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Arara te manu whakarongo tipuna, te manu nei a te kororé
Korord-a-uta, korora-a-tai
Kowhetewhete mai o ngutu
Nau na Tane, naku na Tane

Hui e taiki e

Listen attentively for it is the bird that converses with our ancestors
This bird the blue penguin
The land blue penguin, the sea blue penguin
Your lips are murmuring o us
You are of Tane and we are of Tare
Bind us togetrer
Letlit be so!

( By Laune Porimaand Laucgueline Guoarts)



Finding the connection between the land and the sea



Abstract

At present the New Zealand populations of Little Blue Penguins (LBP: Eudvptula
minor) are classified as “Threatened’ and in *Gradual Decline’ by the Department of
Conservation. Effective conservation management of the North Island sub-species
requires an understanding of the factors affecting their survival and breeding success.
There is little information on the breeding ecology of the E. minor, especially in the
North Island of New Zealand. The overall goal of this study was to establish baseline
data on a North Island population of LBP in New Zealand. The aims of this study were
to 1) identify population demographics, 2) quantify breeding success and identify
abiotic and biotic parameters influencing nesting success, 3) identify feeding ecology
based on diet and trophic level assessment, and 4) identify cause of death and
underlying patterns associated with mass mortalities of the LBP species. Breeding
success was quantified by monitoring the nesting activity of 87 nesting attempts during
the 2005/06 breeding season. Nest monitoring also involved identitying risks associated
with both the ¢gg and chick stage. Diet analysis involved comparing stomach
regurgitation samples and isotope samples of feathers spanning a 120 year period. The
cause of death for the mass occurrence of beach wrecked birds found during 2005/06
was established through necropsies and histological tests. The major cause of death was
compared to patterns of past beach wreck events that has occurred in New Zealand over
a 33 year period, obtained through the Ornithological Society of New Zealand. Where
possible, both short- and long-term comparisons were made to establish a sound
understanding of the key factors that are influencing breeding success, foraging, and

survival.

Results showed that 2005/06 was a poor breeding year which was the result of a large

number of nest desertions. Furthermore, analysis of stable isotopes shows that the LBP



have been teeding at fow trophic levels over the past 120 years and that 2005 was
srignificantly tower i carbon levels suggesting a low yeuar of marine productivity, The
larpest cause of death assoctated with mass beach wrecks was starvation. Analysis of
past beach wreeks sugecest that during the year TBP are at a greater nsk of death alter
the breeding scason, after moult, and during winter which are encrgetcally expensive
periods. A more fong-term study s regquared to identdy the trends in LBP brecding
success and to ascertain the primary reason as 1o why they are unable o obtain enocugh
food. Seabirds are increasingly bemg used as biological indicators since they are lurgely
inthuenced by changes associated with the marme environmenz. The use of LBP as
biofogical indicators may have himutations dependmyg on the parameters being used.
However stalxie 1sotope measures may be one of the easiest methods to achieve this and
alfows for reconstuuction of past ecological histories through analy<is of histonieal

LissLIcs.

Vi



Acknowledgments

Firstly, I would like to thank my supervisor Dianne
Brunton who initially introduced me to the idea of
studying Little Blue Penguins and for whom I
deeply respect. As a student | was fortunate to
receive supervision by someone that would
encourage individual thinking and allow me to

investigate and research new 1deas. Dianne

encouraged me to apply these ideas and consistently showed enthusiasm towards my
thesis. I am grateful to be included into a group that supports a positive working

environment and a co-operative approach to science.

In the beguinning there were many people that helped me with learning new
skills and techniques. These techniques included specialist training such as otolith
analysis and stomach sample analysis, necropsy procedure, applying the stomach
pumping method and stable 1sotope analysis. For this 1 am in debt to Lorraline Meyner
(Massey University, Palmerston), Richard Jacob-Hoff (Auckland Zoo) and Nigel
Adams (Auckland University of Technology) and Sarah Bury (NIWA) since each
analysis took patience and personal time. | am also thankful to Brian Gill and Ramola
Prasad from Auckland Museum for allowing me to access and sample museum
specimens. A big thank you goes to Brett Gartrell and his team of pathologists who
were able to provide histolo

gy tests.

