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ABSTRACT
Understanding species’ distributions and habitat use, and how they change spatially
and temporally, is crucial for conservation management. The Hauraki Gulf, North
Island, New Zealand is a highly productive marine ecosystem that is important for a
range of marine megafauna, including cetaceans. This study investigated the spatial
and temporal distribution and habitat use of three focal species: common dolphin
(Delphinus sp.), Bryde’s whale (Balaenoptera edeni) and bottlenose dolphin (Tursiops
truncatus) in the Hauraki Gulf, with the overarching goal of providing scientific
information for conservation and management. A dedicated research vessel was
used for data collection and surveys were focused in the inner Hauraki Gulf (IHG)
and off the west coast of Great Barrier Island (GBI; outer Hauraki Gulf). The likely
spatial use of the Hauraki Gulf by cetaceans, and how that likelihood changes
seasonally, was investigated using species distribution modelling (SDM). A novel
approach to SDM for cetaceans that incorporates detection probability was
investigated with occupancy models and compared with generalised linear model
(GLM) outputs. Additionally, photo-identification was used to assess the population
ecology of bottlenose dolphins using GBI waters for the first time in light of the
reported decline in abundance in what has formerly been recognised as the core
region (i.e. Bay of Islands) for the North Island population.
Survey effort totalled 20,803 km in IHG and GBI waters during 279 survey days
between January 2010 and November 2012. Central northern IHG regions were
important for common dolphins year-round, with increased probabilities of
encounter during winter and spring compared with summer and autumn at GBI. The
inshore movement of common dolphins in Hauraki Gulf waters during winter may
represent an overall offshore to inshore shift in distribution, combined with an influx
of dolphins into the Gulf from the wider surrounding areas of the northeast coast.
This is likely to be related to prey distribution. Estimates of the functional habitat
models suggested that the use of more southerly waters in the IHG during summer
and autumn reflects habitat use by nursery rather than by feeding dolphin groups.
However, the overall predictive maps were more temporally and spatially similar to
the feeding than the nursery group predictions, indicating that prey availability
likely has important implications for the general distribution and habitat use patterns
of common dolphins in the Hauraki Gulf. Furthermore, occupancy model outputs
showed similar spatial and temporal trends in distribution and habitat use of
common dolphins in the IHG as the GLMs. While incorporating detection probability
reduced the bias in parameter estimates, the depth covariate was still identified as
the most important predictor of seasonal occurrence using both model types.
Overall, the spatial and temporal distribution patterns of Bryde’s whales were the
most unpredictable of the focal species, particularly inter-annually off GBI. Notably,
habitat use by Bryde’s whales and common dolphins in GBI waters was considerably
different, unlike in IHG waters. This may be indicative of whales foraging more
frequently on krill in outer Hauraki Gulf waters than in the IHG, albeit dependent on
inter-annual variation in prey availability. It is important to note that the results of
this study occurred under predominantly La Niña conditions. Given the strong
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effects of winds on ocean circulation in the Hauraki Gulf, variations in patterns
described here may vary under more neutral and El Niño conditions.
The high encounter rates of bottlenose dolphins at GBI compared with the IHG
support the hypothesis that GBI is a hotspot for the North Island population. Groups
using GBI waters were larger than previously reported for the North Island
population and predominantly contained neonates and calves. In particular, the
southwest coast of GBI appeared important for bottlenose dolphins, possibly due to a
combination of factors including food availability, its suitability for breeding or
calving, and the likely decreased levels of anthropogenic pressures associated with
other regions of the population’s home range. Photo-identification analyses
confirmed overall site fidelity (MSR = 0.33) to the GBI region was high, albeit with
variable re-sighting patterns among individuals. A total of 171 dolphins (CI = 162–
180) used the area during the study period, representative of a significant proportion
of the North Island population. Seasonal abundance estimates peaked in summer
and autumn and were lower during winter months, with individuals leaving the
study area for multiple seasons but subsequently returning. Thus, individuals of the
North Island population clearly spend extended periods of time outside of what has
formerly been recognised as their core home range. It is apparent that the GBI region
is not simply being used as a corridor to reach other destinations but instead is a key
location for at least a part of the North Island population.
A number of important baselines have been identified via this study and the future
challenge will lie in securing enough resources to ensure continuity in research and
monitoring for further conservation purposes. The fact that the use of GBI waters by
bottlenose dolphins has been overlooked until now highlights the need for
researchers, managers and funding agencies to maintain an open outlook on their
population of interest as a whole when conducting or funding research. For
management of North Island bottlenose dolphins to be effective, a comprehensive
approach including the entire home range of this population along the northeast
coast is required.
This research also demonstrated for the first time that occupancy models can be
successfully applied to cetacean sighting data to assess habitat use while
simultaneously accounting for imperfect detection. There was strong agreement
between predicted areas of high use for common dolphins identified by the GLMs
and occupancy models. This congruency between different model types suggests that
the predictive maps presented here provide reliable seasonal distributional
information that will be useful to support current and future conservation initiatives.
An improved understanding of the processes driving the differences in habitat use
will enable refined predictions of spatial and temporal distribution, which is required
for effective management and conservation of cetaceans using the Hauraki Gulf.

