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Abstract 1ii

Abstract

This thesis examined the biology of some commercially exploited reef fishes with a view to
better understanding their life histories and potential vulnerability to fishing or other threats.
The focus of this research was comparative age-based demographics of tropical epinepheline
serranids (or groupers) from two geographic areas: Australia’s Great Barrier Reef (GBR) in
the western Pacific; and the Seychelles Islands in the western Indian Ocean. The overall aim
was to investigate age-based demographics and assemblage structure of tropical epinepheline

serranids at multiple scales.

The epinepheline fauna in the study areas was partitioned for some analyses into three
behavioural groupings based on foraging pattern, crypticity and body size. The behavioural
groups are cryptic serranids, roving serranids, and large mobile serranids (Chapter 1). Less
1s known about cryptic and large mobile serranids than roving serranids in the study areas, so
candidate species from those two groups were the focus of the detailed age-based

demographic analyses.

A comprehensive account of epinepheline assemblages from the GBR and the Seychelles was
presented (Chapter 3) using a modified visual survey technique tailored to epinepheline
serranids (Chapter 2). 1 described and compared characteristics of epinepheline serranid
faunas at a range of spatial scales from <1 to 1000’s km along natural environmental and
geographic gradients on the GBR and the Seychelles Islands, and provided abundance
estimates for all three behavioural groups and for the almost 40 species they represent. The
typical shallow-water, tropical epinepheline assemblages comprised a handful of abundant
species from the cryptic or roving serranid behavioural groups, plus numerous species found
only in low densities locally (i.e. rare species, less than 1 fish per 1000 m?) from each
behavioural group. All five characteristics used to describe assemblage structure (i.e. total
density of epinepheline serranids; density of each behavioural group; species richness; size
structure; and species distribution and abundance) varied at broad spatial scales (100’s to
1000’s km) and some at finer spatial scales (1 to 100 km). Three approaches were used to
explore possible effects of fishing on densities: 1) incorporating the CRC Reef Research
Centre’s Effects of Line Fishing Experiment treatments, manipulating fishing level and
Marine Park zone status for GBR reefs, into the GBR regional comparison; 2) comparing
reefs open and closed to fishing for Lizard outer shelf reefs; and 3) exploring abundance
patterns in relation to presumed gradients of historical fishing pressure. Each approach

indicated some effects of fishing on epinepheline serranids, but patterns were complex.



Abstract 1V

Comparative demographic analyses were conducted for three species of cryptic serranids, E.
fasciatus (blacktip grouper), E. polyphekadion (camouflage grouper) and C. argus (peacock
grouper), from the GBR and the Seychelles based on age estimates derived from thin-
sectioned otoliths (Chapter 4). I described size and age characteristics, longevity, and
patterns of growth for each species, and explored broad-scale spatial patterns in demography
and the nature of size-age-density relationships for each species in the GBR and the
Seychelles. Comparative analyses revealed substantial spatial variation in demographics
within and among species. Hence, our ability to generalise about the demography of the
cryptic serranids appears to be limited. Linking information on abundance and demography
revealed that different combinations of processes may influence local populations of the three
species, with the possibility of broad-scale compensatory demographic trade-offs dependent
on density noted for two of the three species. Further, lifespans tended to be shorter in the
Seychelles than the GBR, suggesting higher recruitment levels and predictability of

environmental conditions and resources in the Seychelles than the GBR.

I investigated age-specific demographic and reproductive characteristics of E. fuscoguttatus
from the GBR and examined implications for resource management (Chapters 5 & 6).
Epinephelus fuscoguttatus (brown-marbled grouper or flowery cod) is an example of a large
mobile serranid that is widespread throughout the Indo-Pacific and features strongly in the
live reef food fish trade and other reef fisheries. E. fuscoguttatus had an extended lifespan
(42 yrs) and unusual reproductive ecology, such as large old females with a reproductive
lifespan that may exceed 30 yrs and limited spawning in smaller, younger females until about
9 yrs and 566 mm FL. The spawning period of E. fuscoguttatus in the GBR was relatively
narrow (November, December and January). Combined evidence from histological analyses
and age-based demographics suggested monandric protogynous hermaphroditism, although
confirmation awaits direct evidence of sex change, such as identification of transitional

individuals.

The two biogeographic-scale studies (Chapters 3 & 4) provided support for the idea that there
are fundamental differences in the ecology and population dynamics of reef fish assemblages
over biogeographic scales. The contribution of fishing to the observed patterns could not,
however, be resolved categorically. While the four aged serranids shared some characteristics
associated with high vulnerability to fishing, e.g. relatively slow growth and moderate to long
lifespans (20 — 40 yrs), differences among them in abundance, demography and body size,
and perhaps in population dynamics, suggested vulnerabilities to fishing may vary. We still
lack information on many Indo-Pacific species of epinepheline serranids, and this thesis
indicates at least some of these, particularly larger bodied species, may be highly vulnerable

to over-fishing or other threats.



