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Abstract

Various aspects of metabolism and physiology were investigated during the
ontogeny of yellowtail kingfish (Seriola lalandi), a fish of growing aquaculture
importance in both New Zealand and other countries. Incubation experiments
between 18-24°C showed that developing eggs and larvae were heavily influenced
by temperature. It appeared that at warmer temperatures larvae hatched smaller
but grew on the yolk sac, whereas at cooler temperatures larvae grew inside the
chorion. Oxygen consumption data supported this, with a negative correlation
found between total embryonic oxygen consumption and temperature. A
mechanism was proposed to explain the differential effect of temperature on
ontogeny and growth. Like other marine fish with pelagic eggs, yellowtail kingfish
were found to be heavily reliant on free amino acids as a source of energy. At 23°C
the pattern of substrate utilisation in eggs was considerably different from that at
17-21°C, indicating that 23°C exceeded the tolerance for normal development.
Inter-individual aggression by large individuals was associated with the
development of size heterogeneity in juveniles. Although this aggression also
affected the survival of smaller juveniles, it was not the primary agent of much of
the mortality that occurs during this phase, as many of these individuals were on a
degenerate developmental trajectory. Yellowtail kingfish fingerlings used for
ongrowing were robust to the stressors imposed by live transport. The ontogenetic
development of metabolic rate from 0.6 mg-2.2 kg did not follow the same scaling
exponent as that observed for mammalian models of allometry, and has

implications for interspecific studies of mass-dependent metabolism.

il



Acknowledgements

| wish to acknowledge and thank Rufus Wells for his role as my supervisor, particularly
in the planning and analysis of the transport stress work and respirometry. | am also
thankful for the useful discussions and guidance provided by Carolyn Poortenaar and
Brendan Gara, both of whom were co-supervisors during the first 18 months of my
doctoral studies. A Foundation for Research Science and Technology Top Achiever
Doctoral Scholarship provided financial support for the majority of my time as a
doctoral student, and a 12 month stipend provided by the University of Auckland
Doctoral Scholarship Scheme helped me in my last year. | am thankful to both of these
organisations for allowing me to focus on my studies and not get distracted with part-

time work.

Thank you to the following people for providing useful feedback and discussion on
technical aspects of some of the methodologies | used: Michael Bruce, Mary Sewell,
Peter Lee, Brendon Dunphy, Tony Hickey, Zée Hilton, Gretchen Skea, Guy Carton and
Berit Finnkennest. Particular thanks goes to Paul Barrett, who helped me develop the
necessary statistical and mathematical skills to analyse the metabolic scaling data in a
meaningful way. All of my experimentation was carried out at the NIWA Bream Bay
Aquaculture Park, where | enlisted the help of nearly every staff member at one time or
another. | wish to thank all of these people, but in particular Cea Smith and Steve
Pether.

Brendon Dunphy was a great friend and mentor during my thesis years. Brendon took
more than a passing interest in my work and provided me with the reflection and

support that helped get me through the rough patches.

My wife Maren Wellenreuther was a fantastic support and helped me settle into the
best 4 years of my life. Maren’s determination in getting unbelievable amounts of work
completed did a lot to encourage me to strive harder- if | figure out how to bottle her
work ethic I'll be rich, but will have a heart condition. My parents, Sian and Kevin, and
my sister, Bethan, also had a lot to do with making my doctoral studies particularly
special. My family, right up to my grandparents Jean & Alan and Jean & Den in Wales,
have helped mould my love of the natural world, and this thesis is a testimony to their

support of my desire to be a biologist from a very, very young age.

il



Table of Contents

ADSIIACT o ii
ACKNOWIEAGEMENTS ..., iii
TabIE Of CONTENTS .o iv
LiSt Of ADDIEVIAIONS . ..viiiiiiiii e Vii
LiST Of TADIES ... viii
[T Ao ) o U = PP Viii
Chapter 1: General INtrodUCTION........ccuiiiiiii e e 1

General overview of this thesis
Yellowtail kingfish biology and culture

Background to experiments in this thesis

Chapter 2: The Effect of Temperature on Morphological Development During the

Endogenous Feeding Period ..ot 9
Introduction 10
Materials and Methods 11

Brood stock and egg collection 11
The effect of temperature on morphometric development 11
Reanalysis of Q1o from Smith (2004) 12
Results 12
Discussion 15