iii

ACKNOWLEDGEMENTS
There are so many people I would to thank who have given me such valuable
support and encouragement over the years leading up to and during the time of
my PhD. Firstly, I would like to thank my fantastic team of supervisors for their
continued support, encouragement and commitment to my project. I have learnt
a huge amount from you all, I can’t thank you enough!
To my primary supervisor, Karen Stockin, thank you for taking me on as your
student in the first place and for all of your guidance along the way. I am super
grateful you gave me the freedom to take my project in the direction (Great
Barrier Island!) I wanted to and helped me out with any hiccups along the way.
Thanks for always being there throughout the process, it was very reassuring to
know you were only a phone call away if needed. I think I owe you a few glasses
(bottles?!) of wine to make up for the weekends you spent reviewing my
chapters!
Thanks a million to my co-supervisor Deanna Clement for all of your invaluable
advice, particularly with data analyses. Thanks for your dedication to my project
and especially for the phone calls during your time as a new Mum (Mom?!). I
would never have pursued occupancy modelling if it wasn’t for your idea in the
first place and for facilitating meetings with Darryl. Thank you for all you have
done for me!
I would also like to thanks my co-supervisor Mat Pawley (aka Koothrapawley)
for embracing the marine mammal research and for keeping me laughing
(crying?!) along the way. You have been highly statistically significant in the
creation of this PhD! I think in return you wanted me to acknowledge your wit,
charm, good looks and general awesomeness. Well, I’m not going to lie in my
thesis, so let’s just leave it at ‘thanks’ shall we?! No, seriously, I’m stoked I got the
opportunity to learn from you and really appreciate all of your help!
I owe a lot to Ingrid Visser for getting me here in the first place. If you hadn’t
given me the confidence to believe that I was capable of achieving this, I’m not
sure any of this would have actually happened. Thanks for teaching me a wide
range of skills (from boat driving, to trailer backing to paper writing) that have
been so valuable along the way — I really learnt a lot from you and continue to
be impressed by your work ethic and dedication. Thank you for your
encouragement and friendship!
This research would not have been possible without the funding provided by the
Department of Conservation Auckland Conservancy. Thanks also to Auckland
Council and Golden Contracting Whangaparaoa who also supported petrol costs
for the research vessel. I am also very grateful for the support of the Institute of
Natural and Mathematical Sciences at Massey University for personal financial