=

I would also like to thank the National Institute of Water and Atmospheric

Science for providing the weather data for analysis of the mortalities over time.

vil



Furthermore [ would like to acknowledge the A.W.C at Massey University and Leon
Huynen for the gender analysis of the feathers. I also appreciate and acknowledge the
help received through Jo Evans from Auckland University, at Leigh Marine Laboratory
for providing the sea surface data and also Heath Allen from Ag Research who

identified parasite specimens.

Apart from finding people with the rare skills to asist with my research, one of
the hardest parts of creating this thesis was the time spent in the field gathering the
initial data. To ease this burden | had several collegues and friends that assisted with
editing chapters, analysis, and assistance within the field or provided a well deserved
drink and laughter after a long day. Therefore, to all the people that were enthusiastic
and positive about my project and helped to relieve frustrations within the field or lab, a
huge thank you as it meant a lot: Luis Ortiz Catedral, Rose Thoroughgood, Kevin
Parker, Monique Van Rensburg, Mary Geurts, Rosemary Barrowclough, Mark
Seabrook-Davison and Michael Anderson. A very special thank you to Marleen Baling
who gave me hours of her time to proof read all the final chapters and set up my very
own template. Together Marleen and Michael Anderson helped me put 1t all together
during early hours of the morning. A tip to fellow students do not aim to bind a 250
page thesis at 2.30am after 3 days of no sleep as it just creates further frustration. I owe
thanks to Ray and Barbara for making sure that I returned each night and was still alive
the next day. Lastely, I would like to recognise the rest of the Ecology and Conservation
Group which I have loved spending time with attending conferences, lab meetings (and
parties) or just having lunch with. I have valued your friendship, your support for my
research, your valued opinions and glasses of bubbly provided over the past year. A

special acknowledgment to Laurie Porima who worked with me to create a proverb that

viii



significs the special ink that 1 understand to exist between the Little Blue Penguin with

the land and the sea but also the need and want 1o understand this.

Fially, mum and dad. thank you for all your support, belief. enthusiasm, and
encouragenent durmg the five years of study it has meant a lot and has really helped mie

achieve this large tinal monstrosity ot a thesis.

This project was supported (in part) by funds from the PAD] Foundation
and the Supporters of Tiritivi Matangi Island which allowed me to take on the new

endeavour of isotope sampling.



Table of Contents

LIST OF - PLATES covivsusmonismetesmns s s snaan e s s s s s e oo by v s s i e e s e X
LEST OF TABLES oivscavisviis s i sisseniss i snassimsiss XVI

CHAPTER 1  GENERAL OVERVIEW 1

BB ST R AT conuias sussrommvnsssims s s s e sV er s s s e s o A o P 3 A U S S SRR S5 50 2
I TR DD I T DN s o s o W 545 9 o A e S i SR 3
STARS-Of Penguiit SPoties. s mmmsmomavamsins s o s e s s e el
L IO OTGEIN, s snsiossis ot s o S S RS0 5 5 S e RS A A D R 7
B EOTOGIE wessssnusiosnsnainasaessasos s e S N S S Y S SR P A A A s X
Breeding: BEOTOBY vnvasvuvsosimmesismonss s st i oo s s e R S SRS B s 8
BT EOOI OB v.csaraavasrsnramismmamesssibosii s s S B A Y s 0 9
TR OIS owsnnicvicsns oseioss s s oo me i sy BN A B R e PSS Ty s 10
SITHIRCENCE QT TS, STV « coviivernisiinicsmssminssssossomiiss s sy ok ooy oo 65 oS v v i 12
THERIS ATVES ANDIDIBIBTEIVES:  cuvsearsasmnpvmivessssss s red s vyl s s b i ies 14

