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Abstract
As we attempt to maintain marine biodiversity mainly by focussing on
habitats, we need to understand how marine biodiversity is affected by
seagrass loss. Although managers and researchers widely acknowledge
that habitat loss results in changes to marine biodiversity, quantitative
knowledge of these changes is generally poor. In this study, fish
assemblages (as one component of the biodiversity of sandy beaches) were
examined in Cockburn Sound, Western Australia, to assess patterns that
may be related to presence or absence of adjacent seagrass beds. If
consistent patterns are evident, they may enable predictions regarding the
effects of seagrass loss on the fish assemblages.
Prior to examination of this main question, seagrass and bare sand
habitats were sampled as part of a pilot study. Analyses of the data
collected concentrated on examining the biases and variability associated
with different sampling gear, and changes in the precision of estimates
derived from different levels of replication. Further consideration was
given to reducing the relative weighting of very numerous species in
analyses by examining the effects of data transformation. Results suggest
that researchers seeking to detect a 'signal' of environmental change
amid the 'noise' that results from variability in catches and the numerical
dominance of a few species should select methods of sampling, levels of
replication and types of data transformation with an understanding of the
associated influences.
The main sampling program was conducted in May-June and October
November 1995 (months identified as suitable pre- and post-recruitment
periods), over six beaches in Cockburn Sound. Assemblage and population
level analyses indicated that consistent trends related to the presence of
adjacent seagrass were not evident, as differences among beaches was the
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dominant spatial trend. Several environmental variables appeared to
influence these differences. The most significant were water depth, wind,
amount of drift seagrass and wave exposure. Degree of exposure and
amount of drift seagrass probably had the greatest structuring effects on
the species assemblages. Both were determined by the position of habitat
patches in relation to wind direction and proximity of other habitats.
Although patterns associated with the presence or absence of adjacent_
seagrass were not clear, these findings indicated that seagrass beds had
considerable influence on the fish assemblages of some beaches.
Populations of some species changed between May-June and October
November due to recruitment of juvenil�s to the beaches. Although
juveniles of some species use other habitats, there is a strong suggestion
that the beaches of Cockburn Sound are regionally important in the
ecology of species such as Aldrichetta forsteri, Ammatretis elongatus,

Sillago vittata and Sillago schomburgkii.
Seagrass loss in Cockburn Sound is unlikely t.o have affected the more
mobile fish species, but is likely to have caused a decline in the
populations of less mobile, site-associated species of both seagrass and
sand habitats. Additional loss of seagrass within Cockburn Sound is likely
to further reduce the populations of many species. If these components of
biodiversity are to be maintained, then management of marine
biodiversity in the region needs to be conducted with a recognition of the
differences in assemblage composition among habitat patches.
Conservation of just a few habitat patches will not adequately represent
the full range of species and age classes present.

111

M.Sc.

I certify that this thesis does not incorporate, without acknowledgment,
any material previously submitted for .a degree or diploma in any
institution of higher education and that, to the best of my knowledge and
belief, it does not contain any material previously published or written by
another person except where due reference is made in the text.

Name:
Date:

lV

M.Sc.

Acknowledgments
I could not have conducted this study without the willing field assistance
of numerous friends and co-workers. Those who helped me set and
retrieve seine nets in all weather conditions were: Sarah Brown, Meredith
Campey, Vernon Carne, Geordie Clapin, Jeremy Fitzpatrick, Bernadette
Gunn, Martin Heller, Chris Hersh, Pierre Horwitz, Gary Kendrick, Scott
Langtry, Tony McCormack, Dugald McGlashan, Charles McGregor
Shaw, Craig Manning, Liza-Jane Mathews, Phillip Meldrum, Richard
Mijat, Rachael Nickoll, Julia Phillips, Kim Richardson, Bruce Wallner
and Scott Wooldridge. I would especially like to thank Scott Langtry, who
patiently taught me the tricks of beach seining.
I would like to sincerely thank my supervisors, Charles Jacoby and Pierre
Horwitz, for their ready advice through the duration of this project.
Suzie Ayvazian, Barry Hutchins, Peter Last, Melissa Hewitt and Diana
Jones assisted me with specimens I could not identify. Peter Last, Mark
Cliff and Rod Lenanton allowed me access to unpublished data. Mick
Rogers (MP Rogers and Associates) provided data on the wave heights in
Cockburn Sound. The photographs included in the thesis were taken by
Geordie Clapin and Julia Phillips. Darren Ryder and Trevor Ward
provided instructive comments on drafts of the manuscript.
Finally, thank you to Veronique for not only writing programs that
enabled me to conduct analyses that I would otherwise have not
attempted, but also for patiently supporting me in the final months when I
was spending extended periods shut in a separate room.

V

M.Sc.

Table of Contents

Table of Contents
i\l:,str11.ct ....................................................................................... ii
Aclm.owledginents......................................................................... v
Table of Con'ten"ts ........................................................................... vi
Llst of Figures ............................................................................... x
Llst of Tables................................................................................. xiii
Llst of Pla'tes ................................................................................. xvi
Chapter 1: Introduction.................................................................. I
F ish assemblages of seagrass................................................. 2
Fish assemblages of shallow sand .... � � .................................... 3

Species richness .......................................................... 6
Dominance.................................................................. 7
Spatial variability......................................................... 8
Temporal variability ..................................................... 10
Presence of juveniles .................................................... 11
Implications for sampling design ........................................... 12

Sampling gear and replication ...................................... 12
.i\.i ms................................................................................... 15
Chap�r 2: Pilot study ..................................................................... 17
Met ho d s............................................................................... 18
Sites ........................................................................... 18
Sampling procedure ..................................................... 18
Data analysis............................................................... 21
Comparison of 40-metre and 25-metre seines.......... 21
Multivariate analyses ................................. 21
Univariate analyses........•........................... 21
Optimal number of replicates ............................... 22
Faunal composition ............................................. 23
�s1.llts ................................................................................ �
Comparison of 40=·:rnetre and 25-metre seines................... 25
Multivariate analyses .......................................... 25
Species richness ................................................. 26
Abundance and biomass ...................................... 'Z7
Age structure ..................................................... 28
Vl

M.Sc.

Table of Contents

Optimal number of replicates ........................................ 31
Faunal composition of habitats ...................................... 34
Seagrass and bare sand habitats........................... 34
Multivariate analyses.......................................... 36
Ili�si<>11 ........................................................................... 4-.2

Comparison of nets ...................................................... 42
Differences between two nets ................................ 42
Combination of mesh sizes................................... 44
Optimal number of replicates ........................................ 44 Faunal composition...................................................... 44
General conclusions..................................................... 45
Main sampling program

Chapter 3: Methods........................................................................ 47
Sampling .......................................-.·;.................................... 47

Sampling locations....................................................... 47
Sampling design.......................................................... 48
Sampling technique ..................................................... 52
Environmental parameters ........................................... 52
1)11.ta. ll.lla.ly-sis •••••••••••••••..•••••••.•••••••••••••••..•••••••...••.•••••••••••••••. 53
Data analysis: assemblage level..................................... 53
Alpha diversity ................... , ............................... 53
Beta diversity...................................................... 57
Classification............................................. 58
Ordination................................................. 59
ANOSIM............................................................ 61
Data analysis: population level ...................................... 62
Analysis of variance............................................ 62
Length-frequency distributions............................. 64
Relating environmental parameters to catches ........................ 65
Chapter 4: Influence of data transformation on multivariate
ll.lla.ly-�s ••••.•••••.••••...••......••••.....••...•.•••.••••••••••••.••••••.•.••••••••••••.•.•••. 6E3

Disbi.bution of data. values ..................................................... f57
Rank abundance ................................................................... 00
Species e<>nmbuting to classification ....................................... 70
<>rcJ..iii1ltio11 ........................................................................... 73
Sti:-ess val.ues ........................................................................ 77
Principal. axis con-elation ..................................................... 79
Implications fo r examining patterns in data............................ 81
vu

M.Sc.

Table of Contents

Chapter 5: Assemblage level r esults................................................ 83
Simple description ................................................................ 83

J\lpha<liv�ify ..................................................................... �
Diversity measures ...................................................... 00
Rank abundance plots .................................................. 9'2
Beta d iversity........................................................................ 95
Classification .............................................................. 95
All samples ........................................................ 95
Species contributing to patterns ............................ 95
Pooled replicates ................................................. 99
Ordination .................................................................. 99
�()Sll\1 ............................................................................. 105
Gen eral assemblage level patterns.......................................... 107
Chapter 6: Pop ulation level results.................................................. 100

100
Ind ividual sp ecies................................................................. 113
Sillago vittata...................................................... 115
- Aldrichetta forsteri .........................•................... 119
- Ammotretis elongatus ......................................... 123
Lesuerina sp. ..................................................... 126
Sillago schomburgkii ........................................... 130

'l"<>��t<!ltes ....••••.••.•..••..••••••.•..•..•••••••.....•••.••...........••....•••.•

Ot her sp ecies........................................................................ 134
J>�V"()� •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

138

General populat i<>n leV""el patte:rt1S ......... ......................... ......... 143

Chapter 7: EnV"" ir<>nmental parameters............................................. 145
Wa'ter 'temperature ........... ..................... ............................. .. 145
Wa'ter<J.eptlt ......................................................................... 14:7
W i.it<J. ................................................................................... 14:7
Ile�lt��plt� .......................................................... 1�
Linking environmenW parameters to cat.ches ......................... 149
General patterns in environmental parameters ....................... 153
Chap 'ter 8: Iliscussi<>n ......................... ................................ .. .. ....... 155
hnportance of sampling_methods and data transformation ....... 156
Pilot study ........................................................... ........ 156
Data transformation..................................................... 157
Assemblage leV""el pat'te:rt1S .. ........ ............... ................ .. . ...... ... 158
Spatial patterns ................ '. .......................................... 158
Temporal patterns ....................................................... 162
Vlll

M.Sc.

Table of Contents

Population level patterns ............ . . ................. . ......•................ 163
Spatial patterns ........................................................... 164
Temporal patterns ....................................................... 166
Factors influencing the patterns............................................. lffi

wng-term. changes ............................................................... 173
Implications for maintaining marine biodiversity .................... 177
Maintenance of marine biodiversity in the Cockburn
Sound region ............................................................... 179
�fe�n� .................................................................................... 18()

Appendix 1: Species caught in Cockburn Sound during both the
pilot study (1994) and the main sampling program (1995)................... 193
Appendix 2: Correlations between standard length, total length
and length to caudal fork for species with a��dances exceeding

1()()•••••.••••••••••••••.••••••••••.•••••••••••••••••••••.••••••••••.••••••.•••••••••••••••••••.••• 205
Appendix 3: Length-weight relationships for nonzooplanktivorous species with abundances exceeding 100..•.•..••.••••••.•. 206
Appendix 4: Length ranges for all species measured. ••.•.......•.•.....•••.. 208

IX

List of Figures

M.Sc.

List of Figures
Chapter2

Figure 2.1: Sites sampled during the 1994 pilot sampling
program.......................................................................................... 19
Figure 2.2: Three-dimensional nonmetric MDS using logtransformed abundance data. ............................................................ 25
Figure 2.3: Mean precision (n = 3) of samples estimated for
different numbers of replicates........................................................... 3'2
Figure 2.4: Minimum, maximum and mean standard errors in
values calculated for Margalefs index................................................ 33
Figure 2.5: Dendrogram of all samples collected with the 25-metre
seine, using log-transformed abundance data...................................... 38
Figure 2.6: Two way table generated from log-transformed
abundance data from all samples collected with the 25-metre
seine. .............................................................................................. 39
Figure 2.7: Dendrogram of all samples collected with the 40-metre
seine, using log-transformed abundance data...................................... 40
Figure 2.8: Two way table generated from log-transformed
abundance data from all samples collected with the 40-metre
seine. .............................................................................................. 41

Chapter3

Figure 3.1: Sites sampled during 1995 sampling. program. ....................51

Chapter4

Figure 4.1: Frequency distribution of species abundance values
after various forms of data transformation. ......................................... 68
Figure 4.2: Ordination of samples following different forms of
transformation................................................................................. 74
Figure 4.3: Frequency distributions of stress values derived from
ordination of samples after Monte Carlo randomisation of data. ............ 78

Chapter5

Figure 5.1: Mean diversity measures (+SE) for each site,
calculated from all replicate seine hauls collected in all blocks and
seasons. .......................................................................................... 93
Figure 5.2: Rank abundance plots for each combination of site and
season (replicates and blocks are pooled). ............................................ 91
Figure 5.3: Ordination of samples (using log-transformed
abundance data)............................................................................. 100

X

M.Sc.

List of Figures

Figure 5.4: Frequency distribution of ordination stress values
derived from 1 OOO datasets created by Monte Carlo reordering of
log-transformed data. ..................................................................... 101
Figure 5.5: Ordination of samples based on benthic invertevores
only............................................................................................... 103
Figure 5.6: Ordination of samples based on sand-associated
invertevores only. ........................................................................... 103
Figure 5.7: Ordination of samples based on omnivores and
herbivores only............................................................................... 104
Figure 5.8: Ordination of samples based on zooplanktivores only.......... 104

Chapter6
Figure 6.1: Mean number of individuals captured in each set of
samples ......................................................................................... 111
Figure 6.2: Mean number of individuals (excluding schooling
zooplanktivores) captured in each set of sam.ples................................ 112
Figure 6.3: Mean number of Sillago vittata captured in each set of
samples ......................................................................................... 117
Figure 6.4: Length-frequency histograms for Sillago vittata................. 118
Figure 6.6: Mean number of Aldrichetta forsteri captured in each
set of samples ................................................................................. 121
Figure 6.6: Length-frequency histograms for Aldrichetta forsteri......... 122
Figure 6.7: Mean number of Ammotretis elongatus captured in
each set of samples......................................................................... 124
Figure 6.8: Length-frequency histograms for Ammotretis
elongatus ....................................................................................... 125
Figure 6.9: Mean number of Lesuerina sp. captured in each set of
samples ......................................................................................... 128
Figure 6.10: Length-frequency histograms for Lesuerina sp. ............... 129
Figure 6.1 1: Mean number of Sillago schomburgkii captured in
each set of samples. ........................................................................ 132
Figure 6.12: Length-frequency histograms for Sillago
schomburgkii ................................................................................. 133
Figure 6.13: Mean number of Sillago schomburgkii (a) females
and (b) males captured at each site, averaged over all samples. ........... 133
Figure 6.1 4: Length-frequency histograms for Torquigener

pleurogramma ....................". .......................................................... 136
Figure 6.15: Length-frequency histograms for Favonigobius
!_ateralis ......................................................................................... 136
Figure 6.1 6: Length-frequency histograms for Portunus
·pelagicus. ...................................................................................... 137
XI

M.Sc.

List of Figures

Figure 6.17: Length-frequency histograms for Sillaginodes
punctata . ....................................................................................... 137
Figure 6.18: Mean number of Leptatherina presbyteroides
captured in each set of samples........................................................ 139
Figure 6.19: Mean number of Atherinomorus ogilbyi captured in
each set of samples......................................................................... 140
Figure 6.20: Mean number of Spratelloides robustus captured in
each set of samples......................................................................... 141
Figure 6.22: Length-frequency histograms for Atherinomorus
ogilbyi . .......................................................................................... 142
Figure 6.23: Length-frequency histograms for Spratelloides
robustus . ....................................................................................... 143
Chapter7
Figure 7.1: Water temperature ( ° C) for each site recorded once for
each set of samples................................. ·�··· .................................... 146
Figure 7.2: Mean water depth (m) at each site, averaged over all
samples ......................................................................................... 147
Figure 7.3: Mean diversity of each depth category, measured by (a)
species richness, and (b) number of uncommon species.� .................... 151
Figure 7.4: Mean diversity of each category of wind strength,
measured by (a) Margalefs index, and (b) number of uncommon
species . ......................................................................................... 152
Figure 7 .5: Mean diversity of each category of wind direction,
measured by (a) Margalefs index, and (b) the Berger-Parker
index............................................................................................. 152
Figure 7.6: Mean diversity of each category of detached
macrophyte quantity, measured by (a) number of uncommon
species, and (b) the Berger-Parker index. .......................................... 152

Xll

List of Tables

M.Sc.

List of Tables
Chapter!

Table 1.1: Number of species recorded in studies of sandy beach
faunas .............................................................................................. 7
Table 1.2: Studies of sandy beach fish faunas that have found
numerical dominance by a small proportion of species . ......................... 8
Table 1.3: Studies of sandy beach fish faunas that have found
differences in species richness and/or abundance between
seasons, indicating the season in which peaks occurred . ...................... 11
Table 1.4: Net length and mesh size, and level of replication, of a
selection of previous studies that have been conducted using beach
seines .............................................................................................. 14
Chapter2

...
Table 2.1: Dates of sampling ............................................................... 18
Table 2.2: Mean (n=6) number of species (with standard errors)
from each set of samples . .................................................................. 26
Table 2.4: Species that were captured in total abundances- �40, with
>80% of individuals caught in one net . ................................................2B
Table 2.5: Results of Mann-Whitney analyses testing for
differences between nets in the abundance and biomass of all
species combined ............................................................................... 2B
Table 2.6: Number of individuals and size range of different age
classes of mullet and whiting in each seine .........................................30
Table 2.7: Species caught mainly over seagrass ....................................34
Table 2.8: Species caught mainly over sand (Mangles Bay and
Woodman Point data from both sampling periods pooled)......................35
Table 2.9: Characteristic families of seagrass and bare sand
assemblages . ...................................................................................35
Table 2.10: Species that showed no habitat preference . ..........................36
Chapter3

Table 3.1: Dates that each site was sampled for all seasons and all
blocks within each season ..................................................................48
Chapter4

Table 4.1: Rank abundance for all species for data after
transformation or standardisation . .................................................... 71
Table 4.2: Kruskal-Wallis statistics for species with the 10 highest
values from non-hierarchical classifications derived from data
following different transformations . ................................................... 76
Xlll

M.Sc.

List of Tables

Table 4.3: Results of principal axis correlation conducted on each
of the ordinations in Figure 4.2, showing species with correlations
> 0.7................................................................................................00

Chapter5
Table 5.1: Species represented by less than 20 individuals ......................8.5
Table 5.2: Species with n>20 that had over 75% of individuals
caught during one site-season combination .........................................8.5
Table 5.3: Species with n>20 that had over 75% of individuals
caught from one habitat type ..............................................................00Table 5.4: Species with n>20 that had over 75% of individuals
caught at one site ..............................................................................86
Table 5.5: Species with n>20 that had over 75% of individuals
caught during one season ..................................................................86
Table 5.6: The 10 most numerous and 10 most frequently caught
species from all samples . ..................................................................sg
Table 5.7: The 10 most numerous species at each site, using pooled
catches from all samples ...................................................................89
Table 5.8: Results of ANOVAs on the number of uncommon
species and the Berger-Parker index, following pooling of blocks
within each season ...........................................................................92
Table 5.9: Groups defined by non-hierarchical classification ..................00
Table 5.10: Kruskal-Wallis statistics for species with the 10 highest
values . ......................................................... : ..................................<J'l
Table 5.1 1: Groups defined by non-hierarchical classification,
following pooling of replicates within a block . ......................................93
Table 5.12: Results of principal axis correlation using
untransformed species data, showing species with correlations >
0.7................................................................................................. 101
Table 5.13: Results of two-way nested ANOSIM testing for
differences between habitats . ........................................................... 106
Table 5.14: Results of one-way ANOSIM testing for differences
between each pair of sites . ............................................................... 106

Chapter6
Table 6.1: Results of ANOVAs on the total number of individuals
in each catch .................................................................................. 113
Table 6.2: Results of Cochran's tests examining the null
hypothesis that variances between sets of replicates were
homoscedastic after different levels of transformation . ....................... 114
Table 6.3: Results of Kolmogorov-Smirnov tests for differences in
the length-frequency distributions of species represented by � 2 5
individuals . ................................................................................... 114
XIV

M.Sc.

List of Tables

Table 6.4: Results of ANOVA on number of Sillago vittata
individuals captured in each sample. ............................................... 116
Table 6.5: Results of ANOVA on number of Aldrichetta forsteri
individuals captured in each sample. ............................................... 120
Table 6.6: Results of ANOVA on number of Ammotretis elongatus
individuals captured in each sample. ............................................... 125
Table 6.7: Results of ANOVA on number of Lesuerina sp
individuals captured in each sample. ............................................... 127
Table 6.8: Results of ANOVA on number of Sillago schomburgkii
individuals captured in each sample. ............................................... 13I
Table 6.9: Results of ANOVAs on the number of C. brevicaudatus
and P. unicolor in each catch, after pooling of blocks. ......................... 135

Chapt.er7
Table 7.1: Frequency of wind speed and direction categories
recorded at each site. ................................ �...................................... 148
Table 7.2: Frequency of each category of detached macrophyte
quantity recorded for each beach. ..................................................... 149
Table 7 .3: Results of Kruskal-Wallis tests examining differences in
diversity and abundance between each category of depth, wind
speed, wind direction and amount of detached macrophyte
material. ....................................................................................... 151

xv

M.Sc.

List of Plates

List of Plates
Plate 1: Aerial view of Buchanan Bay, Garden Island........................... 49
Plate 2: Beach at Sulphur Bay, Garden Island. .................................... 49
Plate 3: Aerial view of a beach on the eastern side of Cockburn
Sound..............................................................................................50
Plate 4: The 40-metre seine used in the main sampling program. .......... 50
Plate 5: Swash zone at Buchanan Bay............................................... 172

XVI

M.Sc.

Introduction

Chapter 1: Introduction
'Marine biodiversity is changing and it matters.' This was the conclusion
of the Committee on Biological Diversity in Marine Systems (1993), a
conclusion that they followed by a call for scientific research to determine
the patterns, processes and consequences of change in marine
biodiversity. Such interest in marine biodiversity is not just esoteric -_
changes in biodiversity have very real impacts on the ecological,
economic, recreational and aesthetic value of marine systems.
Habitat loss is one of the primary causes of change in marine biodiversity.
Globally, the systems most affected by habitat loss have been bays and
estuaries (Committee on Biological Diversity in Marine Systems 1993). In
Australia, bays and estuaries are important components of the coastline,
and are increasingly being subjected to a range of impacts. Shepard et al.
(1989) document the loss of seagrass, one of the primary habitats in
Australian bays and estuaries, across southern Australia. Particularly
affected have been Cockburn Sound, Princess Royal Harbour and Oyster
Harbour in Western Australia, Gulf St Vincent in South Australia,
Western Port and Corner Inlet in Victoria, and Botany Bay in New South
Wales.
Loss of seagrass beds can be expected to result in stresses on the
communities of organisms that occur both within seagrass and 1n
adjacent habitats. When studying the responses of communities to
environmental stresses, most researchers restrict the scope of their work
to assemblages of organisms that form a subset of the community
(Underwood & Petraitis 1993). In respect to seagrasses, fish assemblages
are among the better studied components of the community. Recent
r-esearch has included work targeting the impacts of seagrass loss on fish
assemblages (e.g. Edgar et al. 1993; Jenkins et al. 1993). Much of the
1
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impetus for this work is a result of concerns that changes in these
assemblages will result in impacts on commercial fisheries (MacDonald
1991). As a result, workers have given less consideration to the
implications of changes in fish assemblages for the management of
marine biodiversity. While fishes are only one component of marine
biodiversity, they are readily sampled, and may respond rapidly to
environmental change (Warwick & Clarke 1994), so they may form a good
basis for determining management approaches that aim to maintain
regional biodiversity.

FISH ASSEMBIAGES OF SEAGRASS
Seagrass fish faunas have been comparatively well-studied, both in
southern Australia and several other locations around the world. As a
result, several characteristics of these faunas have become well
established. Seagrass beds contain unique fish assemblages that are
characterised by resident cryptic species and often include a high
proportion of juveniles. Many of the juveniles move to other habitats as
they mature, a process which has led to a widespread regard for seagrass
beds as nursery areas (Bell & Pollard 1989). Several authors, however,
have cautioned against assumptions that seagrass beds are more
important than other habitats as nursery areas, as the distribution of
juveniles among other habitats is often little known (Last 1983; Edgar &
Shaw 1995a).
Juvenile King George whiting, Sillaginodes punctata, provide a case in
point. While several authors have found juvenile S. punctata to be more
abundant in seagrass beds than bare sand (Robertson 1977; Connolly
1994a), other authors have found different patterns. Edgar & Shaw (1995a),
?owever, found no difference in the distribution of juvenile S. punctata
between seagrass and unvegetated habitats. In addition, Jenkins et al.

2
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(1993) and Edgar & Shaw (1995a) observed that juvenile S. punctata
commonly frequent sand patches near seagrass, indicating that the
distribution of this species may be complex.
In addition to a high proportion of juveniles, seagrass beds also generally
contain more species and individuals than adjacent unvegetated habitats
(Orth & Heck 1980; Last 1983; Heck et al. 1989; Black et al. 1990; Connolly
1994b; Edgar & Shaw 1995a), although this is not always the case (e.g.
Ferrell & Bell 1991).
There is strong evidence that the fish assemblages of seagrass beds are
influenced by the movement of fish from nearby habitats (Bell & Pollard
1989). These movements may be ontogenetic habitat shifts, or regular
movement by species that shelter in one habitat, and feed in another.
Robertson (1977) provided the example of Favonigobius lateralis, which
moved from eelgrass beds of Westernport Bay to feed over unvegetated
sediments, while Bell & Harmelin-Vivien (1982) found that several reef
associated species foraged over seagrass beds at. night.
FISH ASSEMBLAGES OF SHALLOW SAND
In comparison to seagrass fish faunas, those of bare sand habitats in
southern Australia have received less attention. Sandy beaches are an
important habitat in southern Australian marine systems, and like
seagrass beds are a feature of bays and estuaries. The fish faunas of sandy
beaches are commonly quite different from those of deeper habitats, and
juveniles of many species often constitute a high proportion of the
assemblage (CSIRO 1994).
The fish faunas of sandy beaches are also influenced by adjacent habitats
(Ayvazian & Hyndes 1995). One of the most important adjacent habitats is
seagrass, as the two habitats are found side-by-side over much of southern
3
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Australia. Recent research has begun to reveal how important seagrass
beds are to the fish fauna of sandy beaches. For example,species richness
of bare sand habitats is higher in areas adjacent to seagrass beds (Ferrell
& Bell 1991; CSIRO 1994; Ayvazian & Hyndes 1995),and the abundance of
some species may also be higher (Ferrell & Bell 1991). There are likely to
be several factors influencing this:
•

the movement of individuals between habitats.

•

food and shelter provided by plant material exported from seagrass

beds,and
•

a more protected environment resulting from wave moderation

(Ayvazian & Hyndes 1995)
Movement of individuals between bare sand and seagrass has been
documented for several species. These movements are often related to
ontogenetic habitat shifts, a common occurrence in fishes (Helfman 1978).
King George whiting, Sillaginodes punctata, move from seagrasses to
unvegetated sediments and reefs as they grow (Robertson 1977; Hyndes et

al. 1996). The reverse may be the case for rock flathead, Leviprora
laevigatus, which are found as juveniles over unvegetated habitats,and as
large adults in Posidonia beds (Klumpp & Nichols 1983; Edgar & Shaw
1995a).
Movement of individuals between habitats may also occur on a diel basis,
with individuals moving between habitats while foraging and seeking
shelter (e.g. Robertson 1977).
Seagrass beds may also influence sandy beach systems via drift seagrass
material. Drift seagrass material may be important in the ecology of
sandy beach fishes by providing both a direct food source, in the form of
.detritus, and an indirect food source in the form of detritivorous
invertebrates that feed on the seagrass. Jenkins et al. (1993) postulated
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that juveniles of greenback flounder, Rhombosolea tapirina, responded to
areas with increased organic material arising from seagrass detritus.
Edgar & Shaw (1995b) found that one of the major trophic linkages in
Western Port was that of seagrass detritus to fish via epifaunal
crustaceans.
In addition to the supply of detritus, drifting seagrass may provide habitat
for fishes. Drift macrophytes (usually algae) have been shown to support
fish assemblages, whether floating on the surface (Kulczycki et al. 1981;
Kingsford & Choat 1985), drifting on the seafloor (Langtry & Jacoby 1996)
or accumulated in the surf zone (Lenanton et al. 1982; Robertson &
Lenanton 1984). In Western Australia, Robertson & Lenanton (1984) found
a positive correlation between the volume of drift macrophytes in the surf
zone and the number of fish, while Lenanton & Caputi (1989) found that
the abundance of cobbler, Cnidoglanus

macroce phalus, was also

positively correlated with the volume of drift macrophytes. Fish were
found to be feeding on amphipods, primarily Allorchestes compressa,
associated with the decaying weed (Lenanton et al. 1982; Lenanton &
Caputi 1989). In contrast, van der Merwe & McLachlan (1987) found that
drift algae was not an important influence on the fish assemblage of a
beach where currents did not allow it to accumulate.
Although the drift component studied by many of these authors has
largely consisted of algae, seagrass leaves are an important component of
the drift macrophytes washed onto Western Australian beaches
(Lenanton et al. 1982).
Drift macrophytes washed into the surf zone of sandy beaches may provide
an opportunity for fish not usually characteristic of sandy areas to remain
in this habitat. Leaves of some species are positively buoyant and may float
for several days (Walker & McComb 1985), and Last (1983) reported that
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floating seagrass mats in nearshore areas are inhabited by a range of
seagrass-associated species, particularly pipefishes (F. Syngnathidae)
and weedfishes (F. Clinidae).
Available literature therefore suggests that the presence of adjacent
seagrass may have a major structuring influence on the fish assemblages
of sandy beaches, and loss of seagrass may have a major impact on these
assemblages. In the absence of an ability to experimentally test this
hypothesis, it is valuable to conduct comparative studies of the fish
assemblages of sandy beaches with seagrass immediately adjacent and
with no seagrass nearby. First, however, it is important to understand the
characteristics of sandy beach fish faunas,. so that sources of variability
can be identified, and differences attributable to habitat loss can be made
more explicit. Previous studies have demonstrated that characteristic of
sandy beaches are:
• relatively low species richness,
• numerical dominance by a few species, .
• high spatial variability,
• temporal change on diel, seasonal and annual time scales, and
• a high proportion of juveniles.