Chapter 3: Energetics and Metabolism of Yellowtail Kingfish During

= 0] o T Yoo 1=T 0 =TT 1 PP 19
Introduction 20
Materials and Methods 22

Egg incubation 22
Respirometry and biochemical sampling 22
Biochemical analyses 23
Data handling and statistical analysis 23
Results 25
Discussion 30

v



Chapter 4: Growth Variation and Aggression in Juvenile Yellowtail Kingfish ..... 37

Introduction 38
Materials and Methods 39
Egg collection and rearing 39
Size heterogeneity and aggression during commercial rearing 40
Grading trial 41
Data handling and statistical analyses 42
Results 44
Size heterogeneity and aggression during commercial rearing 44
Grading trial 46
Discussion 50
Chapter 5: Stress Physiology During TranSPOrt ........ceeeeeoiiiiiiiiieeeee e 55
Introduction 56
Materials and Methods 59
Results 62
Discussion 68
Chapter 6: Ontogenetic Scaling of Metabolism in Yellowtail Kingfish.................. 73
Introduction 74
Materials and Methods 77
Egg collection, larval rearing and general animal husbandry 77
Larval and juvenile respirometry (0.6 mg-1.0 g) 77
Juvenile respirometry (14 g) 81
Sub-adult respirometry (0.56 and 2.20 kg) 83
Oxygen consumption and ammonia excretion calculations 84
Ontogenetic variation in VO, 85
Ontogenetic variation in NNH; 88
Results 88
Discussion 93
Chapter 7: General DISCUSSION ......uuuuuuuiiiuiiiiiiiiiiiiitieneiueeeaneeneeeenneeneeeneeeneeeneeennennnnnnnes 97
Overview 98
Scientific significance of results 98
Significance of the results to aquaculture 101
Future directions of research 103




References

vi



AIC
ANOVA
BP
DPH
HPF

LS
NIWA

MO,
NNH;
NO,

NQ
RSS
SIC

VO,

List of Abbreviations

Akaike information criterion
analysis of variance

break point

days post hatch

hours post fertilisation
least squares

National Institute of Water and Atmospheric Research
mass oxygen consumption rate (e.g. mg O./unit time)
molar ammonia excretion rate (e.g. mmol NHs/unit time)
molar oxygen consumption rate (e.g. nmol O,/unit time
nitrogen quotient

residual sum of squares

Schwarz information criterion

volumetric oxygen consumption rate (e.g. ml O,/unit time)

vii



List of Tables

TABLE 1. AIMING BEHAVIOUR OBSERVED IN COMMERCIAL REARING TANKS. ........cceeinnnns 45
TABLE 2. CHASING BEHAVIOUR OBSERVED IN COMMERCIAL REARING TANKS. ........c.cuuuun.. 46
TABLE 3. PHYSIOLOGICAL SAMPLING REGIME DURING FIRST TRANSPORT TRIAL.............. 61

TABLE 4. ESTIMATION OF O, UPTAKE AND CO, AND NH3 EXCRETION BY JUVENILES ....... 62

TABLE 5. COMPARISON OF MASS-METABOLISM MODELS. .....cetttiieeeiiiiiiiiieeeeeeeeeesnneeeeeens 91

List of Figures

FIGURE 1. PICTURE OF YELLOWTAIL KINGFISH. ....ccetttiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 3
FIGURE 2. PICTURE OF EGG AND LARVA .....ccotttiiitiieiieeeeieeeeeeeeeeeeeeeseeseseeessseeeseseeeseesseessnes 4
FIGURE 3. PICTURE OF AGGRESSIVE INTERACTIONS BY JUVENILES. .....ccccevviiiiiieieeeeeeeeeeen. 5
FIGURE 4. EGG VOLUME AND LARVAL LENGTH AT FOUR TEMPERATURES. ........ccvvvvuiieenns 13
FIGURE 5. LARVAL LENGTH AND OIL DROPLET VOLUME AT HATCH .. ...ccviiiiiiiiiieiiiinnennnnens 13
FIGURE 6. MAXIMUM LARVAL LENGTH AND YOLK VOLUME AT HATCH....c.evvueeeeieeeeeenneannnnns 14