Acknowledgements v

Acknowledgements

I sincerely thank my principal supervisor, Professor J. Howard Choat, and co-supervisors,
Professor Bruce Mapstone and Dr Gavin Begg. Howard’s knowledge, vision and
encouragement greatly enhanced this project. Bruce and Gavin also invested considerable
time and effort in this project and provided numerous valuable suggestions that improved

earlier drafts. I am very grateful for Bruce’s expert and thorough statistical advice.

I would also like to thank the following people: Simon Jennings for introducing me to the
world of fish back in 1991; Mark McCormick, Mark Elmer, Melita Samoilys and several
anonymous reviewers for comments on publications arising from this work; John Ackerman,
Sam Adams, Tony Ayling, Mikaela Bergenius, Mick Bishop, Karin Buchler, Gary Carlos,
Carla Chen, Terry Donaldson, Sean Fennessy, Barry Goldman, Edwin Grandcourt, Malcolm
Haddon, Annabel Jones, Geoff Jones, Jake Kritzer, Liz Laman Trip, Dongchun Lou, Amos
Mapleston, Ross Marriott, Brian McArdle, Mark McCormick, Toata Molea, Geoff Muldoon,
Phil Munday, Cameron Murchie, Leigh Owens, Heather Paterson, Sue Reilly, Kevin Rhodes,
Will Robbins, Jan Robinson, Garry Russ, Martin Russell, Melita Samoilys, Steve Sutton,
Craig Syms, Renae Tobin, Dave Welch, Annelise Wiebkin and Ashley Williams for inspiring
discussions, suggestions or analytical advice; Shalan Bray, Vanessa Messmer and Marie
Roman for first class laboratory assistance; John Ackerman, Riaz Aumeeruddy, Tony Ayling,
Karin Buchler, Howard Choat, Condo (Paul Costello), Becky Fisher, Chris Fulton, Russell
Kelley, Jake Kritzer, Heather Paterson, Will Robbins, Ross Robertson, Jan Robinson, the
crew of L'Amitie, and many others for generous field assistance; Blue Planet, CRC Reef,
International MarineLife Alliance, James Cook University (JCU), the Seychelles Fishing
Authority, and Tony Ayling/Sea Research for the financial and logistical support that made
this project possible; lesha Stewart and the education team at CRC Reef (Vicki Hall, Vicki
Harriott, Tim Harvey, Helene Marsh and Britta Schaffelke) for support throughout the
project; John Morrison and Peter Wruck of the Marine and Aquaculture Research Facilities
Unit at JCU; JCU technical staff, especially Jenny MacGregor, Savita Francis and Rob Gegg;
all the staff of Lizard Island Research Station for generous assistance and two wonderful
Christmas Days on the beach; and Queensland commercial fishers, spearfishers, and members
of the Effects of Line Fishing catch survey teams for assistance with collection of samples;

and the entire Fishing and Fisheries team at CRC Reef for all their support and friendship.

I am indebted to my partner Russell Kelley for all his help, encouragement and patience — I
couldn’t have done this without you — thank you. Finally, I would like to say a special thank
you to my wonderful family for their unconditional support in this project and everything I

have ever done. I dedicate this thesis to Russell and my parents.



Statement of sources Vi

Statement of sources

Declaration

I declare that this thesis is my own work and has not been submitted in any form for another
degree or diploma at any university or other institution of tertiary education. Information
derived from the published or unpublished work of others has been acknowledged in the text

and a list of references is given.

Rachel J Pears Date



Table of contents Vii

Table of contents

Statement of access i
Electronic copy ii
Abstract iii

Acknowledgements v
Statement of sources vi
Table of contents vii

List of figures xi

List of tables xv

Chapter 1. General introduction 1
1.1 Marine fish CONSEIVAION ......ccuiiiiiiiiiiietieteeteee ettt st st 1
1.2 Tropical reef fisheries, ecology and population dynamics............cceceeveeneeneeneenneeennen. 2
1.3 Epinepheline serranid biology ..........cocieriiiiiiiiiiiiiieiieie ettt 4
1.4 Fishing and vulnerability of epinephelines ...........ccccceoveerieiiiiiiiiiiniiiceeeeeeeeeeeen 8
1.5 Objectives and thesis SLIUCLUIE .........cocuerruieriieiieriierieete ettt sttt 10
1.6 Publications arising from this Project...........cceeeriiriiriiiiieeiieneese st 12
1.7 SHTUAY QIEAS ...ttt ettt ettt ettt ettt et et e e s bt e shte st et e bt e bt e b e s 13

1.7.1 The Great BArrier REEf ..........cuuucueeeeueeeciieesiieeciieeeieesieeesteeeseseesseesssseessseesssseennns 13
1.7.2 THE SEYCRELLES ...ttt e ettt e e e ssbeesanseennnas 14

Chapter 2. A rapid, quantitative visual survey method for serranids...........cceeeeune. 15
2.1 SYNOPSIS weurieiiiiiiiiieete ettt ettt et st 15
2.2 INETOAUCTION ...einiieiiie ettt ettt ettt et e e bt e e s it e e s bt e sbeeesabeesnbaeeenbeesabaeenanes 15
2.3 MEENOAS ..ottt ettt ettt e bt et e st e bt e e s b e e bt e e abeeebeeenares 17