Species richness
The relatively low species richness of sandy beach faunas compared to
those of adjacent vegetated habitats is a well-established trend, but species
richness values recorded in the literature vary widely (Table 1.1), ranging
from 20 species (Bennett 1989) to 97 species (CSIRO 1994).
Some of the differences in species richness between studies may be due to
biogeographic variation, but direct comparison of these figures is difficult,
·as the species richness estimates also reflect both the spatial and temporal
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intensity of sampling and the type of gear used. The highest species count
was recorded by CSIRO (1994), who not only had the most intensive
sampling program, but also used 3 different types of gear. Sampling gear
may have a large effect because of the differential capture efficiency of
different gear types on different species. Lasiak (1984a) and CSIRO (1994)
captured different numbers of species with different gear, although
comparisons are confounded because different numbers of samples were
taken with each gear type.
Table 1.1: Number of species recorded in studies of sandy beach faunas.

Author

Location

Bennett 1989
Santos & Nash 1995
Robertson & Lenanton 1984
Gray et al. 1996
Lenanton & Caputi 1989
Gibson et al. 1993
Clark et al. 1996a
Lasiak 1981
Lasiak 1984a
Ross et al. 1987
Peters & Nelson 1987
Romer 1990
Lenanton 1982
Reina-Hervas & Serrano 1987
Modde 1980
CSIRO 1994

Fishoek, South Africa
Porto Pim, Faial, Azores
Perth, Western Australia
New South Wales, Australia
Perth, Western Australia
Ardmucknish Bay, Scotland
False Bay, South Africa
King's Beach, South Africa
King's Beach, South Africa
Mississippi, USA
Florida, USA
Algoa Bay, South Africa
South-western Australia
Malaga Bay, Spain
Mississippi, USA
Jervis Bay, Australia

No. of species

2)
24
29
29
':r'7

43
45
58
59
59
61
63
6.5
ffi
76
ITT

DomiTUUlCe
Assemblages of sandy beach fish faunas are comprised of resident and
transient species, and transient species may have great influence on
species richness estimates. Resident species of sandy beaches are
generally mobile, schooling species, such as mullet and anchovy, or
benthic (often camouflaged) species, such as flounder, flathead and
whiting.
A common feature in most studies of sandy beach fish assemblages is
·numerical dominance by a small proportion of these species (Table 1.2).
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This trend is usually due to the schooling planktivorous species, such as
clupeids, engraulids and atherinids (e.g. Lasiak 1984a; Ross et al. 1987;
CSIRO 1994). These species occur in schools comprised of many
individuals, but which have a patchy distribution in space and time.
Although they are commonly numerically dominant, these species are not
always the most frequently captured.
The identity of the most dominant species may vary between sites or
between sampling periods. Romer (1980) and Clark et al. (1996a) found
that the dominance structure varied between beaches with different
physical characteristics.
The relative proportion of these species is ·also likely to be influenced by
sampling gear. CSIRO (1994) found that clupeids and atherinids were
numerically dominant in catches from a fine mesh seine, but not from a
coarser mesh seine.
Table 1.2: Studies of sandy beach fish faunas that have found numerical dominance by a
small proportion of species.

Author

Location

Mississippi, USA
Modde & Ross 1980
King's Beach, Sth Africa
Lasiak. 1981
King's Beach, Sth Africa
Lasiak. 1984a
King's Beach, Sth Africa
Lasiak 1984b
Florida, USA
Peters & Nelson 1987
Reina-Hervas & Serrano 1987 Malaga Bay, Spain
Ross et al. 1987
Mississippi, USA
Bennett 1989
Fishoek, South Africa
Sulaibikhat Bay, Kuwait
Wright 1989
Algoa Bay, South Africa
Romer 1990
Gibson et al. 1993
Ardmucknish Bay, Scotland
CSIRO 1994
Jervis Bay, Australia

Dominant group/s

Engraulidae
Pomadasyidae
Pomadasyidae
Sparidae
Engraulidae/Clupeidae
Clupeidae/Engraulidae
Clupeidae/Engraulidae
Atherinidae
Mugilidae
M ugilidae/Pomadasyidae
Ammodytidae
Atherinidae/Clupeidae

SpaJinl variability
Spatial variability in assemblages is a feature of sandy beach fish faunas.
Small scale variation at the scale of tens of metres occurs as a result of the

..

patchy distribution of many fish species. This small-scale variability has
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implications for sampling design, as inadequate replication may result in
catches which do not accurately reflect the assemblage structure. It is
therefore difficult to extract broader trends from the data because of the
amount of inherent variability.
Variation also occurs on larger scales, between beaches and between
regions. Large scale biogeographic shifts in species composition have been
identified by Ayvazian & Hyndes (1995). Within this overall shift in
assemblage composition at the scale of hundreds of kilometres, however,
there may be high variation between beaches separated by a few
kilometres or less. CSIRO (1994) found that variation between beaches
within one bay was higher than variation between bays. These changes in
assemblage structure are likely to be a response to differences in physical
and environmental characteristics. Higher diversity and different
assemblage structure has been identified from beaches which are more
heterogeneous. Heterogeneity due to the presence of rocks (Clark et al.
1996), human made structures (Peters & Nelson 1987) and vegetation (Last
1983; Ferrell & Bell 1991; Ayvazian & Hyndes 1995) attracts species not
characteristic of homogeneous sandy substrate. The presence of other
large natural features nearby, such as estuaries, may also exert an
influence on assemblage composition (Peters & Nelson 1987). Degree of
exposure is also important. Last (1983) and Ayvazian & Hyndes (1995)
found distinct assemblages associated with more sheltered beaches such
as those found in bays. However, sheltered beaches often have seagrass
beds associated, making it difficult to determine the importance of wave
energy on the assemblage, although Clark et al. (1996b) found that
exposure was a good predictor of differences between assemblages of
different beaches.
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Generally, however, spatial patterns are quite complex, and isolating the
relative importance of different factors is difficult. The patchy nature of
fish distributions also indicates that much of the variability may be due to
stochastic patterns in distribution of fish.

Temporal variability
As with spatial variation, temporal variation also occurs on a range o�
scales. These range from diel changes and seasonal changes to annual
and long-term changes.
Several authors have noted distinct diel changes in fish assemblages.
Greater numbers of species and individuals have been recorded at night
(Wright 1989; Black et al. 1990), early morning (Modde & Ross 1980) and
twilight (Lasiak 1984b). Changes in species composition between day and
night were noted by Reina-Hervas & Serrano (1987), while Robertson &
Lenanton (1984) discussed movement at night of fish out of drift
macrophytes to bare sand. Diel changes such as these may be due to
onshore movement of species from deeper water (Last 1983; Gibson et al.
1993), or due to differential capture efficiency between day and night
(Wright 1989). Tidal influence may also have some effect, with some
species moving into shallower water with the tide (Wright 1989; Robertson
1977). Although these studies tend to indicate that fish assemblages do
exhibit diel changes, day to day variation between catches is often a
significant factor (Clark 1996b; CSIRO 1994).
Many authors have also reported seasonal trends. Generally, species
richness and abundance have been found to be higher in warmer months
(Table 1.3). This is generally attributable to recruitment of juveniles to the
assemblage, although Parry et al. (1995) found movement of adult
.flounder to shallower water in summer-autumn. These seasonal patterns
may not be simple. Ross et al. (1987) and Clark et al. (1996b) found high
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variation between months even within seasons. Reina-Hervas & Serrano
(1987) and Wantiez et al. (1996) found that seasonal patterns were not
consistent across sites, while CSIRO (1994) and Clark et al. (1996b) found
that seasonal changes in abundance were not consistent for all species.
Even these trends may depend on the sampling methods, as Lasiak
(1984a) found that different gear types yielded different seasonal patterns.
The dynamic nature of sandy beaches also extends to longer tern poral
scales. Species composition and relative abundance of some species vary
from year to year (Gibson et al. 1993; Clark et al. 1996b), a pattern that may
be due to variation in recruitment of juveniles between years (Robertson &

..

Lenanton 1984). Assemblages may also exhibit long-term changes over
decades, with increasing abundances of some species and decreasing
abundance of others (de Nater & Hureau 1996).
Table 1.3: Studies of sandy beach fish faunas that have found differences in species
richness and/or abundance between seasons, indicating the season in which peaks

Author

Location

Season

Modde & Ross 1980
Peters & Nelson 1987
Ross et al. 1987
Bennett 1989
Wright 1989
Gibson et al. 1993
Santos & Nash 1995
Clark et al. 1996b

Mississippi, USA
Florida, USA
Mississippi, USA
Fishoek, South Africa
Sulaibikhat Bay, Kuwait
Ardmucknish Bay, Scotland
Porto Pim, Azores
False Bay, South Africa

Spring-Summer
Spring
Summer
Summer
Spring
Summer-Autumn
Summer
Summer-Autumn

Presence ofjuvenUes
The use of sandy beach habitats by juveniles is well-documented. Many
authors have commented that a high proportion of juveniles were present
in the assemblages studied (Modde 1980; Lasiak 1981; 1983; 1986;
Robertson & Lenanton 1984; Reina-Hervas & Serrano 1987; Bennett 1989;
Gibson et al. 1993; Santos & Nash 1995). Although juveniles of many
species may be found in other habitats, juveniles of some species are
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highly dependant on the surf zones of sandy beaches (Lasiak 1983; Bennett
1989). The composition of juvenile assemblages on sandy beaches differs
from those of other habitats, such as estuaries (Lasiak 1981). Many are
resident species that are also present as adults, while other species use
the habitat purely as a nursery area, moving to deeper water as they grow
older. Again, the proportion of juveniles recorded will depend on the
sampling gear, as nets with a coarse mesh will not retain smaller
individuals.

IMPLICATIONS FOR SAMPLING DESIGN
A recurrent theme arising from the studies reviewed is uncertainty
associated with choice of sampling gear and the high spatial and
temporal variation of sandy beach fish faunas. Prior to a study exploring
the distribution of fishes related to habitat loss, these uncertainties needed
to be addressed. Some quantification of the biases associated with
sampling gear and some reduction in the variability within sets of
samples was required for conclusions to be clearly drawn from the data.
These were also important considerations in light of the lack of
experimental studies investigating habitat loss, as extrapolation of results
from undisturbed sites is necessary to reach conclusions on the impacts of
habitat loss. A consistent, generalisable sampling protocol is important if
this approach is to be taken, otherwise differences could be attributed to
sampling bias or natural variability. Past studies of nearshore fish
assemblages have not followed such a consistent sampling protocol.
Important components of such a protocol include sampling gear and the
level of replication.

Sampling gear and replication
Sampling gears may have a marked influence on estimates of fish
assemblages. Authors that have quantitatively examined capture
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efficiency of nets have found that results vary among species (Ross et al.
1987) and between different habitats (Edgar & Shaw 1995a). Species
composition and density estimates may vary with different net types
(Wantiez 1996), or with differences in net length and mesh size (CSIRO
1994).
Studies of bare sand areas commonly use beach seines (e.g., Lasiak 1983;
Robertson & Lenanton 1984; Peters & Nelson 1987; Bennett 1989; CSIRO
1994), while many techniques have been used to sample seagrass fish
assemblages. These include beach seines (e.g. Black et al. 1990; Edgar et
al. 1993; Jenkins et al. 1993), beam trawls (e.g. Scott 1981; Scott et al. 1986;
Kirkman et al. 1990; Ferrell et al. 1992), otter trawls (Heck & Thoman 1984;
Heck et al. 1989) and popnets (Connolly 1994c). Differences in the way
these gear operate mean that some gear types are more likely to catch
some components of the faunal assemblage than others. Beam trawls, for
example, commonly miss large fish and pelagic species that may be
captured by a beach seine. The resulting differences in estimates of the
faunal assemblage therefore renders comparison of results, and thus
establishment of generalisable trends, difficult.
Even among studies undertaken using beach seines, rarely have the nets
been of comparable lengths or contained comparable mesh sizes (Table
1.4). These differences in net length and mesh size may lead to biases in
estimates of the faunal assemblage. Smaller nets may not catch larger or
faster fish which can swim around the net (CSIRO 1994). Conversely, long
nets using a coarse mesh may fail to catch small fish. In the literature
reviewed, studies using nets longer than 25 metres generally used a
coarser mesh than studies usi.ng nets 25 metres or less. Lasiak (1984b)
found different species composition in catches from seines constructed of
different mesh sizes, while CSIRO (1994) found that a 40-metre long seine
13
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with a 30mm mesh caught more large fish than a 25-metre seine with a
6mm mesh, but failed to catch the small fish retained in the latter. In
response, they suggested that use of a seine with a combination of mesh
sizes may result in a net that catches both small and large fish. Such a
combination has occasionally been used in studies where the seine has a
pocket (Lenanton 1982; Potter & Hyndes 1984), but seldom where nets do
not have a pocket (although see Ayvazian & Hyndes 1995).
Table 1.4: Net length and mesh size, and level of replication, of a selection of previous
studies that have been conduct.ed using beach seines. NS = not stated.
Author

Net length
(metres)

Mod.de 1980
Modde 1980
Lenanton 1982
Lenanton 1982
Lasiak 1984a
Lasiak 1984a
Robertson & Lenanton 1984
Robertson & Lenanton 1984
Reina-Hervas & Serrano 198 7
Bennett 1989
Lenanton & Caputi 1989
Black et al. 1990
Pierce et al. 1990
Gibson et al. 1993
Jenkins et al. 1993
Connolly 1994b
Connolly 1994b
CSIRO 1994
CSIRO 1994
Ayvazian & Hyndes 1995
Ayvazian & Hyndes 1995
Edgar & Shaw 1995c
Clark et al. 1996a

9.1
/50

210
41
00

30
15
9.14

00

25
41
14
52
36
10
5
22
40

25
41.5
21.5
15
30

Wing mesh

Centremesh Replication

(millimetres)

3.2
3.2
25
25

40

17
6.35
6.35
4
10
25
8
6
8
1
1.4
6
30
6
25
9/6
1
12

9
9

10

9.5
6

5-9
6-8
1-2
1-2
3 per month
2 per month
3
3
NS
2 per month
�2
3
NS
1
3
NS
NS
3
3
3
3
3-7
NS

Studies of nearshore fish assemblages have used varying levels of
replication (Table 1.4), but little has been reported on the appropriate
number of replicates for sampling nearshore fish assemblages. Lack of
replication is a concern when attempting analyses of data on patchily
.�istributed organisms, as samples of aggregated organisms give variable
estimates of density (Andrew & Mapstone 1987). The distribution of fish
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and macroinvertebrates varies spatially and temporally over small scales,
so adequate replication must be achieved for studies to provide reliable
estimates of pattern. Little research is available, however, that indicates
the number of replicates that are required for accurate estimates of
pattern for nearshore assemblages.

AIMS
In response to suggestions by several authors that adjacent seagrass beds
influence sandy beach faunas, this study was designed to examine
whether the assemblages of beaches that had adjacent seagrass beds were
different from those of beaches without adjacent seagrass beds .

..

Description of these patterns has particular relevance to predicting
changes in sandy beach fish assemblages that may result from seagrass
loss. Predictions based on spatial patterns are important (especially in the
absence of experimental studies examining the effects of seagrass loss) for
determining management approaches that aim to maintain marine
biodiversity. While it is recognised that fish are only one component of
marine biodiversity, shifts in fish assemblages may be good indicators of
environmental change (Stephens et al. 1988), and as such may reflect
changes in overall biodiversity.
The study was conducted in Cockburn Sound, Western Australia, an area
that is particularly relevant because of the loss of large amounts of
seagrass as a result of anthropogenic disturbances. We may expect such a
loss of seagrass to result in a concomitant loss of seagrass-associated fish
species. Similarly, if the fish assemblages of sandy beaches are influenced
by the presence of adjacent seagrass beds, then seagrass loss off the
beaches would affect these faunas as well.
Prior to the main sampling program investigating this question, a pilot
study was undertaken to explore some issues relevant to establishment of
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an appropriate sampling regime (Chapter 2). An appropriate sampling
regime was important for the main question to be clearly addressed.
Following this pilot study, the main sampling program was undertaken to
examine the main question of whether the fish assemblages off sandy
beaches demonstrated patterns related to the presence or absence of
adjacent seagrass. Prior to analyses examining these patterns, detailed
consideration was given to treatment of data (Chapter 4). As numerical
dominance in catches by a few species may mask patterns that provide
information on questions of interest, this step involved consideration of the
most appropriate data transformation to enable a 'signal' of pattern in the
data to be extracted from the 'noise' in catch-data.
Fish assemblages may respond to environmental change through shifts
in species composition or changes in the abundance of individual species
(Stephens et al. 1988), so subsequent examination of spatial and temporal
patterns in the data involved consideration of both assemblage and
population level patterns. Assemblage level patterns in species
composition were mainly assessed through use of diversity indices and
multivariate analyses (Chapter 5), while population level analyses
concentrated on patterns in the number, size and sex of fish caught
(Chapter 6). Derived diversity and abundance measures from these
analyses were then linked to the environmental parameters recorded
during the study, to examine whether patterns were related to
environmental conditions (Chapter 7). Overall trends in the patterns
found were then assessed, with particular consideration of their
implications for management of marine biodiversity (Chapter 8).
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Chapter 2: Pilot study
The pilot study was designed to enable investigation of the potential biases
and variability associated with sampling fish assemblages in Cockburn
Sound. Investigation of these questions involved examining differences in
the fish assemblages collected using nets of two different lengths, and
assessing the optimal number of replicate seine hauls needed to yield a
useful degree of precision in estimates of densities. Additional
consideration was given to identifying the fishes characteristic of seagrass
and bare sand habitats in Cockburn Sound.
For investigation of net differences, two nets were used. Both had a
combination of two mesh sizes. The aim ofthis was twofold. Firstly, to
assess whether there was a difference in the catch composition of two
seines that have different lengths, but the same design. Secondly, to
evaluate whether the combination of mesh sizes in both nets resulted in
capture of both small and large fish. This latter evaluation was
qualitative, as quantitative assessment of 'effectiveness' would have
entailed deployment of a range of nets of different designs.
The optimal number of replicates needed to yield a useful degree of
precision within sets of samples was examined for both nets. Estimates of
abundance and diversity were assessed at increasing levels of replication
to determine the precision achieved.
Several different habitats were sampled to assess whether estimates of
assemblages derived from catches in the two nets, and the optimal level of
replication, would be different according to the habitat studied. This also
enabled comparison of the faunas of seagrass and bare sand habitats so
that species associated with each habitat could be identified in the main
·· sampling program concentrating only on sandy beaches.
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METHODS
Sites
Seagrass and bare sand habitats were sampled at two sites in Cockburn
Sound - Mangles Bay and Woodman Point (Figure 2.1). These sites were
chosen because of the close proximity of seagrass and bare sand habitats.
At Woodman Point, the bare sand habitat was located in an area one€:
covered by seagrass, while at Mangles Bay the bare sand habitat lay in a
broad band (generally > 50 m wide) inside a seagrass bed.

Sampli-ngprocedure
Seagrass and bare sand habitats were sampled using both nets in both
winter and spring. The nets were deployed at each site on separate days
approximately one week apart (Table 2.1), although where tides and
weather rendered sampling extremely difficult, sites were sampled more
than one week apart. Six replicate hauls were taken on each occasion, and
these replicate hauls were generally side-by-side. The Mangles Bay
seagrass site was not sampled with the larger net during spring,
although attempts were made over several days, because the net
continually rolled up.

Table 2.1: Dates of sampling. NS = not sampled.
Net, Site, Habitat

Winter

Spring

40-metre seine, Mangles Bay, seagrass
40-metre seine, Mangles Bay, sand
25-metre seine, Mangles Bay, seagrass
25-metre seine, Mangles Bay, sand
40-metre seine, Woodman Point, seagrass
40-metre seine, Woodman Point, sand
25-metre seine, Woodman Point, seagrass
25-metre seine, Woodman Point, sand

24/6/94
24/6/94
17/6/94
17/6/94
19/8/94
19/8/94
25/8/94
25/8/94

NS
14/10/94
7/10/94
31/10/94
28/10/94
28/10/94
21/10/94
21/10/94
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Figure 2.1: Sites sampled during 1994 pilot sampling program. • = seagrass; • = bare
sand.
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The two beach seines differed in total length and in the length of fine and
coarse mesh components. The 25-metre seine had 10-metre wings and a 5metre bunt, while the 40-metre seine had 15-metre wings and a 10-metre
bunt. Wings were constructed of 25 millimetre stretched mesh, and the
bunt of 6 millimetre stretched mesh. Both were 3 metres deep, and had
bridle ropes and haul lines attached to each end.
Nets were deployed with the help of volunteers and CSIRO Division of
Fisheries staff. Three workers were required per day. As one worker stood
on the shore holding a haul line attached to the net, the net was taken out
to the full length of the haul line (25 metres) in an inflatable dinghy
powered by an outboard motor. As the dinghy was steered parallel to the
shore, the net was guided out over the bow. When the net was fully
deployed parallel to the shore, the haul line attached to the other end of the
net was taken to shore, and the net was hauled directly onto the beach.
Where necessary, nets were pulled closed over seagrass to avoid sampling
bare sand inshore of the seagrass beds.
All fish, macrocrustaceans and cephalopods were collected from the net,
bagged in seawater, and kept on ice until transfer to the laboratory. They
subsequently remained refrigerated until measurements were taken.
Large specimens of eagle ray, Myliobatis australis, and western
stingaree, Urolophus mucosus, were released after their weights were
estimated. Lengths were not recorded for these species.
In the laboratory, specimens were identified to species level. Abundance
and total biomass (grams wet weight) were recorded for each species.
Standard lengths (millimetres) were measured for specimens of yelloweye
mullet, Aldrichetta forsteri, all whiting species (Family Sillaginidae) and
all flathead species (Family Platycephalidae). Carapace widths of the
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portunid crabs Portunus pelagicus and Ovalipes australiensis were also
measured.

Data anal,ysi.s

Comparison of 40-metre and 25-metre seines
MULTIVARIATE ANALYSES
The multivariate statistical analysis package PATN (Belbin 1993) was
used to construct a nonmetric multidimensional scaling ordination
(NMDS), using Bray & Curtis dissimilarity values. Abundance data from
the six replicates were pooled and log-transformed before association
measures were calculated. The ordination was constructed in three
dimensions, as the stress value for the two-dimensional ordination was
unacceptably high. The ordination was rotated using the MacSpinTM
software (Donoho et al. 1985) to demonstrate patterns fully when viewed as
a 2-dimensional plot.

UNIVARIATE ANALYSES
Mann-Whitney tests were used to examme differences in the species
richness and individual species abundances between nets, as these data
remained heterogeneous after transformation, and the assumptions of
parametric significance tests were not met.
Differences in the total abundance and total biomass of all species
captured between nets were also compared using Mann-Whitney tests.
This was due to the missing set of samples from Mangles Bay seagrass,
and because some data for ANOVA models designed to account for the
missing set of samples remained heterogeneous after transformation. As
the 40-metre seine covered a larger area than the 25-metre seine (and
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could therefore be expected to catch more fish), data were first
standardised to mean abundance· 100 m-2 and mean biomass· 100 m-2.
Differences in the length-frequency distributions for selected species
between the 25-metre and 40-metre seines were assessed by Kolmogorov
Smirnov tests.

Optimal number of replicates
The optimal number of replicates was examined using prec1s1on
calculated from species abundances, and by using a technique outlined by
Bros & Cowell (1987) for diversity.
Precision was calculated for six species to determine the appropriate
number of replicates for subsequent beach seining studies. These species
were selected on the basis of being caught in enough replicates in at least
four combinations of net, season, site and habitat for precision to be
calculated over different levels of replication. Generally, species that
fulfilled these criteria were characteristic of specific habitat types, with
the exception of silverfish, Leptatherina presbyteroides. Precision
calculations were conducted using abundance data of the seagrass
associated rough leatherjacket, Scobinichthys granulatus, blue weed
whiting, Haletta semifasciata, and Ogilby's hardyhead, Atherinomorus

ogilbyi, and for the sand-associated yelloweye mullet, Aldrichetta forsteri,
and elongate flounder, Ammotretis elongatus.
Precision (p) was calculated following Andrew & Mapstone (1987) as

p

SE
X

where SE was the standard error and x was the mean.
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For each sample, three random subsets were taken at each level of
replication below 6. (As there were only 6 replicates for each sample, there
could not be a randomly selected subset totalling 6 replicates). Mean
precision was then derived from these 3 subsets for each level of
replication. For example, 2 replicates were randomly selected from a
sample, and the precision calculated. This was repeated three times, and
the mean precision gained from selection of 2 replicates achieved.
Using a procedure outlined by Bros & Cowell (1987), the change in
variability of diversity measurements was also examined. The diversity
measure used was Margalefs index, selected because it is simple to
calculate and is sensitive to sample size-(Magurran 1988). Margalefs
index is calculated as:

D

S-1
lnN

where S is species richness and N is the total number of individuals
recorded. In this procedure, a random subset of a selected number of
replicates was selected, and the standard error in values of Margalefs
index calculated. This was repeated 10 times at each level of replication.
The minimum, maximum and mean standard error were then plotted to
illustrate the range in variability estimates at each level of replication.

Faunal composition
The faunal composition of the bare sand and seagrass habitats were
examined to determine the degree of difference between the seagrass and
sand habitats in Cockburn Sound, and so that components of fauna
directly related to seagrass collected in subsequent sampling of sandy
beaches could be determined. Faunal composition was examined by
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examining the species and families characteristic of each habitat, and
multivariate analyses conducted to examine patterns in the data.
Characteristic species were considered to be those represented by � 10
individuals, and for which at least 80% of the individuals were captured in
one habitat only. Characteristic families were considered to be those
represented by at least one species for which � 10 individuals were caught,
and for which 80% of each species were caught in one habitat only.
Multivariate classification was used to explore patterns in faunal
composition among habitats and sites. Log-transformed abundance data
were analysed separately for each net to explore differences in
assemblages between the habitats.
The Bray & Curtis dissimilarity measure (Bray & Curtis 1957) was
selected to represent the association between all replicate hauls, as it is a
robust measure, useful for many types of ecological data (Faith et al. 1987;
Clarke & Green 1988). Flexible UPGMA (Unweighted Pair Group
arithMetic Averaging strategy) was selected for agglomerative,
hierarchical fusions of samples. A beta of -0.1 was selected for slight
dilation between samples. Dendrograms were constructed from the
results of these fusions.
Two-way tables were constructed to examine the species distributions
responsible for clusters of replicate hauls. Species were grouped following
application of the two-step association measure prior to fusion using
flexible UPGMA.
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RESULTS
Comparison of40-metre and 25-metre seines

Multivariate analyses
Ordination of samples showed that a discrimination between habitats was
the strongest pattern present (Figure 2.2). Within habitats, the most clear
pattern was grouping according to season (Figure 2.2a). Site groupings;
however, could also be distinguished (albeit to a lesser degree), especially
among bare sand samples (Figure 2.2b). Samples taken in the two nets
were adjacent in the ordination for all combinations of habitat, site and
season, indicating no apparent difference i�. the assemblage caught by the
40-metre and 25-metre seines.

BM2A
··.BM2B

:· SM2A

····...·····

.

(a)

BWlA··.

. SW2B·. :

SW2B.:

:::SMlB
. . . .. . . . .

�

(b)

Figure 2.2: Three-dimensional nonmetric MDS using log-transformed abundance data,
rotated so that patterns can be viewed in two dimensions. Both plots represent the same
ordination, w ith outlines highlighting (a) grouping according to season, and (b)
grouping according to site. Stress-,.; 0.0962. B = bare sand; S = seagrass; M = Mangles
Bay; W = Woodman Point; 1 = winter; 2 = spring; A= 25-metre seine; B = 40-metre seine.
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Species richness
Sixty-three species of fish and invertebrates were recorded from the pilot
study (Appendix 1). Of these, 56 species were caught in the 40-metre seine
from 42 hauls, and 46 species were caught in the 25-metre seine from 48
hauls.
Mann-Whitney tests indicated a highly significant difference in the
number of species caught between the two seines (U = 578; p<0.001), with
more species consistently caught in the 40-metre seine (Table 2.2).

Table 2.2: Mean (n=6) number of species (with standard errors) from each set of samples.
- = sampling not conducted.
Habitat

Site

Season

Seagrass
Seagrass
Sand
Sand
Seagrass
Seagrass
Sand
Sand

Mangles Bay
Woodman Point
Mangles Bay
Woodman Point
Mangles Bay
Woodman Point
Mangles Bay
Woodman Point

Winter
Winter
Winter
Winter
Spring
Spring
Spring
Spring

25-metre

7.67
5.50
5.67
3.33
10.50
5.00
5.67
4.17

(0.995)
(0.719)
(0.715)
(0.919)
(2.592)
(0.365)
(0.211)
(0.703)

40-metre

13.00 (1.238)
6.33 (0.494)
8.33 (0.494)
3.50 (0.428)
(-)

10.50 (1.118)
6.83 (0.946)
9.67 (1.783)

There were 16 species that were caught only in the 40-metre seine (Table
2.3). Only one of these (Hippolyte australiensis) was caught in total
numbers greater than five. This was caught on only one day, when only
the 40-metre seine was used. Each of the other 15 species was represented
by fewer than 5 individuals. Very large species, such as Myliobatis
australis and Urolophus mucosus were only captured with the 40-metre

seine (albeit as singletons).
Seven species were caught only in the 25-metre seine, but none were
represented by more than 5 individuals (Table 2.3).
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Table 2.3: Species caught only in one seine.

