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Abstract

In highly dynamic and unpredictable environments such as the Southern Ocean, species
that have evolved behaviours that reduce the effects of intra-specific competition may have
a selective advantage. This is particularly true when juveniles face disadvantages when
foraging due to morphological or physiological limitation, such as in the case of many

marine mammals.

Southern elephant seals (Mirounga leonina) are a major consumer of biomass in the
Southern Ocean with a global distribution. Recent modelling of the Macquarie Island
population concluded that juvenile survival is a key parameter in influencing the rates of
population change and as an important demographic component of the population.
Resource limitation has been suggested as the primary reason for the change in numbers of
these populations and this coupled with the importance of juvenile rates of survival
influencing population change may provide some insight into explaining any reduction in
juvenile survival. Until now, little has been known about these juveniles, ontogenetic and
intra-specific differences in life history and foraging ecology have been suggested but not
investigated. During this juvenile stage individuals undergo many morphometric and
physiological changes as they develop toward maturity. Therefore, it would seem likely
that studying the foraging ecology and growth and development patterns of this
demographic group may show the proximate processes in affecting population dynamics.
This study has followed juvenile seals as they grow and develop rapidly toward adulthood
observing changes in foraging areas or strategies and associated changes in prey
availability, differences in the seasonal availability of prey, changes in morphology and
physiology for growth, maintenance or provisioning toward adulthood. In this thesis I

present data for:

1) Anaesthesia for safe handling - I assessed the effects of variation in body condition and
age at on the characteristics of anaesthesia, including induction time and dose-specific
recovery rate which has increased the control over immobilisation level and duration, and

reduces handling times for wild pinnipeds.
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2) Foraging range and 3) Habitat use of the Southern Ocean - I tracked the at-sea
movements of juvenile southern elephant seals using locations derived from recorded light

levels.

4) Diet — I describe intra-specific dietary differences in prey composition and size.

5) Metabolic estimates and energy use and 6) Growth and body condition changes - I
examined changes in mass and body composition of juvenile southern elephant seals

during and between their annual moult and mid-year haul-outs.

General discussion - These key ecological areas of an important predator has increased our
understanding of the evolutionary and ecological interactions that influence the population
dynamics of southern elephant seals at Macquarie Island and the structure of the Southern

Ocean ecosystem.

vil



Statement of publication and co-authorship

Publications produced as part of this thesis:

Field IC, Bradshaw CJA, McMahon CR, Harrington J, Burton HR (2002) Effects of age,
size and condition of elephant seals (Mirounga leonina) on their intravenous anaesthesia
with tiletamine and zolazepam. Veterinary Record

151 (8): 235-240

Field IC, Bradshaw CJA, Burton HR, Hindell MA (2004) Seasonal use of oceanographic
and fisheries management zones by juvenile southern elephant seals (Mirounga leonina)

from Macquarie Island. Polar Biology 27:432-440

Field IC, Bradshaw CJA, Burton HR, Sumner MD, Hindell MA (2005) Resource
partitioning through oceanic segregation of foraging juvenile southern elephant seals.

Oecologia 142:127-135

Field IC, Bradshaw CJA, Burton HR, Hindell MA (2005) Patterns of onshore mass change
and metabolism in juvenile southern elephant seals. Physiological and Biochemical

Zoology 78(4):491-504

viii



The following people and institutions contributed to the publication of the work undertaken

as part of this thesis:

o Corey J.A. Bradshaw (University of Tasmania), Harry R. Burton (Australian
Antarctic Division), Mark A. Hindell (University of Tasmania) assisted with guidance
and general supervision in all aspects of the PhD study and producing publishable
quality manuscripts.

e  Julian Harrington (University of Tasmania) provided assistance with the fieldwork

e  Clive R. McMahon (Australian Antarctic Division) provided guidance and assistance
with methods of survival analysis and anaesthesia techniques

o Michael D. Sumner (University of Tasmania) assisted with the rasterisation of spatial
data

e John van den Hoff (Australian Antarctic Division) assisted with identification and
measurement of squid beaks and guidance on the production of publishable quality

manuscripts

We the undersigned agree with the above stated “proportion of work undertaken” for each
of the above published (or submitted) peer-reviewed manuscripts contributing to this

thesis:

Mark Hindell Alistair Richardson
(Candidate’s Supervisor) (Head Of School)

X



Acknowledgements

Working on remote, cold and wet sub-Antarctic Islands may not be everyone’s cup of tea.
Macquarie Island is an oasis in the Southern Ocean, a wondrous centre of life for so many
diverse species of flora and fauna. I love drinking tea and I feel very lucky to have seen
Macquarie Island and lived amongst its inhabitants. Thankfully the Island and coastal
waters are protected as a World Heritage Area, National Park and Marine Reserve but
ecological monitoring, in conjunction with careful management, is needed for Island

conservation. May the Island’s inhabitants long remain once we are gone.

I would like to thank my supervisors, Assoc. Prof. Mark Hindell, Dr. Corey Bradshaw and
Mr Harry Burton for their advice, encouragement and privilege to work with them. Their

friendship and enthusiasm in supervision has made my study a pleasure.

Many people have given their time, knowledge, experience and understanding, fieldwork,
laboratory analysis and data analysis. Their patience and help were invaluable. I would like
to thank Clive McMahon and John van den Hoff for their help throughout all stages of this
study and their kind friendship along the way.

