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Abstract
The first aim of this thesis was to test the hypothesis that the spatial and food resources in
the nearshore waters of a subtropical embayment in Western Australia (Shark Bay) will be
partitioned within and amongst the main elasmobranch species that occur in that large
water body. The size and age compositions, growth rates and reproductive biology of
females and males of the nervous shark Carcharhinus cautus in Shark Bay were then
determined to better understand the mode of life of this abundant species in this
embayment. The second aim was to determine the species and size compositions of
chondrichthyans landed by fisheries employing different methods in south-eastern
Indonesia. The implications of these data for management were next determined and
aspects of the reproductive biology of the most abundant of those species were explored, in
a very preliminary manner.
The nearshore, shallow waters of Shark Bay are used as a nursery area by several
shark species and the different habitats in those waters are partitioned, to a certain degree,
amongst those species. Ten species of shark (5 families), five species of ray (4 families)
and twelve species of teleost (10 families) were caught in those waters. Carcharhinus
cautus was the most abundant species, contributing 59.9% to the total number of
elasmobranchs and 42.3% to all fish caught. This species and Negaprion acutidens were
collected mainly or entirely from unvegetated sites, whereas Rhizoprionodon acutus,
Carcharhinus brevipinna and Chiloscyllium punctatum were caught largely or exclusively
at the seagrass site. The number of elasmobranch species and number of individuals of
elasmobranchs were greatest in the seagrass site and least in the unvegetated site where no
vegetation was present nearby, and they were significantly less in the latter site than in the
one where dense mangroves were present nearby. These two biotic variables were also
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significantly greater in summer and autumn than in winter when temperatures were lowest.
The species composition of elasmobranchs in each habitat type almost invariably differed
significantly from that in each of the other habitat types and there was evidence that the
species composition of elasmobranchs varied in a similar seasonal manner at the three
unvegetated sites. Carcharhinus cautus, and probably also Hemigaleus microstoma and
Chiloscyllium punctatum, were the only species that completed their life cycles in the
nearshore, shallow waters of Herald Bight. However, the capture of the juveniles of a
further four species with umbilical scars emphasises the importance of these waters as a
nursery habitat for shark species.
The dietary compositions of one ray species (Rhinobatus typus) and three shark
species (Carcharhinus cautus, Negaprion acutidens, Rhizoprionodon acutus) undergo sizerelated changes and differ among these species, thereby reducing the potential for
competition for food within and among these four species. Rhinobatus typus fed almost
exclusively on penaeid prawns and portunid crabs, which is reflected in its narrow dietary
breadth, whereas different species of teleosts constituted a major component of the diets of
each size class of the three shark species. The relative contributions of the different species
of teleost to the diets of the three shark species varied. The variations in dietary
composition among the four species reflect differences in behaviour, modes of feeding and
relative mouth sizes.
Carcharhinus cautus copulates in late October–early November, shortly followed
by ovulation (and thus conception) and parturition occurs about 11 months later. The
reproductive cycle of C. cautus is biennial. Female and male C. cautus reached ca 28 and
32% of their lengths at their maximum observed ages, respectively, at the time of
parturition. Females and males of C. cautus attained maximum total lengths of 1330 and
1110 mm, respectively, and maximum ages after parturition of 16 and 12 years,

4

respectively. Maturity was attained at about 1010 mm by females and 910 mm by males
and at least 50% of females and males had become mature by the end of their sixth and
fourth years of life, respectively. The three-parameter von Bertalanffy growth curves
provided reasonably good fits to the lengths at age of females and males of C. cautus
during just postnatal life and throughout the whole of pre- and postnatal life. However, the
four-parameter Schnute growth curve significantly improved the fit to these data for both
females and males from conception and for females from birth. The question of when, from
a biological view point, it might be appropriate to switch from using a von Bertalanffy
growth curve to the more complex Schnute growth curve are discussed.
A total of 139 chondrichthyan species, comprising 77 species of shark representing
17 families, 61 species of ray representing 11 families and a single species of holocephalan,
were recorded at the ten landing sites surveyed in south-eastern Indonesia. However, it
should be recognised that up to 49 of the 139 chondrichthyan species recorded have
apparently not yet been described and thus assigned a species name. The most speciose and
commonly recorded families were the Dasyatidae and Carcharhinidae, which collectively
contributed 84.8%, respectively, to the total number of individuals of all species. The use of
MDS ordination demonstrated that the species compositions at the eight main landing sites
reflected to a greater extent the fishing methods used rather than the geographical location
of those sites. Data on the reproductive biology of males demonstrated that a number of
elasmobranch species were fished prior to the time that they attained maturity.
The three most abundant chondrichthyan species that were caught both as juveniles
and adults were Dasyatis kuhlii, Dasyatis zugei and Himantura walga. Since the
reproductive cycle of each of these species did not follow a seasonal pattern, the timing of
conception and parturition and the duration of gestation of these species could not be
determined. The fecundity of these three species was very low, i.e. maximum of two but
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usually only a single embryo. The size at maturity of the three species, using data on the
prevalence of mature fish, ranged from minima of 163 mm for females and males of
H. walga to maxima of 237 mm for females and 239 mm for males of D. kuhlii. The
translucent zones on the vertebral centra of D. kuhlii were apparently deposited annually
and were thus used to estimate the ages of the individuals of this species. The maximum
estimated ages of female and male D. kuhlii were 15 and 10 years, respectively.