Species

No. of individuals

40 metre seine
Hippolyte australiensis
Cochleoceps spatula
Cynoglossus broadhursti
Leviprora laevigatus
Aspasmogaster occidentalis
Cristiceps aurantiacus
Aptychotrema vincentiana
Gomeza bicornis
Myliobatis australis
Parthenope sp.
Petroscirtes breviceps
Pontophilus sp.
Sepia plangon
Siphonognathus argyrophanes
Urolophus mucosus
Vanacampus margaritifer

�

3
3
3

2
2
1
1
1
1
1
1
1
1
1
··1

25 metre seine
Dactylopus dactylopus
Arripis georgianus
Brachaluteres jacksonianus
Callogobius mucosus
Cristiceps australis
Paraplagusia unicolor
Pomatomus saltator

3

1
1
1
1
1
1

Abundance and biomass
Of the species caught in total abundances �40, there were 5 species for
which greater than 80% of individuals were captured in the 40-metre
seine (Table 2.4). These included several species of whiting (F.
Sillaginidae) and leatherjackets (F. Monacanthidae). Only sandy sprat,

Hyperlophus vittatus, was captured predominantly in the 25-metre seine
(Table 2.4). Mann-Whitney tests on data for these species, however,
indicated that only abundances of Acanthaluteres spilomelanurus varied
significantly between nets.
Abundance and biomass data for all species combined, standardised to
10Qm 2, did not vary significantly betwee� nets (Table 2.5).

Pilot study

M.Sc.

Table 2.4: Species that were captured in total abundances �40, with >80% of individuals
caught in one net. n = total number of individuals caught; U= significance from Mann
Whitney tests on net differences; NS = not significant; * = significant at p<0.05.
Percentage caught
Species

n

Family

Sillaginidae
Sillago vittata
Monacanthidae
Scobinichthys granulatus
Enoplosidae
Enoplosus armatus
Acanthaluteres spilomelanurus Monacanthidae
Sillaginidae
Sillago maculata
Clupeidae
Hyperlophus vittatus

228
220
165

00
47
78

40-metre 25-metre

85.1
94.1
81.2
94.3
87.2
3.8

14.1

5.9
18.8
5.6
12.8
96.2

u
NS
NS
NS

*

NS
NS

Table 2.5: Results of Mann-Whitney analyses testing for differences between nets in the
abundance and biomass of all species combined. For direct comparison, abundance and
biomass were standardised to mean abundance· 100 m·2 and mean biomass· 100 m·2.
NS = not significant.
Variable

Abundance· 100 m-2
Biomass · 100 m-2

u

U'

z

950
1007

1066
1009

-0.008

-0.469

p

NS
NS

Age structure
Individuals of yelloweye mullet, Aldrichetta forsteri, and all whiting
species were classed as either juveniles or adults, using length
measurements, to examine whether there were differences in the
representation of each age class between nets.
Length-frequency distributions of Aldrichetta forsteri were markedly
bimodal. Small A. forsteri were caught in a size range from 15-76 mm,
and larger A. forsteri in a range from 101-259 mm. Chubb et al. (1981)
reported a similar pattern, and following their results, the smaller fish in
this study were classed as juveniles and the larger fish as adults (1+ year
old fish). More fish from each age class were caught in the 25-metre seine,
although the size range was greater in the 40-metre seine for both classes,
particularly adults (Table 2.6). Kolmogorov-Smirnov tests on the length
frequency distributions of each age class showed significant differences

28

M.Sc.

Pilot study

between nets in each case (Table 2.6). For adults there was a highly
significant difference, with fish generally larger in the 40-metre seine
(mean= 194.7 mm; median= 210) than in the 25-metre seine (mean= 130.5
mm; median = 132). The largest A. forsteri caught in the 25-metre seine
was 172 mm, while fifteen individuals above 190 mm were caught in the
40-metre seine. These were all caught in the same haul. For juveniles,
mean and median lengths were similar (mean = 40.15 mm and median

=

40 mm in the 25-metre seine; mean = 41.98 mm and median = 41 mm in
the 40-metre seine), but more juveniles over 70 mm were captured in the
40-metre seine.
King George whiting, Sillaginodes punctata; also demonstrated a bimodal
length-frequency distribution, although the trend that was not as clear as
that for A. forsteri because fewer individuals were captured. Following
the results of Robertson (1977), S. punctata caught in Cockburn Sound
were classed as juveniles (19-53 mm) and adults (121-225 mm). Again, a
greater size range of each age class was caught in the 40-metre seine
(Table 2.6). Median lengths for juveniles and adults were similar in both
the 25-metre seine (median for juveniles = 28 mm; median for adults= 144
mm) and the 40-metre seine (median for juveniles = 30 mm; median for
adults = 144 mm), and Kolmogorov-Smirnov tests indicated no significant
differences in the length-frequency distribution between nets of either age
class (Table 2.6).
Western school whiting, Sillago vittata, were caught in a size range from
39-128 mm, with a unimodal frequency distribution. Juveniles of the very
closely related eastern school whiting, Sillago bassensis flindersi, were
reported by Burchmore et al. (1988) to be <130 mm, so all S. vittata caught
in this study were therefore probably juveniles. Although the size ranges
of fish caught in the two seines were similar, more S. vittata were caught
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in the 40-metre seine (Table 2.6). Kolmogorov-Smirnov tests indicated no
significant difference in length-frequency distributions between nets
(Table 2.6).
Trumpeter whiting, Sillago maculata, were caught in a size range from
44-98 mm. The length-frequency distribution was again unimodal.
Juvenile S. maculata were reported by Burchmore et al. (1988) to measure
<190 mm, so all S. maculata caught in this study were probably juveniles.
Few S.

maculata were caught in the 25-metre seine (Table 2.6).

Kolmogorov-Smirnov tests indicated no significant difference in length
frequency distributions between nets (Table 2.6).
Mann-Whitney tests were used to examine possible differences in the
numbers of individuals in each size class caught in the two nets. Only
numbers of juvenile A. forsteri were significantly different, with more
individuals captured in the 25-metre seine (Table 2.6).

Table 2 .6: Number of individuals and size range of different age classes of mullet and
whiting in each seine. n = number of individuals; U' = significance of Mann-Whitney
tests on number of individuals in each net; p = significance for Kolmogorov-Smirnov
tests on length frequency; NS = not significant;

*

= significant at p<0.05;

**

=

significant at p<0.01.
Species/age class

n

Size range (mm)

25-metre

40-metre

674
65

520
21

S. punctata juveniles
S. punctata adults

16
5

66
5

S. vittata juveniles

34
6

A. forsteri juveniles
A. forsteri adults

S. maculata juveniles

U'

*

25-metre 40-metre

p

20-68
101-172

15-76
110-259

*
**

NS
NS

21-46
135-145

19-53
121-225

NS
NS

162

NS

54-128

39-121

NS

41

NS

44-88

47-98

NS

NS
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Optimal number ofreplicates
There was generally a high degree of variability within sets of samples,
necessitating examination of the optimal number of replicates to reduce
this variability. Precision, calculated from the catches of several species,
showed a general trend towards lower values (and therefore better
precision) as the number of replicates was increased (Figure 2.3).
Generally, precision was poor at 2 replicates and improved rapidly at 3
and 4 replicates. For most species there was little overall improvement at
more than 4 replicates although values remained relatively high (mostly
above 0.3), indicating that there was significant variation in the numbers
of each species caught among replicate samples.
Precision estimates varied among species and among sets of samples. As
a result, there did not appear to be a consistent difference in precision
between the two nets. There was also no consistent difference in precision
estimates either between sites, between habitats or between winter and
spring samples.
A lack consistent trends was also evident from analyses examining the
range of standard errors in Margalefs index at different levels of
replication (Figure 2.4). Neither net showed a trend for distinctly lower
variability. The lowest variability generally occurred in sets of samples
collected from the Mangles Bay bare sand habitat and the Woodman Point
seagrass habitat, again indicating no consistent trend for lower variation
in one habitat or at one site.
Generally, there was a steep reduction in the range of standard errors to 4
replicates, and a slightly lower reduction to 5 replicates. AB the range of
.standard errors indicates the amount of variability that may be present in
estimates at each level of replication, results suggest that a minimum of 4
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Figure 2.3: Mean precision (n = 3) of samples estimated for different numbers of
replicates , using abundance data for commonly occurring species. L = 40-metre seine; S

= 25-metre seine; M = Mangles Bay; W = Woodman Point; B = bare sand; S = seagrass; 1
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replicates should be taken if Margalefs index is to be used as a measure of
diversity.

Fmuwl, composition ofhahita.ts
Seagrass and bare sand habitats
A total of 51 species were caught over seagrass. Of these, 23 species were
not caught over bare sand habitats. Several other species were caught
almost entirely over seagrass, with only a few individuals caught over
bare sand. Of the species caught in total abundances �10, there were 15
species for which 80% of individuals were caught over seagrass (Table
2.7).

Table 2.7: Species caught mainly over seagrass (Mangles Bay and Woodman Point data
from both sampling periods pooled).

Species
�Atherinomorus ogilbyi
v Pelates sexlineatus
vApogon rueppelli
/Scobinichthys granulatus
v'Haletta semifasciata
, Enoplosus armatus
v/Acanthaluteres spilomelanurus
Stigmatopora argus
v Torguigener pleurogramma
Siphamia cephalotes
. /Contusus brevicaudatus
Neodax balteatus
· Gymnapistes marmoratus
. /Pelsartia humeralis
, Meuschenia freycineti

Total abundance

2903
1652
266
220
181
165
89
52
50
46
24
�
19
12
10

Percent caught over seagrass

98.9
100.0
100.0
100.0
100.0
88.5
100.0
96.2
88.0
100.0
95.8
100.0
84.2
100.0
80.0
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Forty species were caught over sand. Of these, 13 species were not caught
over seagrass. Of the species caught in total abundances �10, there were 9
species for which 80% of individuals were caught over bare sand (Table
2.8).

Table 2.8: Species caught mainly over sand (Mangles Bay and Woodman Point data
from both sampling periods pooled).

Species
/Aldrichetta forsteri
/Favonigobius lateralis
·t/Sillago vittata
,; Ammotretis elongatus
Lesuerina sp.
, Sillaginodes punctata
r)(Sillago maculata
,,,-,Pseudorhombus jenynsii
Hippolyte australiensis

Total abundance

1298
478
228
209
109
93
47
28
23

Percent caught over sand

88.1
88.7
98.7
99.0
97.2
83.9
97.9
96.4
96.1

From these data, it was possible to identify characteristic families for each
habitat type (Table 2.9). Characteristic families for the purposes of this
study were defined as families represented by at least one species for
which more than 10 individuals were caught, and for which 80% of each
species were caught in one habitat only. Data from Mangles Bay and
Woodman Point were pooled to obtain characteristic families.

Table 2.9: Characteristic families of seagrass and bare sand assemblages ( derived from
pooled Mangles Bay and Woodman Point data).
Seagrass

Sand

Syngnathidae (pipefishes. and seahorses) ,/Sillaginidae (whitings)
Scorpaenidae (scorpionfishes)
•/Mugilidae (mullets)
Teraponidae (trumpeters and grunters)
Leptoscopidae (sandfish)
,/Apogonidae (gobbleguts)
Pleuronectidae (righteye flounders)
· "Odacidae (weed whitings)
v'Bothidae (lefteye flounders)
·/ Monacanthidae (leatherjackets)
· · /Tetraodontidae (toadfishes)
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Of the species with total abundances �10, there were 9 species that showed
no habitat preference (Table 2.10). These were distinguished by several
species of schooling planktivores and a number of crustaceans.

Table 2.10: Species that showed no habitat preference (Mangles Bay and Woodman Point
data from both sampling periods pooled).

Species
/Leptatherina presbyteroides
Spratelloides robustus
Palaemonidae spp.

Hyperlophus vittatus
Penaeus latisulcatus
Halicarcinus ovatus
·/Gerres subfasciatus
Portunus pelagicus

Total abundance

% over seagrass

% over sand

32221
4048
347
78
2)
18
17
15

22.1
53.9
54.2
37.9

77.9
46.1
45.8
28.3
62.1

29.4
53.3

70.6
46.7

71.7
50.0

50.0

Multivariate analyses
Dendrograms derived from log-transformed abundance data reflect clear
patterns related to habitat, site and season. The dendrogram for the 25metre seine shows three clear groups (Figure 2.5). Generally, the lower
part of the dendrogram contains bare sand samples, and the upper part
contains the seagrass samples, with some bare sand samples. Between
these two groups lie a group of Mangles Bay seagrass samples,
predominantly from spring. These three groups have separated at a high
level of dissimilarity. The two-way table shows which groups of species
contributed to the grouping of samples (Figure 2.6). Group 1 is
characterised primarily by planktivores such as blue sprat, Spratelloides

ro bust us,

silverfish, Lepta,therin a

presbyteroides, and Ogilby's

hardyhead, Atherinomorus ogilbyi. All are generally thought to be pelagic
.1?pecies that move independent of substrate .type. Group 2 (Mangles Bay
seagrass samples) is characterised by _a group of species that includes
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seagrass-dependant species (e.g., gobbleguts, Apogon rueppelli) and
several crustaceans (e.g., blue manna crab, Portunus pelagicus). The
bare sand samples of Group 3 are characterised by the presence of a suite
of benthic species such as elongate flounder, Ammotretis elongatus, long
finned goby, Favonigobius lateralis, and sandfish, Lesuerina sp., and the
absence of baitfish (e.g., blue sprat, Spratelloides robustus) and seagrass
associated species such as rough leatherjacket, Scobinichthys granulatus,
and old wife, Enoplosus armatus.
The dendrogram for the 40-metre seine shows a clear dichotomy between
seagrass and bare sand samples (Figure 2.7). In addition, Mangles Bay
and Woodman Point samples, and even winter and spring samples form
distinct clusters. Again, the two main groups have separated at a high
dissimilarity. The two-way table for these data shows several clearly
defined suites of species that characterise the two groups (Figure 2.8).
Group 1 is characterised by a number of seagrass-associated species,
including leatherjackets, weed whitings, pipefi�hes and gobbleguts. The
bare sand samples of Group 2 are characterised by the presence of a suite
of benthic species, including large-toothed flounder, Pseudorhom bus

jenynsii, elongate flounder, Ammotretis elongatus, western school
whiting, Sillago vittata, and trumpeter whiting, Sillago maculata, and the
absence of the seagrass-associated species listed above.

Pilot study

M.Sc.

0.1460

I

0.4048

I

0.6636

MSll
MS13
1MS16
I
WS14
I
WS25
1-1
MBll
MB12
I
MB14 --1-1-MB13
I
MB16 -1
I
MS14
MS15
WS11
WS15
WS12
WS16 __1__
WS13
I
WS26 --1--1
WB16
WS21
I
WS22 -1--1
WS23
WS24
MS12
MS22
MS24
MS26
I
MS21
MS23
MS25
MB15
MB21
MB23 -1MB22 _ I
MB26 -U
MB24
I
MB25 --1--1
WB24
WBll
WB23 _,
WB21
WB22 I
WB12
WB25
I
WB26
1-1-WB13
I
WB14
I
WB15

I

0.9224

1.1812

I

I

1.4400

I

--

I
1I
I
I
I
I
I
I
1--1

,_

I

I I
1-1

0.4048

I
I

I.
I
I

I
1-

I
I

1

I
I

,_u

0.1460

I
I
I

I
I

0.6636

I
I
I
I
I
I
I
I
I

I
I

0.9224

I

I

I

I
I
I
I
I
I
I
I
I

I

1.1812

1.4400

Figure 2.5: Dendrogram of all samples collected with the 25-metre seine, using log
transformed abundance data. M = Mangles Bay; W = Woodman Point; S = seagrass; B =
bare sand; first number indicates season - 1 = winter, 2 = spring; second number
,indicates replicate no. 1-6. Bar indicates separation of groups.
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Figure 2.6: Two way table generated from log-transformed abundance data from all
samples collected with the 25-metre seine. M = Mangles Bay; W = Woodman Point; S =
seagrass; B = bare sand; first number indicates season - 1

= winter, 2 = spring; second

number indicates replicate no. 1-6.
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Figure 2.7: Dendrogram of all samples collected with the 40-metre seine, using log
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Figure 2.8: Two way table generated from log-transformed abundance data from all
.�mples collected with the 40-metre seine. M = Mangles Bay; W = Woodman Point; S =
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DISCUSSION
Reduction of biases and variability is an important consideration in the
design of field studies. In studies of fish assemblages, biases are often
associated with sampling methods, while high variability is common
because of the patchy distribution of fish. In this pilot study, the catches of
two beach seines were compared to examine some of the biases associated_
with different nets, and the optimal level of replication was assessed so
that precision in estimates of abundance and diversity could be increased.
Additional consideration was given to examining the fish assemblages of
bare sand and seagrass habitats, to gain a better understanding of the
preferred habitats of species captured in

tli� main sampling program.

Comparison ofnets
As stated in the introduction, there were two main reasons for selecting
the size and design of seine nets used in the pilot study. Firstly, to
determine the influence of net length on catch composition. Secondly, to
assess the suggestion that a net with both coarse and fine mesh
components would be successful at capturing both adult and juvenile fish.

Differences between two nets
Multivariate analysis of species abundance data indicated that the main
patterns were related to habitat, site and season, indicating little
difference in the catches of the two nets. However, consistently more
species were caught in the longer of the two seines - a result that was
statistically significant.
Both nets captured species that were not caught by the other, but none of
these species were caught in high numbers, or in more than two sets of
samples. Species that were captured in one seine only were taken more
· often in the 40-metre seine. In addition, several species represented by
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more than 40 individuals were caught primarily in the 40-metre seine, but
only one species represented by more than 40 individuals (a schooling
baitfish) was caught primarily in the 25-metre seine.
Generally, comparisons between the two nets were not statistically
significant, although trends indicated that the 40-metre seine provided a
broader representation of the species assemblage present. It is difficult,
however, to ascertain whether the longer seine truly was more efficient at
capturing certain species, as it may also have been due to a simple
species-area relationship, whereby a net sweeping a greater area would be
expected to catch more species.
There was some suggestion that the longer seine caught larger fish, but
this was again far from conclusive. Although a wider size range of
several species were caught in the 40-metre seine, only one species yielded
statistically significant results. The lack of significant differences for
other species may have been due to relatively low numbers caught.
Certainly far more fish were caught by CSIRO (i994) when they noted the
greater proportion of large whiting in their longer seine.
Differences between the 25-metre and 40-metre seines were therefore not
large. The longer seine captured more species, but relationships between
net length and type or size of fish were inconclusive. In a study examining
the fish assemblages of different habitats, sites or sampling periods,
either net is likely to provide data that will enable comparisons to be made.
However, as there is a risk that the shorter net will not capture some
larger species, the longer net should be used in a situation where it is
important to gain as complete a representation of the entire species
assemblage as possible.
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Combination of mesh sizes
Both nets were constructed with a combination of coarse and fine mesh to
enable qualitative assessment of whether both small and large fish were
captured. The data tend to indicate that small and large fish were well
represented. The use of such a net may therefore result in a broader
representation of the assemblage than one obtained from sampling with a_
net constructed of just one mesh size.

Optimal number ofreplicates
Precision calculated at different levels of replication was generally poor,
even for species considered to be well represented in the data. The poor
precision reflects the high variation in catches that results from the
patchy nature of fish distributions. Generally, there was little
improvement in precision with an increase in replication from 4 to 6
hauls, and it may be difficult to achieve better precision with more
replicates, because of the fluctuation in the numbers of fish caught among
hauls.
Similar results were obtained from randomisation tests using Margalefs
index, as variation remained quite high for some sets of samples, even at
the maximum level of replication available for analyses. To optimise the
precision of estimates derived from each set of replicate samples, at least 4
replicate seine hauls should be taken.

Fauna/, composition
The preliminary data indicate that there are large differences in species
composition between habitats, and that there are also differences in the
species composition of catches from sites with superficially similar
substrates. Generally, more species were captured over seagrass than
over bare sand at both sites. More species were also captured in greater
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numbers over seagrass than over bare sand. In addition, a number of
families were distinctly associated with only one of the two habitats,
consistent with the findings of other authors (Ferrell & Bell 1991). Clearly,
the habitats could be distinguished not only by species composition, but
also by composition at higher taxonomic levels.

General conclusw,is
Results of this study provide some understanding of the biases associated
with the seine nets used, and the inherent variability of catches in
Cockburn Sound. Such information is necessary if valid conclusions are to
be drawn from the results of further sampling focussing on distribution
patterns that may enable prediction of the effects of seagrass loss.
Understanding the biases and variability is particularly important in
studies of fish assemblages, as differential response to various types of
sampling gear, and inherent variability in catches, can make
interpretation of results difficult.
Several main conclusions may be drawn from the results of this pilot
study. In regard to net selection, a difference in net length of the
magnitude present in this study is unlikely to influence catches strongly,
provided net design is consistent. Results of a study examining the
patterns in fish assemblages off beaches with or without adjacent
seagrass are therefore unlikely to be heavily influenced by selection of
either net used in this pilot study, although use of the longer net may
provide a more complete species list. In addition, the combination of mesh
sizes should maximise the chances of capturing both juvenile and adult
fish.
In terms of replication, at least four replicates would be needed when
·sampling with these nets in Cockburn Sound. Catches in both nets were
· highly variable, and so appropriate replication is particularly important if
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a 'signal' of habitat loss is to be extracted from the 'noise' of natural
variation. While four replicates should provide a good indication of species
diversity (measured by Margalefs index), precision in estimates of
numbers remained relatively low. The inherent variability in estimates of
numbers will make analysis of catch data difficult.
In addition, there were distinct differences in the fish assemblages of
seagrass and bare sand habitats in Cockburn Sound. Identification of the
species characteristic of bare sand habitats in Cockburn Sound should
assist in interpreting the results of further sampling to determine shifts
in the assemblage related to habitat loss. It would be valuable to identify
species that rely primarily on bare sand as distinct from those that rely on
other habitats and those that have more general distributions.
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Main sampling program
Chapter 3: Methods
Following examination in the pilot study of some of the issues related to
the bias and variability associated with sampling fish assemblages, the
main question of this study - whether the fish assemblages off sandy
beaches exhibited patterns related to the presence or absence of adjacent_
seagrass - could be examined. As much of the seagrass in Cockburn
Sound has been lost, relatively few beaches have seagrass beds offshore.
To examine this question, consideration therefore had to be given to the
location and design of the sampling.

SAMPLING
Sampling locatwns
Six sites around Cockburn Sound were selected on the basis of an aerial
survey and ground truthing. Three sites had adjacent seagrass beds, and
three had no extensive seagrass beds nearby (Figure 3.1). Due to the low
number of sandy beaches with adjacent seagrass beds in Cockburn Sound
that were deep enough to be sampled at low water levels, it was necessary
to select sites that did vary somewhat in physical characteristics. Two of
the sites were on Garden Island, with beaches facing east (Plates 1 and 2)
and extensive beds of Posidonia immediately offshore, while the third was
a south-facing beach at Jervoise Bay, with mixed Halophila and

Heterozostera immediately offshore, and a large Posidonia bed to the west.
The sites without adjacent seagrass were less variable in their physical
characteristics, all being westerly facing beaches where little or no
seagrass has existed since the 1970s (Plate 3).
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Sampling design
The temporal component of the field sampling was undertaken during
two seasons. The two 6-week time periods in May-June and October
November were selected to approximately coincide with pre- and post
recruitment periods of some of the more common species, identified from
the preliminary data. Each period was divided into two 3-week blocks.
Within a block, there were three days of sampling, separated by about one
week. Each site was sampled on one day within each block, chosen in a
semi-random manner, using a random number generator, so as to
provide some temporal interspersion of sampling, but with the restriction
that the two Garden Island sites had to ·be sampled on the same day
because of the extra time involved in travelling to these sites. Sampling
dates for each site are listed in Table 3.1. On each sampling occasion, 4
replicate seine hauls were taken. These replicates were generally taken in
a sequence along the beach, but were separated by varying distances.

Table 3.1: Dates that each site was sampled for all seasons and
season.
October-November

May.June
Block2

Blockl

all blocks within each

Blockl

Site

Block2

Site

Date

Site

2/11/95

Alcoa

Date

Site

Date

5/5/95

Buchanan
Bay

26/5/95 Buchanan
Bay

5/5/95

Sulphur Bay 26/5/95 Sulphur Bay 13/10/95 Jervoise Bay 2/11/95

Date

13/10/95 Challenger
Beach

20/10/95 Buchanan
Bay

12/5/95 Jervoise Bay 2/6/95

Challenger
Beach

12/5/95 Rockingham 2/6/95

Rockingham 20/10/95 Sulphur Bay 10/11/95
27/10/95 Alcoa

10/11/95

19/5/95 Alcoa

11/6/95 Alcoa

19/5/95 Challenger
Beach

11/6/95 Jervoise Bay 27/10/95 Rockingham 16/11/95

16/11/95

Jervoise Bay
Buchanan
Bay
Sulphur Bay
Challenger
Beach
Rockingham
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Plate 1: Aerial view of Buchanan Bay, Garden Island, showing the bare sandy areas
inside seagrass beds that were sampled during this study.

Plate 2: Beach at Sulphur Bay, Garden Island, one of the sites sampled during this
study.
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Plate 3: Aerial view of a beach on the eastern side of Cockburn Sound, showing large
areas of bare sand with no adjacent seagrass (cf Plate 1).

Plate 4: The 40-metre seine used in the main sampling program, showing the fine mesh
centre 5;eetion prior to hauling onto the beach.
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Figure 3.1: Sites s ampled during_l,995 s ampling program.•= sites with adjacent
seagrass; • = sites with no adjacent seagrass.

51

M.Sc.

Methods

Sampling t:echni,q_ue
Only the 40-metre seine was used during this study, being set and
retrieved in the same manner as described in Chapter 2 (Plate 4). The 40metre seine was selected primarily because it provided a broader
representation of the species assemblage present, but also because of the
indications that it may sample large fish more efficiently.
Specimens from each haul were bagged and kept on ice until transfer to a
refrigerator in the laboratory, where those not processed within two days
were frozen for later measurements. The number of individuals of each
species was recorded, and a range of measurements taken. Fish were
individually measured for total length, length to caudal fork and standard
length (all in millimetres) and wet weight (grams). For 4 highly abundant
species of atherinids and clupeids (Leptatherina . presbyteroides,

Atherinomorus ogilbyi, Spratelloides robustus and Hyperlophus vittatus),
a subset of 25 individuals from each catch was measured. For all other
species, all individuals were measured. Crabs were measured for
carapace width at the widest point (mm) and wet weight (g), and cuttlefish
for width (mm) and wet weight (g). Conversions between the length
measurements were calculated for the 10 most common species
(Appendix 2), and length-weight relationships for species represented by
more than 100 individuals were also calculated (Appendix 3).

Environmental parameters
Several environmental parameters were measured or estimated during
field sampling. Water temperature (° C) was measured once for each set of
samples. Other environmental parameters were recorded for each
sample as follows:
• Depth- estimated to the nearest 0.5 m just beyond the seine
• Wind direction - recorded as onshore, offshore, alongshore and
52

....

M.Sc.

Methods

no wind
• Wind speed - estimated on a scale of 0-4, with O for no wind, and 4
for very strong wind
• Detached macrophytes - quantity of detached macrophytes
collected in each haul estimated on a scale of 0-4, with O for none,
and 4 for large quantities.

DATA ANALYSIS
Data from this sampling program were analysed to investigate patterns at
(a) the assemblage level, and (b) the population level. Analysis of the
assemblage level patterns could be considered to fall in three broad
groups. Firstly, simple description of patterns of species occurrence (e.g.
most abundant species at each site). Secondly, characterisation of the
within-sample assemblage, or alpha diversity (e.g. diversity indices,
species-abundance curves). Thirdly, descriptors of the between-sample
differences in assemblages, or beta diversity. The latter can be measured
in a variety of ways, from beta diversity indices that measure change in
diversity between samples, to analyses derived from similarity indices or
association measures, that provide an indication of the ecological
similarity between samples. For the Cockburn Sound fish data, methods
of classification and ordination based on (dis)similarity indices were
primarily used. Population level analyses were mainly parametric and
nonparametric significance tests.

Data analysis: assemblage "level
Alpha diversity
Diversity is a useful method of assessing whether sets of samples show
patterns related to the assemblages present. Different diversity measures
\.'vill indicate trends in the number of species present, the proportional
abundances of the species present, or some mixture of both. A plethora of
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measures are available, and to maximise the information to be gained, the
appropriate measures should be carefully selected to reflect an aspect of
the species assemblage that is to be explored.
A simple measure of the diversity of a sample is species richness. Species
richness (S) was recorded for each replicate sample. The relative
contribution of uncommon and common species to patterns of diversity
was also assessed by recording the number of species from each group
occurring in each sample. Uncommon species were considered to be those
for which 10 or fewer individuals were caught over the entire sampling
program. Common species were therefore those with abundances
exceeding 10.
In addition, 3 diversity indices were calculated for each sample, each
belonging to one of 3 categories referred to by Magurran (1988):
(i)

species richness measures

(ii) information theory indices and
(iii) dominance measures.
Each of these reflects a slightly different characteristic of the species
assemblage, therefore one measure of each type was selected to explore
whether there were patterns present that would not be evident from one
measure alone.
The diversity index from the species richness category that was selected
was Margalefs index D, calculated as

S-1
D==
lnN

where S is species richness and N 1s the total number of individuals
recorded. This measure is quite dependant on attaining an adequate
sample size, as species richness can be expected to reach an asymptote
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once a certain sample size has been reached, while the number of
individuals keeps increasing.
To incorporate information on the spread of species abundances, several
indices are commonly used which are collectively referred to as
information theory indices. Of these, the Brillouin index should be applied
in situations where all species are not sampled equally (Magurran 1988).
It is likely that the varying escape rates of different fish species means
that they will not be sampled equally, indicating that the Brillouin index is
the most appropriate measure. However, this index uses many factorials,
and due to the computational difficulties of calculating factorials for
species abundances in the thousands, could. not be calculated. Instead, the
Shannon index, which Magurran (1988) indicates is commonly correlated
with the Brillouin index, was used. The Shannon index H' was calculated
following Magurran (1988) as

where Pi is the proportion p of the total number of individuals that
belonged to species i. Although there are some drawbacks to the Shannon
index (Hurlbert 1971), it is commonly used, and is useful for
demonstrating samples in which the spread of species abundances is
most even.
The third measure, the Berger-Parker index (Berger & Parker 1970) is
weighted towards measuring the proportional abundance of just the most
abundant species, and falls into the category of dominance measures.
This index is therefore useful in showing samples which have a
disproportionately high number of individuals representing one species
only. Following Magurran (1988), the reciprocal of this index Noo was used
-to ensure that the value increased with increasing diversity, and was
. calculated as
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1

Noo

where Nmax is the abundance of the most abundant species, and N is the
total number of individuals from the sample.
To test for differences in diversity between sets of samples, parametric_
significance tests, such as ANOVA, may be conducted (Magurran 1988).
A nested ANOVA model was constructed for this purpose. The full model
including all effects was used to assess whether there was any significant
differences involving blocks within seasons. These in themselves held no
particular interest other than to demonstrate short-term variability, so
when levels in the full ANOVA that included block were not significant at
a = 0.05, blocks were pooled to form a single set of samples per site within
each season. This was not a conservative figure (pooling of blocks is
usually only conducted if results are not significant at a = 0.25), so
significance levels for the subsequent ANOVA were held at a= 0.01. The
ANOVA design for these data was then:
Habitat

fixed factor with 2 levels

Site within habitat

nested factor with 3 levels

Season

fixed factor with 2 levels

This design allowed for an exact F-test for the main factor of habitat and
season, which was not possible for the ANOV A that treated blocks
separately.
Prior to application of ANOVA, Cochran's test was used to assess equality
of variances. Where species richness data were heteroscedastic no
ANOVA was conducted. Transformation was not applied to diversity
indices, as distributional properties of the indices were unknown.
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Alpha diversity indices provide a measure of different aspects of the
spread of individual species abundances within samples. A common
feature of species abundance data in ecological studies is a pattern in
which a few species have very high abundances, fewer have intermediate
abundances, and most species have low abundances (Magurran 1988).
Although there is some disagreement as to whether this is an artifact of
ecological sampling or a reflection of the state of species abundances over-
the entire population, several models have been developed to describe
species abundance distributions that are measured by diversity indices. A
simple method of viewing the data, however, often indicates the trends.
For the Cockburn Sound fish data, rank abundance plots were constructed
from each season, with pooled abundance data from the 4 replicates and
both blocks. In these plots, the x-axis reflects the abundance on a log scale,
while the y-axis represents a species sequence ranked from the most to the
least abundant. A plot with a curved line therefore indicates a more even
spread of species abundances, and therefore a higher diversity.