CHAPTER 2 BREEDING ECOLOGY OF LITTLE BLUE PENGUINS. ... 17

22 INTRODUC ][()\I sev R I P R R R eT e LD)
2.2.1 Breeding .-nf.-ml Bz'm Purznm A S TR s S SR e
222 Srgmﬂumu OF CHFFEIE STHEN. 5 covmsovssvanimiegmmsomsse o s i s s s s R s
Study Sm ............................................................................................................................ 24
SUPVEY MEHIOES ...ttt st a e et e sre s abe s s snesene 2O
O T B N i i B o S e S R R e e s 26
Bdndin" PROCCAUIT 1ottt be e e ss s e se s se s s se s e g 2 st e s 29
Dam (UH(’( Y s e A D R A NS ?H
INESE DAODTEOTITIER oot e s A SR R A A R M B S R v B G 30
e e S UPU D —————————————
245010 I o S e S S s I S R B s R R 36
2ANE DR U R OE st s A i S S S B B PR B R b 36
2800 Nesb VISRl ity e irmmrmmnstosmmmes s AR I e SR A9 S e e B e e s B SR AT 38

2.5 T s A e S o B e s A B A R R R Rl e s 39
2.5:2.1 Muit.i.lj]dr sutml_ ........................................................................................................................... 40
ZOZZ  IVEIEDE A BTENOER. . oo cinnoissms s s EoaE S oA 4 Tk A R A B B R 42
2.5.3 DT e VT e e el e e e e e e S 43
254 T 44
2.5.5 CIEHEFRL MESEIYPES isovvvrsnsssnsssminssvvnsissivssmesi st i sms s s st i o v s Ao st s N
256 D I TR s O B S R T P B P e
2.6 L e 51
2:6.1 Lay:Date and Environmental Conditions ..o omsvsiminssissiisssmasvesmrseis i essi O
26.2 Food Availability and Body CORAIION..............c..cccccvvvviviiccininiicriiiciiiciriniiiisisisisinees 39

1
1

o —
g

Ly
I b Fim iy B, My Ry,
BRSLEER

LB

b
AR oo R o R0 R
b B0 b b
ol b —

e e

o —

RN

o b



2.6.3 Age, Ouality and Reprodiictive SUCCESS ... nsiabisammimmie e e v 56
2.64 Nest Tvpe and Site Fidelity i F8
2.6.5 Baseline Data::: ..isivmsimimimni e e /114
2:6.5:1 Body ConItIon .. omms i i soms Smsosso wsssas asrvan vevs S e s s 60
2.6.52  Banding and Baseline Data 61
2.6.6 Considerations ..................... i 02
2.6.7 CONCLESTONS coconmmosmmmmpness .63
2T APPENDIX soiernrsnsosmsseriorsonss st s st s S s o 8 308 0 SR s A S S MRS ... 66
22 A Morphological measurements from Little Blue Penguin..............ccccccvvivviivccncicicinnnnn. 06
272 Little Blue Penguin band RUMBEES .............ccccccoiviiiiiiiiiiiiiiiiiiieinecnierieeecesiseaceencirearnns OF

CHAPTER 3 CAUSES OF EGG AND CHICK MORTALITY IN LITTLE BLUE PENGUINS
ON TIRITIRI MATANGI ISLAND 71

1 BB T REAIET ssuussssesnssoncssmanss sonmns svevs st i v o oo s aid s v T S e e
2 IINTTRODUIETION ..o nomssisssis susns s soomh asss 5s5sss40 s 4asERH0 515 HR 424 04T SHETR T 2080 SR A HAR R KRS
32.1 B T T T D T  syms:5.cemnsssvimsamn s asns oo R R S A RS S P AR P R DA
3.2.2 Risks during the Chick Stage...................
3.3 1L LR
34 METHODS
34.1 DB RO R oo it s v o w4 e 40 R 5 N i 0 9 o S BN M 5
34.2.1 A LTt I o3 T s o o U
3.4.3 CHICK INCCFOPSIES ...ttt sr e e st s e eane e e s ere et
344 DAt ARGIVSIS ..ottt ens
3447 B and ik BT s s im s s s i o e s s 5 s A 82

