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Abstract

The eggs and larvae of the New Zealand snappe r Pagrus auratusare pelagic with early

buoyancy provided by dilute body fluids. The swimbladder begins to devetop on the third day

after hatch from a dorsal evagination of the gut tube. Communication w1h the gut is lost on

about the tenth day following pneumatic inflation at around day eight. At this age the gas

gland sysfem appears fully functional and capable of secreting gas. By the age of settlement

at around 30 days the swimbladder is a fully functional replica of the adult form except forthe

lack of a resorbent capillary system which does not develop until later in juvenile life.

The swimbladder of the adult is of the euphysoclist form with a dorsally located resorbent

oval area and sits high in the pleuralcavity. The ventraltunica extema is firmly attached to

the connective tissue lining the pleural space. The adult swimbladder displaces 5.6% of the

volume of the body and its volume is regulated to provide near neutral buoyancy. The

connective tissue integument provides almost no restriction to volume changes brought about

by vertical movements of the fish and the swimbladder obeys Boyle's Law for physiological

pressure changes. The ability of the connective tissue of the tunica externa to accomodate

large tissue strains is due to massive regular crimping of otherwise st6ight collagen fibrils

affowing reversible extensions up to 130%. In all other respects howeverthe tissue structure

of the tunica externa is consistent with a tissue providing an active mechanicat role. The

fibrillar morphology and physicochemical properties of swimbladder collagen is consistent with

the vertebrate type I form howeverthere are interesting variations in collagen form distributed

throughout the swimbladder. Fibrillar morphology of the highly extensible tunica interna is

significantly different to that of the tunica externa and appears to play very liille mechanical

rote. The extensibilty of the tunica externa appears to be regulated by physiological stress ll

and related to the past history of tissue strain.



Acknowledgements

I would firstly like to thank the encouragement and support of my supervisor Associate

Professor John C. Montgomery in this prolonged and divaricating series of investigative

avenues. I am also indebted to the support and friendship of Associate Professor Rufus

Wells in providing continued academic encouragement. I am especially gratefulto Rufus for

the opportunity to visit the lce-hole Marine Laboratory. Professor P. R. Bergquist has also

provided valuable assistance espgcia{ly interms of financial support.

The following members of the technical staff have rendered invaluable and expert

assistance:

Heiko Weix for friendship and electronic confusion.

Brent Beaumont for first class instruction in electron-microscopy and for an enthusiastic

introduction to the world of the collagen fibril and the jig rod.

To John White and Raewyn Eagar for unrestricted access to their labs. and the materials

therein and for photographic assistance.

To Bronwyn Trevenen and Mein Low for unrestricted access lo their labs. and materials

and especially to Bronwyn for expert and patient assistance with etectrophoresis.

To Tom Wustenberg at Leigh and Trevor Belsten at Auckland for bravely providing

unrestricted access to their beloved workshops and tools.

Specialthanks to the following:

Dr Neil Broom at the Biological Engineering Laboratory has provided invaluable help with

tissue testing and provided apparatus and materials. Ken Grange at the New Zealand

Oceanographic Institute has provided expert radiographic assistance and facilities.

Tish Pankhurst for a valuable critical appraisal of parts of the manuscript and Malcolm . .

Francis for information from the Hauraki Gulf Snapper Tagging program.

Many thanks to Carol Panish for providing an environment condusive to economic

survival.



lwould also like to pay special mention to the enthusiatic assistance provided by Heiko

Weix, Brent Beaumont and Andrew Collins in the capture of specimens forthis study and their

ungrudging help in the disposalof experimentalwaste'

I shallbe eternally gratefulforthe support and patience of Kate Wiltis during the final

stages of this study and above all for providing that most essential ingredient necessary for

successfulcompletion of suc.fr endevours - motivation'

And finally I must acknowledge the continued and unquestioning support of my parents

(both moral and financial) throughout the academic endevours of the past decade.