iv

support in the form of a tuition fees scholarship and an INMS doctoral
scholarship.
The Great Barrier Island community gave me such a warm welcome when I
arrived to start surveys. I am very grateful to Emmy Pratt of Great Barrier Island
Marine Radio for being so helpful right from the first phone call I made before
my first research trip to the Barrier. Thanks for looking after us on the water, you
do an amazing job! Thanks to Mick Tucker for inviting us on board your
liveaboard, especially in winter to warm us up with cups of tea! Also not
forgetting how you sorted us out with a place to watch the rugby world cup final
— legendary! Thanks to Con for fixing the auxiliary outboard when I couldn’t get
her started. A big thank you to the Motu Kaikoura Trust for kindly
accommodating us on Kaikoura Island for two years. Thanks to Alan Jones for
coming down and opening the shop out of hours so we could fuel up the boat
when needed. Thanks also to Will and Josh Scarlett for helping with all sorts of
things like temperamental generators, and for generally looking after us. I also
want to thank Rebecca Gibson and Fenella Christian for helping out with
logistics so I could get back to the island to feedback some of the results of the
research.
For all things boat related, thanks to Gulf Harbour Marina and Travel Lift,
especially Paul and Jan, Gulfland Marine, and Burnsco Marine and Leisure.
Research logistics support was also provided by the Rotoroa Island Trust. Thanks
to Bridget & Andrew and Malcolm & Penny who provided accommodation for
many of my volunteers.
To all the volunteers and friends who gave up their time to assist in the field
and/or in front of a computer — thank you! In alphabetical order, thanks to:
Abby Bartam, Dave Braddock, Millie Coleing, Anouk de Plaa, Chris Dwyer, Nina
Egleton, Karen Elliott, Tici Fetterman, Anne Fourier, Monica Greco, Sarah
Jackson, Friederike Jordan, Joffrey (Bob!) Jouma’a, Mike Judd, Julia Kes, Ignacio
Lado, Anne-Sophie Lafuite, Manue Martinez, Simon Marshall, Lianne Melekhina,
Kate O’Neil, Cat Peters, Jason Ratcliffe, Jessica Riggin, Anne-Sophie Rodley, Eva
Schneiders, Ben Sykes, Matt van der Linden, Sami Young, and Lindsay
Wickman. A special thanks to Eva Schneiders for dedicating the most volunteer
time (6 months!) to the project and for your consistently positive attitude towards
life :-) Another special thank you to Millie Coleing for being awesome and
helping out with data processing when there wasn’t even any boat time in
reward!
Thanks to my fellow C-MRGers! From the early days, I thank my original office
buddies Gabriel Machovsky Capuska and Manue Martinez. We had a lot of fun
times! Thanks for your continued friendship and support after you flew the nest.
Thanks to my new office buddy Krista Hupman for putting up with my
interruptions about random thesis and wedding questions. The bach debriefs
were the highlight of my weeks towards the end when there was little else to
look forward to! Thanks to Sonja Clemens for the much welcomed lunch dates to
v