3.3 TREBIILTIS s s 05w cs oo P OV SR O B T S VAN P SR e A S S SR

354 L e e L s L e e e o
I F8 PTOPETLIES Lottt ettt ieae st et eset oo ees ot s s bt em s s em so s bt sae et et s cenean 87
22 Tt b A O B B v e i L i D N R o VT 87
3 Chick Analvsis............... 88
3.6 DISCUSSION svumasamsnnin 90
3.6.1 Swrvival at the egg stage .. 92
O L N o T OO OO O OO O TSSO PO OO U OO DT O PR D EUO U SUO OO PURUSTURTURUON 94
3.6.2 CRICk:SIVIVAE. csimmrismmnmsimsmmmss s s s s 95
3.6.2.1 Potential influences of egg dimensions on chick development ... 95
ABFT  EIRCIS OF PAIASIIES s et m s 55455 oras s e 8 4 KA 8 R S S PR R S S e AR 97

Ja CCOMOTUSTONS .o et e et et e e e eesnesans 98
CHAPTER 4 FEEDING ECOLOGY . 101

4.1 ABETINET oo srans e e om0 e s M L N N SInEa Y S SR S 102
42 E T RO TION « ccooscmernassmmcumsiomsnsmsmess s s o s i A S S S B A TS A 104
Diet Analysis of Little Bltte PEnguins ..............cccovvevremivcvieeessiiinvsiesessssisesisessssessesssassessss 106

1.1 Conventional diet analysis 0 LBP Lo 106
1.2 Long term diet analysis using stable isotopes... 107
L3 O IIETO I SO cccucinnnmmrnimas s oo 50 S S e T o B S o S S P 109
B3 AINES i vrorsssasssins ossssos o s beos s s oesschds 6550 55 00 s oL eV S G B W SR 111
4.4 IS IO IIS s sumes soguvmamainh s nammesss sesmes R AR A 3 A3 R NI S SRS A A A A AN OS5 112
4.4.1 GERErOL APDHCHION vovismisssismsssssommsmmmismiisizm o s s i r s B2
4.4.2 EIVBFVIEW,cnirsvsmssisssensmnssssmavsssimssssssranes TR PRSRRSRTIOOII ) .
443 DI COUBEITONE corvcmmvsovivorsmissanssssspmmosvn s s v o A S oo s A S A A ol B
4431 Stomach Flushing ... e e e 113
#4332  Chantification:.of Food:Samples:ciinmunmimbnasvimmsmeiniaaninimmeinisie 114
AR BRIl RIS i e s v e T T s A s e T e 115
4.4.4 Isotope Sampling .............. A S A SR DR 7 1
4441 T e e T 116
4442  Methods used by NIWA e L 117
4435 7 f 7 N 4Ly e e e e B eSS AL [y L WL B UL~y AL LA v A
4451 OO A A P st e R T B s A R 118
4452 SpeciesidentifICation ..o s e s s s sissns 119