2.3.1 Protocol deVelOPmMEnt ............cccuieviiiriuiiiiiienieeesite ettt ettt 17
2.3.2 PrOtOCOL @VAIUATION. ........cccccvveeeeeiieeeeeeiiieeeecieeeeeeiteeeeiveeeeseveeessavaeessaseeeessseeeeas 20

2.4 RESULLS 1.ttt ettt ettt ettt et e e bt et e s bt e e bte e s bt e e bae e ateesbeeenares 21
2.4 0 PIlOE STUAY .ottt ettt st st ettt st beeses 21
2.4.2 Long-swim transect protocol for serranid abundance data.................................. 24
2.4.3 Comparisons with published data..................coeeeeueeeeeieceieniieeiieesieeeciieeeree e 24

2.5 DISCUSSION ..eutieniieiteiiteete et et te sttt ettt et et e bt e sb e sat e et e e be e beesbeesbeesabesabesabeenbeebeenaee 26
Chapter 3. Multi-scale patterns of distribution, abundance and size structure of
epinepheline serranids from the Great Barrier Reef and the Seychelles ......................... 30

31 SYNOPSIS 1ttt ettt et et bt st st et e bee e 30



Table of contents Viii

3.2 TNETOAUCTION ...ttt ettt ettt ettt e st e e bt e e sabeesabteesabeesabeesbeeesabeeen 30
3.3 MEROAS ..ottt ettt st e st e s bteesabee s 32
3.3.1 DAt COIECIION. ...ttt 32
3.3.2 SAMPLING AESIGN.......eoeeveeeiiieeiie ettt ee e e sttt e e re e s eesabeesnbaeenaaesnnee s 33
3.3.3 DALA ANALYSES......oeeeeeeeeeieeaeiieeieeeeieeeieeeste et e e ete s teestaeessbeessaeesseesssaeensseesnsees 35
34 RESUILS .ttt ettt et e b et bt st sttt e e bt e e 41
3.4.1 GBR and Seychelles regional COMPATISON..............ccceeeeeeeecreeeiieerreeeeieeenreeseaeens 42
3.4.2 Habitat and fishing effects among GBR regions............cccccccoeeevueerceeeceeeecreenenennn 53
3.4.3 Northern GBR cross-Shelf COMPATISON..............ccouveveeeeciieeciieecieesieeeeieeeeree e 58
3.4.4 Major SOUFCES Of VAFIALION. ..........ccuveeerieeeieeeeieeeeieesieeeieeesseesseeessseesseeesseesseees 65
3.5 DISCUSSION ..eutieiieiiieiteeite ettt sttt et ettt et e bt e s b e st e et e e bt e beesbeesbbesatesabeeabeenbeebeenae 65
3.5.1 Broad-SCAle PAITETTIS .........ccccuveeeeeiiieeeeciieeeeeieeeeeeiteeeeiveeeessseeessasaeeesaseeesnssaeaeas 66
3.5.2 Patterns Withint the GBR ...........ccoooveiieiieieeee ettt ettt s 68
3.5.3 GENETAL PAITEITLS ...ttt ettt ettt sse e sstesnseenseenseenseas 69
3.5.4 Possible effects Of fISHING ........cccoovuiiviiiiiiiiiiieeie ettt 70
3.5.5 CONCIUSTONS ...ttt ettt ettt et ettt e s aaeesabee s 72

Chapter 4. Comparative demography of Epinephelus fasciatus, E. polyphekadion

and Cephalopholis argus from the Great Barrier Reef and the Seychelles .............cocue.. 74
4.1 SYNOPSIS weeenveeiiiriierieett ettt sttt ettt ettt ettt sttt b e st s et ettt et e sbe e saeesane e 74
4.2 INTOAUCTION ...eeiiiieeite ettt ettt ettt et e et e e st e e bt e e sabee s bt e e sabeesnbeesnnteesabeeenns 74
4.3 MENOMAS ...cneeiieiie ettt ettt sttt ettt e sbe e s e st 78

4.3 1 SHUAY LOCATIONS ...t eeee et tae e ae et e e e s reeesaseesssaeensaaesnneen 78
4.3.2 SAMPLE COLLECHION .......cccveeeiieeiieeeieeeie ettt ee e e et e e sere e st e e aeesnnee s 79
4.3.3 DAt COILECIION. .......coeeeiiiiiieeteeeete ettt 82
4.3.4 DALA ANALYSES......veeeeeeeeeiieeeiieeiee e eetteeeeeesteesetae e s teesaaessssaesseaessseessseeensseesnsees 82
44 RESUILS ...eiieiieeie ettt et et et b e s be e sttt et et esbeesaae it 86
4.4.1 Age eStimation from OOLIEIS .........cc.oeecueeeeieeecieeeeieeeeeeeee e eeaee e e sseeeveessee s 86
4.4.2 Spatial patterns Of GrOWH............cccueeecueeeeieeecieeeeteesteeeteeesreeseaeeesereessaeesseessees 87
4.4.3 Multivariate demographic TRAICES ..............occueeeeeeeciiieeieeecieeeeee s ereeevee e 92
4. 4.4 Mean Siz€ ANA AGE..........cooueeeeeeueriieiieiieieenieente ettt ettt st es 94
4.4.5 Maximum Size and IONGEVILY ..........ccccceeveeriiniiiriiiniiieiieiteeeeeeeeeete et 97
4.4.6 Comparative groWth @SHIIALES. ..........c.coceeveereiriuiriierieeeiieeeeeeeeeeeee st eeees 98
4.5 DISCUSSION .uuvtieitieeiieeeiieeetteesiteeetteestteesabteesbteesabeeebteesabeesabteessteesabeeessbeesasaessseeesaseenn 100
4.5.1 Size-age-density relationSHIPS...........ccccuivvceiiiceiriiiinieieiteeee ettt 100
4.5.2 Demographic CRATACIETISHICS .......cc.veevueieieieiieeeiie ettt ettt e 102
4.5.3 Pattern and magnitude Of VAriQtion................cccoceeeeeeeincuinsuersieeseeneeneeneennens 103
4.5.4 Vulnerability 10 fiSHING ........coccoovueiviiniiiniiiiiiiieeeteetceeeeee ettt 104