FIGURE 7. EGG OIL DROPLET VOLUME DURING INCUBATION AT FOUR TEMPERATURES. ... 14

FIGURE 8. EFFECT OF INCUBATION TEMPERATURE ON TIME TO 50% HATCH. ......cccccc...... 15
FIGURE 9. EGG AND LARVAL OXYGEN CONSUMPTION DURING DEVELOPMENT................. 26
FIGURE 10. GLUCOSE, GLYCOGEN AND PROTEIN FLUX DURING EMBRYOGENESIS. .......... 27
FIGURE 11. FREE AMINO ACID FLUX DURING ENDOGENOUS FEEDING PERIOD. ................ 29
FIGURE 12. NPS AND PROTEIN FLUX DURING EMBRYOGENESIS. .....ccctttieeriiiiiiieieeeeaaaenn 30
FIGURE 13. GROWTH RATE AND SIZE VARIATION OF LARVAL AND JUVENILE FISH............. 44
FIGURE 14. CHANGES IN JUVENILE WET WEIGHT DURING GRADING TRAIL. ......ccvvvvvvreennnns 47
FIGURE 15. JUVENILE SURVIVAL DURING THE GRADING TRIAL. ....ccevttiiteiieeeeeeneeeneneneennnees 48
FIGURE 16. CHASING BEHAVIOUR OF LARGE JUVENILES DURING GRADING TRIAL. ........... 49

FIGURE 17. CHANGE IN RNA:DNA RATIO OF SIZE GRADES DURING GRADING TRIAL. ...... 50

viii



FIGURE 18.

FIGURE 19.

FIGURE 20.

FIGURE 21.

FIGURE 22.

FIGURE 23.

FIGURE 24.

FIGURE 25.

FIGURE 26.

FIGURE 27.

FIGURE 28.

FIGURE 29.

FIGURE 30.

FIGURE 31.

FIGURE 32:

FIGURE 33.

FIGURE 34.

FIGURE 35.

PROFILE OF PH AND CO; DURING FIRST TRANSPORT. ...ccceiiieeieeeeeeeeeeeeeeeee, 63
PLASMA GLUCOSE DURING TRANSPORT AND RECOVERY .........cccevveveeeeeeennn. 64
PLASMA LACTATE DURING TRANSPORT AND RECOVERY. ...ccceviiiiiieiiieeeeeeen. 64
MUSCLE LACTATE DURING TRANSPORT AND RECOVERY. ......cccceieeeieeaeeeaeee. 65
MUSCLE PH DURING TRANSPORT AND RECOVERY.......cccetiiiiiiiiiiiaaiiieeeeeee, 65
MUSCLE BUFFERING CAPACITY DURING TRANSPORT AND RECOVERY........... 66
HAEMATOCRIT DURING TRANSPORT AND RECOVERY. ......ccccvveeieeiieeeeeeeeeeenn, 67
HAEMOGLOBIN CONCENTRATION DURING TRANSPORT AND RECOVERY. ....... 67
MCHC DURING TRANSPORT AND RECOVERY. ...cccceeiiiiiieieeeeeeeeeeeeeeeeeee e 68
PICTURE OF LARVA IN SYRINGE RESPIROMETER. ......cccttiiiiiiiaiiieeieeeeeee e 78
PICTURE OF LARVAL RESPIROMETRY EQUIPMENT .....cceiiiiiiiieeeieeeeeee e 79
PICTURE OF RESPIROMETRY EQUIPMENT FOR 1 GLARVAE. .....ccceevveieeeeenn. 80
SCHEMATIC OF FLUME RESPIROMETER .....uuttttteeeeesiiirereeeeeeeeessanannnnneeeeaaaeens 81
PICTURE SHOWING DETAIL OF FLUME RESPIROMETER. ......ccceeeeeeiieeeeeeeeeeenn, 83
COMPARISON OF ACTIVITY RATES DURING LARVAL RESPIROMETRY............... 89
MODELS OF MASS VERSUS O3 CONSUMPTION. ...cceeeieieieeeeeeeeee e 90
O, CONSUMPTION AND NH3 EXCRETION DURING ONTOGENY .......cvvvveeeeennnnns 92
ONTOGENETIC VARIATION IN NITROGEN QUOTIENT . ...uttiiiiieeeeeesnienieeeeeaaeenn 93

X



	coversheetresearchspace.pdf
	Copyright Statement
	General copyright and disclaimer