Xi



4.4.6 Isotope Analysis.. ... oo issisnsusummnnimmrarinmmssremsaiseana 21
4.5 RESULTS « coonmnicimiimnitpsmsvinasimiisiistis i 123
4.5.1 Regurgitations .............c.coovveeiovivvnninnnes sl 23
4.5.2 Isotope Sampling................cccoocvviviinnns 127
43521 Diet Assessment ... P T L LR R SUIRIOWOeD) L |
4522  Individual Diet Assessment............ 128
4.5.2.3  Trophic levels... e R R —— —— i B
4,52 4 Lonb term diet chanon ................................ O e R S K e T s i 131
4.6.1 Th(‘ {Jte‘f oﬂ BP S R S i e S s e D O
4.6.1.1 Biases associated \mh Ihl.. cumenuonat m:.(hnd s V3D
PRLE BABEIESIIES o R A e b3
4.6.1.3  lsotope signatures and sampling period 138
4.6.14  Application of enrichment values ... . 140
4.6.1.5  Sampling period..........ccovnins A A Y S S S T A A A R R S 141
4.6.2 Stamiach REQUPRTIITONS «coos pnismnemsmmsmmivommmsssssss sssmib anssisssmtss sontnass s AR N Y gt N s a s ... 143
4.6.2.1 Generalist feeding pattern in LBP P S Sy o oo PP R e 143
$:62F Efectofproy THe-Cyale. s mammimmms s s s i i s R s s s e R TR A 143
4.6.3 Stable Botope AMEVSIS cuuesms st s s s s s s O
4.6.3.1 Annual differences............ ]
B A O I TR forencnsiomsessessasss g ST O A RS S A OSSPSR SRS SR TRETT A AN ST E A TAS I NS 043 147
BB 3T I OTI P O e o s s e o BT B i P e Tl 149
4.6.4 Conservation Management Recommendations........ 150
4.6.5 CONBHISTONS civicvcunmismiiai sr oo ssomsssinss A5 P R S s s s e D
4.7 APPERIIIR sovinianosinusnvissisersms s s oo oo s 1 o o ST v S R A oo 156
4.7.1 Total length and weight regression of a South African Anchovy.........cccocevviicvcca 156
4.7.2 Total length and ucighruq: ession of a South Afiican Mvetophid ..o 157
4.7.3 Comparison of SN and 6" C values. R A A S5 o PO
4.7.4 Precision data for repeat analyvsis uf urea s.'unu'u.f ds ....................................................... 138
4.7.5 Trophic levels for all vears.. . i d 9
4.7.6 Yearh: mean differences for r‘l (ru hm} \uhre 159
4.7.7 Yearl mean differences for o Nin ‘ogen mfm' 159
4.7.8 Total catches for commercial fisheries from Nor H'r Fm.' Omsr areas u,f '\cu /c*u!und 160

CHAPTER S SURVIVAL OF LITTLE BLUE PENGUINS 161

1 T T R T s 3 A s S R A R T RV T RO LR 162
52 o B 13 B B T r L ———————— " 163
Jed MOFETTIN TR SERDIVES ccoinissnvisvmvasssmiaossasasss e R S S T S s s e s D
522 Determining Catse Of BRath o ssovssmsmrismmanssmmsasssimsssmesiie 08
5.2.3 Significance of THIS SdY i smvmanmwvnmoamsassnissmamonsmarissnsaisimagsesmeiios L O
F.3  AIME s s e S B e 168
54 NEETHODS ccoissimammmnsmonmasis e s 1 09

5.4.1 Diarid Bivd COlleBtion . covasemisma e YL

542 Beach Comnts frim Previons Years quaveaasssisssaissisviswmusssonisespenvissecmioninisscd OF

5431 Coause of Death ......coovsmormrssessapsusonses OO 171
5441 Preservation . ....qasmissigs: 173
5442  ExICTNAl EXAMINATION servosmisinmieamsmsisy st s s s e s s s s e s s et il |
SAAS Naral BRI st s s e S S e p S e

5.4.5 Necropsy Results ................... L A78

54.6 Weather Data ............cccocouv... 178

3.4.7 Data Analysis ... IS (/1.

5401 20057and 2006 beach; COMMES:. it mnei it i R e o R 179

5472 OSNZ data oom 196640 LY nuinimunnns v smismmnsmmmse b9
5.5 RESULTS. o 180
I Nt‘uopw. Fma'm_gs‘ - 180
2 Cause af Death ........c.c.cccucs . 182
521 A TRIONY TORER s isoncinsmuanasy monk s omhsos im0 S LM P o Sy AR B S D
3 AR O B e SO A ot R e S R e e e e e e S e 183
5
5

1 2005-2006 counts .. T o e R
B OSNZ data 1966 1999 TS A R e S S e S T S e e T )
5.6 DISCUSBION jcoviiinmminsiivmisnmisss s s e i i s mas i smisss 189

xii



5.6.1 Cause 0f DEAIR 11 LBP..........ccovooveoeeeeeeeeise oot et sta et emeae e
5.6.2 Patterns of Mortalities......................
1 Monthly counts.......cineiiii.