get me away from my desk. Thank you Anna Meissner for sharing your
bottlenose dolphin photo-identification data and Jochen Zaeschmar for general
chats about all kinds of things! A big thank you to Gaby Tezanos-Pinto for help
with mark-recapture analysis. Although you’re not technically part of C-MRG
Christophe, you live with us here in building 86 so thanks for your general
banter and statistics advice.
I was lucky to have a sabbatical visit from Vicki Jackson during my PhD. Thanks
Vicki, it was great to learn more about spatial ecology from a terrestrial point of
view. I really appreciated all of your input during our occupancy workshop we
had with Deanna. A big thank you also goes to Darryl MacKenzie for excellent
advice about occupancy modelling.
Thanks to the people who proofread and/or made comments on all or part of my
thesis when I could no longer see the wood for the trees. Thanks Lisa Williams,
my parents Michael and Ann Dwyer, Ingrid Visser, Gabriel Machovsky Capuska
(with a little input from Karen!), Victoria Allen, Millie Coleing, Vicki Jackson,
Christophe Amiot and Krista Hupman (and her army of volunteers!). I really
appreciate your time and valuable feedback, thank you.
There are many friends I would to acknowledge for their various forms of
support. To Mike Judd, thanks for your help in getting me to the starting line and
during the early days of the project. I am grateful to the aerial survey crew
(William, Lydia, CJ, Katie and Becky) who had to live and work with me on the
plane while I was also working on my thesis. A special thanks to Becky and Katie
for commiserating with me about thesis life (i.e. what life?!). To all my friends
who aren’t close by (you all know who you are!), thanks so much for the skype
chats, messages and care packages — I’m lucky to have such great people in my
life. Particular thanks to my bridesmaids for their friendship and support while I
was finishing this thesis and planning the wedding.
Thanks to my newly made friends on the Coast who have helped me out during
the later stages of my PhD. A huge thanks also goes to Karen, John, Richard,
Julie, Duncan & Rose, and fellow Coastguard Hibiscus crew members, who have
been there all the way. Thank you Karen and John for making your home feel
like my home — the home-cooked dinners (thanks John!) were always
appreciated when I ran out of time to cook for myself. Karen, (B Bud), none of
this would have been as much fun without you! Thanks for coming on the first
exploration trip to Great Barrier Island — it was such a memorable trip. I have so
many fond memories of laughing at the silly things — “Dish dish!!” “No, we’re
not going north, because we’re going south.” PS. Did anybody tell you today
how awesome you are?!
Huge thanks go to my parents for their general support in life and for always
backing my education and career choices. Thanks Mum and Dad, I really
appreciate everything you’ve done for me. Thanks to my big bro Chris for
helping out with various bits and pieces — mostly computer related and for
vi

hooking me up with a waterproof phone and buying me a waterproof handheld
radio — such good PhD presents! Thank you :-)
This journey wouldn’t have been the same without the company of my fourpawed friends, Pepper and Rea. Sorry you didn’t make it to the end Pepper, but
your memory lives on. To my most loyal furry companion, my awesome dog
Rea. Thanks for taking me for walks on the beach and listening to my thought
processes when I was trying to figure out problems ;-)

To Dave, thank you so much for your continued support and patience while I
have been writing this thesis. I am really looking forward to now being able to
say ‘yes’ to social events and spending more time with each other. Thanks for the
many different things you have done to help me out both before and after we
started dating! From troubleshooting engine problems and wiring up chargers in
the boat to coming out on the occasional survey (even if you would rather have
been fishing!). And of course I love you for your brains as well as your brawn —
big thanks for helping me with all things database-related. Your thoughtful
gestures (like finding the Barry’s tea when my supply had run out!),
encouragement and understanding have been appreciated more than you know.
I am really looking forward to the next chapter of our lives together!

vii

TABLE OF CONTENTS
Title Page ........................................................................................................................... i
Abstract ............................................................................................................................. ii
Acknowledgements ....................................................................................................... iv
Table of contents .......................................................................................................... viii
List of figures .................................................................................................................. xi
List of tables ..................................................................................................................xiii
List of abbreviations ..................................................................................................... xiv

Chapter 1: General Introduction
1.1 Introduction ................................................................................................................ 2
1.1.1 Distribution, density, and habitat use .................................................... 3
1.2 Study site and species ............................................................................................... 6
1.2.1 Common dolphin ...................................................................................... 9
1.2.2 Bryde’s whale ........................................................................................... 15
1.2.3 Bottlenose dolphin .................................................................................. 18
1.3 Conservation and management ............................................................................ 22
1.4 Thesis rationale and structure ............................................................................... 26