4.5.5 Future reSearch diFeCtiONS...............ouuuueeeeeiiieeiiieeeeeeeeeeeeeaeeeeeeeeeeeteaeeeeeseseeanaaas 104



Table of contents 11X

G.5.60 CONCIUSTONS ..ottt e e e e e e e ettt ee e e e s e e et e e aeeeseseeeeanaaas 105

Chapter 5. Demography of a large grouper, Epinephelus fuscoguttatus, from the

Great Barrier Reef: implications for fisheries management 106
5.1 SYNOPSIS 1ttt ettt st sttt et ettt etean 106
5.2 TNEFOAUCTION ...ttt ettt ettt sb e st st st e bt e bt e s bt e saeeeaeeeneean 106
5.3 Materials and MeEthOdS. .........cocuiiiiiiiiiiiiiee et 108

5.3.1 SAMPLE COLECHION .......ccuveeeeieiieeeeeeeeeeee ettt et e e e e ae e e eaeenens 108
5.3.2 Ageing protocol and VAlIAAIION..................c..ccccueeeeueesiiieeciieecieeecie e esee e 110
5.3.3 DMOZTAPIY.......eveeeeeeeeeiieeeie ettt ettt et e tte e ste e s bae s abaessbaeeaaeennsaeenaeennnes 111
5.3.4 RePrOAUCIIVE JEALUFES ......cccvvveeveeeeeiieeiieeeiieeeieeeeiteesteesteessereesssaeesaeesssaesnnseennnes 112
54 RESUILS ..ttt ettt ettt st sttt et b ettt etean 113
5.4.1 Ageing protocol and VAlIAAIION................cccocceiviiiiniiiiiiiieiiieeieete et 113
5.4.2 SiZ€ ANA AQE SIFUCTUTES ...c..eveeeeeeiieiiiieeee ettt ettt et et e s e 116
5.4.3 Longevity, growth and Mortality...............cccoeceevieiienecniiniinsieeseeneeneeneeenens 117
5.4.4 ReprodUucCtiVe ACHIVITY ......ceevueieeieiiiiiieieeete ettt ettt ettt st e s e 119
5.4.5 Female maturity and male reCruitment. .............ccceeveueevceiesoueenieeeneeeneeeneeenaees 119
5.5 DHSCUSSION «...eeiiiiieiiie ettt et ettt et s e ettt e st e et eesbteeeabeeesabeesabeessbteesabeesnbeesnneeesabeeenes 122
5.5.1 Demography and reproduction................ccccoeeueeviieiniieeniiiesieeeiieenie st esiee e 122
5.5.2 Maturation and SEXUAL ACHIVILY .........cccueeveieiueieiiiinieeete ettt 123
5.5.3 Conservation and fisheries MANGAGEMENL ...............coecueeeceiesiueeriieenieeeieeeneeenees 124

Chapter 6. Reproductive biology of a large, aggregation-spawning serranid,

Epinephelus fuscoguttatus: management implications 126
0.1 SYNOPSIS +entieiiiiieie ettt ettt h e st sttt et b et s et etean 126
6.2 INITOAUCTION ...ttt ettt st sttt e e bt e s bt e smeeeaeeeneeas 126
6.3 Materials and MeEthOdS. .........cocuiiiiiiiiiiiii et 128

0.3.1 SAMPLES USE.......oceveeeieeeiieeee ettt e ettt et e e aeestae e saeesseeenseesnseen 128
6.3.2 Reproductive DIOLOZY ...........cecueeeeueeeciieiiieecieeeeieeecteeeiteesveestaeessveessaesssaesssee s 128
6.3.3 Reproductive seasonality Qnd ACHIVILY..........cueeeeueeeeeeecieeeeieeeeieesreesereessseesvees 130
0.4 RESUILS ...ttt ettt h e st sttt et et saa e et eatean 132
6.4.1 SPAWRING PEFIOA ...ttt ettt ettt e n 132
6.4.2 Spawning events and interaction With fiSHery...........ccccccoevceviveenieinsieernveennnnnn 132
6.4.3 Reproductive DIOLOZY ..........ccecueeeueieiiiiiiiieeteeeite ettt ettt s n 137
0.5 DISCUSSION ....teiiiiiiiiieeite ettt ettt e ettt e st e ettt e sateesbteesabeesabeessbaeesabeesabeesnnseesabeeenes 143
6.5.1 Sexual pattern and reproductive ANALYSIS ..........c.ueeeeecveeieeeirieeeeiciieeeeciieeeeeieeeen 143
0.5.2 RePFrOAUCTIVE CYCL .......ueeeeeeveeeeeiiiieeeieee ettt et e e sae e e e saae e e aaaaaeas 144