W AR BRI oo e s T S S B R S SV S S
Inter-Anial Dillerences i LBP SHFIVEL s i s s s v 191
3032 Broeding SeaROM i e T R
5:6.33 Post-breeding season and monling «cosunmismsmasinaammsesissmsmiimssiasss i 1 98

5.6.4 Other Catises of MOPIGIIDY. .ouosmminiiar v
5.64.1 N I e T T ——
Si0uhd. PretBIION o e s s SR T R A R S R T e A
5643  Parasites.civiiiviaaniissdig
5.644 FETOPATHBEIER, . c.cicossmmuimimssissssanasovs missymnvess i v sy ssinh S50 R R SR B S B S R O A SR
5.6.4.5  Endoparasites

565 Other Considerations ..............cccoocevvveceriennenn.

5.6.6 Mortalities and Population Demographics ................c...ccoecevieiieeecieiie e s

CHAPTER 6 THE USE OF LITTLE BLUE PENGUINS AS BIOLOGICAL INDICATORS.. 207

6.1 GENERAL SUMMARY 1ovvvvvreseensssssssesseeasesmsesnmmsresssssssssmssssssssssssssssssssrossasssasssssmssmssmsesssssssassssseassssns 208
6.1.1 CONMCIHSTONS oot e et e e T R T T 208
6.1.2 TRterrelating Factors ..........o.oooviiiiiii e
g.1.3 FUIEE RECOMMECHAGIIONS ..ot e e et e e e e e e s et e e e e e e e e eess s
6.1.4 CORCTUSTONS i marssmsrssiiasis

6.2 REFERENCES — CHAPTER 1.oovieveieennnnnn,

6.3 REFERENCES — CHAPTER 2...vvevieeenns

6.4 REFERENCES —CHAPTER 3t i it ismamis i mibiinisnm I Ao 2

6.5 REFERENGES — CBAPTER S it s s s e e e s 2

6.6 R EPER ENC ES — AP T RR i st b i i e e i S s 240

6.7 R E P ERENCES —= A R R B s s s S e s e S e s s 248

6.8 PERMIT s ovmasgae iy T R S o T e B R R S e A 8

Xiii



PLats
PoATE
L
PLarl
Poarl
PLart
Pate

Prarl
Pran

e e et a1 —
— — [ — | = d e

™

List of Plates

LT O O T T T € 7 O L T SOOI |

B B PR EN U HI R oo e e L 17
AN NN AT R ANEY O LT b B P NG LN e 24

CALITTLE Bl B PENCGUEN FROM TIRITIRENTATANGUISLANI i 1411
CRIGURGIIATIN PROCEDTRE FOR T Bk PENGL N 113
CEAPELE B0 PENGUINS FOLSD DEAD ON TIRITIRIMA TANGUISLAND. il 161
MO eNGLITE R B e PGl

