the results. The implications 

of bottle gourd research using ancient DNA, which was undertaken at the Smithsonian 

Institution, Washington, D.C. at the same time as my own research (and with which I 

was involved), are also discussed. The discussion is extended to the global dispersal and 

domestication(s) of the bottle gourd, as the use of the chloroplast markers in two 

outgroup species and the reinterpretation of the archaeological data allow some tentative 

conclusions to be made in these areas. 

 

Chapter Four deals with the origins and dispersal of the sweet potato in Oceania. 

The introduction reviews the literature in this area. Unlike the bottle gourd, a reasonably 

clear and consistent picture is emerging for the sweet potato; the field was brought 

together in 1974 with the publication of Douglas Yen’s landmark The Sweet Potato and 

Oceania: An Essay in Ethnobotany (Yen, 1974), and was resynthesised in a 

multidisciplinary, multi-author volume in 2005 (Ballard et al., 2005). Over 400 sweet 
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potato accessions from Oceania were sampled for this study, and these are described. 

This is followed by the methods, which describe the application of the amplified 

fragment length polymorphism (AFLP) multilocus fingerprinting technique to the 

analysis of approximately 300 of the sweet potato accessions. The optimised scoring 

parameters determined in Chapter Two were used to convert the raw AFLP profiles into 

a binary data matrix AFLP. The matrix was used to construct phylogenetic trees that 

have been interpreted, with assistance from Emeritus Professor Roger Green, in the 

context of available linguistic and historical data. The large number of taxa, wide 

geographic coverage in Oceania, narrow geographic coverage in the Americas, and 

large amount of historical, linguistic and morphological information throw open a 

multitude of avenues for further research and interpretation. While some of these 

avenues were pursued here, more detailed work is necessary in certain areas, e.g., the 

origins of prehistoric and historic sweet potato in New Zealand. 

 

Chapters Two, Three and Four, which form the core of the thesis, are published, 

or intended for publication, as scientific papers (full bibliographic information below). 

Chapter Two includes papers published in Trends in Plant Science (Meudt & Clarke, 

2007) and Systematic Biology (Holland et al., 2008), and a manuscript intended for 

publication in Plant Systematics and Evolution or similar (Clarke & McLenachan, in 

prep). All three of these publications have been, or are being, written in collaboration 

with other researchers, and therefore contain additional material not presented in the 

thesis. Chapter Three is already published as two papers — one in Molecular Biology 

and Evolution (Clarke et al., 2006), and one in the Proceedings of the National 

Academy of Sciences of the United States of America (Erickson et al., 2005). The 

Erickson et al. (2005) paper, which was written in collaboration with researchers at the 

Smithsonian Institution, contains material not presented in the thesis. A third bottle 

gourd publication (on the origin, domestication and global dispersal of the species) is 

being prepared for Horticultural Reviews (Clarke & Penny, in prep). Chapter Four is 

intended for publication in a multi-disciplinary science journal. 

 

Chapter Five includes a general summary, with the goal of bringing together 

research described in the other chapters and placing it in the context of human mobility 

in the Pacific and the extent to which it addresses the question of contact between 

prehistoric Polynesia and the Americas. Chapter Five also suggests a number of avenues 
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of future research for both the sweet potato and bottle gourd — to further elucidate the 

origins and dispersal of these species in Oceania and in other regions in which they are 

found. The potential of other crop species as markers of prehistoric human contact 

between Polynesian and the New World is briefly outlined. 

 

Appendices 1–10 are provided as hard copies at the end of the thesis, and 

appendices 11–21 are on the enclosed CD. Appendices include accession lists for the 

sweet potato, oligonucleotide sequences, DNA sequence data matrices for bottle gourd, 

AFLP matrices for sweet potato, and reprints of published papers. 
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