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Long-distance migration places severe constraints on the annual cycles of birds, as they
balance the energetic and scheduling requirements of breeding, moult, pre-migratory fuelling,
and the journey itself. The most extreme migrations, traversing vast, inhospitable areas of the
globe in protracted non-stop flights, may push birds to the limits of their capabilities, and
would be expected to tolerate little variation in performance. Despite this, Bar-tailed Godwits
Limosa lapponia baueri, which are among the world’s greatest endurance migrants, embark
on northward migration from New Zealand across a month-long period, and individuals are
quite faithful to their particular schedules. Godwits are highly sexually dimorphic in plumage
and body size, and there is additionally substantial individual variation within each sex in both
traits. These patterns demonstrate a surprising diversity of strategies within a system that

should contain little room for error.

In this thesis, | sought to identify the roots and consequences of both persistent and ephemeral
individual differences in migration and moult of New Zealand Bar-tailed Godwits, and to
identify constraints and potential bottlenecks in their annual cycle. To do this, | combined a
fine-resolution multi-year focus on individuals and an entire annual-cycle perspective, both of
which have generally been impossible in studies of long-distance migratory birds. At a single
non-breeding site, I closely monitored moult and migration of individual Bar-tailed Godwits
for three non-breeding seasons, and linked these with events outside of New Zealand by
tracking a subset of the same individuals on their complete migrations to Alaska breeding
grounds and back. I supplemented this by travelling to Alaska myself and describing how

godwits are distributed by size and plumage across their vast breeding range.

I found that most of the variation among individual Bar-tailed Godwits was linked to where
they nested in Alaska: within each sex, northerly breeders were smaller, had more extensive
breeding plumage, and migrated later on both northbound and southbound migrations. The
differences in migration timing can be explained by variation in when tundra breeding sites
become snow-free and available across a latitudinal gradient, but reasons for geographic
differences in plumage and size are less clear. Variation in breeding plumage was associated
with different strategies for scheduling moult, both in New Zealand and during northbound
migratory stopover in the Yellow Sea. Individual godwits were extraordinarily consistent
between years in their timing of departure from New Zealand, and most ‘off-schedule’

departures were attributable to birds avoiding unfavourable winds for migration. Surprisingly,



timing of arrival in New Zealand after the longest recorded non-stop flight did not appear to
influence a godwit’s ability to prepare for its next migration, as timing of subsequent
migratory departure and extent of breeding plumage on departure were both unaffected and
very consistent. Across the entire year, scheduling of events became more precisely timed as
the breeding season approached, but movements were generally much more tightly scheduled
than moults.

These findings show that Bar-tailed Godwits adopt and enact an array of individualised
strategies within an apparently constrained system. The inter-relationships among events in
different parts of the globe show that an individual-based, full annual-cycle perspective is
required to understand patterns in any particular season. The consistent manner in which
godwits conduct their annual routines, while still demonstrating flexibility to address
unforeseen circumstances, challenges us to reconsider the view of extreme long-distance

migrants as organisms operating at the limits of their capabilities.



‘I’'m sorry—they do what?’

The above quotation is only a dramatisation. I can’t honestly remember how I reacted upon
first hearing the idea that an otherwise unremarkable shorebird might spread its wings in
Alaska and fly the length of the Pacific Ocean without stopping, only to next touch ground on
some mudflat in New Zealand. But over the last seven years, | have explained this concept to
a sufficient number of people to see the entire range of possible reactions. Some people can’t
get past the simple fact of it, and stand bewildered or move straight to denial—they must have
misunderstood what | was saying. Others roll with it, their minds moving quickly to the
pertinent questions: Why? How? After years of intimate involvement with those exact
problems, it sometimes requires the reactions of others to remind me that what | now take for
granted is by no means commonplace. Although difficult to maintain on a daily basis, awe is
in fact the proper response. Whatever my immediate reaction was years ago, my ultimate

response was profound: | was going to study Bar-tailed Godwits.

Since 2005, through the wonders of satellite telemetry, hypothesis became reality: it was in
fact possible for a godwit to sustain powered flight for eight or nine consecutive days without
stopping once to eat, drink, or rest, crossing more than 11,000 kilometres of open ocean.
Furthermore, there were tens of thousands of godwits performing this astounding migration
every year without drawing much attention to themselves, only to head back north six months
later on a non-stop flight to Asia that was only slightly shorter than the southward trip.
However, each does not go about these flights in precisely the same way. Godwits depart New
Zealand across a month-long period from early March to early April, and they don’t all look
the same when they leave; some are as dull and gray as mid-winter birds, while others sport
the full regalia of summer breeding plumage found in Alaska. It became apparent that
individual godwits were remarkably consistent in these qualities across years: certain birds
always migrated earlier than others, and the reddest birds were always the reddest. But why
was this true? What makes a particular godwit an early bird, or a red bird? | had found my
research topic, and what follows will describe my four years of attempts to address this

ostensibly simple question.