Table of Contents

Chapter 1: Introduction 1

1.1 Swimbladder Biomechanics l
1.2 Swimbladder Development 4
1.3 Swimbladder Structuie 4
1.4 The New Zealand Snapper S
1.5 A Note on Style S'

Chapter 2: General Methods 7
2.1 Introduction 7
2.2 Method of Specimen Capture I
2.3 Swimbladder Fixation arid preparation l l
2.4 Processing of Tissue l2'

Chapter3: Development of the Swimbladder l7
3.1 Introduction 17
3.2 Methods 21
3.3 Results 22
3.3.1 Eggs (0.9mm S.L.) 22
3.3.2 Day 1 (2.0mm S.L.) 22
3.3.3 Day 2 (2.7mm S.L.) 25
3.3.4 Day 3 (2.8mm S.L.) 26
3.3.5 Day 4 (2.9mm S.L.) gl
3.3.6 Day 5 (3.0mm S.L.) 32
3.3.7 Day 8 (3.3mm S.L.) 92
3.3.8 Day 10 (3.5mm S.L.) gs
3.3.9 Gaseous Inflation and Regression of the pneumatic Duct ss
3.3.10 Day 12 (3.8mm S.L.) - 96
3.3.1 1 Day 16 (5.0mm S.L.) 49
q.q.1? Day 30 (e.Smm S.L.) 4s
3.4 Discussion 49
3.4.1 Swimbladder Development 49
3.4.2 Swimbladder Hypertiophy Sz
3.4.3 Swimbladder Sir'ess Syndrome ST
3-4.4 The Influence of Buoyancy on the Distribution of Eggs and Larvae

chapter4: Morphology and Ultrastructure 0f the swimbladder 69
4.1 Introduction Og
4.2 Methods 04
4.2.1 Collagen Fibril Distributions 65
4.3 Results 66
4.3.1 General Morpholoqv 66
4.3.2 Lumenal Epitnetiuff 70
4.3.3 Gas Gland and Rete Mirabile 76
4.3.4 Resorbent Epithelium Bs
4.3.5 Submucosa. Bs
4.3.6 Tunica Externa gg
4.4 Discussion ga
4.4.1 General Structure ge
4.4.2 Lumenal Epithelium tAs
4.4.3 Gas Gland Epithelium and Rete Mirabile 106
4.4.4 Resorbent Epithelium 107
4-4.5 Lamellar Structures of The Swimbladder Epithelium and Submucosa
4.4.6 Gas Diffusion Barrier l tO

58

4.4.7 Fine Structure of the Fibrous Tunic 117

108



Chapter 5: Snapper Density, Swimbladder Volume and Swimbladder Stress
5.1 Introduclion 125
5.2 Methods 129
5.2.1 Swimbladder Volume 129
5.3 Results 131
5.4 Discussion 134

Chapter 6: Swimbladder Biomechanics 143
6.1 lntroduction 143
6.2 Methods 146
6.2.1 Hyperbaric Plethysmography 146
6.2.2 Swimbladder Cvstometrv 148
6.2.3 Micro-tensile Sfress Tesiing of lsolated Tissue Strips 15A
6.2.4 Tomography 150
6.3 Results 151
6.3.1 Plethysmography 151
6.3.2 Cystometry 152
6.3.3 UniaxialTissue Strain 154
6.3.4 Tomography 157
6.4 Discussion 158

125

6.4.1 Plethysmography 158
6.4.2 Tomdgraphy -the Geometry of the Swimbladder 161
6.4.3 A Matherhaiical Model for Expansions of the Swimbladder
6.4.4 The Mechanical Behaviour of the SwimbladderWall -

UniaxialTissue Extensions 168
6.4.5 The Viscoelasticity of the SwimbladderWall 174
6.4.6 The Sensory lmplications of Swimbladder Morphology

and the Viscoelastic Behaviour of the Swimbladder Wall
Hearing 176
Pressure Reception 178

Chapter 7: Biochemistry of the Swimbladder - Quantification of Crystallised Purines. 
and Comparative Analysis of Collagen 183

7.1 Introduction 183
7.1.1 Guanine 183
7.1.2 Collagen 184
7.2 Methods 187
7.2.1 Analysis of Crystallised Purines 187
7.2.2 lsolaiion and Purification of Collagen 188
7.2.3 Electrophoresis 188
7.2.4 Viscosimetrv 189
7.2.5 Physiological SnrinnageTemperatures 189
7.2.6 Anilysisbf Fibrillar Cdllagen i3anding Pattern 190
7.3 Results 191
7.3.1 Swimbladder Purines 191
7.3.2 Collagen - Banding Pattern 195
7.3.3 Collagen- PhysicochemicalCharacterisation 195
7.3.4 Viscosimetry 196
7.4 Discussion 2A0
7.4.1 Guanine 200
7.4.2 Collagen - Molecular Stability 201
7.4.9 Swim-bladder Collagen Type's 207

Chapter 8: General Discussion and Practical lmplications 211

References 217

162