Chapter 2: Distribution and relative density of cetaceans in the
Hauraki Gulf
2.1 INTRODUCTION .................................................................................................. 30
2.2 MATERIALS AND METHODS .......................................................................... 32
2.2.1 Study area ................................................................................................. 32
2.2.2 Data collection ......................................................................................... 35
2.2.3 Data analysis ............................................................................................ 37
2.3 RESULTS ................................................................................................................. 42
2.3.1 Effort .......................................................................................................... 42
2.3.2 Sightings and group sizes ...................................................................... 47
2.3.3 Temporal relative density ...................................................................... 52
2.3.4 Spatial relative density ........................................................................... 59
2.4 DISCUSSION ......................................................................................................... 66
2.4.1 Common dolphin .................................................................................... 66
2.4.2 Bryde’s whale ........................................................................................... 70
2.4.3 Bottlenose dolphin .................................................................................. 74
2.4.4 Summary .................................................................................................. 76

viii

Chapter 3: Habitat use by cetaceans in the Hauraki Gulf
3.1 INTRODUCTION .................................................................................................. 79
3.2 MATERIALS AND METHODS .......................................................................... 81
3.2.1 Study area ................................................................................................. 81
3.2.2 Data collection ......................................................................................... 82
3.2.3 Data analysis ............................................................................................ 85
3.3 RESULTS ................................................................................................................. 89
3.3.1 Sampling data .......................................................................................... 89
3.3.2 Environmental data ................................................................................ 91
3.3.3 Habitat models ........................................................................................ 96
3.3.3.1 Common dolphin habitat use ................................................ 96
3.3.3.4 Bryde’s whale habitat use .................................................... 105
3.3.3.5 Bottlenose dolphin habitat use ............................................ 109
3.4 DISCUSSION ....................................................................................................... 112
3.4.1 Common dolphin habitat use .............................................................. 112
3.4.2 Bryde’s whale habitat use .................................................................... 116
3.4.3 Bottlenose dolphin habitat use ............................................................ 119
3.4.4 Study limitations and future recommendations ............................... 121
3.4.5 Summary ................................................................................................ 123

Chapter 4: Occupancy models to assess spatial use of the Hauraki
Gulf by common dolphins
4.1 INTRODUCTION ................................................................................................ 126
4.2 MATERIALS AND METHODS ........................................................................ 128
4.2.1 Study area ............................................................................................... 128
4.2.2 Data collection ....................................................................................... 130
4.2.3 Data analysis .......................................................................................... 131
4.3 RESULTS ............................................................................................................... 138
4.3.1 Models .................................................................................................... 138
4.3.2 Predicted distribution ........................................................................... 145
4.3.3 Comparison of occupancy model and GLM predictions ................ 145
4.4 DISCUSSION ....................................................................................................... 149
4.4.1 Summary ................................................................................................ 152

ix

Chapter 5: Population ecology of bottlenose dolphins at Great
Barrier Island
5.1 INTRODUCTION ................................................................................................ 155
5.2 MATERIALS AND METHODS ........................................................................ 157
5.2.1 Study area ............................................................................................... 157
5.2.2 Data collection ....................................................................................... 159
5.2.3 Data analysis .......................................................................................... 160
5.3 RESULTS ............................................................................................................... 168
5.3.1 Group dynamics .................................................................................... 169
5.3.2 Photo-identification .............................................................................. 172
5.3.3 Site fidelity .............................................................................................. 173
5.3.4 Abundance, temporary emigration and apparent survival ............. 175
5.4 DISCUSSION ....................................................................................................... 180
5.4.1 Summary ................................................................................................ 184

Chapter 6: General Discussion
6.1 Conservation management .................................................................................. 186
6.2 Summary of research findings ............................................................................. 187
6.3 Significance and contribution of research findings .......................................... 191
6.4 Future research ...................................................................................................... 194
6.5 Concluding statement ........................................................................................... 195

LITERATURE CITED ................................................................................................ 197
APPENDIX 2.1 ............................................................................................................ 233
APPENDIX 2.2 ............................................................................................................ 234
APPENDIX 2.3 ............................................................................................................ 235
APPENDIX 3.1 ............................................................................................................ 239
APPENDIX 3.2 ............................................................................................................ 241
APPENDIX 3.3 ............................................................................................................ 245
APPENDIX 3.4 ............................................................................................................ 246
APPENDIX 4.1 ............................................................................................................ 247
APPENDIX 5.1 ............................................................................................................ 248
APPENDIX 6 ............................................................................................................... 257
APPENDIX 7 ............................................................................................................... 259