Beta diversity
While alpha diversity provides an estimate of the diversity within a
sample, beta diversity measures the difference in diversity between
samples (Magurran 1988). Such measures are therefore of value in
studies where the spatial and temporal distribution of assemblages is of
primary interest. Association measures are one method of estimating beta
diversity, by providing a measure of the degree of similarity (or
dissimilarity) between a pair of samples. Association values form the
underlying basis for multivariate pattern analysis. Multivariate analyses
provide very useful methods of exploring complex patterns in the data.
Based on dissimilarity between each pair of samples, they take into
account the distribution among samples of all species, and are therefore
capable of reflecting sets of samples that are essentially similar. Two
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commonly used methods that provide an indication of patterns present are
classification and ordination.
Prior to examination of the spatial and temporal patterns by classification
and ordination, the appropriate method of data transformation was
investigated. Data transformation is a very useful tool to reduce the 'noise'
that results from inherent variability in fish catches. However, it is
important to understand the effects that various forms of transformation
have on the data, as these may influence the results gained from
analyses. For this reason, classification and ordination were conducted
following some of the most common forms of data transformation, to
examine any differences in the results obtained. Analyses were conducted
on untransformed data, and on four other datasets following different
types of transformation. The four types of transformation were: square
root transformation, 4th root transformation, logarithmic (base 10)
transformation and range standardisation.
CLASSIFICATION

Classification of samples was conducted using the multivariate statistical
analysis software PATN (Belbin 1993). Samples were classified using
ALOC, a non-hierarchical classification method (Belbin 1987). Non
hierarchical classification was chosen because it was more important to
optimise the groups that were defined by classification than to construct a
hierarchical classification of individual samples. Prior to classification,
the Bray-Curtis association measure (Bray & Curtis 1957) was used to
assess dissimilarity between samples. Faith et al. (1987) show this
measure to be a good reflec��on of genuine ecological distance, while
Clarke & Green (1988) state that it is a valuable measure because it does
not change with 0-0 matches between samples. Classification of all
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samples was conducted on log-transformed data after exploring the
numerical influence of different forms of data transformation.
This datafile, comprising all 96 samples, was selected as the starting
configuration for ALOC. The allocation radius, which determines the
number of groups to be produced (Belbin 1993) was most often set at 0.9.
This was a very high value, but the number of groups produced by
selecting lower values was generally large, reflecting the great variation
between individual seine hauls. For some datasets, the number of groups
produced with an allocation radius of 0.9 was too low, and an alternative
radius was selected.
The species which contributed most strongly- to partitioning of the groups
were explored by Kruskal-Wallis tests, using the GSTA module in PATN
(Belbin 1993). The Kruskal-Wallis statistic is a non-parametric equivalent
to the F-ratio, calculated using rank abundance data for each species. It
was calculated for all species for each of the datasets used in
classification.
ORDINATION

Ordinations were only conducted for datasets comprising pooled
abundances, as variation between individual samples was very high, so
pooling of replicates is likely to result in a better reflection of the
assemblage. Replicates from each set of samples were pooled, resulting in
24 samples (there were 24 combinations of site-season-block). The Bray
Curtis association measure was again used for calculating the
dissimilarity between samples. Multidimensional scaling (MDS)
ordinations were produced using the SSH package in PATN (Semi-Strong
Hybrid multidimensional scaling; Belbin 1991; 1993). A cut value of O was
'Selected to effectively produce a nonmetric MDS, as only ordinal
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regression is used above the cut value. Log-transformed data were used
after examination of the effects on various forms of transformation.
To evaluate the stress values obtained in the ordinations, stress values of
ordinations derived from real data were compared with stress values of
ordinations derived from randomly reordered data. Monte Carlo row
reordering was used to produce 1 OOO datasets. For each of these, the same
association and ordination steps were used as for real data, and the stress
values for the ordinations recorded. The distribution of the stress values
was then compared with the stress values derived from ordination of real
data.
The species that contributed most to the patterns in the ordinations based
on real data were explored using principal axis correlation (PCC module
in PATN; Belbin 1993). In this procedure, data for each of the species in
turn was compared to the ordination, finding both the direction of best fit
and the correlation of the species data to this direction. It is reasonable to
infer that high correlations indicate spe�ies which were major
contributors in the formation of patterns present in the ordination. Species
with correlations greater than 0. 7 were considered to have had the
greatest influence.
Ordinations were also constructed separately on different feeding groups.
Feeding groups, modified from Ayvazian & Hyndes (1995) were;
zooplanktivores, benthic invertevores, omnivores/herbivores and
piscivores. An ordination was not constructed for piscivores, as they only
occurred in 12 of the 24 combinations of site, season and block. The other 3
feeding groups had representatives in all 24 combinations. Benthic
invertevores were further reduced to derive a dataset containing only
sand-associated species, using results of the pilot study to select species.
Sand-associated invertevores also occurred in all 24 combinations. Prior to
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ordination, abundance data were pooled across replicates and then log
transformed, and a Bray-Curtis dissimilarity matrix calculated.

ANOSIM
Classification and ordination are useful methods of exploring patterns in
the data, but both methods are open to interpretation. Neither provide a
measure of the significance of the patterns present. ANOSIM is a way of
testing this. Like classification and ordination, ANOSIM is also based on
the similarity between each pair of samples, but unlike these methods it
tests whether the similarities between groups of samples determined a
priori are different from those which could be expected from a random

collection of samples.
Two-way nested ANOSIM was therefore used to test for differences
between habitats, following the procedure outlined by Clarke (1993) and
available in the PRIMER software package (Plymouth Routines In
Multivariate Ecological Research). Applied to these data, the approach
outlined by Clarke (1993) was essentially to test. firstly the null hypothesis
of no among site differences within a habitat, and, if this null hypothesis
could be rejected, to test for differences between the two habitats.
To conduct a test on among site differences, a test statistic R is computed
as the average of the R values obtained separately for each habitat (where

R is the average rank similarity of pairs of replicates from different sites).
This statistic is then compared to a distribution of R values calculated
after random permutation of all samples within each habitat. If the
original R value is significantly different from this distribution, the null
hypothesis is rejected, and an ANOSIM can be calculated to test for
differences between habitats. This stage uses a similarity matrix
.�ontaining only the average similarity values between each group of
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replicates, as the first stage demonstrated that within each site replicates
were more similar to each other than to replicates from other sites.
This procedure was followed, using 4th root transformed abundance data.
The test was conducted for each season, but with both blocks within a
season combined to produce 8 replicates. Pooling of replicates was
necessary, as to add the nested factor of block to the analysis resulted in a
model too complex for testing with the existing software. Using the
ANOSIM routine in PRIMER, two-way nested ANOSIM was conducted.
The routine takes into account both steps, first testing for differences
between site groups, then testing for differences between the habitat
groups.
The two-way nested ANOSIM simply indicates whether there are
significantly different sites - it does not provide information about which
sites are different. To test which sites were different, one-way ANOSIM
was therefore conducted on the same data. In addition to providing a
global R value for the dataset, this procedure also calculates an R value
and runs permutation tests separately on each pair of sites, giving an
indication of which pairs of sites are significantly different.

Data anal,ysis: populatwn level
Analysis of variance
Differences in mean abundance between sets of samples were assessed
using analysis of variance (ANOVA). Abundance data tested included the
total number of individuals captured, number of individuals excluding
planktivores, and individual species abundances for species that were
represented by more than 10 individuals.
Prior to ANOV A, homogeneity of variances were assessed using

..

Cochran's test. This test examines the null hypothesis that variances

between sets of replicates are homoscedastic. Where data are
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heteroscedastic (i.e. when the H0 is rejected), the assumption of equal
variances is violated, and ANOVA may give spurious results.
Where data were found to be heteroscedastic, 3 methods of transformation
were applied to the data.
1. .. Logarithmic transformation following Zar (1974), calculated as

X'= log lO(X + 1)
where X' is the transformed value and X is the untransformed value;
2 ... Square root transformation

X'=�.
3 ... 4th root transformation as used by Clarke & Warwick (1994),
calculated as

X'= {Tx_
Where

species

abundances

remained

heteroscedastic

after

transformation, ANOVAs were not conducted. Where species data
demonstrated equal variances after transformation, the transformation
was selected that allowed significance levels to be set at a = 0.05. For
species data with equal variances after several types of transformations,
log-transformed data were preferred for consistency. Data for several
species required that significance levels be set at a= 0.01.
Nested ANOVA models were constructed to test for differences between
sets of replicates. The full ANOVA model was:
Habitat

fixed factor

dfl

Site within habitat

nested factor

df2

Season

fixed factor

dfl

Block within season

nested factor

df 1.
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Habitat and season were nominated as fixed factors. Habitat was
nominated a fixed factor because two distinct types were selected to test the
null hypothesis of no significant differences. Season was nominated a
fixed factor because the sampling periods were specifically selected to
encompass known pre- and post-recruitment periods for some species.
The full ANOVA was conducted to yield information on the consistency of
patterns at several spatial and temporal scales. However, because of the
mixture of fixed and nested factors, the full ANOVA contained factors or
interactions for which there was no exact F-test. Where there were
significant interactions, analyses were taken no further (that is, main
effects were not considered). However, where there were no significant
interactions between nested factors at a = 0.1, pooling of replicates was
conducted. A second ANOVA model was constructed for pooled data:
Habitat

fixed factor

dfl

Site within habitat

nested factor

df2

Season

fixed factor

dfl

As the nested factor of block was removed from the model, an exact F-test
was then appropriate for all factors

Length-frequency distributions
The length-frequency distributions of species that were well-represented
in several sets of replicates were compared. Firstly, differences in the
length-frequency distributions between seasons were examined. Where
there were significant differences between seasons, tests were conducted
within each season for differences between habitats. Lengths used for
Kolmogorov-Smirnov tests were standard lengths. Conversions between
the three length measurements taken are presented in Appendix 2.
The Kolmogorov-Smirnov test was used for testing differences between
length-frequency distributions. This is a distribution-free test that ranks
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scores to test a null hypothesis of no difference between two 'populations'
(Hollander & Wolfe 1973). Although the test is advantageous in this
respect, it does have the disadvantage of sensitivity to outliers in the data.
It is based on the assumption that each group of observations is mutually
independent, and that each observation within a group comes from the
same continuous population (Hollander & Wolfe 1973). Both assumptions
were met by the length-frequency data.

RELATING ENVIRONMENTAL PARAMETERS TO
CATCHES
Environmental parameters recorded in this study were related to derived
abundance and diversity measures to assess possible influences on
catches. Relationships between water temperature and species richness
was examined by correlation. For each set of samples, water temperature
(recorded once) was correlated against mean species richness to assess
whether species richness of catches exhibited some trends related to water
temperature.
For environmental parameters that were recorded as categories (i.e.
depth, wind speed, wind direction and amount of detached macrophyte
material), Kruskal-Wallis analyses were used to test for differences in
catches between each of the categories. This test is a non-parametric
equivalent to one-way ANOVA, and uses ranks in determining the
significance of differences. It was felt to be more appropriate than a one
way ANOVA because of the differences in the number of observations
within each category. The dependant variables used in the analyses were
a range of diversity measures, in addition to abundance measures derived
from the total number of individuals per haul.
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Chapter 4: Influence of data transformation
on multivariate analyses
Results of the pilot study supported the findings of other workers that have
discussed the inherent variability of fish catches (e.g. Lasiak 1984a;
CSIRO 1994). While replication will increase precision to some extent, the
high variability in fish catches means that precision would not be
significantly improved by large numbers of replicates. One of the reasons
for high variability in ecological data is a preponderance of zero values
and a very skewed distribution of non-zero values. For this reason,
workers commonly transform species abundance data to conform with the
assumptions of parametric statistical analyses. Transformation of data
can also reduce the 'noise' that results from heteroscedasticity.
Data transformation is also regularly applied before multivariate
analyses, although for analyses that use rank abundance there is no
imperative that data be normally distributed. In this situation, Clarke &
Warwick (1994) suggest that transformation is still valuable for weighting
the relative contribution of species. To examine the patterns exhibited by
fish assemblages in Cockburn Sound, multivariate analysis was an
important tool. Prior to analysing data from the main sampling program,
it was therefore important to investigate the most appropriate methods of
transformation so that the relative contribution of very numerous species
could be decreased, enabling a clearer examination of spatial and
temporal patterns related to presence of adjacent seagrass.
A range of transformation types have been adopted in ecological studies.
Clarke & Warwick (1994) provide an excellent discussion of the use of
power transformations A, with transformation increasing in severity from
.�quare root transformation, through 4th root transformation to
presence/absence data. They argue that. logarithmic transformation is not
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a member of the power transformation family, due to its different
approach to scaling data. Logarithmic transformation is important to
include in comparisons, however, as it is commonly applied to data.
Range standardisation, although not strictly transformation, is also
valuable to include in comparisons, as it is also used to reduce the
influence of highly abundant species, and is an inherent property of some
analyses such as the Gower Metric association measure (Belbin 1993).
Application of these different forms of data transformation can influence
the results of multivariate analyses (Vanderklift et al. in prep). As this
study used multivariate analyses extensively to examine patterns in the
fish assemblages, it is valuable to investjgate the changes that occur
following transformation, both in the data and in subsequent analyses. An
important point to note here is that the purpose of doing so is not to find
the transformation that provides the 'best' pattern, but rather to examine
the degree to which interpretation of results can be influenced by the type
of data transformation used.

DISTRIBUTION OF DATA VALUES
Untransformed data commonly has a very skewed distribution, and data
transformation reduces the degree that data is skewed by reducing the
relative contribution of high values. Different methods of transforming
data have varying effects on evening the amount of skewness (Figure 4.1).
A gradation starting with square root transformation, through 4th root
transformation to logarithmic transformation has the effect of equalising
the influence of higher values relative to lower values. Range
standardisation, however, has a less consistent approach to data, as
unequal weighting is given to species with only one or two occurrences in
the dataset (Figure 4.1). Range standardisation of species with only one
occurrence provides values of '1', so that species with the lowest
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Figure 4.1: Frequency distribution of species abundance values after various forms of
data transformation. Note that zero values are not included.

* The distribution for

untransformed data does not include some very high values. Also note the scale change
among plots.
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abundance prior to standardisation have the greatest weighting
afterwards (Figure 4.1). Similarly, a peak in the distribution at values of
0.5 appears due to higher relative weighting of species represented in 2
samples (Figure 4.1). Abundances of species with a higher frequency of
occurrence tend to respond in a manner more akin to that produced by
other methods of data transformation.

RANK ABUNDANCE
The change in the distribution of species abundance values also had an
effect on the rank order of total catches. While the rank order of individual
catches will not change following data transformation (other than range
standardisation), the rank order of summed· catches can. As analyses can
be strongly influenced by the numerical dominance of a few species, such
changes in rank order demonstrate why data transformation can have a
strong bearing on results. Dominance by a few species is a common
characteristic of marine faunas, and if ignored will influence outcomes
strongly. Methods of data transformation had different influences on the
relative abundances (and therefore weighting in analyses) of numerically
dominant species (Table 4.1).
When species were ranked in order of total catch, the 10 most numerous
species retained consistently high rankings after square root, 4th root and
logarithmic transformation, although rank order changed (Table 4.1). H.

vittatus, for example, was ranked highest for untransformed and square
root transformed data, but was ranked 6th for 4th root and logarithmic
transformed data. Conversely, A. forsteri, with total catches an order of
magnitude lower than H. vittatus, altered from a ranking of 6th for
untransformed and square root transformed data to 2nd for 4th root and
logarithmic transformed data. Species with more moderate catches also
demonstrated greater changes in rank abundance with transformation
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(Table 4.1). Rank abundances for 4th root transformed and logarithmic
transformed data were very similar (Table 4.1).
Range standardisation of the data had a far greater influence on rank
abundance (Table 4.1). The relative influence of the most numerous
species was greatly decreased, while the relative influence of less
abundant species was increased. After range standardisation, the species
captured in the highest numbers,
abundance. Conversely,

H. vittatus, was ranked 20th in relative

P. unicolor , represented in 16 samples by

individual specimens, was ranked first after range standardisation.
Species represented only by one individual retained a low ranking in all
datasets, while those represented by a few i�dividuals in a high number of
samples gained a higher weighting after range standardisation.

SPECIES CONTRIBUTING TO CLASSIFICATION
Kruskal-Wallis statistics were calculated to examine the species that
discriminated between groups defined by classification of samples using
each level of data transformation. The species with the 10 highest
Kruskal-Wallis values for each classification were examined, as these
were the species corresponding most strongly to the groups of samples.
Differences in the species with high Kruskal-Wallis values reflect
differences in the classification of samples with transformation.
The 6 most numerous species were all included among the species with
the 10 highest Kruskal-Wallis values for untransformed data, reflecting
the high degree of influence that very large values had. However,
following transformation, only three of these,
and

L. presbyteroides, A. ogilbyi

S. vittata retained high Kruskal-Wallis values (Table 4.2). Three

species retained high values in all datasets; C.
.and

brevicaudatus, P. unicolor

Lesu erina sp. Other than these three species, there was little

consistency in the species with the highest Kruskal-Wallis values among
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Table 4.1: Rank abundance of all species for data after transfc;>rmation or standardisation, demonstrating the changes in relative abundance with
transformation.
Squareroot

No transformation

Species
H. vittatus
S. robustus
L. presbyteroides
A. ogilbyi
S. vittata
A. forsteri
A. elongatus
Lesuerina sp.
S. schomburgkii
T. pleurogramma
E. australis
S. maculata
S. punctata
F. lateralis
A. rueppelli
P. humeralis
H. semifasciata
P. pelagicus
N. balteatus
K. sydneyanus
C. brevicaudatus
P. unicolor
P. jenynsii
E. armatus
A. georgianus
C. macrocephalus
P. sexlineatus
S. granulatus
0. australiensis
G. marmoratus

4throot

Rank

Species

1

1
H. vittatus
2
L. presbyteroides
3
S. robustus
4
S. vittata
5
A. ogilbyi
6
A. forsteri
7
A. elongatus
8
Lesuerina sp.
S. schomburgkii
9
T. pleurogramma 10
11
S. maculata
12
F. lateralis
S. punctata
13
14
E. australis
P. unicolor
15
16
C. brevicaudatus
17
P. pelagicus
H. semifasciata
18
18
P. humeralis
A. rueppelli
19
N. balteatus
21
P. jenynsii
22
E. armatus
C. macrocephalus Z3
24
A. georgianus
25
K. sydneyanus
a,
S. granulatus
'Zl
0. australiensis
P. speculator
28
29
P. sexlineatus

2
3

4

5

6

7

8
9

10

11
12
13

14

15

16
17

18
19

m

21

22
Z3

24
25
25

a,

'Zl
28
29

Rank

m

Species
L. presbyteroides
A. forsteri
S. vittata
S. robustus
A. ogilbyi
H. vittatus
A. elongatus
Lesuerina sp.
S. schomburgkii
T. pleurogramma
F. lateralis
S. maculata
P. unicolor
C. brevicaudatus
S. punctata
P. pelagicus
H. semifasciata
P. humeralis
E. australis
A. -rueppelli
P. jenynsii
E. armatus
0. australiensis
C. macrocephalus
A. georgianus
N. balteatus
S. granulatus
P. speculator
K. sydneyanus
T. fasciata

Logarithmic
Rank

Species

1

L. presbyteroides
A. forsteri
S. vittata
S. robustus
A. ogilbyi
H. vittatus
A. elongatus
Lesuerina sp.
S. schomburgkii
T. pleurogramma
S. maculata
F. lateralis
S. punctata
P. pelagicus
H. semifasciata
C. brevicaudatus
P. humeralis
P. unicolor
E. australis
A. rueppelli
N. balteatus
P. jenynsii
E. armatus
C. macrocephalus
A. georgianus
K. sydneyanus
S. granulatus
0. australiensis
P. speculator
P. sexlineatus

2
3

4

5

6

7

8
9

10

11
12
13

14

15

16
17

18
19

m
21

22
Z3

24
25

a,
'Zl
28
29
30

Range standardised
Rank

Species

1

P. unicolor
Lesuerina sp.
C. brevicaudatus
A. elongatus
A. forsteri
P. pelagicus
M. cephalus
E. armatus
0. australiensis
S. schomburgkii
C. macrocephalus
S. maculata
H. semifasciata
L. presbyteroides
P. jenynsii
S. vittata
S. granulatus
P. speculator
A. georgianus
S. robustus
H. vittatus
T. fasciata
F. lateralis
A. ogilbyi
T. pleurogramma
S. punctata
P. humeralis
K. sydneyanus
C. australis
G. marmoratus

2
3

4

5

6

7

8
9

10

11
12
13

14

15

16
17

18
19

m

21

22
Z3

24

25

a,

'Zl
28
29
30

Rank

1

2
3

4

5

6
6

7

8
9

10

11
12
13

14

15

16
17

18
19

m

21
21
21

22
Z3

24
25

a,
a,

r

- .

Table 4.1 continued

Species
P. speculator
S. argus
T. fasciata
L. laevigata
M. cephalus
P. saltator
C. spatula
G. subfasciatus
M. chinensis
R. sarba
P. endrachtensis
C. australis
L. inops
M. meraculus
S. cephalotes
S. plangon
. A. spilomelanurus
G. greyi
H. adelaide
H. cristatus
H. histrio
H. melanochir
N. waterhousi
0. oligolepis
P. curtirostris
S. radiatus
T. ovalis
U. vlamingii

Rank
30

31
31
32
32
32
33
33
33
33

34
3.5
3.5
3.5
3.5
3.5

36
36
36
36
36
36
36
36
36
36
36
36

4throot

Squareroot

No transformation

Species
G. marmoratus
T. fasciata
M. cephalus
S. argus
L. laevigata
M. chinensis
G. subfasciatus
P. saltator
R. sarba
C. spatula
P. endrachtensis
S. plangon
L. inops
M. meraculus
C. australis
S. cephalotes
A. spilomelanurus
G. greyi
H. adelaide
H. cristatus
H. histrio
H. melanochir
N. waterhousi
0. oligolepis
P. curtirostris
S. radiatus
T. ovalis
u. vlamingii

Rank
30
30

31
32
33
34
34
3.5

36
36
�

38
38
38
38
39
40
40
40
40
40
40
40
40
40
40
40
40

Logarithmic

Species

Rank

Species

M. cephalus
G. marmoratus
P. sexlineatus
S. argus
L. laevigata
G. subfasciatus
M. chinensis
P. saltator
C. spatula
R. sarba
P. endrachtensis
C. australis
L. inops
M. meraculus
S. plangon
S. cephalotes
A. spilomelanurus
S. radiatus
H. adelaide
H. cristatus
H. -histrio
N. waterhousi
T. ovalis
u. vlamingii
P. curtirostris
0. oligolepis
H. melanochir
G. greyi

31
32
33

G. marmoratus
T. fasciata
M. cephalus
S. argus
L. laevigata
G. subfasciatus
M. chinensis
P. saltator
C. spatula
R. sarba
P. endrachtensis
C. australis
L. inops
M. meraculus
S. plangon
S. cephalotes
A. spilomelanurus
G. greyi
H. adelaide
H. cristatus
H. histrio
H. melanochir
N. waterhousi
0. oligolepis
P. curtirostris
S. radiatus
T. ovalis
U. vlamingii

34
3.5

36
36
�

38
38
39
40
40
40
40

41

42
42
42
42
42
42
42
42
42
42
42
42

Range standardised
Rank
31
32
33
34
3.5

36
36
�

38
38
39

40
40
40
40

41

42
42
42
42
42
42
42
42
42
42
42
42

Species
G. subfasciatus
L. inops
M. chinensis
M. meraculus
N. balteatus
P. sexlineatus
S. argus
S. plangon
L. laevigata
P. endrachtensis
E. australis
A. rueppelli
C. spatula
R. sarba
P. saltator
A. spilomelanurus
G. greyi
H. adelaide
H. cristatus
H. histrio
H. melanochir
N. waterhousi
0. oligolepis
P. curtirostris
S. cephalotes
S. radiatus
T. ovalis
U. vlamingii

Rank
26
26
26
26
26
26
26
26
'Zl
28
29
30

31
31
32
33
33
33
33
33
33
33
33
33
33
33
33
33
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datasets, with the exception of 4th root and log-transformed data, which
had eight species in common (Table 4.2). As the Kruskal-Wallis tests
indicate the species that are likely to be contributing most to the
partitioning of groups, these results indicate that the different weightings
achieved by various transformations result in different classifications of
samples.