6

Table of contents
Abstract................................................................................................................................. 3
Table of contents .................................................................................................................. 7
Acknowledgements............................................................................................................. 10
Publications......................................................................................................................... 11
Chapter 1: General Introduction..................................................................................... 12
1.1 The class Chondrichthyes ........................................................................................ 13
1.1.1 Family Carcharhinidae..................................................................................... 13
1.1.2 Family Dasyatidae ............................................................................................ 14
1.2 Resource partitioning in fish communities .............................................................. 16
1.3 Distribution by water depth and movements of elasmobranchs .............................. 17
1.4 Partitioning of food resources among elasmobranchs ............................................. 19
1.5 Determination of age in elasmobranchs................................................................... 20
1.6 Reproductive biology of elasmobranchs.................................................................. 23
1.7 Elasmobranch fisheries ............................................................................................ 25
1.8 The Shark Bay World Heritage Area ....................................................................... 27
1.9 The Indonesian archipelago ..................................................................................... 28
1.10 Broad aims of the study ......................................................................................... 29
Chapter 2: General materials and methods ................................................................... 31
2.1 Sampling locations and regime in Shark Bay .......................................................... 32
2.2 Sampling locations and regime in south-eastern Indonesian ................................... 34
Chapter 3: Habitat partitioning among four species of elasmobranch in nearshore,
shallow waters of a subtropical embayment in Western Australia ............................... 39
3.1 Introduction .............................................................................................................. 40
3.2 Materials and methods ............................................................................................. 42
3.2.1 Sampling location and regime .......................................................................... 42
3.2.2 Analyses............................................................................................................. 43
3.3 Results ...................................................................................................................... 45
3.3.1 Environmental variables.................................................................................... 45
3.3.2 Number, abundance and biomass of individual species and mesh selectivity .. 45
3.3.3 Monthly occurrences and lengths of species..................................................... 50
3.3.4 Numbers of species and individuals.................................................................. 53
3.3.5 Ordination of gillnet catches............................................................................. 57
3.4 Discussion ................................................................................................................ 59
3.4.1 Use of Herald Bight as a nursery area by elasmobranchs ............................... 59
3.4.2 Partitioning of habitats by elasmobranchs ....................................................... 62
3.4.3 Seasonal changes .............................................................................................. 63
Chapter 4: Comparisons between the diets of four abundant species of elasmobranch
in a subtropical embayment. Implications for resource partitioning............................ 66
4.1 Introduction .............................................................................................................. 67
4.2 Materials and methods ............................................................................................. 68
4.2.1 Sampling locations and regime......................................................................... 68

7

4.2.2 Dietary analyses................................................................................................ 69
4.3 Results ...................................................................................................................... 73
4.3.1 Ranking and contributions of dietary components............................................ 73
4.3.2 Comparisons of dietary compositions............................................................... 74
4.3.3 Size-related changes in dietary compositions and dietary breadths................. 76
4.3.4 Seasonal changes in the dietary compositions of R. typus and C. cautus ........ 80
4.4 Discussion ................................................................................................................ 83
4.4.1 Partitioning of food resources amongst species ............................................... 83
4.4.2 Size-related changes in dietary compositions and dietary breadths................. 86
Chapter 5: Size and age compositions and reproductive biology of the nervous shark
Carcharhinus cautus in a large subtropical embayment, including an analysis of
growth during pre- and postnatal life .............................................................................. 89
5.1 Introduction .............................................................................................................. 90
5.2 Materials and Methods............................................................................................. 91
5.2.1 Sampling regime................................................................................................ 91
5.2.2 Reproductive biology ........................................................................................ 92
5.2.3 Age and growth ................................................................................................. 93
5.3 Results ...................................................................................................................... 97
5.3.1 Environmental data........................................................................................... 97
5.3.2 Reproductive biology ........................................................................................ 97
5.3.3 Validation of the ageing procedure................................................................. 101
5.3.4 Size and age compositions .............................................................................. 103
5.3.5 Growth curves ................................................................................................. 103
5.3.6 Size and age at maturity.................................................................................. 109
5.3.7 Length–mass relationships.............................................................................. 111
5.4 Discussion .............................................................................................................. 111
5.4.1 Reproductive biology ...................................................................................... 111
5.4.2 Age composition and growth rates.................................................................. 112
Chapter 6: Species and size compositions of chondrichthyans in target and non-target
fisheries of south-eastern Indonesia ............................................................................... 119
6.1 Introduction ............................................................................................................ 120
6.2 Methods.................................................................................................................. 122
6.2.1 Survey regime.................................................................................................. 122
6.2.2 Survey techniques............................................................................................ 122
6.2.3 Data analyses .................................................................................................. 124
6.3 Results .................................................................................................................... 126
6.3.1 Overall species composition ........................................................................... 126
6.3.2 Species compositions between landing sites ................................................... 132
6.3.3 Target fisheries for elasmobranchs................................................................. 135
6.3.4 Non-target fisheries for elasmobranchs.......................................................... 141
6.3.5 Ordination of species compositions of the different fishing methods ............. 145
6.3.6 Size at maturity and size frequencies of the most abundant species ............... 146
6.3.7 Taxonomic issues ............................................................................................ 156
6.4 Discussion .............................................................................................................. 157
6.4.1 Species compositions and unanticipated catches............................................ 157
6.4.2 Comparison of fishing methods....................................................................... 160
6.4.3 The high level of exploitation on chondrichthyans in Indonesia .................... 161