I would like to thank members of the 51¥-53" ANARE to Macquarie Island for their
community spirit and assistance during fieldwork. I would especially like to thank Martin
Biuw, Cath Deacon, Julian Harrington, Frans Jonker, Chris McKinley, Nigel Milius, Ryan
Munro, Matt Pauza and Kathryn Wheatley for assistance in the field collecting data.
Michael Sumner deserves thanks for his patience, time and knowledge of R programming
and GIS software — thanks Mike. Dick Williams identified the otoliths recovered in the diet
samples and Yves Cherel provided new insights on identification of some squid species. I
would also like to thank Paige Eveson (CSIRO Marine Laboratory, Hobart) for her
guidance in fitting seasonal growth curves to our data. And to all the other researchers,
academic colleagues and friends who have offered advice and constructive criticism, if
even over a beer, to name a few; Martin Biuw, Jean-Benoit Charrassin, Callan Duck, Mike

Fedak, Rob Harcourt, Katsufumi Sato, Snake, Dave Thompson and many others.




I have had the support of many friends throughout this study, on Macquarie Island, at
University and at home, some old and some new but I thank you all. Your kindness,

humour, enthusiasm and distraction has made life interesting and kept me smiling.

And finally, thank you to my family; my parents — Agnes and John, who have always been
there for me throughout my wanderings and given me the encouragement to follow my
dreams and reach my goals, to Kate for her love, patience and proof reading and to George

for his wagging tail and reminding me to go to the beach.

This was a joint project between the Antarctic Wildlife Research Unit (University of
Tasmania) and the Australian Antarctic Division. Funding was provided by the Antarctic
Science Advisory Committee (ASAC) and Sea World Research and Rescue Foundation
Inc. (SWRRFI) and the Australian Antarctic Division provided logistical support.

xi



Table of Contents

General Introduction
Life history strategies
Juveniles: an important component of populations
Elephant seals as a model species
Southern elephant seals and their environment

Aims and thesis structure
Thesis structure

NO N O W N -

—_

Intravenous anaesthesia of elephant seals (Mirounga leonina) using Tiletamine and

Zolazepam: effects of age, size, condition and function of haul-out. 13
Introduction 14
Methods 15
Results 21

Induction times 21
Recovery times 23
Differences between start of haul-outs for different age groups 24
Number of previous captures 26
Discussion 26
Summary 29

Seasonal use of oceanographic and fisheries management zones by juvenile southern

elephant seals (Mirounga leonina) from Macquarie Island. 31
Introduction 32
Methods 33

Derivation of spatial and temporal data 34
Estimation of location from light levels 34
Spatial and temporal summary 35
Population estimates of regional use 36
Results 36
Oceanographic/Ecological Zones 36
Managed Areas 37
Discussion 43
Seasonal habitat use 43
Oceanographic and ecological habitat use 44
Current and potential fisheries overlap 44

Summary 45

xii



Resource partitioning through oceanic segregation of foraging juvenile southern

elephant seals (Mirounga leonina).
Introduction

Materials and methods
Estimation of location from light levels
Use of location data and mean migration parameters
Spatial summary
Total area used - age and sex comparisons
Time spent within oceanographic regions

Results
Annual cycle patterns
At-sea distribution
Time spent within oceanographic regions
Individual behaviour
Temporal variation in regional use

Discussion
Summary

Age related shifts in the diet composition of southern elephant seals expands overall

foraging niche
Introduction

Methods
Sample collection
Statistical analysis - General differences in prey
Intra-specific differences in prey species abundance
Size of prey
Minimum sample requirement

Results
Overall Diet Composition
Squid and fish Taxa
Prey species abundance differences
Size of squid prey
Minimum sample required

Discussion

Summary
Juvenile southern elephant seals exhibit seasonal differences in energetic
requirements and use of lipids and protein stores

Introduction

Methods
Indices of body composition
Statistical analysis

xiil

47
48

50
51
51
52
52
53

53
53
53
55
55
57

58
61

63
64

65
66
67
67
68
69

69
69
70
71
74
74

76
80

83
84

86
88
91



Juvenile southern elephant seals exhibit seasonal differences in energetic
requirements and use of lipids and protein stores cont ....

Results 92
Overall mass loss rate 92
Lean-tissue loss rate 92
Adipose-tissue loss rate 96
Ratio of adipose:lean tissue 96
Daily energy expenditure 96
Proportion of total energy derived from lipids 97
End lean mass as a proportion of start lean mass 98
Proportion of adipose mass to the end body mass 98

Discussion 99
Seasonal differences and haul-out function 99
Sexual development 101
Are juveniles energetically stressed? 101

Summary 102

Seasonal patterns of growth in juvenile southern elephant seals from Macquarie
Island 105

Introduction 106

Methods 107
Blubber mass as a percentage of body mass (Body composition) 108
Modelling rates of mass gain 109

Statistical analyses 109
Seasonal Growth 109
Body mass and composition changes 110

Results 110
Somatic Growth 112
Age and sex differences in size 112
Modelled rates of mass gain 114

Discussion 116
Extrinsic influences and energy acquisition 117
Intrinsic influences and energy allocation 118
Seasonal growth and survival 119

Summary 120

Thesis Conclusions 121

Influences on energy acquisition 123

Energy allocation strategies 125

Overall Summary 126

References 129

Xiv