ORDINATION
Transformation of data also affected the patterns present in the MDS
ordinations. Generally, ordinations derived from untransformed data did
not show patterns of site or seasonal groups (Figure 4.2), while clustering
of samples from the same site was apparent in ordinations derived from
transformed data. In the ordination derived from square root transformed
data, rarely did objects form discrete clusters, but groups of samples from
Buchanan Bay, Sulphur Bay and Jervoise Bay were present in the plot of
dimensions 1 vs 2, while groups of samples from Alcoa and Challenger
Beach could be distinguished in the plot of dimensions 1 vs 3 (Figure 4.2).
The most obvious pattern, however, was the separation of two samples
from Challenger Beach.
The ordination derived from 4th root transformed data showed a clear
cluster of Buchanan Bay samples in several plots. Sulphur Bay samples
demonstrated some grouping in the plot of dimensions 2 vs 3, and Jervoise
Bay showed some grouping in the plot of dimensions 1 vs 3, but other sites
did not reveal clear groupings. Similarly, in the ordination derived from
log-transformed data, Buchanan Bay formed a clear group, while
Sulphur Bay, Jervoise Bay and Challenger Beach formed less discrete
groups. Samples from other sites did not demonstrate clear patterns.
Jn the ordination derived from range standardised data, some grouping of
Jervoise Bay, Challenger Beach, Rockingham and Sulphur Bay samples
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was present. Discrete grouping of samples from Buchanan Bay was again
present (Figure 4.2).
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Figure 4.2: Ordination of samples following different forms of transformation. Letters
refer to the sites sampled. Sites with adjacent seagrass: B = Buchanan Bay; J = Jervoise
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R = Rockingham.
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Figure 4.2 continued: Ordination of samples following different forms of
transformation. Letters refer to the sites sampled. Sites with adjacent seagrass: B =
Buchanan Bay; J = Jervoise Bay; S= Sulphur Bay. Sites with no adjacent seagrass: A=
Alcoa; C= Challenger Beach; R= Rockingham.
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Table 4.2: Kruskal-Wallis statistics for species with the 10 highest values from non-hierarchical classifications derived from data following
different transformations. H = Kruskal-Wallis statistic.
No transformation
Species

C. brevicaudatus
P. unicolor
Lesuerina sp.:
N. balteatus
L. presbyteroides
A. ogilbyi
. S. vittata
A. forsteri
H. vittatus
S. robustus

H
109.57
96.99
92.25
87.58
78.55
66.17
66.03
57.76
56.59
51.01

4ihroot

Squareroot
Species

H

C. brevicaudatus 93.448
83.190
P. unicolor
Lesuerina sp
78.083
73.484
S. vittata
52.199
A. rueppelli
67.245
A. ogilbyi
62.664
E. australis
60.661
N. balteatus
C. macrocephalus57.298
58.507
S. granulatus

Species

Range standardised

Logarithmic

H

P. pelagicus
146.02
105.31
S. punctata
100.51
P. unicolor
93.682
Lesuerina sp
L. presbyteroides 70.705
A. elongatus
67.535
C. brevicaudatus 62.982
A.ogilbyi
59.741
T. fasciata
59.570
55.971
F. lateralis

Species

H

146.02
P. pelagicus
105.14
S. punctata
Lesuerina sp.
78.62
L. presbyteroides 70.65
64.03
P. unicolor
T. fasciata
59.57
F. lateralis
52.23
A. rueppelli
51.24
8. vittata
46.42
C. brevicaudatus 45.55

Species

H

646.74
P. unicolor
C. brevicaudatus 182.67
145.61
P. pelagicus
120.70
Lesuerina sp.
120.18
M. cephalus
118.09
N. balteatus
C. macrocephalus116.60
113.77
A. elongatus
0. australiensis 110.31
99.08
S. punctata
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STRESS VALUES
Clarity of patterns present in the data are indicated by the ordination
stress values, which are a measure of how well the arrangement of
samples shown in the ordination reflects the actual association values
between each pair of samples. A high stress value indicates that the
ordination is not an ideal reflection of the underlying association values ,._
Ordination of samples following transformation resulted in a slight
increase in stress values with severity of transformation (Figure 4.2).
Monte Carlo-style randomisations on each dataset were therefore
performed to determine the change in stress values that could be expected
from data transformation. If the frequency distribution of stress values is
constant across all datasets, then it would be reasonable to infer that the
increase in stress was due to data transformation reducing the ability of
three-dimensional space to represent the dissimilarity between each pair
of samples. On the other hand, if the frequency distributions change, this
would indicate that data transformation has a direct influence on the
stress values, regardless of patterns in the data.
Frequency distributions of stress values showed the latter pattern (Figure
4.3). Stress values for datasets derived from untransformed data were low,
with stress values increasing after square root and logarithmic
transformation, higher again following 4th root transformation, and
highest following range standardisation.
The stress values from randomised datasets changed far more markedly
than those from the original data (Figure 4.3). While the stress value from
untransformed data was in the tail of the frequency distribution, stress
values from transformed data were quite distinct from the frequency
-distribution, and also became more distinct with increasing severity of
transformation. This indicates that,, after transformation, patterns
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present in the original data were more different from patterns that were
present in random data. By reducing the amount of 'noise' in the data,
patterns could be more clearly represented in three dimensions.
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�gure 4.3: Frequency distributions of stress values derived from ordination of samples
after Monte Carlo randomisation of data. Arrows indicate stress values from original
·data.
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PRINCIPALAXIS CORRELATION
Principal axis correlation was used to examine changes in the species
that influenced patterns in the ordinations derived from data following
different levels of transformation (Table 4.3). Only two species had
correlations to the ordination derived from untransformed data greater
than 0.7. These were the two most numerous species overall, indicating
that patterns in this ordination were largely driven by high catches of
these species. The same two species retained high correlations to all
ordinations, with the exception of the ordination derived from range
standardised data (Table 4.3). However, with increasing intensity of
transformation, the number of species wit-h high correlations increased,
indicating that the distribution of values resulted in more species
contributing to the patterns in the ordination. Although the number of
species with high correlations to the ordination derived from square root
transformed data increased, all were still species with high overall
abundances. Species with high correlations to ordinations derived from
4th root and log-transformed data, however, were largely those with more
moderate abundances. The most numerous species retained the highest
correlations, but more species were contributing to the patterns. There
was also a high degree of similarity in the species recording high
correlations from 4th root and log-transformed data (Table 4.3).
The species with high correlations to the ordination derived from range
standardised data were somewhat different. The highly abundant species
that correlated well using untransformed and square root transformed
data did not figure prominently. There were also a number of species with
high correlations that did not correlate highly using any other dataset
(Table 4.3).
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Table 4.3: Results of principal axis correlation conducted on each of the ordinations in Figure 4.2, showing species with correlations > 0.7.
No transformation

Species
H. vittata
S. robustus

Correlation

0.8214
0.7546

Squareroot

Species

Correlation

0.8524
H. vittatus
0.8154
S. robustus
L. presbyteroides 0.7734
0.7401
S. vittatus
0.7117
E. australis

4throot
Species

Correlation

0.9241
H. vittatus
0.8725
S. robustus
H. semifasciata 0.8595
0.8566
N. balteatus
0.8542
P. pelagicus
C. macrocephalus 0.8504
0.8400
Lesuerina sp
0.8301
S. maculata
0.8163
S. punctata
L. presbyteroides 0.8152
0.7966
A. rueppelli
F. lateralis
0.7893
0.7743
S. granulatus
0.7412
G. subfasciatus
0.7382
M. chinensis
S. schomburgkii 0.7235
0.7222
E. armatus
G. marmoratus . 0.7174

Logarithmic

Species

Correlation

H. vittatus
S. robustus
H. semifasciata
L. presbyteroides
C. macrocephalus
N. balteatus
P. pelagicus
Lesuerina sp
S. schomburgkii
S. maculata
S. punctata
S. :granulatus
S. vittata
F. lateralis
A. rueppelli
G. subfasciatus
M. chinensis

0.8913
0.8752
0.8620
0.8490
0.8378
0.8334
0.8207
0.8088
0.7850
0.7807
0.7669
0.7581
0.7536
0.7372
0.7369
0.7209
0.7076

Range standardised

Species

Correlation

C. macrocephalus
S. granulatus
C. brevicaudatus
A. ogilbyi
H. semifasciata
S. schomburgkii
0. australiensis
P. pelagicus
N. balteatus
E. armatus
L. presbyteroides
G. subfasciatus
Lesuerina sp
M. chinensis

0.8760
0.8146
0.7923
0.7864
0.7688
0.7650
0.7623
0.7396
0.7352
0.7268
0.7144
0.7136
0.7044
0.7016
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IMPLICATIONS FOR EXAMINING PATTERNS IN DATA
These findings clearly demonstrate that interpretation of results could be
influenced by the type of data transformation chosen. Transformation of
data had the effect of reducing the amount of skew in the frequency
distribution of values, and changed the rank order of total catches for each
species. By reducing the emphasis on species captured in greater_
numbers, species with more moderate catches began to contribute to
patterns. In this way, the patterns highlighted by classification and
ordination of samples differed among analyses derived from data with
different transformations. In addition, by reducing the emphasis on
numerous species, stress values showed 'that patterns in ordinations
derived from transformed data became progressively clearer from
patterns that would be derived from random data.
While data transformation may clearly aid in examination of spatial and
temporal patterns, it is also evident that the type of transformation should
be selected carefully. For the purposes of 'this study, square root
transformation and range standardisation were not appropriate. Square
root transformation scaled data consistently, but the most numerous
species retained a disproportionate influence in analyses. Conversely,
range standardisation did not scale data consistently, over-emphasising
the contribution of singletons. Of the methods of data transformation
evaluated, 4th root and logarithmic transformation seem most
appropriate. Both scaled data consistently, reduced variability and allowed
contribution by species with more moderate catches.
When searching for patterns related to the presence or absence of adjacent
seagrass, a reduction in the influence of numerically dominant species is
important. To achieve this, either 4th root or logarithmic transformation
was appropriate, but in practice only one method is required. For further
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description of spatial and temporal patterns in this study, logarithmic
transformation was used, as the slightly lower stress values in the
ordination indicated a slightly better representation of the underlying
association values.
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Chapter 5: Assemblage level results
Examination of assemblage level patterns aimed to determine whether the
diversity and species composition of fish assemblages off sandy beaches
with adjacent seagrass were different to that of fish assemblages off
beaches without adjacent seagrass. Establishing the most appropriate
type of data transformation enabled trends exhibited by a fuller range of
the species sampled to contribute to these analyses. Analyses examined
both spatial and temporal patterns in the assemblage. Spatial patterns
were assessed to determine if there were differences in species
composition between the two main habitats (i.e. sandy beaches with or
without adjacent seagrass) or if there were differences among the sites
within a habitat type. Temporal patterns were examined to assess
whether differences between habitats or among sites remained consistent
over time. Particular consideration was given to whether spatial patterns
changed between pre- and post-recruitment periods. Analyses used to
examine the spatial and temporal patterns in the species assemblage
included simple description of trends in the distribution ofmdividual
species, species richness and diversity measures, classification,
ordination and ANOSIM tests.

SIMPLE DESCRIPTION
Sampling of the six sites over two seasons resulted in the capture of 55
species of fish from 34 families (Appendix 1). A number of invertebrate
species were also captured, but only the portunid crabs, Po rtunus

pelagicus and Ovalipes australiensis, and the cuttlefish, Sepia plangon,
were measured and used in analyses.
Of the 58 species recorded during this study, most were represented by
less than 20 individuals (Table 5.1). Many were transient species that were
captured at only one or two sites. There was a trend, however, for these
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infrequently captured species to be recorded mainly at Sulphur Bay and/or
Buchanan Bay, and to a lesser extent Rockingham. The transient species
recorded at Sulphur Bay were often associated with floating seagrass
leaves, while those at Buchanan Bay were near small seagrass patches or
concentrations of fine detritus.
Of the species represented by more than 20 individuals, many were
captured primarily in one habitat type, site or season. Several of these
were captured mainly in one site-season combination (Table 5.2), with the
result that conclusions regarding preference for sites or habitats were
difficult to make. Of the species captured primarily in one habitat type
(Table 5.3) some species were caught...in a range of site-season
combinations, while others were predominantly caught at one site (Table
5.4) or in one season (Table 5.5).
Individual species that were captured mainly from the sand only habitat
were largely schooling zooplanktivores, while those captured mainly from
the sites with adjacent seagrass, were largely benthic invertevores or
omnivores. It is worth highlighting the trend in several species. Ogilby's
hardyhead,

A. ogilbyi, and western school whiting, S. vittata, were well

represented in several sites without adjacent seagrass, but few were
captured in sites with adjacent seagrass. Conversely, yellow-finned
whiting,

S. schomburgkii, was regularly captured from several sites with

adjacent seagrass, but less so from sites without adjacent seagrass.
Many of the species captured exclusively or primarily from the seagrass
adjacent habitat were captured mainly in Buchanan Bay, in only one site
season combination. Exceptions were trumpeter whiting,
and blue manna crabs,

S. maculata,

P. pelagicus, which were captured in both

seasons, although caught mainly at Buchanan Bay.
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Other than species caught in only one site-season combination, there were
several species that exhibited a temporal trend in the number of
individuals captured (Table 5.5). Silverfish, L. presbyteroides, and banded
toadfish, T. pleurogramma, neither of which exhibited a trend towards
particular sites or habitats, were caught mainly in May-June, while
elongate flounder, A. elongatus, and an undescribed sandfish, Lesuerina
sp., also otherwise widely represented, were caught mainly in the
October-November sampling.
Table 5.1: Species represented by less than 20 individuals. n = number of individuals
captured.

n

Species

n

19

C. spatula
P. endrachtensis
S. plangon
S. cephalotes
M. meraculus
L. inops
C. australis
u. vlaminghii
T. ovalis
S. radiatus
P. curtirostris
0. oligolepis
N. waterhousi
H. melanochir
H. histrio
H. cristatus
H. adelaide
G. greyi
A. spilomelanurus

4
3
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1

Species
K.
C.
P.
P.
E.

sydneyanus
brevicaudatus
unicolor
jenynsii
armatus
c. macrocephalus
A. georgianus
P. sexlineatus
S. granulatus
0. australis
G. marmoratus
P. speculator
T. fasciata
S. argus
P. saltator
M. cephalus
L. laevigatus
R. sarba
M. chinensis
G. subfasciata

18

16

15

14
13
13
12

11
9
8
7
6
6

5
5
5

4
4
4

Table 5.2: Species with n>20 that had over 75% of individuals caught during one site
season combination. n = number of individuals captured; P = proportion of individuals
caught in site-season combination; #occ = number of replicate samples captured in.

Species

Site

Season

H. vittatus
E. australis
S. punctata
A. rueppelli
H. semifasciata
N. balteatus

Challenger Beach
Challenger Beach
Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay

Oct-Nov
May-June
Oct-Nov
May-June
May-June
May-June

n

p

32141
65

0.87
0.93
0.90
0.98
1.00
1.00

53
39
32
22

#occ

22

6
11
7
7
6
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Table 5.3: Species with n>20 that had over 75% of individuals caught from one habitat
type. n = number of individuals captured; P = proportion of individuals caught in habitat;
FG = feeding group (adapted from Ayvazian & Hyndes 1995); Z = zooplanktivore; B =
benthic invertevore; 0 = omnivore.

Species

Habitat

H. vittatus
S. robustus
A. ogilbyi
S. vittata
E. australis

No seagrass
No seagrass
No seagrass
No seagrass
No seagrass

S. schomburgkii
S. punctata
S. maculata
A. rueppelli
H. semifasciata
P. pelagicus
N. balteatus

Seagrass
Seagrass
Seagrass
Seagrass
Seagrass
Seagrass
Seagrass

n

p

32563
9 075
5 442
4295
70

0.88
0.86
0.98
0.99
1.00

120
58
49
40
32
25
22

0.75
0.98
0.79
1.00
1.00
1.00
1.00

-··

FG

z
z
z

B

z

B
B
B
B
0
0
0

Table 5.4: Species with n>20 that had over 75% of individuals caught at one site. n =
number of individuals captured; P = proportion of individuals caught at site.

Species

Site

H. vittatus
S. robustus
E. australis

Challenger Beach
Challenger Beach
Challenger Beach

S.punctata
S. maculata
A. rueppelli
H. semifasciata
P. pelagicus
N. balteatus

Buchanan
Buchanan
Buchanan
Buchanan
Buchanan
Buchanan

Bay
Bay
Bay
Bay
Bay
Bay

n

p

32145
8 702

70

0.87
0.82
1.00

58
49
40
32
25
22

0.98
0.79
1.00
1.00
1.00
1.00

Table 5.5: Species with n>20 that had over 75% of individuals caught during one season.
n = number of individuals captured; P = proportion of individuals caught in season.

Species

Season

L.
A.
T.
E.
A.
P.
H.
N.

May-June
May-June
May-June
May-June
May-June
May-June
May-June
May-June

presbyteroides
ogilbyi
pleurogramma
australis
rueppelli
humeralis
semifasciata
balteatus

H. vittatus
A. elongatus
Lesuerina sp.
·s. schomburgkii
S. punctata

Oct-Nov
Oct-Nov
Oct-Nov
Oct-Nov
Oct-Nov

n

p

6 730
4 632
77
6.5

0.78
0.84
0.77
0.93
0.98
0.89
1.00
1.00

36908

1.00
0.96
0.92
0.89
0.90

39
33
32
22

199
152
142
53
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Following the trend described by authors of other studies of sandy beach
fish faunas, numbers were dominated by only a few species (Table 5.6).
The dominant species were schooling, planktivorous fish categorised by
CSIRO (1994) as baitfish. Particularly abundant were the clupeids,

Hyperlophus vittatus and Spratelloides robustus, while the next most
abundant were two atherinids, Leptatherina

presbyteroides and

Atherinomorus ogilbyi. These species, together with Sillago vittata and
Aldrichetta forsteri, were captured in numbers far exceeding any of the
other species (Table 5.6).
It is worth highlighting that the 10 most numerous species were also the
10 most frequently captured species (T�ple 5.6). However, the four
planktivores that were the most numerous species were not the four most
frequently caught species, reflecting their highly patchy, schooling habits.
The same species were also consistently the most numerous at each site
(Table 5. 7). At all sites, the most numerous fish was one of the schooling
planktivores, and each site also had at lea�t 3 species of schooling
planktivore among the 10 most numerous species. Aldrichetta forsteri, a
schooling species of mullet, was among the most numerous at all sites.
The two whiting species, Sillago vittata and Sillago schomburgkii, and a
flounder, Ammotretis elongatus, were among the most common at 5 of
the 6 sites.
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Table 5.6: The 10 most numerous and 10 most frequently caught species from all
samples. n = number of individuals captured; s = number of samples represented in
(from a possible 96 seine hauls).
Most numerous
Species

Hyperlophus vittatus
Spratelloides robustus
Leptatherina presbyteroides
Atherinomorus ogilbyi
Sillago vittata
Aldrichetta forsteri
Ammotretis elongatus
Lesuerina sp.
Sillago schomburgkii
Torquigener pleurogramma

Most ubiquit.ous
n
36912
10577
8595
5543

4321
1807
'}J)7

166
160
100

Species

Aldrichetta forsteri
Ammotretis elongatus
Sillago vittata
Lesuerina sp.
Leptatherina presbyteroides
Atherinomorus ogilbyi
Torquigener pleurogramma
Sillago schomburgkii
Spratelloides robustus
Hyperlophus vittatus

s
57

42
42
40
39
32
�

25
25

22
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Table 5.7: The 10 most numerous species at each site, using pooled catches from all
samples. n = number of individuals captured.

Species

n

Alcoa

Challenger Beach

H. vittatus
S. robustus
S. vittata
A. ogilbyi
A. forsteri
E. australis
S. schomburgkii
Lesuerina sp.
T. pleurogramma
A. elongatus
Rockingham
L. presbyteroides
A. ogilbyi
S. vittata
H. vittatus
A. forsteri
S. robustus
A. elongatus
F. lateralis
S. schomburgkii
S. maculata

n

SEAGRASSADJACENT

NO SEAGRASSADJACENT
A. ogilbyi
L. presbyteroides
S. robustus
A. forsteri
S. vittata
H. vittatus
Lesuerina sp.
A. elongatus
T. pleurogramma
S. schomburgkii

Species

186.5
228
219
218
110
00
68
15

13

3

32145
8702
1643
479
125
70

25
ID
16
13

4445
3098

2542
338
IDl
154
49
21
12
9

Jervoise Bay

H. vittatus
A. forsteri
Lesuerina sp.
T. pleurogramma
A. elongatus
P. humer"alis
S. vittata
P. unicolor
A. ogilbyi
L. presbyteroides
Buchanan Bay

L. presbyteroides
A. forsteri
S. schomburgkii
S. punctata
A. ogilbyi
S. maculata
A. rueppelli
H. semifasciata
F. lateralis
S. robustus

SulphurBay
L. presbyteroides
S. robustus
A. forsteri
A. elongatus
A. ogilbyi
Lesuerina sp.
K. sydneyanus
S. schomburgkii
A. georgianus
S. vittata

4349
951
52
45
39
23

17
4
4
3

2020
228
106

f>8

57
49
40
32
30
23
1898
1476
84
00
40
ID
19
12
9
8
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ALPHA DIVERSITY
Diversity measures
Each diversity index revealed different relationships among the sites and
habitats, although Buchanan Bay was consistently highest for most
indices (Figure 5.1). Little difference between habitats was evident from
species richness (Figure 5.1.a). Although samples from Buchanan Bay
had generally higher species richness than samples from sites with no
adjacent seagrass, neither Sulphur Bay or Jervoise Bay reflected the same
trend. There were also differences among the sites with no adjacent
seagrass, with Rockingham demonstrating a relatively higher species
richness. These trends seemed mainly due to the more common species,
as the trend in the mean number of species with total abundances
exceeding 10 showed a virtually identical pattern (Figure 5.1.b).
A different trend was evident when only the number of uncommon species
was considered (Figure 5.1.c). Buchanan Bay and Sulphur Bay clearly
had a higher number of uncommon species, while few uncommon species
were captured at Jervoise Bay. Among the sites with no adjacent
seagrass, Rockingham was clearly distinct in having more uncommon
species.
Values for Margalefs index were generally higher for Buchanan Bay and
Sulphur Bay samples, indicating that samples collected from these sites
were relatively more diverse than samples from sites with no adjacent
seagrass (Figure 5.1.d) Samples from Jervoise Bay generally had lower
values, indicating lower diversity. Although weighted towards species
richness, this index is standardised by the number of individuals caught,
leading to a different measure than species richness alone. There was
also little variation among sites without adjacent seagrass, compared to
substantial variation among sites with adjacent seagrass.
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Variation among sites from both habitats was evident from the Shannon
diversity index (Figure 5.1.e). Buchanan Bay and Sulphur Bay samples
show slightly higher diversity values for this index, but the difference is
not as apparent as that shown for the species richness measures.
Variation is also evident among sites from both habitats.
Variation among sites was also a feature of results using the BergerParker index, a measure weighted towards evenness rather than species
richness (Figure 5.1.f). Little difference between habitats is evident as a
result of this variation. Buchanan Bay and Sulphur Bay samples show
slightly lower values, reflecting lower dominance (and therefore a more
even spread of species abundances), but the difference is not great. Note
the fact that Jervoise Bay and Challenger Beach had both the lowest
Shannon diversity values and the highest Berger-Parker dominance
values, although Challenger Beach had a higher species richness than
Alcoa. This indicates that dominance does not necessarily increase as
species richness decreases.
Few of the diversity measures could be analysed by ANOVA, as data were
heteroscedastic. Among the species richness measures, only the number
of uncommon species had equal variances after transformation, while
among the diversity indices, only the Berger-Parker index Noo had equal
variances. For both, there was no significant difference for any factors or
any interactions involving blocks within season, so the ANOVA was
conducted after pooling blocks.
Richness of uncommon species showed a highly significant difference
between sites (Table 5.8). No other factors showed any significant
differences.
ANOVA of Berger-Parker values indicated that there were no significant
differences in means among habitats (Table 5.8). Significant differences
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did exist between seasons, and highly significant differences were present
between sites.

Table 5.8: Results of ANOVAs on the number of uncommon species and the Berger
Parker index, following pooling of blocks within each season. H = habitat; S(H) = site; T
= Season; NS = not significant; * = significant at p < 0.05; ** = significant at p < 0.01.

Dependant
No. uncommon species
Berger-Parker index

H

NS
NS

S(H)

T

H*T

S(H)*T

**
**

NS

NS
NS

NS
NS

Rank abundance plots
The relative contribution of species to total catches in each site-season
combination is demonstrated in the rank abundance plots (Figure 5.2). In
these plots, a fairly straight line indicates the likelihood of a geometric
species abundance pattern, while a curved line indicates a species
abundance pattern closer to a log series (Magurran 1988). The rank
abundance plots for the fish data show that most sets of samples exhibited
a pattern closely resembling a geometric series (Figure 5.2). Most plots
contain one or two species captured in very high numbers, with a few
species in the medium abundance range, and a few singletons.
Exceptions were the rank abundance plots for Buchanan Bay, in which a
curve in several plots is distinct because of the presence of species with
similar catches (Figure 5.2).
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Figure 5.1: Mean diversity measures (+SE) for each site, calculated from all replicate
seine hauls collected in all blocks and seasons. Sites without adjacent seagrass: AL =
Alcoa; CH = Challenger Beach; RO = Rockingham. Sites with adjacent seagrass: BU =
Buchanan Bay; JE = Jervoise Bay; SU= Sulphur Bay.
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Figure 5.2: Rank abundance plots for each c ombination of site and season (replicates
and blocks are pooled). y axis re presents total number of individuals caught, on a
logarithmic scale.
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BETA DIVERSITY
Classification
All samples
Nine groups were formed from non-hierarchical classification using a
radius of 0.8. This is a relatively high radius, indicating that there was a
high amount of variability remaining between samples within each
group. The groups formed nevertheless yielded some readily interpretable
patterns (Table 5.9). Most apparent were patterns of grouping according to
season and site. Groups of samples from May-June were dominant in
Group 1 and Group 9, while Group 2 and Group 6 were comprised entirely
from samples collected during October-November.
The clearest site group was Group 4, which not only contained just
samples from Buchanan Bay, but contained 75% of all the samples from
this site. All other groups exhibited some mixing of samples from
different sites. Samples from Challenger Beach exhibited quite coherent
grouping, occurring only in Group 6 and Group 8, while samples from all
other sites were spread over four or five groups.

Species contributing to patterns
Kruskal-Wallis statistics provided some indication of the species varying
between groups defined by classification, with a high value indicating a
greater difference in catches between groups. L. presbyteroides and S.

vittata were the only species with abundances in the thousands that were
included (Table 5.10). The two highest values belonged to P. pelagicus and

S. punctata, species that were mainly found at Buchanan Bay. Lesuerina
sp. and P. unicolor, species mainly captured in October-November, but
from a range of sites, also had high Kruskal-Wallis values.
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Table 5.9: Groups defined by non-hierarchical classification using log-transformed
data for all species. B = Block within season; R = Replicate.

SITE
Group!

Alcoa
Alcoa
Buchanan Bay
Rockingham
Rockingham
Rockingham
Rockingham
Sulphur Bay
Sulphur Bay
Sulphur Bay
Group2

Alcoa
Alcoa
Jervoise Bay
Sulphur Bay
Sulphur Bay
Group3

Jervoise Bay
Group4

Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay
Group5

Alcoa
Alcoa
Buchanan Bay
Jervoise Bay
Jervoise Bay
Jervoise Bay
Jervoise Bay
Rockingham
Sulphur Bay
Sulphur Bay
Group6

Challenger Beach
'Challenger Beach
Challenger Beach
Rockingham

B

R

SEASON

SITE

1

1

2
2
2
2
2
2

1
1
1

May-June
May-June
May-June
May-June
May-June
October-November
October-November
May-June
May-June
May-June

Alcoa
Alcoa
Buchanan Bay
Rockingham
Rockingham
Rockingham
Sulphur Bay
Sulphur Bay
Sulphur Bay
Sulphur Bay

1

2
2

2
3

4
4
2
3

B

R

SEASON

1

2
4
4

May-June
May-June
May-June
October-November
May-June
May-June
May-June
May-June
October-November
May-June

2
2
2
2
2

1
3

1

4
2

2
2
2

2
4

Alcoa
Buchanan Bay
Jervoise Bay
Sulphur Bay

1
1

4
2

1

3

1

3

October-November
October-November
October-November
October-November

1

1

3

2

4

1
1
1

1

2
4

October-November
October-November
October-November
October-November
October-November

2

2

May-June

Jervoise Bay

2

4

May-June

1

1

May-June
May-June
May-June
October-November
October-November
October-November

Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay
Buchanan Bay

1

2

May-June
October-November
October-November
May-June
May-June
October-November

Alcoa
Alcoa
Jervoise Bay
Jervoise Bay
Jervoise Bay
Jervoise Bay
Rockingham
Sulphur Bay
Sulphur Bay

2
2

3

1

2

2
2
2

1

Challenger Beach
Challenger Beach
Jervoise Bay
Rockingham

1

3

1

4

2
2
2

2

1
3

1

3

2

2

1
1

4

2
2
2

3

1

3

2
2

4

May-June
October-November
October-November
October-November
October-November
May-June
October-November
October-November
October-November
October-November

2
2
4
2

October-November
October-November
October-November
October-November

1

2
2
1

1
1

4
1

1

3

1

4
2

2
2
2

1

3

4

1

2
3

1

1
1

2

3

2
2

3

1

2

1

2
2

October-November
October-November
May-June
May-June
October-November
October-November
October-November
October-November
October-November

October-November
October-November
October-November
October-November

00
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Table 5.9 continued: Groups defined by non-hierarchical classification using logtransformed data for all species. B = Block within season; R = Replicate.

SITE

B

R

SEASON

SITE

B

R

SEASON

Jervoise Bay
Sulphur Bay

1
1

3

May-June
May-June

Sulphur Bay

1

1

May-June

October-November
May-June
May-June
October-November
October-November
May-June
May-June
May-June
May-June

Alcoa
Challenger Beach
Challenger Beach
Challenger Beach
Challenger Beach
Challenger Beach
Jervoise Bay
Rockingham
Rockingham

1
1
1
1

2

2

1

2

3

1
1
1

1
3

October-November
October-November
May-June
May-June
May-June
May-June
May-June
May-June
October-November

May-June
May-June
May-June

Alcoa
Jervoise Bay

2

2

1

4

Group7

Groups

Alcoa
Challenger Beach
Challenger Beach
Challenger Beach
Challenger Beach
Challenger Beach
Challenger Beach
Rockingham
Rockingham

1
1
1
1
1

1
1
2
3
4

2

2

2

4

1
1

4

Group9

Alcoa
Alcoa
Rockingham

3

2

1

4

2

3

1

1

1
3
4

4

May-June
May-June

Table 5.10: Kruskal-Wallis statistics for species with the 10 highest values after testing
for d ifferences between groups defined by non-hierarchical classification of log
transformed data. H = Kruskal-Wallis statistic.

Species

P. pelagicus
S. punctata
Lesuerina sp.
L. presbyteroides
P. unicolor
T. fasciata
F. lateralis
A. rueppelli
S. vittata
C. brevicaudatus

H
146.02
105.14
78.62
70.65
64.03
59.57
52.23
51.24
46.42
45.55
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Table 5.11: Groups defined by non-hierarchical classification, using log-transformed
data from all species following pooling of replicates within a block.

Site
Groupl

Alcoa
Alcoa
Challenger Beach
Rocking ham
Rocking ham
Rocking ham
Rocking ham

Group2

Buchanan
Buchanan
Buchanan
Buchanan

Bay
Bay
Bay
Bay

Group3

Challenger Beach
Challenger Beach
Challenger Beach
Jervoise Bay

Group4

Jervoise Bay
Jervoise Bay
Jervoise Bay

Group5

Block

Habitat

Alcoa
Alcoa
Sulphur Bay
Sulphur Bay
Sulphur Bay
Sulphur Bay

Season

1
2
1
1
1
2
2

May-June
May-June
October-November
May-June
October-November
May-June
October-November

1
1
2
2

May-June
October-November
May-June
October-November

No seagrass adjacent
No seagrass adjacent
No seagrass adjacent
Seagrass adjacent

1
2·
2
1

May-June
May-June
October-November
May-June

Seagrass adjacent
Seagrass adjacent
Seagrass adjacent

1
2
2

October-November
May-June
October-November

No seagrass adjacent
No seagrass adjacent
Seagrass adjacent
Seagrass adjacent
Seagrass adjacent
Seagrass adjacent

1
2
1
1
2
2

October-November
October-November
May-June
October-November
May-June
October-November

No
No
No
No
No
No
No

seagrass
seagrass
seagrass
seagrass
seagrass
seagrass
seagrass

Seagrass
Seagrass
Seagrass
Seagrass

adjacent
adjacent
adjacent
adjacent
adjacent
adjacent
adjacent

adjacent
adjacent
adjacent
adjacent
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Pooled replicates
When replicate samples within each block were pooled, subsequent
classification yielded strong grouping according to site, but the seasonal
pattern evident at the replicate level was not present (Table 5.11). Five
groups were formed, with samples from Buchanan Bay again forming a
distinct group. Samples from both Rockingham and Sulphur Bay also
clustered in a single group, albeit mixed with samples from other sites. In
addition, samples from Challenger Beach and Jervoise Bay also grouped
strongly, while those from Alcoa split into two groups, with both blocks
from each season clustering together.