6.5.3 Implications for science and MANAZEMENL.............ccceeveeeeeeeriueeniieeniieeenieenaeens 145



Table of contents X

Chapter 7. General Discussion 147
7.1 Major findings and SignifiCanCe .........c.cooeeriiriiiiiiniieeencrc e 147
7.2 Implications for conservation and fisheries management ..........c.cccocceeveenienieniennnen. 150
7.3 FULUIE AITECHIONS. .. .eeueeiiiieientieiteie ettt ettt sttt st e sr st sre e b s 154
T4 CONCIUSIONS ...veeutiniieiieiiritete sttt ettt ettt sttt sttt e et st nesreesee b saeenes 156

References 158

Appendices 184

Appendix 1: Preliminary analyses for Chapter 3 .........cccccooveriiniiiiiiiiiieeiceceeeen 185
ALT MEROMS ...ttt ettt sttt s 185
Al.2 Results of preliminary ARALYSES.............cuueevuveecreeecieeeiiieeeeeesieeeeeeeseeesveesseeenes 186

Appendix 2: Details of sampling design for Chapter 3 ........cc.cccooerviriiiiiienienienienieeeen 189

Appendix 3: Details of sampling design for Chapter 4 .........c.cccocvevieiienvenieniennenniennen. 192

Appendix 4: Summary of preliminary age validation for E. fasciatus, E. polyphekadion and
o QFQUS. oottt ettt ettt et e s e e ate e s bt e ettt e et e e bte e sabe e e bt e e eabeesbaeenates 193



List of figures Xi

List of figures

Figure 1.1 Map of the Indo-Pacific showing the two geographic study areas: the Great
Barrier Reef and the Seychelles Islands........c..ccocevvieriiiiiniiiiiiincecececee 12
Figure 2.1 Diagram illustrating long-swim transect widths.. ........cccccecervervirnienienicnicnnnens 18
Figure 2.2 Map showing location of pilot study and trials of the long-swim transect protocol
in the northern GBR (Lizard reZi0n).......ccccueiviiiiiiiiiiiieeeiieerieeeite ettt 19
Figure 2.3 Swim-speed trial. Overall mean density of epinepheline serranids per 1000 m’
estimated from transects swam at one of three different speeds...........cccccoeerverieennenne. 22
Figure 2.4 Swim-speed trial. Mean density per 1000 m’ of each behavioural group of
epinepheline serranids estimated from transects swam at one of three different speeds.22
Figure 2.5 Transect length trial. Mean density of each behavioural group of epinepheline
serranids per 1000 m* estimated from transects of two different lengths. ...................... 23
Figure 2.6 Percent errors in estimation of A) 10 metre width and B) 2.5 metre width transects
FTOM 42 ITIALS. ¢ttt sttt s e s 24
Figure 3.1 Map showing locations of visual surveys for epinepheline serranids. .................. 34
Figure 3.2 Comparison of the GBR and the Seychelles: density estimates for species of
epinepheline serranids for (A) the GBR and (B) the Seychelles Islands; (C) size
frequency of all epinepheline serranids from the GBR and (D) size frequency of all
epinepheline serranids from the Seychelles Islands.............cocceeveeniiniiniiniiinineeee 44
Figure 3.3 Percent contribution of behavioural groups to overall epinepheline serranid
abundance for (A) the GBR and (B) the Seychelles; and percent contribution of species
to overall epinepheline serranid abundance in (C) the GBR and (D) the Seychelles
ISTANAS. . ettt ettt s s e 45
Figure 3.4 Comparison of density estimates from broad regions of the GBR and the
Seychelles for (A) all epinepheline serranids, (B) cryptic serranids, (C) roving serranids
and (D) large mobile Serranids...........ccueeiieerriieniiieiiie ettt 46

Figure 3.5 Regional comparison of species density estimates from GBR and the Seychelles

Figure 3.6 (A) Mean number of species per reef, and (B) bootstrapped species counts by
DIOAA TEZIOM.. .ottt ettt st st ettt et e bt e s bt e s aeeeate e bt enbeesbeesaaesaneeas 48
Figure 3.7 Correspondence analysis biplot of size frequencies of all epinephelines from broad
TEZIOTIS .. e euteenttetteetteeuteeate et e e bt e s bt e e uteeateeab e e bee b e e sheesateeabeeabeeabeenb e e bt e saeeeabeembeebeenbeeshaesaneeas 49
Figure 3.8 Regional comparison of size frequency histograms for all epinepheline serranids
from GBR and the Seychelles ISIands..........cccccoiieriiriiiiiiiiiieeeeeee e 50
Figure 3.9 Euclidean biplot of species abundance data for the GBR and the Seychelles from