8

6.4.4 Size compositions ............................................................................................ 163
6.4.5 Undescribed species and the importance of taxonomic resolution................. 164
Chapter 7: General discussion ....................................................................................... 166
7.1
7.2
7.3
7.4

Resource partitioning by elasmobranchs in Shark Bay ......................................... 167
Growth of Carcharhinus cautus during pre- and postnatal life ............................. 168
Exploitation of chondrichthyans in Indonesia and future research needs.............. 169
Batoids: the forgotten elasmobranchs .................................................................... 170

References ......................................................................................................................... 172
Appendix II……………………………………………………………………………….189

9

Acknowledgements
I would like to begin by thanking my supervisor Ian Potter for the opportunity to undertake
my project and for joining me on the rollercoaster ride that it has been since the beginning
of my project. Ian’s great deal of patience (a characteristic that I am still developing) and
superb insight were invaluable in the construction of this thesis. My sincerest thanks goes
to you Ian!
Thanks goes to all those who helped me on field trips to beautiful “sunny one day,
windy for the other 364 days” Shark Bay, namely David Fairclough (tusky boy), Simon de
Lestang (crab boy), Alex Hesp, Mike Taylor, Drew Rowland, Dean Thorburn, Greg Foster,
Matt Pember, Mike Travers and Lachlan MacArthur. Also, a special thanks goes to a
number of Shark Bay residents for their invaluable local knowledge and assistance, namely
Greg “Slappy”, Paul “Sideshow”, Les and Glenys Fewster, Barry Edwards, Robbie
Morgan. Thanks goes to those who helped me on the market survey trips to Indonesia,
namely Pak Fahmi, Pak Dharmadi, Ms Tuti, Pak Priyanto, Peter Last, John Stevens,
Alastair Graham, Spikey Riddoch, Gary Fry, Simon de Lestang, Mike Travers and Ashlee
Jones.
Further special thanks must also go to the many people who provided their input
and expertise to help me resolve problems that I encountered throughout my thesis. These
include Norm Hall, Glen Young and Simon de Lestang for their advice and assistance on a
number of statistical issues; Margaret Platell for her assistance with the dietary analyses;
Steve Blaber, John Salini and Ilona Stobutzki for their assistance with the numerous
political issues encountered during the Indonesian survey trips and also to Steve and Ilona
for giving me the opportunity to be involved in the ACIAR project; Peter Last and John
Stevens for their taxonomic and biological advice throughout my study. In addition, my
sincerest thanks go to those who helped me on the final edits of this thesis, namely Alex
Hesp, Norm Hall and Margaret Platell.
This study was made possible through the funding provided by the Australian
Fisheries Research and Development Corporation, Department of Fisheries WA, Australian
Centre for International Agricultural Research and Murdoch University.
Finally, but most importantly, I would like to thank my wife Kirsty for all of her
love and support over the last four and a half years and for putting up with my frequent
field trips (a total of ca 17 months in the field), and also to my family for their support.

10

Publications
The publications listed below form the basis for chapters 5 and 4, respectively.
White, W.T., Hall, N.G. & Potter, I.C. (2002). Size and age compositions and reproductive
biology of the nervous shark Carcharhinus cautus in a large subtropical
embayment, including an analysis of growth during pre- and postnatal life. Marine
Biology 141: 1153–1164.
White, W.T., Platell, M.E. & Potter, I.C. (2003). Comparisons between the diets of four
abundant species of elasmobranch in a subtropical embayment. Implications for
resource partitioning. Marine Biology in press.

11