Ordination
Ordination of samples derived from log-transformed data showed a clear
trend for grouping according to sites (Figure 5.3). Different site groupings
were evident in different vectors. Samples from Buchanan Bay and
Sulphur Bay showed clear groups in the plot of dimension 1 vs 2, a
Challenger Beach sample group was evident in dimensions 1 vs 3, and
Jervoise Bay and Rockingham showed some grouping in dimensions 2 vs
3. There was little evidence of grouping according to presence or absence
of adjacent seagrass.
The ordination stress value of 0.1111 indicated that the patterns present
were not a complete representation of the underlying dissimilarity values.
Stress values in the ordination reflect how well the dissimilarity values
between each pair of objects is represented. To determine the stress values
that could reasonably be expected from the data, Monte Carlo
randomisations were conducted. Of 1 OOO randomly reordered datasets, all
resulted in ordinations with a higher stress value than that attained from
'teal data (Figure 5.4). The ordination of original data was therefore able to
provide a better representation of the, underlying dissimilarity values.
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This indicates that patterns are clearer than those that would be expected
from random data.
Principal axis correlation was used to determine species that contributed
in a high degree to patterns in the ordination. The species with the
highest correlations were generally species with high catches (Table 5.12).
The two highest correlations were for the two most numerous species,
although there were a number of species with correlations greater than
0.7. This indicates that the patterns in the ordination were driven to a
large extent by species with high abundances, but also that many other
species contributed to the grouping of sites.
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Figure 5.3: Ordination of samples (using log-transformed abundanc e data).
Ordinations were constructed in 3 dimensions, with (a) showing 1 vs 2, (b) showing 1 vs
3, and (c ) showing 2 vs 3. Stress = 0.1111. Letters refer to the sites sampled. Sites with
adjacent seagrass: B = Buchanan Bay; J = Jervoise Bay; S = Sulphur Bay. Sites with no
adjacent seagrass: A= Alcoa; C = Challenger Beach; R = Rockingham.
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Figure 5.4: Frequency distribution of ordination stress values derived from 1 OOO
datasets created by Monte C arlo reordering of log-transformed data. Arrow indicates
position of stress value for ordination derived from real data.

Table 5.12: Results of principal axis correlation using untransformed species data,
showing species with con-elations > 0.7. n = total number of individuals captured.

Species
H. vittatus
S. robustus
H. semifasciata
L. presbyteroides
C. macrocephalus
N. balteatus
P. pelagicus
Lesuerina sp
S. schomburgkii
S. maculata
S. punctata
S. granulatus
S. vittata
F. lateralis
A. rueppelli
G. subfasciata
M. chinensis

n

Con-elation

36 912
10 577

0.8913
0.8752
0.8620
0.8490
0.8378
0.8334
0.8207
0.8088
0.7850
0.7807
0.7669
0.7581
0.7536
0.7372
0.7369
0.7209
0.7076

32

8 595
13
22

25

164
160
6'2
5.9

11
4 317
51
47
4
4
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Ordination of samples using data split into the main feeding groups
indicated that the benthic invertevores produced in the strongest patterns
of clustering. Using data from the 35 species of benthic invertevores,
samples from each site exhibited some clustering (Figure 5.5). Most
evident was the group of Buchanan Bay samples, but other sites exhibited
some grouping. There was also a weaker trend for samples from the sites
with adjacent seagrass to separate to the left of the plot.
Benthic invertevores were further examined by selecting only the sand
associated species, using results of the pilot study to select species.
Patterns in the ordination derived from the 18 species thus selected were
very similar (Figure 5.6). Although there was some overlap of sites in the
ordination plot, there was again some separation of samples taken from
sites with adjacent seagrass. Clustering of samples from each site was
also obvious, with samples from Buchanan Bay again forming a distinct
group.
The group of samples from Buchanan Bay was also evident in the
ordination using combined data from the 13 species of omnivore and 1
species of herbivore (Figure 5.7). Other sites in this ordination, however,
exhibited no clear groups.
Clear patterns were not evident in the ordination of samples using the 5
species of zooplanktivores (Figure 5.8). There was a weak grouping of
samples from some sites, such as Jervoise Bay, but generally samples
were mixed. In this ordination, the samples collected from Buchanan Bay
did not form a discrete cluster.
An ordination was not constructed using the 10 species of piscivores.
Piscivorous fishes only occurred in 12 of the 24 possible combinations of
.site, season and habitat, and the association matrix of the 12 samples was
. comprised mainly of dissimilarity vah,ies of 1, leading to problems in
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constructing the ordination. It is noteworthy, however, that the 12
samples containing piscivores were the 4 samples from Buchanan Bay,
Sulphur Bay and Rockingham, indicating that they may have distinct site
preferences.
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Figure 5.5: Ordination of samples based on benthic invertevores only. Stress = 0.126.
Letters refer to the sites sampled. Sites with adjacent seagrass: B= Buchanan Bay; J=
Jervoise Bay; S = Sulphur Bay. Sites with no adjacent seagrass: A= Alcoa; C=
Challenger Beach; R = Rockingham.
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Figure 5.6: Ordination of samples based on sand-associated invertevores only. Stress=

0.111. Letters refer to the sites sampled. Sites with adjacent seagrass: B= Buchanan Bay;
.J= Jervoise Bay; S = Sulphur Bay. Sites with no adjacent seagrass: A= Alcoa; C=
Challenger Beach; R = Rockingham.
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Figure 5.7: Ordination of samples based on omnivores and herbivores only. Stress=
0.159. Letters refer to the sites sampled. Sites with adjacent seagrass: B= Buchanan Bay;
J = Jervoise Bay; S = Sulphur Bay. Sites with no adjacent seagrass: A = Alcoa; C =
Challenger Beach; R = Rockingham.
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Figure 5.8: Ordination of samples based on zooplanktivores only. Stress= 0.143. Letters
refer to the sites sampled. Sites with adjacent seagrass: B= Buchanan Bay; J= Jervoise
Bay; S= Sulphur Bay. Sites with no�adjacent seagrass: A= Alcoa; C= Challenger Beach;
R= Rockingham.
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ANOSIM
Two-way nested ANOSIM conducted for each season, with 10 OOO
permutations, did not result in a permuted dataset with an R value higher
than the original (Table 5.13). Among site differences within a season
were therefore shown to be very significant. Tests for differences between
habitats, however, did not result in a significant difference (Table 5.13)�
Only 10 permutations were possible, as there were only 3 site groups
within each habitat. However, in both seasons permutations of the data
resulted in several values greater than the original. The null hypothesis of
no differences between habitats therefore could not be rejected.
The two-way nested ANOSIM demonstrated that there were significant
differences between sites with putatively similar habitats. One-way
ANOSIM provided an indication of which sites were different (Table 5.14).
Virtually all of the site pairs were significantly different in each season.
For May-June, all the sites with adjacent seagrass showed highly
significant differences, while among sites with no adjacent seagrass,
Challenger Beach was significantly different from both other sites. Only
the site pair of Alcoa and Rockingham showed no significant differences
(Table 5.14).
For the October-November data, all site pairs from both habitats were
significantly different (Table 5.14). Most of the differences were highly
significant.
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Table 5.13: Results of two-way nested ANOSIM testing for differences between habitats,
with separate analyses for each season; (i) = test for among site differences; (ii) = test for
between habitat differences. R = test statistic from original data; # = number of
permutations (note that 10 was the maximum possible number of permutations for
between habitat tests); #>R = number of permutations resulting in a statistic greater
than the original R value; Sig. = significance value.

Season
May-June
October-November

(i)
(ii)
(i)
(ii)

R

#

# >R

Sig.

0.308
0.185
0.493
0.000

10000
10
10000
10

0
2
0
5

0.0%
20.0%
0.0%
50.0%

Table 5.14: Results of one-way ANOSIM testing for differences between each pair of sites,
with separate analyses run for each season and habitat.R = test statistic from original
data; #>R = number of permutations resulting in a statistic greater than the original R
value (6 435 permutations were performed for each analysis, being the maximum
possible number of permutations); Sig. = significance value.

if

Season

Sitepair

May.June

'

Oct.ober-November

R

#>R

Sig.

No seagrass adjacent
Alcoa : Challenger Beach
Alcoa : Rockingham
Challenger Beach : Rockingham

0.235
0.068
0.230

145
1050
88

2.3%
16.3%
1.4%

Seagrass adjacent
Buchanan Bay: Jervoise Bay
Buchanan Bay: Sulphur Bay
Jervoise Bay: Sulphur Bay

0.355
0.596
0.347

2
8
8

0.0%
0.1%
0.1%

No seagrass adjacent
Alcoa : Challenger Beach
Alcoa : Rockingham
Challenger Beach : Rockingham

0.639
0.483
0.465

1
1
8

0.0%
0.0%
0.1%

Seagrass adjacent
Buchanan Bay: Jervoise Bay
Buchanan Bay: Sulphur Bay
Jervoise Bay: Sulphur Bay

0.739
0.449
0.161

2
11

0.0%
0.2%
3.5%

226
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GENERAL ASSEMBLAGE LEVEL PA'ITERNS
Each of the assemblage level analyses complemented the others, as each
examined slightly different aspects of diversity or species composition. Yet
patterns yielded by these analyses were generally quite similar. Simple
description of species catches indicated that, while some species were
captured predominantly off beaches either with or without seagrass, most
of these were specific to certain sites, or were captured in only one set of
samples. Species richness and diversity measures indicated that neither
habitat type was consistently more diverse, with considerable variation
among sites with adjacent seagrass, and among sites with no adjacent
seagrass. These results were supported by the rank abundance plots,
which indicated that there were differences among sites within a habitat
type. Classification of samples both before and after pooling replicates also
indicated no patterns according to presence or absence of adjacent
seagrass, but distinct grouping of samples taken from each site. A weak
temporal pattern was evident in the classification of all replicates, but was
not evident after replicates were pooled. Ordination using all species
followed the same trends, with no patterns evident that could be related to
the presence or absence of adjacent seagrass, but strong grouping of
samples from the same site. Ordinations derived from data for different
feeding groups provided some indication that adjacent seagrass may have
some influence: benthic invertevores and sand-associated invertevores
yielded some pattern of separation of sites with adjacent seagrass,
although grouping of samples from each site was still the strongest trend.
Finally, ANOSIM tests indicated that differences between sites with and
sites without adjacent seagrass were not significant, but that differences
among sites within these broad habitat types were significant.
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Overall, these results did not indicate that there were large differences in
the species assemblage between beaches with and beaches without
adjacent seagrass. The main reason for this appeared to be differences
among sites with the same habitat type. As an example, Buchanan Bay
and Sulphur Bay- beaches with adjacent seagrass beds- both had higher
diversity than other sites, but multivariate analyses indicated that there
were differences between them in species composition. Jervoise Bay, the
other site with adjacent seagrass, not only had a different species
composition, but also had lower diversity. Similar, though less distinct,
differences occurred among the sites with no adjacent seagrass.
A recurrent trend was that Buchanan Bay differed from other sites.
Buchanan Bay had the highest diversity and a different species
composition to all other sites.
The differences among sites were relatively consistent within and between
seasons, with classification and ordination indicating that samples
collected from the same site over different sampling periods were
generally more similar than samples collected from different sites during
the same sampling period. The main temporal differences occurred in the
numbers and size of individual species, variables that were examined in
detail by the population level analyses.
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Chapter 6: Population level results
Assemblage level patterns generally reflect the distributions of individual
species. Patterns in the distribution of individual species may be
expressed in terms of differences in the number, age and sex of fish
caught. Catches were therefore examined in relation to these variables to
assess trends that may reflect real patterns in the populations of
individual species.
Patterns in the number, age and sex of fish caught could be assessed by
using significance tests to examine differences between habitats, among
sites and among sampling periods. Analyses concentrated on these
spatial and temporal differences in total catches and in the catches of
more numerous species. Although assemblage level patterns reflected
trends in less numerous species after data transformation (e.g. Table
5.12), univariate significance tests were only conducted on catches of the
more numerous species because it was not appropriate to formally test for
differences when total catches amounted to only a few individuals. Often,
however, patterns in the distribution of these species were clear and
needed no formal analysis (see Table 5.4).

TOTAL CATCHES
A total of 69 012 individuals were captured during the main sampling
program, represented by a wide range of lengths (Appendix 4). Numbers
were dominated by the five species of schooling zooplanktivores, with 61
700 (90.7 %) individuals from these species. Because of the numerical
dominance of the zooplanktivores - species that would not be expected to
respond to the substrate (Edgar & Shaw 1995c) - significance testing was
conducted on two datasets. The first dataset contained the total number of
individuals of all species, while the second dataset only contained the total
number of individuals of non-planktivorous species (note that adult diets
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were considered as the determining factor where juveniles may have been
planktivorous, e.g. Aldrichetta forsteri). Both sets of data required
logarithmic transformation for equality of variances.
ANOVA revealed that the total number of individuals from all species
varied significantly among sets of samples at the lowest level (Table 6.1).
The number of individuals fluctuated among sites within habitats and
among blocks of time within seasons (Range 2 - 15 280 individuals; Figure
6.1). Numbers were dominated by Hyperlophus vittatus (46%), caught in
large numbers at Challenger Beach during one set of samples. However,
high variation also existed between all other sets of samples (Figure 6.1).
Although mean numbers of all individuals were greater in October
November (mean= 1 022.3) than May-June (mean= 415.4), and in sites
with no adjacent seagrass (mean = 1 187.6) than sites with adjacent
seagrass (mean= 250.2), differences were not tested for season or habitat
due to the significant variation among sets of samples at the lowest level of
analysis.
When the planktivores were excluded results of the ANOVA did not
change (Table 6.1). The only significant difference remained the
interaction between sites within habitats and blocks within season.
Numbers still varied greatly among sets of samples from different sites
and among sets of samples taken at different times at the same site
(Range O - 1 212 individuals; Figure 6.2). Even though planktivores were
not included, fluctuations occurred due to other schooling species, such as
western school whiting, Sillago vittata. Seasonal and habitat trends were
similar to total catches, with mean catches excluding planktivores greater
in October-November (mean= 91.9) than May-June (mean= 60.4), and in
sites with no adjacent seagrass (mean = 1 07.9) than sites with adjacent
seagrass (mean= 44.4), but again differences at the lowest level of analysis
meant that these differences were not tested.
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These results indicate that although broad-scale spatial or temporal
trends in the total numbers of individuals caught did exist, most variation
occurred at smaller spatial and temporal scales.
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Figure 6.1: Mean number of individuals captured in each set of samples,± standard
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numbers of Hyperlophus vittatus caught in one set of samples. TI = May-June; T2 =
October-November; BI = Block I; B2 = Block 2.

111

Population level results

M.Sc.

No SEAGRASSADJACENT

SEAGRASS ADJACENT
900

900

800

800

� 700

� 700

� 600

� 600

§ 500

§ 500

u

u

'"d

'"d

§

§

400
300

400
,.Q
� 300

,.Q
CCI

�w 200

w 200
�

§

CCI

100

100
0

Tl,Bl

Tl,B2

T2,Bl

0

T2,B2

900

900

800
ril 700
Cl)

800
ril 700
Cl)

� 600

� 600
'"d

§

400
� 300

400
300

,.Q

§
� 200
100
0

,l t

§ 500

§ 500

§

CCI

w 200
�

100

Tl,Bl

Tl,B2

T2,Bl

0

T2,B2

Tl,Bl

900

900

800
ril 700
Cl)

800
ril 700
Cl)

� 600

� 600
'"d

§ 400

400
300

,.Q
CCI

§
w 200

300
§
� 200

100

100

�

0

T2,B2

§ 500

§ 500

§

T2,Bl

u

u

,.Q
CCI

Tl,B2

Alcoa

SulphurBay

'"d

T2,B2

u

u

,.Q
CCI

T2,Bl

Challenger Beach

BuchananBay

'"d

Tl,B2

Tl,Bl

Tl,Bl

Tl,B2

T2,Bl

JervoiseBay

T2,B2

0

Tl,Bl

Tl,B2

T2,Bl

T2,B2

Rockingham
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Table 6.1: Results of ANOVAs on the total number of individuals in each catch, both
including and excluding planktivores. H = habitat; S(H) = site; T = Season; B(T) =
Block;** = significant at p<0.01; NS = not significant; - = no F-test.

Dependant

H

All individuals
N on-p lanktivore
individuals

S(H)

T

B(T)

H*T

H*B(T)

S(H)*T

NS

NS

NS

NS

NS

NS

NS

NS

S(H)*B(T)

**
**

INDIVIDUAL SPECIES
As the results for total catches pooled for all species indicated no
differences at any level other than among sets of samples, catches of
individual species were examined to determine whether there were
patterns in the number of individuals captured. ANOVAs were used to
examine whether the catches of individual species exhibited spatial or
temporal trends. Differences in length-frequency were examined for
species with total catches exceeding 25 (Table 6.3)
Prior to ANOVA, data were examined to assess. whether the assumptions
of parametric significance testing were met. To examine whether data
were homoscedastic, Cochran's tests were applied for the species with
total catches exceeding 10 individuals. Of these, most had catches that
remained

heteroscedastic

after

transformation

(Table

6.2).

Heteroscedasticity was usually due to high fluctuations in the number of
individuals caught, a result of the strong degree of spatial clustering. For
planktivorous species, heteroscedasticity was invariably a result of their
schooling behaviour. For non-planktivorous species, heteroscedasticity
was usually because a disproportionately high number of individuals
were caught in only one set· of replicate samples. This occurred for
schooling and non-schooling species, indicating that it was not solely due
·to aggregation of schools of fish.
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Table 6.2: Results of Cochran's tests examining the null hypothesis that variances
between sets of replicates were homoscedastic after different levels of transformation. n
= total number of individuals captured = variances heteroscedastic; = variances
homoscedastic at a significance level of 0.05; • = variances homoscedastic at a
significance level of0.01 only.

**

Species

*

Transformation

n
None

Squareroot

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

**
*

4317
Sillago vittata
1835
Aldrichetta forsteri
'lffl
Ammotretis elongatus
166
Lesuerina sp.
160
Sillago schomburgkii
100
Torquigener pleurogramma
70
Engraulis australis
6'2
Sillago maculata
5.9
Sillaginodes punctata
Favonigobius lateralis
51
40
Apogon rueppelli
37
Pelsartia humeralis
3'2
Haletta semifasciata
25
Portunus pelagicus
22
Neodax balteatus
19
Kyphosus sydneyanus
18
Contusus brevicaudatus
16
Paraplagusia unicolor
15
Pseudorhombus jenynsii

•

*
**
**
**
**
**
**
**
**
**
**
**
**
*
*
**

•

*
**

4throot Logarithmic

•

**
*
*
*
*
**
**
**
**
**
**
**
**
**
**
**
*
*
**

*
*

•
•

**
**
**
**
**
**
**
**
**
**
**
*
*
**

Table 6.3: Results ofKolmogorov-Smirnov tests for differences in the length-frequency
distrib utions of species represented by � 25 individuals: (A) between seasons and (B)
between habitats within each season. n = total number of individuals used in analyses; = analysis not appropriate; NS = not significant;
= significant at p < 0.05; =
significant at p <0.01.

**

Species

n

*

A(Season)

B(Habitat)
May.June

Sillago vittata
Aldrichetta forsteri
Leptatherina presbyteroides
Atherinomorus ogilbyi
Spratelloides robustus
Hyperlophus vittatus
Ammotretis elongatus
Lesuerina sp.
Sillago schomburgkii
Torquigener pleurogramma
Sillaginodes punctata
Favonigobius lateralis
Portunus pelagicus

4316
1835
567
530
487
'Zl7
209

164
160
-100

5.9

51

25

Oct-Nov

**
**
**
**
**

NS
**
**
NS
**

**
**
**
NS
**

**
**
**
**
**
**
*

NS
*
NS

NS
**
NS
NS

NS

NS
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Sillago vittata
Cochran's tests on catches of western school whiting, Sillago vittata,
indicated that variances were heteroscedastic even after most methods of
transformation (Table 6.2). As heteroscedasticity can lead to spurious
results (Zar 1974), analyses should be interpreted cautiously. Log
transformed data were used in the ANOVA. The only significant result,_
however, was for significant differences among sets of replicate samples
taken in different combinations of times within a season and sites within
a habitat (Table 6.4). Few S. vittata were captured in any of the sites with
adjacent seagrass, but this was not tested because of the high variability
between sets of samples. There was clearly

·a large difference, however, as

99% of individuals were captured from sites with no adjacent seagrass.
Most S. vittata were captured at Challenger Beach and Rockingham,
although there was a high fluctuation in the numbers caught both
between seasons and between sets of samples within a season (Figure 6.3).

S. vittata captured in this study ranged from 28-236 mm standard length.
Most individuals were < 150 mm (Figure 6.4), and were probably O+ fish
(i.e. less than 1 year old). Few individuals > 200 mm were captured. This
indicates that, although both adult and newly recruited juveniles were
present, the S. vitatta population on the beaches was comprised mainly of
juveniles.
Kolmogorov-Smirnov tests showed a significant difference in length
frequency between seasons (Table 6.3). The same age class appeared to be
present in both seasons (Figure 6.4), and although the mean and median
length of individuals in October-November (mean 82.5; median 82) was
smaller than that of May-June (mean 91.1; median 92), this difference
may not have practical significance. There were several large individuals
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captured during October-November, and as Kolmogorov-Smirnov tests are
sensitive to outliers, these may have influenced the result.
As few individuals were captured in any of the sites with adjacent
seagrass, differences in length-frequency between habitats are of little
relevance.

,1

Table 6.4: Results of ANOVA on number of Sillago vittata individuals captured in each
sample. There was no exact F-test for the main effects of habitat-and season, and the
interaction between habitat and season.

Souroo

Habitat
Site (Habitat)
Season
Block (Season)
Habitat* Season
Habitat * Block (Season)
Site (Habitat)* Season
Site (Habitat)* Block (Season)
Residual

df

ES

MS

1
4
1
2
1
2
4
8

25.966
6.422
.799
4.140
1.606
2.229
2.252
6.026
16.454

25.966
1.606
.799
2.070
1.606
1.115
.563
.753
.229

72

F

p

2.132

.1682

2.748

.1235

1.480
.747
3.296

.2839
.5864
.0029
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Figure 6.3: Mean number of Sillago vittata captured in each set of samples. Note the scale
difference in the plots for Challenger Beach and Rockingham. TI = May.June; T2 =
October-November; BI = Block I; B2 = Block 2.
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Figure 6.4: Length-frequency histograms for Sillago vittata. Length-frequencies are
shown separately for each season and habitat (pooled sites within habitats) to illustrate
trends.
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Aldrichetta forsteri
Catches of yelloweye mullet, Aldrichetta forsteri, were significantly
different in sets of samples taken from different sites and during different
blocks of time (Table 6.5). A. forsteri were captured at all sites. Although
more individuals were captured from sites with adjacent seagrass (1 275)
than sites with no adjacent seagrass (561), a high proportion of these were
captured in one set of samples from Jervoise Bay, and the difference
between habitats was not tested because of the significant variation at the
lowest level of analysis. Some seasonal trend was apparent, with catches
generally higher in October-November, but this also was not tested due to
the significant difference at the lowest level·of the ANOVA (Figure 6.5).
Standard lengths of A. forsteri in this study ranged from 18-262 mm
(Figure 6.6; Appendix 4), indicating that both newly-recruited juveniles
and adults were present on the beaches. Length-frequency histograms
revealed 3 distinct modes, corresponding to 3 separate age classes (Figure
6.6).
Significant differences in length-frequency of A forsteri existed between
seasons (Table 6.3). Seasonal differences appeared to be due to the
appearance of large numbers of juveniles in October-November (Figure
6.6). Individuals < 80 mm standard length were clearly more abundant,
indicating recruitment of juvenile A. forsteri to the beaches. Fewer
individuals > 150 mm standard length were caught during October
November than during May-June, indicating that the adults may have left
the beaches.
Significant differences in length-frequency also occurred between the two
habitats in both seasons (Table 6.3). More juveniles < 80 mm standard
length were captured from sites with adjacent seagrass in both seasons.
Most of these (65.9%) were captured in Jervoise Bay.
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A. forsteri that were mature enough for sex to be determined were
captured in a total of 4 seine hauls from 3 sites (Alcoa, Jervoise Bay and
Buchanan Bay). In these 4 samples, 82 adult A. forsteri were captured,
most of which were females (72 females, 10 males). These few data
indicate that adults do not preferentially select particular beaches in
Cockburn Sound, although this could not be tested. A seasonal trend in
the presence of adults was apparent, with mature A. forsteri only
captured during May-June. This reflects the same trend as the length
frequency information (Figure 6.6), with the oldest age class of A. forsteri
not appearing in samples collected during October-November.

Table 6.5: Results of ANOVA on number of Aldrichetta fr,rsteri individuals captured in
each sample. There was no exact F-test for the main effects of habitat and season, and the
interaction between habitat and season.
Source
Habitat
Site (Habitat)
Season
Block (Season)
Habitat * Season
Habitat * Block (Season)
Site (Habitat) * Season
Site (Habitat) * Block (Season)
Residual

df

e,

MS

1
4
1
2
1
2
4
8

.019
3.665
1.804
5.145
1.018
2.794
3.918
5.890
25.075

.019
.916
1.804
2.572
1.018
1.397
.980
.736
.348

7'2

F

p

1.245

.3659

3.494

.0812

1.897
1.331
2.114

.2117
.3378
.0453
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Figure 6.6: Mean number ofAldrichetta forsteri captured in each set of samples. TI =
May.June; T2 = October-November; BI = Block I; B2 = Block 2.

121

M.Sc.

Population level results

SEAGRASSADJACENT
May-June

NO SEAGRASS ADJACENT
May-June

180

180

140
120

140
120

160

160

100

100

80

80

60
40

60
40
20
0

20

0

50 100 150 200 250 300

0

Standard length

180

180

:

Standard length

140
120
100

140
120
100

160

160

:r�.

50 100 150 200 250 300

October-November

October-November

,c
\•

0

80

80

60
40

60
40

0

0

20

20

0

50 100 150 200 250 300
Standard length

0

50 100 150 200 250 300
Standard length

Figure 6.6: Length-frequency histograms for Aldrichetta forsteri. Length-frequencies
are shown separately for each season and habitat (pooled sites within habitats) to
illustrate trends.
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Ammotretis elongatus
Highly significant differences existed among catches of elongate flounder,

Ammotretis elongatus, collected from sites during different blocks of time
(Table 6.6). A. elongatus were captured at all sites, and no significant
differences among sites were present. More individuals were consistently
captured during October-November over all sites (Figure 6.7), althoug�
this was not tested due to the significant variation at the lowest levels in
the ANOVA.
Standard lengths of A.

elongatus ranged from 24-112 mm. As A .

elongatus reaches lengths of 22 cm (Kuiter 1993), and Dybdahl (1979)
recorded A. elongatus of 23 cm total length (19 cm standard length with
the conversion in Appendix 2), the individuals in this study were therefore
primarily O+ juveniles, with some individuals from 1+ age classes. Older

A. elongatus were not captured, possibly due to net avoidance, movement
away from beaches or depletion by fishing.
Kolmogorov-Smirnov tests indicated significant differences in length
frequency between seasons, but not between habitats (Table 6.3). The
significant difference between seasons was due to the presence of
juveniles in October-November that were not present in May-June. In
October-November, juvenile A. elongatus of< 70 mm standard length
were captured in relatively high numbers (Figure 6.8). No A. elongatus <
70 mm standard length were captured in May-June, indicating
recruitment of juveniles to the beaches during or just before October
November. Low numbers of A. elongatus > 70 mm were present in both
seasons.
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Figure 6.7: Mean number ofAmnwtretis elongatus captured in each set of samples. Tl =
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Table 6.6: Results of ANOVA on number of Ammotretis elongatus individuals captured
in each sample. There was no exact F-test for the main effects of habitat and season, and
the interaction between habitat and season.
Souroo

e,

MS

.049
1.371
5.493
.026
.291
.064
1.482
1.514
3.684

.049
.343
5.493
.013
.291
.032
.371
.189
.051

df

Habitat
Site (Habitat)
Season
Block (Season)
Habitat * Season
Habitat * Block (Season)
Site (Habitat) * Season
Site (Habitat) * Block (Season)
Residual

1
4
1
2
1
2
4
8

72

F

p

1.811

.2201

.068

.9352

.170
1.958
3.699

.8469
.1942
.0011
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F igure 6.8: Length- f requency histograms fo r Ammotretis elongatus. Length
frequencies are shown separately for each season and habitat (pooled sites within
habitats) to illustrate trends.
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Lesuerina sp.
Another of the more frequently captured species was a species of sandfish
(Leptoscopidae). This species was previously identified as Crapatalus
arenarius, but is likely to be a distinct and undescribed species of
Lesuerina (Dr Peter Last, pers. comm.). Logarithmic transformation of
catches did not result in homoscedasticity at a significance level of ex.= 0.05
(Table 6.2). However, square root transformation and 4th root
transformation resulted in homoscedastic data (Table 6.2). Fourth root
transformation was preferred for the ANOVA, because it has a similar
effect on data to logarithmic transformation.
Catches of Lesuerina sp. varied significantly in the interaction between
sites within habitats and seasons. Sites within habitats as a main effect
were also shown to have significant differences (Table 6.7). None of the
interactions involving block were significant at the ex.= 0.05 level. However,
differences between habitats were not tested by pooling blocks, as p-values
were less than 0.1 (Table 6.7). Lesuerina sp. was present at all sites, but
catches did vary. At all sites, more Lesuerina were captured during
October-November (Figure 6.9). The increase in numbers was due to the
capture of juveniles (Figure 6.10).
Lesuerina sp. captured in this study ranged from 20-85 mm standard
length. As this species grows several centimetres longer (pers. ohs.) most
individuals in this study were probably juveniles.
The increased capture of juveniles was supported by Kolmogorov-Smirnov
tests, which indicated a significant difference in length-frequency between
seasons (Table 6.3). The smallest individual caught during May-June was
48 mm, while most individuals caught during October-November were <
·48 mm. Within October-November there was a significant difference in
length-frequencies between habitats, , although the size ranges were
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similar (range from sites with adjacent seagrass 22-81 mm; range from
sites with no adjacent seagrass 20-79 mm). Median lengths were greater
in sites with no adjacent seagrass (45 mm) than those with adjacent
seagrass (38 mm). It appears unlikely, however, that individuals move
between beaches as they grow and differences are probably not due to
ontogenetic habitat shifts.