Principal Components ANalYSiS.. .....cccueirueerieirierienieeieeieeseesite sttt s s 52



List of figures Xii

Figure 3.10 Dendrogram produced from a hierarchical cluster analysis using abundance of 23
species of epinepheline serranids from all localities surveyed. .........ccccceecverierviennennnen. 53
Figure 3.11 Comparison of density estimates from broad regions and habitats of GBR regions
for (A) all epinepheline serranids, (B) cryptic serranids, (C) roving serranids and (D)
large MODbiIle SEITANIAS. . ...cocveeitiiiiiiiiiie ettt et 55
Figure 3.12 Comparison of density estimates from broad regions and treatments of GBR
reefs for (A) all epinepheline serranids, (B) cryptic serranids, (C) roving serranids and
(D) large mobile Serranids.. .......c.cccoiiiieriiiiiiieeeee s 56
Figure 3.13 Correspondence analysis biplot of size frequencies of all epinephelines from
habitats among GBR IEZIONS.. «....couiiiiiiiiiiiiiieiieee ettt 56
Figure 3.14 Comparison of species density estimates from broad regions of GBR from
sheltered and eXpoSed IEES.. ....ccouiiriiriiiiiiiieee s 57
Figure 3.15 Comparison of density estimates from shelf positions and habitats of cross-shelf
transect of the northern GBR for (A) all epinepheline serranids, (B) cryptic serranids,
(C) roving serranids and (D) large mobile serranids............ccoeceeevieeriieinieensieennieenneenn 59
Figure 3.16 Correspondence analysis biplot of size frequencies of all epinephelines from
cross-shelf comparison for northern GBR.. ........cccccooiiiiiniiiiiie 60
Figure 3.17 Mean density on Lizard outer shelf reefs by Marine Park zone status for (A) all

epinephelines, cryptic serranids and large mobile serranids; and (B) roving serranids by

RADIAL EYPE.....eeiiiiiiiiieeee ettt ettt s e e 61
Figure 3.18 Northern GBR cross-shelf and among habitat comparison of species density
estimates from Lizard mid shelf reefs and Lizard outer shelf reefs.........cccccccovvenenenee. 63
Figure 3.19 Variation attributable to different sources for three spatial comparisons............ 64

Figure 4.1 Comparison of density estimates from broad regions of the GBR and the
Seychelles for (A) E. fasciatus, (B) E. polyphekadion and (C) C. argus....................... 76
Figure 4.2 Epinephelus fasciatus, E. polyphekadion and C. argus. Relationships between
mean size of fish and density for each Species.........occevvuiriiiiiiiiiniiiniiieeeeee 77
Figure 4.3 Map showing broad regions sampled from two geographic areas: the Seychelles
and the GBR........cooiii e e 79
Figure 4.4 Diagram depicting demographic parameters: (A) 10% longevity and 10%

maximum size, (B) measures used as proxies for size and age distributions, and (C) the

three size-at-age measures used as proxies for growth. .........cc.ccoccvviiiininnninncs 85
Figure 4.5 Size-at-age and fitted VBGF for (A) E. fasciatus, (B) E. polyphekadion and (C) C.
argus from the GBR and the Seychelles.. .....c..ccocceviiriiiiiiiiiiiiieeccee 88

Figure 4.6 Regional comparisons of fitted VBGF for E. fasciatus from broad regions of (A)
the GBR and (B) the SeyChelles. .........ccooiiiiiiiiiiiiiicet e 89
Figure 4.7 Regional comparisons of fitted VBGF for E. polyphekadion from broad regions of
(A) the GBR and (B) the Seychelles. .........coouiiiiiiiiiiiiiiiieceee e 90



List of figures Xiii

Figure 4.8 Regional comparisons of fitted VBGF for C. argus from broad regions of (A) the

GBR and (B) the SeYChelles. ......c.c.ciiiiiiiiiiiiiiiiieeteeee ettt 91
Figure 4.9 Multivariate demographic and abundance patterns for E. fasciatus, E.
polyphekadion and C. argus from the GBR and the Seychelles using PCA................... 93
Figure 5.1 Map of northeastern Australia showing the GBR and regions sampled.............. 109

Figure 5.2 Epinephelus fuscoguttatus. (A) Whole otolith. Sectioned otoliths: (B) 6+ year old
female and (C) 42+ year old female. (D) Detail from C...........cccccoviiniiniininiinienen. 114
Figure 5.3 Diagram representing sections through Epinephelus fuscoguttatus otoliths from
the oxytetracycline marking eXperiment...........c.cceceereerierieniieenieeneeneenee e 114
Figure 5.4 Epinephelus fuscoguttatus. Details of oxytetracycline marked otolith showing: (A)
4 annual bands and (B) OTC mark on same area under UV light ...........ccccceeininnen. 115
Figure 5.5 Epinephelus fuscoguttatus. Edge type analysis for sectioned otoliths from the
GBR showing percentage of otoliths with opaque margins..........ccccceeeeveereenveenneennnen. 115