For Brian McCaffery,

who never ceases to inspire.
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I wrote all portions of this thesis, collected nearly all of the data, and performed all analyses.
However, four of my collaborators made essential contributions warranting co-authorship of

specific sections.

Phil F. Battley (Massey University, Ecology Group)

As my primary supervisor, Phil collaborated with me to conceive and design every part of this
research, and is consequently a co-author on Chapters 2—7 and Appendix 1. He provided
logistical and financial support for all trapping, tracking, and travel enterprises, and assisted in
the field for local captures and geolocator deployments. He reviewed all manuscripts and

helped proof the final publications.

Murray A. Potter (Massey University, Ecology Group)

As my secondary supervisor, Murray contributed to many aspects of study design and
interpretation of results, and reviewed most chapters. His inclusion as co-author on Chapters
2, 3, and 7 reflects his greater role in developing the results and ideas of those chapters for
publication. He additionally contributed to Chapter 3 by accompanying me to Alaska, helping

with nest-searching and trapping, and providing many in-field photographs of godwits.

James W. Fox (formerly of British Antarctic Survey, UK)
For the geolocator portion of this study, James provided the units and analysis software,
advised on matters of data analysis and interpretation, and provided technical assistance. He

reviewed and is a co-author on Chapter 2.

Dan R. Ruthrauff (U.S. Geological Survey, Alaska Science Center, USA)

Dan contributed to Chapter 3 by providing equipment and logistical support for all fieldwork
in Alaska, and leading the expedition to the North Slope. He additionally provided data on
historic captures and tracking data for godwits in Alaska (property of USGS), contributed in-

field photographs, and reviewed the manuscript.



First of all, I’d like to thank 23.5°. If the Earth did not hurtle through space tilted on its axis at
this precise angle, there would be no regular seasons and no impetus for birds to migrate.

Consequently, 1 would have to find an honest job.

More recently, my specific research benefited from an array of kind, hard-working individuals
spread all over the world. The shorebird world is a close and supportive group, and I am
fortunate to have been accepted into their fold on a professional and personal level. Previous
decades of godwit work across the flyway created a strong foundation upon which | could
build, and I must acknowledge some of the key players (knowing | will also forget some) who
contributed both indirectly and very directly to my success. In Alaska: Bob Gill, Brian
McCaffery, Dan Mulcahy, Lee Tibbitts, Dan Ruthrauff, and Nils Warnock. In New Zealand:
Phil Battley, David Melville, Adrian Riegen, Rob Schuckard, and Keith Woodley. In
Australia: Adrian Boyle, Chris Hassell, and Clive Minton.

Many people helped trap and band godwits at Foxton. Long before | reached New Zealand,
the seed of my project was sown with some key colour-banding by Phil Battley, David
Melville, Ralph Powlesland, Adrian Riegen, Hugh Robertson, Rob Schuckard, and Graeme
Taylor, which | continue to benefit from today. | bow to either their skill or luck at mist-
netting, because | apparently have neither. During my tenure at Foxton, all of these figures
plus legions of Massey Ecology students and others flocked to my aid for trapping attempts
(unfortunately, in many cases attempt cannot be stressed enough). | am not sure how many

make up a legion, but I trust they will understand when I don’t even attempt to list them all.

Phil Battley, Jimmy Choi, Paul Gibson, Craig Steed, Brent Stephenson, and Graeme Taylor
contributed photographs of Foxton godwits. All photos in this document are my own unless

specified otherwise.

The geolocator work central to Chapters 2 and 7 owes its success to many people. In February
2008, Bob Gill tossed me a bag of geolocators, with a casual, ‘Here: you might find a use for
these.” When they turned out to be the wrong type of units for leg-attachment, James Fox at
the British Antarctic Survey replaced them without question and, more importantly, without
charge. James also generally guided me through the struggle of retrieval and analysis of the
data, and extracted data from troublesome units, with a very quick turn-around time. Several
people helped me scatter ground-truthing geolocators around the flyway, to help with
interpretation of data: Ty Donnelly, Brian McCaffery, and Dan Ruthrauff in Alaska, Andreas
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Kim and Nial Moores in South Korea, and Adrian Riegen in China. It’s not Ty’s fault

(1 assume) that the thing got eaten by an Arctic Fox.