Table 6.7: Results of ANOVA on number of Lesuerina sp individuals captured in each
sample. There was no exact F-test for the main effects of habitat and season, and the
interaction between habitat and season.

Som-re

df

S3

MS

Habitat
Site (Habitat)
Season
Block (Season)
Habitat * Season
Habitat * Block (Season)
Site (Habitat) * Season
Site (Habitat) * Block (Season)
Residual

1
4
1
2
1
2
4
8
72

.029
8.776
13.017
.041
2.866E-4
1.629
7.430
2.508
11.380

.029
2.194
13.017
.020
2.866E-4
.815
1.858
.313
.158

F

p

6.999

.0100

.065

.9374

2.598
5.926
1.983

.1350
.0162
.0607
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Figure 6.9: Mean number of Lesuerina sp. captured in each set of samples. TI = May
June; T2 = October-November;BI = Block I;B2 = Block 2.
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Figure 6.10: Length-frequency his tograms for Lesuerina sp. Length-frequencies are
shown separately for each season and habitat (pooled sites within habitats) to illustrate
trends.
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Sillago schomburgkii
Using 4th root transformed data (see Table 6.2), catches of S.

schomburgkii did not show significant differences at the lowest level of the
ANOVA. There were significant interactions between site and season,
and between habitat and blocks of time. In addition, sites as a main effect
also showed significant differences (Table 6.8). Clear spatial trends i�
catches were difficult to identify (Figure 6.11), although catches were
regularly highest at Buchanan Bay.
At sites where S. schomburgkii was captured in greater numbers, catches
were higher in October-November, indicating that some temporal trends
may exist.

S. schomburgkii captured during this study ranged from 48-294 mm
standard length (Figure 6.12; Appendix 4). Several age classes were
present, indicating that S. schomburgkii was resident on the beaches as
both juveniles and adults. Unlike S. vittata, large (> 150 mm) S.

schomburgkii were commonly captured.
Kolmogorov-Smirnov tests indicated that there was a significant
difference in length-frequency between seasons. Size ranges in the two
seasons were similar (48 - 282 mm in May-June; 54 - 294 in October
November). The mean and median lengths, however, were greater in
October-November (mean 191.1 mm; median 201 mm) than in May-June
(mean 158.3 mm; median 169.5 mm). This was due to the capture of S.

schomburgkii > 150 mm at several sites. Length-frequency histograms
also indicate that higher numbers of juvenile(< 110 mm) S. schomburgkii
were captured during October-November.
Within October-November, when the majority of individuals were caught,
there was also a significant difference between habitats (Table 6.3). The
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difference in lengths between habitats in October-November appeared to be
due to the presence of more individuals < 110 mm in sites with adjacent
seagrass. Most (98%) were captured at Buchanan Bay, and generalising
preference for habitats is not possible.

S. schomburgkii that were mature enough to enable sex to be determined
were captured in both seasons, but were more frequently captured in
October-November (6 in May-June, 105 in October-November). Sexes
demonstrated some degree of spatial clustering at scales of< 50 metres,
with several catches dominated by one sex only. Mature S. schomburgkii
were present at all sites, although samples taken from Buchanan Bay had
the greatest catches of both males and females (Figure 6.13). Relatively
few females were captured at other sites, but males were more evenly
represented across sites.

Table 6.8: Results of ANOVA on number of Sillago schomburgkii individuals captured
in each sample. There was no exact F-test for the main effects of habitat and season, and
the interaction between habitat and season.
Source

Habitat
Site (Habitat)
Season
Block (Season)
Habitat Season
Habitat Block (Season)
Site (Habitat) Season
Site (Habitat) Block (Season)
Residual

*
*

*
*

elf

S3

MS

1
4
1
2
1
2
4
8

.957
6.736
4.477
1.605
.120
3.541
5.716
2.406

.957
1.684
4.477
.803
.120
1.771
1.429
.301
15.908

72

F

p

5.598

.0189

2.668

.1295

5.886
4.751
1.361
.221

.0268
.0294
.2282
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Figure 6.11: Mean number of Sillago schomburgkii captured in each set of samples. Tl =
May.June; T2 = October-November; Bl = Block 1; B2 = Block 2.
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Figure 6.12: Length-frequenc y histograms for Sillago schomburgkii. Length
frequencies are shown separately for each season and habitat (pooled sites within
habitats) to illustrate trends.
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OTHER SPECIES
The only other species with homoscedastic variances (enabling testing
with ANOVA) were

Contusus brevicaudatus

and

Paraplagusia unicolor.

None of the interactions involving block showed significant differences for
these species, so ANOVA was conducted again following pooling of blocks
within each season, to give 8 'replicates'.
Catches of C.

brevicaudatus

showed significant differences in season-site

interactions, and highly significant differences between sites (Table 6.9).
Numbers varied significantly, but spatial or temporal trends were not
evident.
Length-frequencies of Contusus

brevicaudatus

were significantly different

between seasons (Table 6.3), although the number of individuals was low
(n = 18). Larger individuals were only captured in May-June, with no
individuals > 100 mm standard length captured in October-November.
Within a season, there were no significant differences in length-frequency
between habitats.
The lemon tongue sole,

Paraplagusia unicolor,

was represented by single

individuals in 16 separate samples. Most (93.5%) were captured in
October-November, a result that was statistically significant (Table 6.9). At
all sites except Buchanan Bay, individuals were caught in both blocks of
time within October-November.
The only individual captured during May-June was the largest captured
overall (235 mm standard length), with all individuals captured the
following season being considerably smaller (range 62-191 mm). This
suggests that a pattern of recruitment similar to that of A.

elongatus

may

have occurred.
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Table 6.9: Results of ANOVAs on the number of C. brevicaudatus and P. unicowr in each
catch, after pooling of blocks. H = habitat; S(H) = site; T = Season; * = significant at
p<0.05; ** = significant at p<0.01; NS = not significant;.

Species

H

S(H)

T

H*T

S(H)*T

brevicaudatus
P. unicolor

NS
NS

**
NS

NS

NS
NS

*

C.

NS

There were a number of species for which parametric significance tests
were not conducted because data remained heteroscedastic after
transformation (Table 6.2).
Of the non-planktivorous species, most species had heteroscedastic catch
data due to high catches in one or two samples. The catch data did,
however, reveal trends, particularly in length-frequency. Kolmogorov
tests could be conducted, and differences in length frequency between
seasons were significant for many species.
Banded toadfish, Torquigener pleurogramma, were caught at all sites,
and tended to be more numerous during May-June. There was a
significant difference in length-frequency between seasons, with
individuals caught during May-June tending to be smaller than those
caught during October-November (Figure 6.14).
Similarly, length-frequencies of long-finned goby, Favonigobius lateralis,
were also significantly different between seasons. Individuals captured
during October-November were generally larger (Figure 6.15). Blue
manna crabs, Portunus pelagicus, also tended to be bigger in October
November, a difference that was again significant (Figure 6.16; Table 6.3).
In contrast, King George whiting, Sillaginodes punctata, which were
almost exclusively caught in "Buchanan Bay, tended to be smaller in
October-November (Figure 6.17). Length-frequency differences were
·significant (Table 6.3), with juveniles < 60 mm standard length captured
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during October-November only. These were only captured at Buchanan
Bay.
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Figure 6.14: Length-frequency histograms for Torquigener pleurogramma. Length
frequencies are shown separately fo r each season.
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Figure 6.15: Length-frequency histo grams for Favonigobius lateralis. Length
frequencies are shown separately for each season.

136

M.Sc.

Population level results

May.June

October-November

3 -

3 •

2 -

2 -

1 -

1 -

0 ------.--------.--.
25
0
100 125
75
50
Carapace width

0 ---....-, --.,,....----0
25
50
75
100
Carapace width

I

125

Figure 6.16: Length-frequenc y histograms for Portunus pelagicus. Length-frequencies
are shown separately for each season.
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Figure 6.17: Length-frequenc y histograms for Sillaginodes punctata. Length.
frequencies are shown separately for each season.
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PLANKTIVORES
Parametric significance tests were not conducted on data for any of the
planktivorous fishes. High spatial and temporal variation due to their
schooling habits resulted in data that remained heteroscedastic even after
transformation (Table 6.3). Seasonal and spatial patterns in catches may.
have been present, but were masked by the high variation between
samples. Silverfish, Leptatherina presbyteroides, which was captured at
all sites, tended to be more abundant during May-June, but showed
considerable fluctuation between blocks (Figure 6.18). The catches of both
blue sprat, Spratelloides robustus (Figure 6.19), and Ogilby's hardyhead,

Atherinomorus ogilbyi (Figure 6.20), showed little pattern, with temporal
changes not consistent from site to site. Sandy sprat, Hyperlophus

vittatus, and Australian anchovy, Engraulis australis, were both
captured almost exclusively in one combination of block and site, and plots
of catches are not shown here.
For L. presbyteroides, S. robustus and A. ogilbyi, although tests could not
be conducted on changes in the number caught, differences in length
frequency were evident. For all 3 species there were significant differences
in length-frequency between seasons (Table 6.3). Individuals of

L.

presbyteroides tended to be slightly bigger in October-November than May
June (Figure 6.21). Similarly, individuals of A. ogilbyi were also slightly
bigger in October-November (Figure 6.22).
A different pattern was evident for S. robustus (Figure 6.23). Length
frequency for S. robustus changed from a unimodal distribution in May
June, to a bimodal distribution in October-November. The main mode
·present in May-June demonstrated a shift to the right in October
November as individuals grew larger, while in addition a second mode of
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much smaller individuals appeared, indicating recruitment of juveniles
to the beaches.
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Figure 6.18: M ean number of Leptatherina presbyteroides ca ptured in each set of
..samples. TI = May.June; T2 = October-November; BI = Block 1; B2 = Block 2.
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Figure 6.19: Mean number ofAtheri_,wmorus ogilbyi captured in each set of samples. TI
= May-June; T2 = October-November; BI = Block 1; B2 = Block 2.
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Figure 6.20: Mean number of SprateUoides robustus captured in each set of samples. Tl =
May-June; T2 = October-November; Bl = Block l; B2 = Block 2.
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Figure 6.21: Length-frequenc y hi s tograms for Lept atherina presbyteroides. Length
frequencies are shown separately for each season.
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Figure 6.22: Length -frequenc y hi s togr ams for Atherinomorus ogilbyi. Length
frequencies are shown separately for each season.
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Figu re 6.23: Length-frequenc y histograms for Spratelloides robustus. Length
frequencies are shown separately for each season.

GENERAL POPULATION LEVEL PATTERNS
Population level analyses indicated that, for most species, numbers of
individuals varied significantly among sets of samples taken from
different sites and taken during different blocks of time, while the size of
individuals exhibited broader trends related to seasonal recruitment.
Little information could be derived from the sex of individuals, as for most
species, few adults were captured.
The number of individuals in replicate hauls was highly variable, and for
most species the main patterns were small-scale differences among sites
within habitats and between blocks of time within seasons. A broader
trend related to presence or absence of seagrass was not evident for most
species, although for some (particularly S. vittata), there were indications
of differences between habitats. Most S. vittata (99%) were captured at sites
without adjacent seagrass, although the majority were caught at two sites
only. Although this result is not conclusive, it suggests the hypothesis that
this species may prefer beaches with no adjacent seagrass, possibly
benefiting from the wider availability of unvegetated habitat.
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Tests on length-frequency data did not indicate that different size classes
of any species preferred different habitats. For species that were captured
in a wide range of sizes, juveniles and adults were generally captured
from the same habitat type. Age classes of some species showed affinity to
certain sites. Juvenile A. forsteri, for example, were more numerous at
Jervoise Bay, while large S. schomburgkii were more numerous at
Buchanan Bay.
For many species, there was a strong temporal trend in length-frequency
distributions. Larger numbers of juveniles were caught in October
November for A. forsteri, A. elongatus, P. unicolor and S. robustus,
indicating recruitment of juveniles at this period. Conversely, individuals
of S. vittata, L. presbyteroides and A. ogilbyi, tended to be larger in
October-November. This indicates that the population sampled in May
June was growing larger, and that recruitment was unlikely to have
occurred between the sampling periods.
Few adults were caught of any species other than A. forsteri or S.

schomburgkii, so trends in the distribution of different sexes could not
generally be examined. For these two species, the different sexes did not
exhibit different distributions according to habitat, although more female

S. schomburgkii were captured at Buchanan Bay, suggesting that they
may be more numerous at this site than males.
As small-scale variability was the dominant pattern for most species, it is
likely that distributions in the short-term are influenced by factors other
than the presence or absence of seagrass. Environmental conditions
fluctuated among sites and sampling periods during this study, so the
next step in investigating the factors determining distribution of fish
-�nvolved examining the assemblage and population level trends in
relation to these environmental conditions.

144

L

M.Sc.

Environmental parameters

Chapter 7: Environmental parameters
Although results of the assemblage and population level analyses
indicated consistent differences among beaches, there was a high degree
of variation among sets of samples from the same beach. A number of
previous studies of sandy beach fish faunas have found that catches may
vary with prevailing environmental conditions (e.g. Lasiak 1984a; Clark et

al. 1996a), suggesting that the variability among sets of samples in this
study may have been influenced by environmental conditions. For this
reason, it is valuable to examine the temporal and spatial trends in the
environmental conditions recorded during this study, and assess whether
the assemblage and population level patterns could be linked to these
environmental conditions. Environmental parameters recorded during
this study were water temperature, depth, wind speed, wind direction and
the amount of detached macrophyte material taken in each haul.

WATER TEMPERATURE
Temporal patterns in water temperature were consistent across all sites
(Figure 7.1). Temperatures were generally lower in May-June than in
October-November. Within each season there were also consistent trends
between blocks of time. In May-June, temperatures dropped between
Block 1 and Block 2, while in October-November there was a consistent
increase in temperature from Block 1 to Block 2.
Relative water temperature among sites did not remain consistent for all
blocks of time (Figure 7.1). Buchanan Bay and Sulphur Bay on the western
side of Cockburn Sound demonstrated greater temperature ranges than
sites on the eastern side of Cockburn Sound (Figure 7.1). This was mainly
due to elevated temperatures during the final sampling period, as
·temperatures in May-June did not vary greatly among sites.
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Figure 7.1: Water temperature (°C) for each site recorded once for each set of samples. SI
= May.June; S2 = October-November, BI = Block 1; B2 = Block 2.
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WATERDEPrH
The depth off each of the beaches varied (Figure 7 .2). Buchanan Bay and
Sulphur Bay were distinctly shallower than most other sites, with
Rockingham the only site on the eastern side that was also relatively
shallow. Although the shallowest sites also seemed to be the warmest, the
correlation (r = 0.251) was not significant.
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Figure 7.2: Mean water depth (m) at each site, averaged over all samples. Sites with no
seagrass adjacent: AL = Alcoa; CH= Challenger Beach; RO = Rockingham. Sites with
seagrass adjacent: BU= Buchanan Bay; JE = Jervoise Bay; SU= Sulphur Bay.

WIND
Wind speed and direction relative to the beach were considered as
environmental parameters. Generally there was a range of wind speeds
recorded at each site (Table 7.1). Jervoise Bay was an exception, with little
wind recorded during collection of any samples. Wind at Rockingham and
Sulphur Bay also tended to be stronger on more occasions than other sites
(Table 7.1).
Wind direction tended to be less evenly spread. Wind at Buchanan Bay,
Sulphur Bay and Rockingham was offshore far more regularly than other
sites. However, Buchanan Bay and Sulphur Bay are both eastward-facing
beaches, and the beach at Rockingham faces west, so offshore winds are
blowing from the east at the former beaches, and from the west at
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Rockingham. Wind at other sites was recorded from a greater range of
directions.

Table 7.1: Frequency of wind speed and direction categories recorded at each site. Total
number of samples = 16. J = onshore; t = offshore; +- = alongshore; - = still.
Site

Direction

Speed

2

3

4

NO SEAGRASSADJACENT
7
5
Alcoa
4
Challenger Beach 8
0
7
Rockingham

4
4
9

0
0
0

5

5

4
7

4
9

2
0
0

1

SEAGRASSADJACENT
Buchanan Bay
4
Jervoise Bay
8
Sulphur Bay
0

t

...

9

5

0

5

4

3

4

12

0

2
4
0

4
2

12

0
8
0

0
4
0

o··

2
16

'I'
i

DETACHED MACROPHYTES
The amount of detached macrophyte material on each of the beaches
varied from site to site. The largest quantities were consistently found at
Buchanan Bay (Table 7.2). Sulphur Bay, the other site on Garden Island,
also had large quantities of detached macrophyte material. Moderate
quantities were found at Challenger Beach, while little or no detached
macrophyte material was found at Alcoa, Rockingham or Jervoise Bay
(Table 7.2). There may have been a relationship between proximity of
offshore seagrass and the volume of detached macrophytes washed onto
beaches. Buchanan Bay and Sulphur Bay, both with seagrass beds directly
offshore, had the highest quantities. Jervoise Bay, with seagrass beds
adjacent, but not directly offshore, had little. Conversely, with the
exception of Challenger Beach, the sites with no adjacent seagrass had
virtually no detached macrophyte material washed ashore.
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Table 7.2: Frequency of each cat.egory of detached macrophyte quantity recorded for each
beach. Total number of samples= 16.

Site

NOSEAGRASSADJACENT
Alcoa
Challenger Beach
Rockingham
SEAGRASSADJACENT
Buchanan Bay
Jervoise Bay
Sulphur Bay

Relative quantity of detached macrophyte material

0

1

2

3

4

15

0
6
0

1
3
0

0

2
0

0
1
0

3

7

5

1
8

1
0
0

0
0

4
16

0
10
0

8

LINKING ENVIRONMENTAL PARAMETERS TO
CATCHES
These results indicate that environmental parameters did vary among
sites. To assess whether these differences were related to the assemblage
and population level trends, analyses were conducted to examine trends
in derived diversity and abundance measures with environmental
conditions. Relationships to temperature, a continuous variable, were
examined by correlation. Other environmental variables were treated as
categories, so differences in diversity and abundance measures were
examined using Kruskal-Wallis tests.
Mean species richness for each set of samples was not correlated to water
temperature. Measured by both mean number of species (r2 = 0.086), and
number of uncommon species (r2 = -0.124), species richness showed little
relation to water temperature.

,.I
.I
I

From analyses examining differences in catches from different depths,
species richness measures showed a significant difference between depth
£ategories, but evenness, dominance and abundance did not exhibit
significant differences (Table 7 .3). Species richness was higher in
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samples taken from shallow water, illustrated by the trend for species
richness and the number of uncommon species (Figure 7.3).
Kruskal-Wallis tests applied to examine whether diversity and abundance
varied significantly between categories of wind strength and direction
indicated that several species richness measures showed significant
differences between categories of wind strength (Table 7 .3). Species
richness, Margalef s index and number of uncommon species, (all of
which were correlated) showed significant differences according to wind
strength. Margalefs diversity and number of uncommon species were
selected to illustrate the trend of higher diversity in samples taken while
wind was stronger (Figure 7.4).
The same 3 variables also demonstrated significant differences between
categories of wind direction, as did Shannon H' and Berger-Parker N
(Table 7.3). The species richness measures showed highest diversity in
offshore wind conditions, and lowest diversity in alongshore and still wind
conditions (Figure 7.5). Conversely, dominance as measured by Berger
Parker N was significantly higher for alongshore and still wind
conditions than for either offshore or alongshore wind conditions (Figure
7.5).
Kruskal-Wallis tests also indicated some significant differences related to
the amount of detached macrophyte material (Table 7.3). Although,
species richness did not vary significantly with amount of macrophytes,
several of the diversity indices did show significant differences. Generally,
there was higher species richness in samples with a greater amount of
detached macrophyte material, a trend exemplified by the number of
uncommon species (Figure 7.6). Although there was a significant
..difference in dominance as measured by the Berger-Parker index, trends
are not as clear (Figure 7 .6). Samples that had little or no detached
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macrophyte material had relatively high dominance by individual species,
but in samples with higher amounts of macrophytes, there did not appear
to be a consistent trend.

Table 7.3: Results of Kruskal-W allis tests examining differences in diversity and
abundance between each category of depth, wind speed, wind direction and amount of
detached macrophyte material.D =Depth; WS = Wind speed; WD = Wind direction;DM
=Detached macrophytes;
= highly significant; = significant; NS = not significant.
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Figure 7.3: Mean diversity of each depth category, measured by (a) species richness, and
(b) number of uncommon species.
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by (a) number of uncommon species, and (b) the Berger-Parker index.
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GENERAL PATIERNS IN ENVIRONMENTAL
PARAMETERS
Environmental conditions recorded in this study appeared to be
interrelated. Water temperature and depth corresponded closely, as did
wind conditions and amount of macrophyte material. Generally, sites
with the greatest temperature ranges were also the shallowest, while sites
that were cooler overall were also the deepest. Although the highest

• I

macrophyte concentrations also occurred at some of the shallower sites,
this appeared more closely linked to wind conditions. Sites sampled

'

I
I
I

during the strongest wind conditions had the largest amounts of
macrophyte material. These were coincidentally also the sites where wind
during sampling blew most often from offshore.
Abundance and diversity measures had different relationships to
environmental conditions. Abundance measures did not show any

l

relationship to different environmental conditions, indicating that
variations in the number of fish caught were either in response to other

I

'rJ:;(,1

: '

influences, or were simply stochastic in nature. In contrast, derived
diversity measures showed strong relationships to depth, wind speed,
wind direction and amount of detached macrophyte material. Isolating
the main influences from among these factors is difficult. It is likely,
however, that some environmental parameters are affected by others, and
therefore it is a combination of environmental conditions that influences
fish assemblages. As an example, larger amounts of macrophyte
material were probably a result of strong winds blowing floating
macrophytes into the surf-zone. Although fish probably responded directly
to the macrophyte material, wind speed and wind direction were
important in accumulating this material.
Similarly, although diversity showed a strong relationship to depth, depth
in itself was unlikely to be influencing the fish assemblages. The
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relationship of diversity to depth was more likely to reflect the degree of
exposure. Although not directly measured in this study, wave height was
generally lower at the shallower sites (pers. ohs.; M.P. Rogers, pers.
comm.). There was thus a greater degree of shelter at the shallower sites,
and it may be this that influenced fish distributions.
Generally, it appears that among sample variability and differences
among sites were influenced by environmental conditions at different
scales. The variation in species composition among samples was probably
in response to immediate environmental conditions such as daily wind
strength. In contrast, overall differences among sites were probably
influenced in part by consistent local variations in overall environmental
conditions, such as prevailing wind direction. Short-term changes in
environmental conditions within sites and overall differences among sites
are therefore likely to influence the larger scale patterns in species
assemblages that reflect habitat conditions.
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Chapter 8: Discussion
Description of the spatial and temporal patterns that exist in disturbed
and undisturbed ecological communities is an important initial step in
determining the effects of habitat loss. Identification of these patterns
leads to formulation of hypotheses about the processes that cause them. In
the absence of experimental studies, this can form the basis for making
predictions of the effects of habitat loss. The - ability to make reliable
predictions is essential for managers, who are generally hampered by a
lack of understanding of ecosystem functioning (Jacoby 1994).
Patches of habitat both inside and outside reserves form the focus for
managers who wish to maintain marine biodiversity. To adopt
management approaches that will maximise the maintenance of marine
biodiversity, prediction of the effects that habitat loss has on marine
biodiversity is therefore vital.
Individual studies usually examine the effects of habitat loss by describing
patterns exhibited by specific assemblages within the community. These
assemblages are usually groups of taxonomically related species
(Underwood & Petraitis 1993). Studies of ecological communities that exist
in seagrass-sand habitats are no exception, and probably the best studied
component of these communities are the fish assemblages. Several
authors have recently suggested that seagrass loss affects fishes
inhabiting seagrass and bare sand habitats (MacDonald 1991; Jenkins et

al. 1993). This study examined this question by exploring the spatial and
temporal patterns exhibited by the fish assemblages off sandy beaches in
Cockburn Sound, Western Australia. None of the beaches in Cockburn
Sound are likely to be completely undisturbed, so the study compared the
··fish assemblages of some of the few remaining beaches that have offshore

l

seagrass beds with some of the beaches where seagrass loss has been
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complete. The aim of these comparisons was to enable some prediction of
changes that may occur in the fish assemblage as a result of seagrass
loss.
In order to reach conclusions that would enable such predictions, initial
consideration was given to reducing the bias and increasing the precision
in data by selecting appropriate methods of sampling fish assemblages,
levels of replication and data transformation. Spatial and temporal
patterns were then examined, focussing on two levels: patterns in the
species composition of assemblages (using diversity and multivariate
analyses), and trends in the numbers and size structure of individual
species' populations. In addition, environmental parameters likely to
influence the assemblage and population level patterns were assessed.

IMPORTANCE OF SAMPLING METHODS AND DATA
TRANSFORMATION
Pi"lotstudy
Interpretation of ecological patterns requires that researchers understand
the potentially confounding influences associated with sampling faunal
assemblages. It was evident from review of available literature that a high
degree of inherent variability, and biases in the catch composition of
different sampling gears, may influence results obtained from studies of
fish assemblages. Establishing methods of sampling and analysis that
increase precision and reduce bias was therefore critical. Issues related to
sampling methodology and appropriate levels of replication to reduce bias
and variability in this study have already been discussed (see Chapter 2).
Briefly, results of the pilot study indicated that there were unlikely to be
great differences in estimates of fish assemblages derived from nets with
Jength differences of a similar magnitude to those used in this study. In
addition, levels of replication feasible in this study were likely to yield
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relatively precise estimates of species composition, although variation in
the number of individuals remained high. These results were given
important consideration in the main sampling program, with the net
used and level of replication deliberately selected to reduce bias and
increase precision.

Data transfonna.ion
Even with the level of replication selected to increase precision, the
numerical dominance of a few species resulted in 'noise' in analyses that
could potentially mask real patterns. To further reduce this 'noise'
additional consideration was given to appropriate measures of data
transformation that would reduce the -·relative weighting of these
numerous species. While recognising that researchers should never use
data transformation to search for the 'best' patterns, some transformation
is necessary for obtaining meaningful results.
Transformation of data in this study was shown to alter the amount of
skewness in the distribution of data values, with resulting differences in
ranked total catches, patterns shown by classification and ordination,
relative contribution of each species to these patterns (shown by Kruskal
Wallis tests and principal axis correlation) and the ability of patterns to be
reflected in three dimensional ordinations (shown by the stress values).
Differences in the results obtained by classification and ordination
appeared to be due to the greater relative weighting of species caught in
moderate numbers. The four species of clupeids and atherinids (the
species caught in the highest numbers) generally did not show patterns in
distribution according to site or habitat, agreeing with the predictions of
Edgar & Shaw (1995c) that these taxa would not respond to substrate.
--Reduction in the relative weighting given to these species allowed greater
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contribution by species that would be expected to show patterns related to
site or habitat.
Of the methods examined, the commonly applied methods of logarithmic
transformation and 4th root transformation were most appropriate for
scaling data consistently, while at the same time reducing the relative
weighting of the most numerous species. Square root transformation did
not greatly reduce the weighting of these species, while range
standardisation scaled data inconsistently, introducing more 'noise' into
results. Results suggested that, in seeking an examination of overall
spatial and temporal trends, logarithmic and 4th root transformations
were applicable.
Knowledge gained from exam1mng the nets used, optimal levels of
replication and appropriate measures of data transformation enabled
more reliable examination of spatial and temporal patterns in the data.

AsSEMBLAGE LEVEL PA'ITERNS
Spatwl,pattems
Overall, consistent differences in assemblages between the sites with
adjacent seagrass and the sites without adjacent seagrass were not
evident. Instead, analyses indicated that the main differences were
among sites. Differences in species composition among sites were quite
apparent, despite high variation between sets of samples. Species richness
and diversity measures indicated that Buchanan Bay and Sulphur Bay
(with adjacent seagrass) and Rockingham (without adjacent seagrass)
were the most diverse. Classification and ordination both indicated that
sets of samples taken from each site formed quite coherent groups - but
that patterns according to presence of adjacent seagrass were generally
not apparent. Notable exceptions in this regard were the ordinations
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derived from benthic invertevores. These ordinations showed some
separation of samples taken from sites with adjacent seagrass, but they
also showed strong groups of samples from each site. ANOSIM tests
strongly supported the dominance of differences among sites, indicating
no differences between beaches with and beaches without adjacent
seagrass, but highly significant differences among sites.
As diversity measures and multivariate analyses showed differences
among sites, these differences were due to patterns in species richness
and species composition. A consistent pattern was for the highest alpha
diversity, and the most distinct species composition, to be found in
samples taken at the two sites on Garden Island (Buchanan Bay and
Sulphur Bay). One of the reasons for this was a higher frequency of
uncommon species, although the same uncommon species did not co
occur at the two beaches. Species occurring only at Buchanan Bay were
often benthic, substrate-associated species such as fiddler ray,

Trygonorrhina fasciata, and rock flathead, Leviprora laevigatus. Those
occurring only at Sulphur Bay were sargassum fish, Histrio histrio,
juvenile western buffalo bream, Kyphosus sydneyanus, spotted pipefish,

Stigmatopora

a rg us, and western crested pipefish, Mitotichthys

me raculus. These are species regularly associated with floating algae,
and their presence at Sulphur Bay can be attributed to the presence of
floating seagrass.
Individually, these uncommon species contributed little information to
overall patterns, but collectively they exhibited general trends. Indeed,
analyses of the number of rare species (those with total catches less than
or equal to 10), showed highly significant differences among sites,
although there was no consistent trend associated with the presence of
seagrass. In comparison, there was little difference in total species
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richness of most sites, with only Buchanan Bay exhibiting distinctly
higher species richness. This appeared to be driven by the wide
representation among sites of the most common species. Conversely, the
lower dominance present in both Buchanan Bay and Sulphur Bay
samples appeared to be due to the presence of uncommon species. This
was best illustrated by Sulphur Bay, where overall species richness was
not higher than most other sites, yet the presence of many uncommon
species resulted in a lower dominance.
Other authors have found that the distribution of uncommon species can
influence differences among sites. CSIRO (1994) found that the number of
uncommon species was greater off more sheltered beaches. Last (1983)
reported a similar pattern, with the species richness of sites being heavily
influenced by numbers of less common species that he referred to as
'transients'. Although it is difficult to establish changes in the abundance
of uncommon species, their absence from most of the sites sampled in
Cockburn Sound may be an indication that they. respond to habitat change
more readily than many of the common species. In terms of conserving
biodiversity, maintaining populations of uncommon species forms an
important focus, and so indications that their distributions may be
decreasing must be taken seriously, despite being difficult to establish
conclusively.
Distributions of more common species (those with total catches exceeding
10) also influenced differences in species composition among sites. Only
Buchanan Bay had a characteristic suite of species that did not occur
elsewhere in this study and differences among other sites were largely
attributable to the relative abundances of more widespread species.
Species characteristic of Buchanan Bay included King George whiting,

Sillaginodes punctata, and blue manna crabs, Portunus pelagicus. Both
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were captured in most sets of samples from Buchanan Bay, but rarely
from other sites. Several other species captured only at Buchanan Bay
during the main sampling program (Apogon rueppelli,

Haletta

semifasciata and Neodax balteatus) were seagrass-associated species
captured entirely in one set of samples when water clarity was very low,
and the net may therefore have swept some seagrass. Buchanan Bay also
had a higher proportion of adult yellow-finned whiting than other sites - a
statistically significant result.
While differences among other sites were not as distinct, classification
and ordination showed clear grouping of samples from these sites.
Kruskal-Wallis tests and principal axis correlation indicated that fishes
such as Lesuerina sp. and western school whiting, Sillago vittata were
contributing to the patterns. Both were captured at all sites, but relative
abundances differed.
Differences between sites were also apparent in the pilot study.
Assemblages of seagrass and bare sand habitats were different between
Woodman Point and Mangles Bay. Several other authors have recorded
differences in species composition among sites within an embayment
(CSIRO 1994; Gray et al. 1996). In their studies, differences among
beaches within embayments were greater than differences among
embayments, while in this study, these differences were greater than
differences between the two habitats examined.
While the distributions of the Buchanan Bay and Sulphur Bay
assemblages indicate that presence of adjacent seagrass is likely to
influence the fish faunas, catches from Jervoise Bay did not follow a
similar pattern. This may be due to differences in the type of seagrass
..immediately offshore, or may be due to other environmental features. The
location of Buchanan Bay and Sulphur Bay on Garden Island, while other
161

M.Sc.