g

KV



List of Figures

FIGURE 2.1.A) MAP OF NEW ZEALAND OUTLINING THE HAURAKI GULF 25
FIGURE 2.2. LOCATIONS MONITORED ON TIRITIRI MATANGI ISLAND. c1coiiiiiiiviciniiesireiieerersrereessssenseesenasnsens 26
FIGURE 2.3. THE DIFFERENT LITTLE BLUE PENGUIN NEST TYPE CLASSIFICATIONS .. 28
FIGURE 2.4, MEAN WEIGHTS (+ SE) OF THE DIFFERENT LITTLE BLUE PENGUIN SEXES AT BANDING 42
FIGURE 2.5. DIAGRAM OF LITTLE BLUE PENGUIN NEST SITES FOUND ON TIRITIRIMATANG!I [SLAND. ........ 43
FIGURE 2.6. LITTLE BLUE PENGUIN NEST COUNTS ON TIRITIRI MATANG! ISLAND, NEW ZEALAND, ........... 44
FIGURE 2.7. LITTLE BLUE PENGUIN LAY DATE AND AVERAGE SEA SURFACE TEMPERATURE vvevvevveviiieeinan, 45
FIGURE 2.8, MONTHLY AVERAGE SST FOR MONTHS BEFORE AND AFTER LAYING...
FIGURE 2.9 LITTLE BLUE PENGUIN LAY DATES i s i st it 47
FIGURE 2:1 0.COMPARISON OF THE NEST TYPES i i 48
FIGURE 3.1. NEST DESERTIONS OCCURRED THROUGHOUT THE NESTING SEASON oottt ioieisciioiesieeeaesenns 84
FIGURE 3.2. NEST DESERTIONS IN RELATION TO WIND SPEED AND RAIN FALL. tviieiiiiiiiiiineciiineseeeeaesnns 85
FIGURE 3.3. COMPARISON OF THE DIFFERENT INCUBATION LENGTHS (+SE).... s B8
FIGURE 4.1. DRAWINGS OF LEFT AND RIGHT OTOLITHS FROM FISH SPECIES 1ottt sciiessinisisesesisnanns 120
FIGURE 4.2. NUMBER OF PREY SPECIES IN STOMACH SAMPLES. .iiiiiviiririsivismnivicaseossssssssssssivsisssasssssssosessants 124
FIGURE 4.3. COMPARISON OF THE ISOTOPE MEANS ...iviiviiviiiiiiasiasrisiessssassissenssssssioens e T 127
FIGURE 4.4. STABLE ISOTOPE SIGNATURES FOR 2004 AND 2005, .iiiiiiiiiiiiiiiiiiesisiisieasssisssssivesssssssnssossesssses 128
FIGURE 4.5. ST ABLE ISOTOPE MEASUREMENTS FROM REGURGITATED LITTLE BLUE PENGUIN .. 129
FIGURE 4.6. A) A NITROGEN & B)A”L‘ R BN e e S 132
FIGURE 4.7. COMPARISON OF THE DIFFERENT YEARLY STABLE ISOTOPE VALUES. . s 4 133
FIGURE 5.1 DIFFERENT SECTIONS OF NEW ZEALAND USED BY THE ORMIHULU(.JL AL S(J{ IETY OF Ni W
ZEALAND (OSNZ) FOR BEACH PATROLS .. SRR R T 1O
FIGURE 5.2 DIAGRAM OF THE INTERNAL ORGANS OF \lll |1| Blll P| w{.um sl T3
FIGURE 5.3. DIAGRAM OF A FEMALE LITTLE BLUE PENGUIN. tovvieeiien, e S SRR ARG L7
FIGURE 5.4 DEAD PENGUINS FOUND IN AND CLIMATE PETURBATIONS .viiiviiiiniiimmmmaiminiivimmimsmsensiieine 1 84
FIGURE 5.5.DEAD PENGUIN COUNTS AROUND NEW ZEALAND.. s S B0
FIGURE 5.6. STANDARDISED TOTALS OF DEAD PENGUINS \\[)%Ul THERN 05( ILLATION . NPT {1
FIGURE 5.7. DEAD PENGUIN COUNTS AND SEARCH EFFORT . B .1 |
FIGURE S.8 TOTAL LITTLE BLUE PENGUIN BEACH COUNTS \I{{)L ND \[ W x| \L \\[) seineasins TS
FIGURE 6.1. SCHEMATIC FLOW DIAGRAM OF THE LINKAGES BETWEEN MARINE AND II RRl SIRI Al
ENVIRONMENTAL PABAMETERS iaaimns s s s s s i i 210