Many thanks to the superb team at Massey’s Institute of Veterinary, Animal and Biomedical
Sciences (particularly Brett Gartrell, Jodi Salinsky, and Janelle Ward), whose tireless work

saw me through the undisputed low point of my research.
Other contributions to specific chapters are as follows:

Chapter 2: Thanks to Lee Tibbitts for assistance with the Figure 2.2 map. The manuscript
benefited from comments by David Penny on an earlier draft. Comments by Barbara Helm
on the final paper helped put these findings into perspective, which greatly benefited my

overall thesis.

Chapter 3: | thank Bob Gill, David Melville, and Craig Steed for field assistance in Alaska.
Todd Buckley, Randy Hill, Sarah Lovibond, Julie Morse, Adrian Riegen, Rob Schuckard,
Craig Steed, Pavel Tomkovich, Keith Woodley, and Steve Zack kindly provided photographs
of Alaska godwits. I thank Carla Cicero (Museum of Vertebrate Zoology at the University of
California at Berkeley), Bob Gill (U.S. Geological Survey’s Alaska Science Center in
Anchorage), and Kevin Winker (University of Alaska at Fairbanks) for access to museum
specimens. Adrian Riegen provided New Zealand Wader Study Group capture data. Finally,

thanks to Brian McCaffery for pumping out an entire paper just so | could cite it.

Chapter 4: | thank Bob Gill, Michael Kemp, and Judy Shamoun-Baranes for thoughts on

wind analyses.

Chapters 5 and 8: | thank Theunis Piersma for helpful comments on early drafts of the

Chapter 5 manuscript, and for helping flesh out the Black-tailed Godwit section of Table 8.2.
Chapter 7: | thank Yvonne Verkuil for reviewing the manuscript and inspiring the title.

Chapters 2-6 and Appendix 1 greatly benefited from the editorial and review processes

at their respective journals.

On a more business-like note, my research was supported by a Massey University Doctoral
Scholarship. This project was generally supported by the David and Lucile Packard
Foundation through the Pacific Shorebird Migration Project, and by a Marsden Fund grant
administered by The Royal Society of New Zealand to Phil Battley. Fieldwork was conducted
with Massey University Animal Ethics Committee approval (#07_163). The Ornithological
Society of New Zealand provided capture data partly obtained under Department of

Conservation Research and Development contracts 3739-01 and 3599.



| was already grateful for the research grant | received from the Manawatu Estuary Trust.
Three weeks later, | became even more grateful when my laptop died and had to be quickly

replaced during the home stretch of thesis-writing.

On a more personal note, | would not be where | am today (alone and penniless at a computer
on a remote South Pacific island) if it weren’t for my lucky meeting with a few particular
people along the way. I’m not sure why Mark Colwell offered me the job counting shorebirds
on Humboldt Bay, a job I almost turned down because | had already decided | wanted to work
on any birds except the wet and cold ones. I am just glad he did offer it, because I haven’t
thought about anything but shorebirds since. As my Ornithology TA in my very first semester
at Humboldt State, Dan Ruthrauff still claims that he taught me nothing, but in fact he taught
me the only thing I really needed to know: go to Alaska. And that led me to Brian McCaffery,
who for some reason hired me sight-unseen after | cold-called him and deftly dropped the
names of Dan and Mark. Strangely, he insisted on repeating this error, and three years later |
was marooned at an Alaskan field camp with David Melville. Somehow, amongst repeatedly
fleeing for our lives from Biblical floods, David convinced me that | should endeavour to
become the PhD student of a then-unemployed New Zealand biologist who was younger than
me. Why wouldn’t I do that?

I’d like to thank my parents, Barbara and Les, who never seem to question the wisdom of the
many strange things | have considered good ideas in my supposed adulthood. Their trust (as
well as the knowledge that I am not completely reliant on these exploits for financial support!)

has given me the confidence to go where | needed to go.

I could not have made it through the last four years without being adopted by a pretty special
group of friends in New Zealand. Although some have already dispersed abroad, they have
been a wonderful and much appreciated support group: Dorothée Durpoix, Rich Seaton, Jay
Gedir, Fleur Maseyk, Robbie Andrew, Pete McGregor, Yvan Richard, Melanie Kiessner,

Marco Wenzel, Jay McCartney, and Anne-Marie Emerson, to name a few.

| owe a great deal of the success of this thesis to my supervisors, Phil Battley and Murray
Potter, who could hardly have been more supportive and helpful throughout the entire process.
I know | am fortunate to have supervisors who are not only so capable and constructively
critical, but are also as excited about my research as | am. It has been a great collaboration.
However, considering the clear evidence for an inverse relationship between alcohol and the
productivity of scientists (Grim 2008), I have to question Phil’s deliberate role in my
development as an aficionado of single malt whisky. Any shortcomings of this thesis should

be considered Phil’s sole responsibility.
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