Discussion

sites were located on the mainland, confounds these predictions. The
differences among sites nevertheless indicate that for conservation of
biodiversity (at least in terms of fishes), management efforts directed at
preserving a range of habitat patches within a local area may be more
effective than efforts directed at preserving few habitat patches. If species
composition varies significantly on a local scale within a habitat type,
consideration of individual habitat patches will fail to adequately conserve
the full range of species. Consideration of individual patches of habitat
<

regularly occurs in response to 'point' disturbances (e.g. marine
developments), and it is therefore likely that such an approach will fail to
recognise the overall importance of each paJch.
While it must be acknowledged that some of the among site differences in
this study may have been due to variations in the degree of disturbance,
the reports of similar trends by other authors working on these systems
(e.g. CSIRO 1994; Gray et al. 1996) indicates that such local variation
occurs naturally. In this case, management of habitats inside and outside
reserves needs to consider that many habitat patches over a local area are
needed to adequately maintain regional biodiversity.

Temporal patterns
Each of the sites were sampled over four different time periods (two blocks
of time within the pre- and post-recruitment periods) to determine
whether spatial patterns were consistent over time. Of particular interest
was whether there would be differences in spatial patterns between pre
and post-recruitment periods that may indicate greater numbers of
juveniles in different habitats or at different beaches within a habitat type.
Neither classification or ordination indicated that species composition of
·the assemblages demonstrated obvious shifts over time. Classification of
all samples indicated some temporal patterns, but these were secondary to
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the dominant differences among sites, and did not indicate that species
composition changed over time. There were some strong temporal trends
in the number and size of individual species between the pre- and post
recruitment periods, but juveniles did not appear to recruit to different
beaches than those at which adults were present. As a result, these trends
did not produce differences in spatial patterns between time periods.
ANOSIM tests supported these conclusions, indicating difference among
sites, but no differences among habitats, in both time periods.
These findings indicate that short-term temporal changes did not alter
spatial patterns. Therefore, management of biodiversity by preserving a
range of habitat patches should not be heavily influenced by natural short
term temporal fluctuations in species composition. Interannual
variations, such as differences in recruitment among years, may still
have significant effects (Robertson & Lenanton 1984). Further sampling
over a period of several years is therefore necessary to determine whether
preserving a range of local habitat patches will be adequate to maintain
marine biodiversity following such changes.

POPULATION LEVEL PA'ITERNS
Population level analyses examined spatial and temporal patterns in the
total number of individuals, and in the number, size and sex of individual
species catches. Generally, spatial trends only occurred in the numbers of
individual species, while temporal trends were evident in the numbers
and size of some species. Few species were represented by large numbers
of adults, so spatial and temporal patterns in the sex of individual species
could not be determined.
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Spatialpatterns
For most species, variation within sets of samples or variation among sets

l'

of samples from different sites and from different blocks of time were the
dominant patterns. While data transformation was able to reduce the
relative importance of the very numerous, and highly variable, schooling
species, the heterogeneous nature of fish distributions among sets of
samples remained dominant. A good example of this was western school
whiting, Sillago vittata. S. vittata was among the most common species at
each of the three beaches with no adjacent seagrass, while numbers
captured at beaches with adjacent seagrass were low. Over the main
sampling program, 99% of all individuals· were captured from beaches
with no adjacent seagrass. Analyses, however, showed that differences
among sets of samples were highly significant, with the result that
differences between habitats were not significant. Yet there was clearly a
large difference.
For the species that did not exhibit variation at the lowest level of analysis,
the main pattern was one of among site differences (e.g. Les uerina sp., S.

schomburgkii). These patterns showed no consistent relationship to
presence of adjacent seagrass (e.g. S. schomburgkii was well represented
in samples from Buchanan Bay and Sulphur Bay, but hardly ever in
samples from Jervoise Bay, although all these sites had adjacent seagrass
beds).

S. vittata and S. schomburgkii, the dominant species of whiting in
Cockburn Sound, also provided a good example of how species were
distributed among sites. The dominance of these species was consistent
with the results of Hyndes et al. (1996), who found these species
.�haracteristic of sheltered waters in southwestern Australia, while S.

bassensis replaced them off more exposed beaches. In this study, S.
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schomburgkii and S. vittata were rarely caught in the same set of
samples, suggesting that there may be some habitat partitioning by the
two species on a local scale. Differences extended to ontogenetic use of the
beaches in Cockburn Sound. While adult S. vittata were rarely captured
during this study, S. schomburgkii was represented by juveniles and
adults. These results suggest that S. vittata moved off the beaches as
adults, while S. schomburgkii was resident throughout its life history.:
This is again consistent with the results of Hyndes et al. (1996), who found
that adult S. vittata were found in slightly deeper water, while adult S.

schomburgkii remained in nearshore areas. Thus, in Cockburn Sound
and other parts of the coast, habitat partitioning occurs among closely
related species.
As a result, the importance of adjacent seagrass to each species is likely to
depend on their degree of dependency on sandy beaches. This may be
viewed in several ways. Diets of adult fish generally consist of larger prey
items (Edgar & Shaw 1995b), so changes in the distribution of larger prey
due to reduced detrital input will affect species present as adults (such as

S. schomburgkii). Conversely, if habitat loss affects smaller prey species,
this will affect fishes mainly present as juveniles.
Overall spatial patterns in the number of individuals captured were
similar to the patterns shown by assemblages level analyses in that
differences between habitats were not evident. Where spatial patterns
could be extracted from the dominant short-term variability, differences
among sites were most evident. These local differences in abundance
among habitat patches support the suggestions that a range of local
habitat patches are required for adequate representation of biodiversity. In
terms of individual species, the range of local habitat patches is necessary
to account for fluctuations in abundance among populations.
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Temporal patterns
Although spatial trends in catches were difficult to interpret, there were
temporal trends in the number and size structure of individuals caught
for many species. These trends were generally attributable to recruitment
of juveniles to the beaches by October-November.
Species captured in greater numbers during October-November due to the
presence of juveniles included yelloweye mullet, Aldrichetta forsteri,
elongate flounder, Ammotretis elo ngatus, the undescribed sandfish,
Le suerina sp., lemon tongue sole, Paraplagusia unicolor, and King
George whiting, Sillaginodes punctata. Of these, all except S. punctata
were widely distributed among sites.
A. forsteri, a species widely distributed along southern Australia, was
clearly a resident species that utilised all the sites studied. Previous
studies have shown that juvenile A. forsteri inhabit estuaries (Chubb et al.
1981) and beaches (Robertson & Lenanton 1984), while adults spawn in the
sea. In Cockburn Sound, length-frequency histograms clearly showed
different age classes present, indicating that both juveniles and adults
were present on all beaches. These results are very similar to those of
Chubb et al. (1981) for the Swan-Avon River system. Chubb et al. (1981)
found that large numbers of juveniles were present at a similar time, and
they distinguished several distinct age classes. Their results also
suggested that older A. forsteri moved out of the estuary in warmer
months. Results of sampling in Cockburn Sound also indicated that older
A. forsteri may be present in lower numbers during October-November.
While it is difficult to draw conclusions from a single year of sampling,
populations of A. forsteri in Cockburn Sound appeared to follow the same
.trends as estuarine populations.
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For the other four species, juveniles comprised the majority of catches,
and sampling yielded few adults. Although this was possibly due to
avoidance of the net by adults, it is also possible that, while juveniles
inhabit beaches, older individuals moved to deeper water. This is an
established trend for S. punctata (Hyndes et al. 199 6). Lenanton (1982) also
captured primarily O+ A. elongatus in nearshore areas, suggesting that a
similar pattern may exist. However, there was little evidence that adult A.

elongatus, P. unicolor and Lesuerina sp. moved to deeper water. Their
biology is poorly known, and Dybdahl (1979) failed to capture adults of
these species in trawls of the deeper areas of Cockburn Sound. Ayvazian &
Hyndes (1995) listed A. elongatus, P. _lf_nicolor or Lesuerina sp. as
residents of surf zones, suggesting that low numbers of adults may be
captured because they are more efficient at burying themselves in the
sand to avoid capture.
The presence or absence of adjacent seagrass did not appear to have a
strong influence on juveniles of most species. For A. elongatus and P.

unicolor, there were also no apparent differences in the distribution of
juveniles among sites. Differences among sites were apparent for A.

forsteri, with a high proportion of juveniles captured at Jervoise Bay, and

S. punctata, for which all juveniles were captured at Buchanan Bay.
These species do therefore exhibit some preference in recruitment to
certain sites, which may be in part influenced by the presence of seagrass
adjacent to these beaches - particularly for S. punctata.
Whether these species use other habitats along the coast as juveniles is
largely unknown. Lenanton (1982) found juvenile A. elongatus were not
--

using estuaries, and were entirely marine, while Potter et al. (1983) found
juvenile A. elongatus in the Peel-Harvey estuary. Generally, literature is
not available that could establish other habitat preferences within
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Cockburn Sound. Even for S. punctata, the subject of several studies
elsewhere, patterns appear to vary with the system studied. For example,
while Robertson (1977) and Connolly (1994c) found that juvenile S.
punctata prefer seagrass, Edgar & Shaw (1995a) found no preference for

vegetated or unvegetated areas, and Jenkins et al. (1993) found that S.
punctata preferred unvegetated patches within seagrass beds.

Nevertheless, results clearly indicate that the beaches of Cockburn Sound
form an important habitat for the early life stages of a number of species.
Results of this study indicate that, while overall recruitment trends for
most species did not appear to be influenced by the presence of adjacent
seagrass, some species may respond to spe.cific site characteristics that
include the presence of offshore seagrass beds. Maintenance of marine
biodiversity by preserving a range of habitat patches needs to be conducted
with an awareness of these local variations, and consideration given to the
processes influencing these patterns.

FACTORS INFLUENCING THE PATTERNS
Differences among sites and blocks of time were a feature of the fish
assemblages in this study, and have also been highlighted by several
authors (Lasiak 1984a; CSIRO 1994; Gray et al. 1996). Reasons for this
variability are potentially numerous. Fish may respond to localised
concentrations of food, patchy distribution of shelter or short-term
changes in environmental conditions, such as wave energy. By sampling
only during the daylight high tide, an attempt was made in this study to
reduce the variation in environmental conditions, but daily changes
existed in climatic factors such as wind speed, wind direction and
barometric pressure.
·Results of the assemblage and population level analyses indicated overall
. differences among sites, despite the variation among sets of replicate
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samples taken during different blocks of time. While variation among sets
of samples may have been influenced by short-term climatic changes,
differences among sites may be influenced by consistent local differences
in environmental conditions. Differences between beaches situated only a
few kilometres, or even hundreds of metres, apart is not a new pattern
(see Bell et al. 1988; CSIRO 1994; Gray et al. 1996). Important factors may
include hydrodynamics (Jenkins et al. 1993), water movement (Auliame et

al. 1993), level of wave exposure (Last 1983; Ayvazian & Hyndes 1995;
Edgar & Shaw 1995c; Clark et al. 1996a), depth (Bell et al. 1992; Parry et al.
1995), wind speed and direction (Lasiak 1984a) and amount of macrophyte
debris (Robertson & Lenanton 1984). In Cockburn Sound several of these
factors appeared to be closely linked. Environmental factors that showed
some relationship with the patterns in fish catches included depth, wind
speed, wind direction and amount of detached macrophytes. However,
because many of these variables are influenced by others, determining the
main influences on the fish assemblages is difficult.
Wind and depth, for example, combine to produce different wave
exposures around Cockburn Sound. This was confirmed by wave
calculations produced by M.P. Rogers (M.P. Rogers & Associates, Marine
Engineers). Using available measurements and computer models, he
found that wave heights in swell, sea breeze and storm conditions were
highest in Jervoise Bay and Stirling Channel (near Rockingham), while
waves on the eastern side of Garden Island were consistently lower. The
eastern side of Garden Island is more sheltered, particularly as winds
blow from a generally westerly direction (M.P. Rogers, pers. comm.).
Catch composition showed a strong relationship to depth and wind. The
shallowest sites (Buchanan Bay, Sulphur Bay and Rockingham) had the
"highest diversity and the most distinct assemblages, mostly due to higher
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frequency of uncommon species. The two sites that were generally deeper
than two metres (Alcoa and Jervoise Bay) had the lowest diversity.
Relating high diversity to depth is confounded by the fact that the
shallowest sites were also sampled most frequently in relatively strong
offshore wind conditions - despite being situated on opposite sides of
Cockburn Sound.
Fish assemblages were most distinct, and had the greatest diversity, off
beaches where wind could wash floating seagrass ashore. At Buchanan
Bay and Sulphur Bay (beaches with the most distinct fish assemblages)
winds had the effect of washing seagrass (and associated fauna) from
offshore seagrass beds onto the beach (Plate.5). At Rockingham, where the
nearest seagrass beds were several kilometres away, no seagrass was
washed ashore despite favourable winds. Little seagrass was also washed
ashore at Jervoise Bay (although seagrass beds were adjacent), as the
beach faces southwards, and so wind was predominantly alongshore. The
only beach with no adjacent seagrass beds that had large quantities of
detached macrophytes washed ashore was Challenger Beach, where
these detached macrophyte accumulations occurred in one sampling
period. The period when drift macrophytes were present on Challenger
Beach coincided with catches of cobbler, Cnidoglanus macrocephalus,
and sea trumpeter, Pelsartia humeralis, at this site. This was the only
time that these species were caught at any of the three beaches on the
eastern side of Cockburn Sound. Fish were sheltering in this macrophyte
debris (pers. ohs.), but whether they arrived with the macrophytes or came
from another source is unknown.
Location of habitat patches in relation to wind may therefore be important
in structuring the fish assemblages at a local scale in Cockburn Sound.
·other studies have found that location of habitat patches in relation to
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hydrodynamics is important, as it influences larval supply strongly
(Jenkins et al. 1993; Gray et al. 1996). While this is undoubtedly a factor in
Cockburn Sound, circulation in the Sound is primarily wind driven
(Steedman & Craig 1983). Wind may therefore strongly influence the
supply of larvae to beaches in Cockburn Sound, in addition to influencing
the distribution of drift macrophytes and the fish that associate with them.
Results of this study confirm those of other authors that suggest that
nearshore fish assemblages respond strongly to degree of exposure, which
results from a combination of wind and depth. This may be due to
increased food availability, as invertebrates may also respond positively to
shelter (Dexter 1984), to a lower number of.predators in sheltered areas or
to other influences associated with calmer water.
Location of habitat patches, particularly in relation to prevailing wind
direction and proximity of other habitats, is likely to be a major factor in
determining the composition of fish assemblages in Cockburn Sound. The
results of the assemblage and population level analyses suggest that
maintaining biodiversity requires consideration of local variation among
habitat patches, and attention should be given to location of habitat
patches in relation to the main environmental influences. The main
environmental influences are likely to vary from region to region. For
example, degree of exposure and supply of macrophyte material appear
important in Cockburn Sound, but other influences, such as currents,
may be more important elsewhere.
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Plate 5: Swash zone at Buchanan Bay, showing accumulations of Posidonia that form
in the water and are washed onto the beach.
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LONG-TERM CHANGES
Comparing the results of this study with those of previous studies would
help establish changes that occur in fish assemblages as a result of
seagrass loss. However, because of the potential differences in catch
composition among gear types, and differences among sites separated by
only a few kilometres or less, only broad comparisons of the results of this
study with results of other studies are possible. More detailed
comparisons may only highlight gear biases, or among site differences
like those that dominated the results of this study.
Bearing this in mind, only coarse compari�ons are possible with the last
comprehensive study of the fish assemblages of sandy beaches in
Cockburn Sound - that of Dybdahl (1979). In his study, beach seining was
conducted as part of a larger inventory of the species present. Although
many of the sites are similar, Dybdahl sampled primarily at night, using
a beach seine with a different design (210 metres long, 2.45 cm mesh).
These may influence comparisons, so only relative abundances can be
considered.
Changes in taxonomy and differences in gear selectivity between this
study and that of Dybdahl (1979) account for most of the species that were
only recorded in one study. Differences did exist in relative abundance
between the studies that may reflect real population changes. Notable is
the high relative abundance in Dybdahl's study of yellowtail scad,

Trachurus novaezelandiae (listed as T. mccullochi) and southern sea
garfish, Hyporhamphus melanochir, although both species may also be
more easily captured by the longer net used by Dybdahl. Sampling during
this study yielded no individuals of T. novaezelandiae, and only one
·individual of H. melanochir. Conversely, S. vittata, S. schomburgkii, A.

elongatus,

I

Lesuerina sp. and F. lateralis all had higher relative
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abundances in this study, although the capture of fewer Lesuerina sp.
and F. lateralis by Dybdahl can be readily attributed to the coarse mesh
size.

The lower relative abundance in this study of T. novaezelandiae and H.

melanochir,

and the higher relative abundance of S. vittata, S.

schomburgkii and A. elongatus may indicate a shift in the species
assemblage, if they are not due to differences between day and night
sampling. If the differences represent changes in assemblages, it is
difficult to ascertain whether these would be due to natural population
fluctuations or environmental change. H. melanochir does consume
seagrass (Edgar & Shaw 1995c), and it is f>Ossible that this species may
have declined in number as a result of seagrass loss. The absence of H.

melanochir from sites with adjacent seagrass also suggests that other
factors may be influencing the differences. T. novaezelandiae is a
schooling, nektonic species that would not be expected to respond to
change in benthic habitat, while S. vittata, S. schomburgkii and A.

elongatus are all benthic species that may respond to habitat change.
Most of the seagrass loss in Cockburn Sound occurred prior to the study by
Dybdahl (1979). In the years since his study, seagrass dieback has ceased
(Hillman 1986), and both nutrient loadings in the water and metal
concentrations in the sediment have decreased (Simpson et al. 1993). If the
differences between this study and that by Dybdahl reflect real changes in
the abundance of species, they may therefore be due to natural population
fluctuations rather than habitat degradation.
Although no researchers collected comparable data prior to Dybdahl's
(1979) study that would enable comparisons, results of the 1995 sampling
-�uggest that loss of seagrass habitat in Cockburn Sound is likely to have
had some effect on the fish assemblages off the sandy beaches. However,
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although compositional shifts are likely, prediction of the exact nature of
changes is difficult because the assemblages of different habitat patches
vary.
The relative sensitivity of each species will determine the effects of
seagrass loss on the fish assemblage. Localised seagrass loss is likely to
affect site-associated species (i.e. species not expected to move large
distances), while more mobile species are more likely to be affected by a
regional seagrass decline rather than localised seagrass loss. Many of the
species that are characteristic of seagrass habitats are less mobile, site
associated species, such as pipefishes and weedfishes. Populations of
these species will have declined in Cockburn·Sound as a result of seagrass
loss. Species that rely on sandy substrates, however, are generally more
mobile, and may therefore be relatively unaffected by local seagrass loss.
There are exceptions, and several of the less commonly captured species
in this study, such as fiddler rays, Trygonorrhina fasciata, and long
headed flathead, Leviprora inops, were site-associated, making them
susceptible to habitat change. Last & Stevens (1994) stated that T. fasciata
commonly frequents sand near seagrass beds. The same pattern is likely
to apply to other species but, although Edgar & Shaw (1995c) recognised
that detritus is an important trophic link, the processes that give rise to
these distribution patterns remain poorly understood. Predictions of the
nature of their response to habitat change are therefore subject to several
uncertainties - such as their ability to adapt to other habitats.
Furthermore, establishing whether changes have occurred in the
populations of species with wide distributions but low numbers in each
area is difficult, as only intensive, large-scale surveys are likely to reflect
population changes.
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In such situations, small-scale studies such as this one focussing on
Cockburn Sound are unlikely to reflect the relative importance of habitat
change. Localised studies of this kind may provide good information for
species that have relatively localised patterns of distribution, but not for
species that have the ability to move on a scale larger than that of the study
area, or that are part of widespread populations (Underwood & Peterson
1993). Most of the species sampled in this study probably fall into the latter
category. Many species captured regularly move over distances of several
kilometres or more. Even site-associated individuals, that do not move
over great distances, may be part of relatively widespread populations
(although no work has yet been done to de�.�rmine whether individuals of
species present in Cockburn Sound are part of larger populations).
Therefore, while this study may provide information on the patterns in
fish assemblages that arise from localised seagrass loss, findings are
unlikely to be generalisable to a situation of seagrass loss on a larger
scale.
Nevertheless, seagrass loss is likely to have indirectly impacted the fish
assemblages of sandy beaches in Cockburn Sound, because circulation
patterns are such that existing seagrass beds are unlikely to provide
material that would compensate for the reduced detrital input to many
beaches. Species that frequent sand near seagrass beds, such as T.

fasciata and L. inops (Last & Stevens 1994), are likely to have declined in
number as a result of reduced detrital input to beaches on the eastern side
of Cockburn Sound. In contrast, species with more general distributions,
such as A. elongatus and Lesuerina sp., appear unlikely to have been
greatly impacted. Habitat change may also have enabled an increase in
the numbers of species such as S. vittata due to the wider availability of
·unvegetated habitat.
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In this respect, it is perhaps significant that samples taken from
Buchanan Bay and Sulphur Bay yielded the highest frequency of
uncommon species. These uncommon species were often species not
expected to move large distances (e.g. pipefishes and some flatheads), and
their absence from samples collected from the beaches on the eastern side
of Cockburn Sound may indicate that these species do not occur there
because of the reduced detrital input.
Overall, diversity of the beaches on the eastern side of Cockburn Sound is
likely to have declined as a result of seagrass loss, and changes in species
composition will have occurred. This strongly suggests that remaining
habitat patches are vital for conservation of-regional biodiversity.

IMPLICATIONS FOR MAINTAINING MARINE
BIODIVERSITY
Conservation of marine biodiversity in Cockburn Sound will only be
successful if a broader perspective is taken - one considering variation
among habitat patches, and the processes that influence this variation.
There is a growing awareness that to maintain marine biodiversity,
management of habitats needs to be based on patterns and processes at
larger scales than are currently considered (Norse 1995). Historically,
management decisions affecting habitats both inside and outside reserves
have been based on consideration of habitats or systems without reference
to these broader patterns and processes. For example, management of
marine biodiversity by creation of marine reserves has regularly been
opportunistic (McNeill 1994), and priority is often given in selection of
reserves to areas based on characteristics that are derived from site-based
surveys (e.g. high species richness or rarity of species; Margules & Usher
1981). Management of habitats outside reserves has generally been in
response to individual activities with relatively local impacts (e.g.
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construction of marinas). These approaches may fail to identify large
scale processes and patterns, with the result that the importance of
habitat patches from a broader perspective would be overlooked.
Management of marine biodiversity that is based only on these approaches
may ultimately fail to achieve objectives of conserving the range of
biodiversity that is of interest (such as a full suite of species, and all age
classes of each species). For example, selection of habitat patches for
preservation based only on high species richness is unlikely to result in a
set of habitat patches that fully reflects the range of local variation in
species assemblages. Similarly, preservation of habitat patches without
regard to the surrounding mosaic of other habitats, and the processes that
link them (such as the export of seagrass detritus onto bare sand), is likely
to result in changes to the species assemblages, and to populations of
individual species.
This is not to say that these approaches to maintaining biodiversity are
invalid, but rather to suggest that recognition needs to be given to larger
scale patterns and processes. For example, selection of habitats that have
high species richness is not inappropriate if augmented by methods of
selection that also have as an aim the preservation of a number of habitat
patches that will account for a fuller range of species assemblages.
Similarly, consideration of individual habitat patches in response to
specific activities will remain necessary, but should be conducted with an
awareness of the surrounding habitat mosaic, and the processes that link
habitat patches.
Preservation of areas for conservation of biodiversity therefore needs to
occur with a recognition that biodiversity is not uniform among patches of
�ach habitat. Assemblages my be as different among sites within a habitat
as they are among habitats. Assembl.ages also change over time, as
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populations of species vary naturally. Differences in species composition
and abundance among sites suggests that the composition of assemblages
needs to be considered in more detail than simply the number of species
present or their degree of rarity.
Effective conservation of biodiversity therefore requires that habitats be
preserved for the range of local species assemblages. Preservation of
several patches of each habitat at a number of locations is necessary for
maintenance of regional biodiversity. Such an approach will also
compensate for some of the temporal variation in assemblages, and help
provide the more extensive areas of habitat needed by larger organisms.

Maintena,we ofmarine biodiversUy i,fthe Cockburn Sound
region
Preservation of the remaining areas of relatively undisturbed habitat in
Cockburn Sound is critical. The assemblages that occur in the embayment
are distinct from those that occur elsewhere on the coast (Ayvazian &
Hyndes 1995), and for this reason further habitat degradation should be
avoided. The most obvious areas for conservation priority are the beaches
and seagrass beds of Garden Island, but additional locations, such as
Mangles Bay or the Woodman Point/Jervoise Bay area, should also be
considered. Faced with the prospect of further seagrass loss in the region,
these habitats in Cockburn Sound will assume greater regional
importance, and should become a conservation priority if regional
biodiversity is to be maintained.
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App endix 1: Species caught in Cockburn Sound during both the pilot study (1994) and the main
sampling program (1995), showing latin binomial, taxonomic author and common name.

1994

PHYLUM CHORDATA

1995

CLASS CHONDRICHTHYES
ORDER RAJIFORMES

RHINOBATIDAE
Aptychotrema vincentiana

(Haake, 1885)

Western shovelnose ray

Trygonorrhina fasciata

Miller & Henle, 1841

Southern fiddler ray

Trygonoptera mucosa

Whitley, 1939

Western shovelnose stingaree

Trygonoptera ovalis

Last & Gomon, 1987

Striped stingaree

Macleay, 1881

Eagle ray

*
*

UROLOPHIDAE
*
*

MYLIOBATIDAE
Myliobatis australis

*
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CLASS OSTEICIITHYES
ORDER CLUPEIFORMES

CLUPEIDAE
Hyperlophus vittatus

(Castelnau, 1875)

Sandy sprat

*

*

Spratelloides robustus

Ogilby, 1897

Blue sprat

*

*

(Shaw, 1970)

Australian anchovy

*

(Valenciennes, 1840)

Estuary catfish

*

(Richardson, 1845)

Beaked salmon

*

ENGRAULIDIDAE
Engraulis australis

PLOTOSIDAE
Cnidoglanus macrocephalus

GONORYNCHIDAE
Gonorynchus greyi
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'

ORDER GOBIESOCIFORMES

GOBIESOCIDAE
Aspasmogaster occidentalis

Hutchins, 1984

Western clingfish

*

Cochleoceps spatula

(Gunther, 1861)

Spade-nosed clingfish

*

(Linnaeus, 1758)

Sargassum fish

*

(Valenciennes, 1846)

Southern sea garfish

*

Leptatherina presbyteroides

(Richardson, 1843)

Silverfish

*

*

Atherinomorus ogilbyi

Whitley, 1930

Ogilby's hardyhead

*

*

*

ANTENNARIIDAE
Histrio histrio

HEMIRAMPHIDAE
Hyporhamphus melanochir

ORDERATHERINIFORMES

ATHERINIDAE
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ORDERSYNGNATHIFORMES
SYNGNATHIDAE
Stigmatopora argus

(Richardson, 1840)

Spotted pipefish

*

*

Pugnaso curtirostris

(Castelnau, 1872)

Pug-nosed pipefish

*

*

Vanacampus margaritifer

(Peters, 1869)

Mother-of-pearl pipefish

*

Histiogamphelus cristatus

(Macleay, 1882)

Macleay's crested pipefish

*

Mitotichthys meraculus

Whitley, 1948

Western crested pipefish

*

(Cuvier, 1829)

Soldierfish

*

*

(Castelnau, 1872)

Whiskered prowfish

*

*

ORDERSCORPAENIFORMES
SCORPAENIDAE
Gymnapistes marmoratus

PATAECIDAE
Neopataecus waterhousi
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