Figure 5.6 Epinephelus fuscoguttatus. Relationship between otolith weight and presumed

Figure 5.7 Epinephelus fuscoguttatus. (A) Size and (B) age frequency distributions for
females and MALeS......coc.eiiiiiiiiiiiieee e 117
Figure 5.8 Epinephelus fuscoguttatus. (A) Growth curve. (B) Ovary weights (as a proxy for
fecundity) of mature active females mapped onto the growth curve.. .......c.cccoceeeueneee. 118
Figure 5.9 Epinephelus fuscoguttatus. Ovary weights for females from the GBR by (A) size
AN (B) Q.. ettt ettt sttt eae s 119
Figure 5.10 Epinephelus fuscoguttatus. Two estimates of female maturity based on (1)
percentage of mature females by (A) size and (B) age; and (2) percentage of mature
active females during the spawning months by (C) size and (D) age.......ccccceeeverueennen. 120
Figure 5.11 Epinephelus fuscoguttatus. Ovary weight of inactive females by (A) size and (B)

Figure 5.12 Epinephelus fuscoguttatus. Proportion of each reproductive category for ovaries
collected during the spawning period by (A) size and (B) age. . ......ccccceveeneinvenncennen. 121
Figure 6.1 Epinephelus fuscoguttatus. Monthly percent frequencies of (A) mature females
and (B) mature males according to sexual groups pooled over one year..................... 133
Figure 6.2 Epinephelus fuscoguttatus. (A) Female and (B) male gonadosomatic index for
Epinephelus fuscoguttatus by pooled months.. ........ccocccevuervierierniinniinienicnieeeeeeeeen 134
Figure 6.3 Total monthly catch and average catch per fishing day of Epinephelus
Sfuscoguttatus and E. polyphekadion from the central Great Barrier Reef by a commercial
1ine fiShING DOAL......cocviiiiiiiiiieieee et 135
Figure 6.4 Detail of daily catch of Epinephelus fuscoguttatus and E. polyphekadion . ....... 135
Figure 6.5 Lunar pattern of Epinephelus fuscoguttatus reproduction in relation to lunar cycle

and GBR seasonal closure period.. .........cccveeverieriiinienienienienceeceeeeee e 136



List of figures Xiv

Figure 6.6 Size frequency of Epinephelus fuscoguttatus from the GBR: (A) immature
females, (B) undetermined inactive females, (C) mature resting females, (D) sexually
active females and (E) MAIES.. .......vviiiiiiiiiieeieiceeeeeeeeeee e e e e e 137

Figure 6.7 Age frequency of Epinephelus fuscoguttatus from the GBR: (A) immature
females, (B) undetermined inactive females, (C) mature resting females, (D) sexually
active females and (E) MAIES.. .......eeiiiiiiiiiieiieicee et e e e 138

Figure 6.8 Histological sections of ovaries from Epinephelus fuscoguttatus depicting
developmental STAZES. ....ccceeriirieriiiiee ettt ettt st et en 139

Figure 6.9 Histological sections of mature ripe ovary from Epinephelus fuscoguttatus
showing spermatocytes near gonad Wall...........coooiiiiiiiiiiiniinineeee e, 141

Figure 6.10 Transverse section of ripe gonad from a small male Epinephelus fuscoguttatus
ShOWING tyPICAL SITUCLUTE. ....eevuiiiiiiiieiiieeite ettt ettt ettt ettt e esaae e sbee e 141

Figure 6.11 Histological sections of testes from Epinephelus fuscoguttatus depicting

peripheral sperm ducts and typical detail of lobules of each developmental stages. .... 142



List of tables XV

List of tables

Table 1.1 Species groups of epinephelines from the study areas, termed behavioural groups,
ecological characteristics and summary of previous GBR studies on aspects of
demography or reproduction by species and behavioural group. .........cccceveeniinvenniennen. 6

Table 2.1 Comparison of mean density estimates per 1000 m2 (+ S.E.) for behavioural
groups of epinepheline serranids from Samoilys and Carlos (1992) (using visual point
count surveys and explosives) with results from this study (long-swim transects). ....... 25

Table 2.2 Comparison of mean density estimates per 1000 m2 (+ S.E.) for P. leopardus from
unpublished visual survey data recorded by Ayling / ELF Project (using 50 m x 5 m belt
transects, methods detailed in Mapstone et al. 2004, data provided by Mapstone) with
this study (using 1ong-SWim tranSECLSs).. ...ccccereereeriuerrierrierniieieeneente et ereenreesreeseesaee e 25

Table 2.3 Comparison of mean density estimates per 1000 m2 (+ S.E.) for epinephelines
using a combined survey technique described by Stewart and Beukers (2000) with
estimates from this study (using long-swim transects). .......cc.cceeeereereeriuersuernrernreenneenne 25

Table 3.1 Characteristics used to describe and compare epinepheline serranid faunas and
summary of analytical aPPIOACRES. ........cocuirviiiiiiiriiirier e 33

Table 3.2 Overall sampling design showing number of long-swim transects at each spatial
SCALL. .ttt st st ettt ettt sttt en 35

Table 3.3 Analysis of variance model A for GBR and Seychelles regional comparison.. ..... 36