x

LIST OF FIGURES
Chapter 1
1.1 Hauraki Gulf, North Island, New Zealand ........................................................... 7
1.2 The Southern Oscillation Index (SOI). .................................................................... 8
1.3 Global distributions of common dolphins ........................................................... 10
1.4 Global distribution of Bryde’s whales .................................................................. 15
1.5 Global distribution of bottlenose dolphins .......................................................... 19
1.6 The Hauraki Gulf Marine Park, Tikapa Moana Te Moananui a Toi ................ 25
Chapter 2
2.1 Map of the Hauraki Gulf, New Zealand .............................................................. 33
2.2 The Massey University research vessel Te Epiwhania ........................................ 35
2.3 Search effort in the inner Hauraki Gulf ............................................................... 43
2.4 Distribution of seasonal survey effort in the IHG .............................................. 44
2.5 Search effort off the west coast of GBI ................................................................. 45
2.6 Distribution of seasonal survey effort off GBI .................................................... 47
2.7 SR and ER by season of common dolphins ......................................................... 54
2.8 SR and ER by season of Bryde’s whales .............................................................. 56
2.9 SR and ER by season of bottlenose dolphins ...................................................... 58
2.10 Seasonal relative densities of common dolphins............................................... 60
2.11 Seasonal relative densities of Bryde’s whales .................................................... 63
2.12 Seasonal relative densities of bottlenose dolphins ............................................ 65
Chapter 3
3.1 Map of the Hauraki Gulf, New Zealand .............................................................. 82
3.2 Summary of static environmental variables ........................................................ 91
3.3 Monthly mean SST values for IHG and GBI waters .......................................... 92
3.4 Seasonal mean SST values for IHG and GBI waters .......................................... 93
3.5 Values of NPP (net primary production) ............................................................. 94
3.6 Wind roses showing predominant monthly wind direction ............................ 95
3.7 Interaction between depth and SST — common dolphins................................. 98
3.8 Seasonal probabilities of encounter —common dolphins ................................. 99
3.9 Seasonal probabilities of encounter —common dolphin feeding groups ..... 101
3.10 Depth/probability of encounter — common dolphin feeding groups ......... 102
3.11 Seasonal probabilities of encounter —common dolphin nursery groups .. 104
3.12 Year-distance to Colville Channel interaction — Bryde’s whales ................ 107
3.13 Annual probabilities of encounter — Bryde’s whales ................................... 108
3.14 Depth-SST interaction — bottlenose dolphins ................................................. 110
3.15 Seasonal probabilities of encounter —bottlenose dolphins .......................... 111
Chapter 4
4.1 Map of the Hauraki Gulf, New Zealand ............................................................ 129
4.2 Predicted seasonal estimates of ψ for common dolphins ................................ 146
4.3a–b Occupancy model and GLM predictions rescaled as deciles ................... 147
4.3c–d contd. Occupancy model and GLM predictions rescaled as deciles ....... 148
xi

Chapter 5
5.1 Survey tracks off the west coast of GBI .............................................................. 158
5.2 Group sizes of bottlenose dolphins at GBI ........................................................ 170
5.3 Initial sighting locations of bottlenose dolphin groups ................................... 171
5.4 Neonate showing foetal folds .............................................................................. 172
5.5 Discovery curve of bottlenose dolphins off GBI ............................................... 173
5.6 Monthly and seasonal sighting rates of bottlenose dolphins at GBI .............. 174
5.7 Seasonal weighted ratio of the total number of sighting records ................... 174
5.8 Seasonal abundance estimates of bottlenose dolphins at GBI ........................ 178