XV



List of Tables

TAREE ] TN R D Lo ST it e s s R e R e e R s 6
TABLE 2
TABLE 2.2 DEFINITIONS USED FOR CALCULATING THE DIFFERENT STAGES OF SUCCESS ...covne.
TABLE 2.3. NUMBER OF LITTLE BLUE PENGUIN BANDED IN PREVIOUS YEARS ON TIRITIRI MATANGI

LS AN I W A L A B s S S R o S R s s s s s 39
TABLE 2.4. MORPHOLOGICAL MEASUREMENTS OF LITTLE BLUE PENGUINS c..coiviiiieesivsviesseasssssssnssssesesssnnes
TABLE 2.5.THE DISCRIMINANT FUNCTION (DF) ESTIMATES MALE AND FEMALE. 1ocvieviiivivisiessevvssisseeseressnnnes
TABLE 2.2, CALCULATIONS OF LITTLE BLUE PENGUIN BREEDING SUCCESS. .ovvvievinne
TABLEZ: 3. CATEGORICAL DATA MODELLING. s s s s s i e T e 50
TABLE 3.1. COMPARISON OF THE FAILURE OUTCOMES OF LITTLE BLUE PENGUIN EGGS AND CHICKS.......... 86
TABLE 3.2. COMPARISON OF SAMPLE NUMBER OF NESTS .1vviiuuiiiiisuutasesssiosiinssaissssosoissarioisassasassansssiassosianassns 86
TABLE 3.3. COMPARISON OF LBP EGG DIMENSIONS (£ SE) BETWEEN YEARS AND BETWEEN SUBSPECIES. . 87
TABLE 4.1. THE NUMBER (N) OF ANALYSED LITTLE BLUE PENGUIN FOR DIET ANALYSIS .vvvveiireiiiiiinennn 116
TABLE 4.2. MEAN (£ 5D) WET WEIGHT (G) OF STOMACH SAMPLES iviivviviiiiviinisssisiniississnmsasisiisysiissivsass 123
TABLE 4.3. PROPORTION OF THE MAIN PREY TYPES WITHIN THE TOTAL NUMBER OF SAMPLES.....coccveee 124
TABLE 4.4, INDIVIDUAL COUNTS AND THEIR PROPORTIONS OF THE TOTAL NUMBER OF SAMPLES ..o 125
TABLE 4.5. CALCULATIONS OF THE FOO (%) AND RO (%) OF ALL SPECIES ..oiiiiiiiiieeiiceeeseeaieeiessaseiaee e 125

TABLE4.6. THE NUMBER OF STOMACH SAMPLES (N) CONTAINING EACH FISH TYPE.. 126
TABLE 4.7. TROPHIC LEVEL COMPARISON COVERING 120 YEARS...coiiiiiiiiiiiiiiiriisisinsenssciseessnsssssssssssnneens 130
TABLE 5.1 FRESHNESS LEVELS AND DEFINITIONS USED FOR CLASSIFYING DEAD LITTLE BLUE PENGUIN . 171
TABLE 5.2 AGE OF LITTLE BLUE PENGUIN FOUND DEAD ON TIRITIRI MATANGI ISLAND AND OTHER
HAURAKI REGIONS REFERS TO TOTAL SAMPLE SIZE FOR EACH AGE GROUP. ..cvvviviiviiisiiiiiesiissiiniininnn 181
TABLE 5.3 LIVE AND DEAD WEIGHTS OF MALE AND FEMALE LBP oivviiiiiiiiiiiiiisissssiessisssssasesnanses 181
TABLE 5.4 PARASITES FOUND ASSOCIATED WITH LITTLE BLUE PENGUIN. o iiiiviciseeie s ecsiesseeseeeessssserneenns 183

XVl