Table 3.4 Analysis of variance model B comparing habitat and fishing effects among GBR

TEZIOTIS. .t eutteuttette et et et et e bt e bt e e utesuteeabeea b e et e e sheesheeeabeeabe e bt enb e e bt e ebeeeateenbeebeenbeesheesabeeas 37
Table 3.5 Analysis of variance model C for cross-shelf transect of the northern GBR.......... 37
Table 3.6 Summary of spatial comparisons and examination of fishing effects. ................... 41

Table 3.7 Summary of analyses of variance using model A comparing density between broad
regions of the GBR and Seychelles..........cocccoiiiiiiiiiiiiiiiieeeeeeeeeee e 43
Table 3.8 Summary of analyses of variance using model B comparing habitat and fishing
effects among GBR rEZIONS. . ..cc.eiiiiiiiiiiiiieieeeee et 54
Table 3.9 Summary of analyses of variance using model C comparing density over a cross-
shelf transect of the northern GBR.. ......c...occoiiiiiiiiiceen 58
Table 3.10 Analysis of variance comparing the mean number of species per reef among shelf
positions and habitats of the Lizard region. ..........cccccecerviieiiiniiniiniiniicenecnecneceeee 60
Table 3.11 Analysis of variance comparing density estimates for Lizard outer shelf reefs
among habitats and Marine Park zone Status. .........ccocceeverieriiiniininicnncicee e 61
Table 4.1 Summary table of spatial patterns in distribution and abundance of E. fasciatus, E
polyphekadion and C. argus from the GBR and the Seychelles. ..........cccoceeviiirnennneen. 78
Table 4.2 Details of sample collection for demographic study of E. fasciatus, E.
polyphekadion and C. argus from the GBR and the Seychelles. ..........cccocevviiirninnneen. 80



List of tables XVi

Table 4.3 E. fasciatus, E. polyphekadion and C. argus. Criteria used to evaluate readability of
OTOLItH SECTIOMS . ettt e st s sbe e 83
Table 4.4 E. fasciatus, E. polyphekadion and C. argus. Parameter estimates for harvested
components used in analyses of species demographics.. .........cccceeveerieniiiiieenenneeneene. 84
Table 4.5 Von Bertalanffy Growth Function parameters estimates for E. fasciatus, E.
polyphekadion and C. argus from the full sample collection. ..........ccccceeveereeniiniicnnnenn. 87
Table 4.6 Results of likelihood ratio tests comparing estimates of von Bertalanffy Growth

Function parameters for harvested components of E. fasciatus, E. polyphekadion and C.

argus from broad regions within the GBR and the Seychelles. .............cccceeveininicnnnn. 92
Table 4.7 Analysis of variance comparing mean size and age of E. fasciatus, E.
polyphekadion and C. argus among broad regions and areas. ..........ccocceeveeeneeneeneennene 95
Table 4.8 Results from Tukey’s test for mean size of E. fasciatues...........cccceeveeveenvecnvecnnncns 95
Table 4.9 Results from Tukey’s test for mean size of E. polyphekadion. .............................. 95
Table 4.10 Results from Tukey’s test for mean age of E. polyphekadion. ............................. 96

Table 4.11 Analysis of variance comparing mean maximum size and 10% longevity of E.
fasciatus, E. polyphekadion and C. argus among broad regions and areas. ................... 96

Table 4.12 Results from Tukey’s test for mean maximum size of E. fasciatus from the GBR.

........................................................................................................................................ 97
Table 4.13 Results from Tukey’s test for mean maximum size of E. polyphekadion. ........... 97
Table 4.14 Results from Tukey’s test for 10% longevity of E. fasciatus. ..........c.ccoceeeueeunen. 98
Table 4.15 Results from Tukey’s test for 10% longevity of E. polyphekadion...................... 98

Table 4.16 Analysis of variance comparing mean size at particular ages of E. fasciatus, E.
polyphekadion and C. argus among broad regions and areas. ..........ccccceeveeveeneereennene 99
Table 4.17 Results from Tukey’s test for mean size-at-initial-age of E. fasciatus from the
GBR. ..ttt ettt nae 99

Table 5.1 Details of Epinephelus fuscoguttatus samples by collection method, month and

Table 5.2 Histological criteria used in classifying Epinephelus fuscoguttatus gonads into sex
AN MALUTTEY SEAZES. .veeuteeteertierieete ettt eert et sttt et e bt esteesatesatesbeebe e bt e sbeesateeaeeeneean 112
Table 5.3 Epinephelus fuscoguttatus. Details of age validation experiment of wild-caught
adults marked with OXYtetraCyCline .........cccccevverviiriiiiniinienicniceccecececee e 116
Table 6.1 Histological criteria used in classifying gonads of Epinephelus fuscoguttatus into

TEPIOAUCTIVE SLAZES. ....eeurirurietieiieiieriteete ettt ettt e sttt st sete et et e e smeesaeesateeaeeenaeen 131



	Title page statements and acknowledgements
	Statement of access
	Electronic copy
	Acknowledgements
	Statement of sources

	Abstract
	Table of contents
	List of figures
	List of tables