xii

LIST OF TABLES
Chapter 2
2.1 Seasonal survey effort in the IHG ......................................................................... 43
2.2 Seasonal survey effort at GBI ................................................................................ 46
2.3 Cetacean sightings by season in the IHG ............................................................ 49
2.4 Cetacean sightings by season at GBI .................................................................... 49
2.5 Group sizes of common dolphins sighted on effort in the IHG ......................... 50
2.6 Group sizes of Bryde’s whales sighted on effort in the IHG .............................. 51
2.7 Group sizes of bottlenose dolphins sighted on effort in the IHG ...................... 52
Chapter 3
3.1 Sighting data for common and bottlenose dolphins and Bryde’s whale ........ 90
3.2 Parameter estimates — final common dolphin models ..................................... 97
3.3 Parameter estimates — final common dolphin model — feeding groups .... 100
3.4 Parameter estimates — final common dolphin model — nursery groups ... 103
3.5 Parameter estimates — final Bryde’s whale model .......................................... 106
3.6 Parameter estimates — final bottlenose dolphin model .................................. 109
Chapter 4
4.1 Common dolphin occupancy model data ......................................................... 138
4.2 Sampling occasion coefficients acting on detection probability ..................... 139
4.3 Site covariates affecting the probability of common dolphin use (PDU) ...... 139
4.4 Model selection results of single season occupancy analysis — summer ..... 141
4.5 Model selection results of single season occupancy analysis — autumn ..... 142
4.6 Model selection results of single season occupancy analysis — winter ........ 143
4.7 Model selection results of single season occupancy analysis — spring ........ 144
Chapter 5
5.1 Bottlenose dolphin encounters by season at GBI ............................................. 168
5.2 Number of bottlenose dolphins identified at GBI and other regions ............. 175
5.3 Results of the goodness of fit tests ...................................................................... 176
5.4 Model selection for sighting data of bottlenose dolphins at GBI ................... 177
5.5 Temporary emigration rates for bottlenose dolphins ...................................... 179

xiii

LIST OF ABBREVIATIONS
AIC
ANOVA
BIC
BOI
BOP
BPMMS
CI
CJS
Contd.
CSV
CV
df
DOC
EAUC
ECBOP
e.g.
ENSO
ER
ESRI
Fig.
GAM
GBI
GIS
GLM
GME
GPS
HGBDC
HGMPA
h
hp
i.e.
IHG
IQR
IUCN
km
LME
m
ML
MMAP
MMPR
MPA
MPI
MSP
MSR

Akaike’s Information Criterion
Analysis of Variance
Bayesian Information Criterion
Bay of Islands
Bay of Plenty
Banks Peninsula Marine Mammal Sanctuary
Confidence interval
Cormack-Jolly-Seber
Continued
Comma separated values
Coefficient of variation
Degrees of freedom
Department of Conservation
East Auckland Current
East Coast Bay of Plenty
For example
El Niño Southern Oscillation
Encounter rate
Environmental Systems Research Institute
Figure
Generalised additive model
Great Barrier Island
Geographic Information System
Generalised linear model
Geospatial Modelling Environment
Global Positioning System
Hauraki Gulf Bottlenose Dolphin Catalogue
Hauraki Gulf Marine Park Act
Hours
Horse power
That is
Inner Hauraki Gulf
Interquartile range
International Union for Conservation of Nature
Kilometre
Large marine ecosystem
Metre
Maximum likelihood
Marine Mammal Action Plan
Marine Mammals Protection Regulations
Marine protected area
Ministry for Primary Industries
Marine spatial planning
Monthly sighting rate
xiv

NIWA
NA
NE
NP
NPP
OHG
PAU
PDU
Pr
SAC
SD
SDM
SE
SPUE
SR
SSM
SSR
SST
USA
VGPM
VIF

National Institute of Water and Atmospheric Research
Not applicable
Not estimated
Number of parameters
Net primary production
Outer Hauraki Gulf
Proportion of area used
Probability of common dolphin use
Probability
Special Area of Conservation
Standard deviation
Species distribution modelling
Standard error
Sightings per unit effort
Sighting rate
Safe Ship Management
Seasonal sighting rate
Sea surface temperature
United States of America
Vertically Generalised Production Model
Variance inflation factor

xv

