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ODE TO A FERAL FISH

O fish, little fish of beautiful hue,
Did you come here by chance,

Did you come from afar?
Are there others like you from similar climes,
Beyond the horizon or round the next bend?

Are you looking for refuge, are you friend, are you foe,
Where did you come from, where will you go?
Tell me, O fish, little fish of beautiful hue,
Are you here for a while,
Or just passing through?

a.c. webb, Aug 2002



THE ECOLOGY OF INVASIONS OF NON-INDIGENOUS
FRESHWATER FISHES IN NORTHERN QUEENSLAND

Thesis submitted by
ALAN CHARLES WEBB

in December 2003

For the degree of Doctor of Philosophy
in Zoology and Tropical Ecology
within the School of tropical Biology
James Cook University

ii



STATEMENT OF ACCESS

I, the undersigned, the author of the thesis, understand that James Cook University will make it
available for use within the University Library and, by microfilm or other means, allow access
to users in other approved libraries. All users consulting this thesis will have to sign the
following statement:

In consulting this thesis I agree not to copy or closely paraphrase it in whole or in part without
the written consent of the author; and to make proper written acknowledgment for any
assistance that I have obtained from it.

Beyond this, I do not wish to place any restriction on access to this thesis.

il



DECLARATION

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derived from the published or unpublished work of others has been acknowledged in the text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

All research procedures reported in the thesis received the approval of the JCU Experimentation
Ethics Review Committee, Approval No. A444, 15 October 1997.

iv



ACKNOWLEDGMENTS

I would like to thank my supervisor Professor Richard Pearson for his tremendous support
during the study. He provided advice and guidance when needed in the manner of a true mentor.
I thank him especially for his enthusiasm and capacity to see the funny side of life which made
the journey, at times difficult, a joy and a great learning experience. An enormous thanks to Di
Barton for her help in identifying fish parasites and for being a wonderful colleague, along with
taxonomic assistance from other dedicated parasitos, including Alistair Dove, Bill Poly, Dave
Corlis and Adam Fletcher. Thanks also to Jeff Johnson, Department of Ichthyology, Queensland
Museum, Brisbane, for some fish identification and long-distance discussions about feral fish. I
would like to thank Queensland Fisheries Service personnel including Sue Helmke, John
Russell and Rachel Mackenzie for access to fish survey databases, and for assistance with field
surveys, in particular, John Russell and Adam McDougall, from the Northern Fisheries Centre,
Cairns, Chad Lunow, QFS, Townsville, and Tim Marsden, the QFS “shocker” from Mackay.
Thanks also to Mike Cappo, Australian Institute of Marine Science, and Jason Williams,

Sunwater, for assisting with fish surveys in the Burdekin region.

I would like to thank Peter Mockeridge for providing limnological data for the Ross River weirs
and Ross Dam, and thanks to my good friend and colleague, Colton Perna (ACTFR), for use of
his research data on the effects on fish communities of experimental clearance of aquatic
vegetation from lagoons in the Burdekin region. I would like to thank Adella Edwards in
Cartography, JCU, for the fish distribution maps, which she produced with remarkable patience
in the face of computer gremlins and requests for numerous changes as new exotic fish turned
up in the local waterways. I would like to thank Dianne McNamara, Jodi Burgess, Dipali Ayling
and Vanita Kingsley in the Teaching Resource Office, School of Tropical Biology, JCUNQ, for
help with scanning images, formatting and other esoteric graphical computing skills of which I

am still a novice.

A special thanks to Elisa Krey for her photographic expertise, camera, lights and action to
produce the fish pics (I did provide the film!). I would like to say a huge thankyou for the legion
of volunteers who have assisted with some of the more mundane “indoor” maintenance work —
cleaning out fish tanks and cleaning out more fish tanks.....and the more exciting “outdoor”
stuff messing about in boats on the river or just plain fishin’. Some helpers, on nocturnal sorties,
actually found out what came after that famous opening line... “It was a dark and stormy
night....”! In particular, thanks to Elisa Krey (again), Rebecca Simpson, Lena Tuveng, Maria
Fuentes, Kostas Konnaris, Mikkel Mowinckel, Thii Martensson, Vernon Veitch, Anna Lorenz,

Dominica Loong, Nicole Kenyon, Lucija Tomljenovic, Kim Teitzel, George Api, Deon Canyon,



Michael Crossland, Carlisle Ramasinghe, Caroline Katter, Alex Anderson, Sara Townsend, Rob
Luxon, Kyoko Oshima, Glenn Buckton, Hans Preuss, lan Nicholson, Fiona Graham, Daniel
Aveling, Abbi McDonald, Jane Thomson, Sofie Fagerberg, Magnus Sjoquist, Alicia Hayes,
Brooke Hay, Ryan Rodriguez and Steven Fleiss. | would like to thank Bruce and Barb Gynther
for their generous hospitality during my survey work in the Cairns area — sorry about the saga of
the fishy dog !! I would also like to thank author Tim Low who helped to account for part of my
fifteen minutes of fame by quoting the results of some of my research in his books, Feral

Future and the New Nature (on sale even in Heathrow Airport!).

I would also like to acknowledge the persons unknown who were responsible for the release
into our waterways of the subjects of this research, for without them, this thesis should not have
been necessary, and last, but not least, I would like to say, “thanks Mum”, without whom this

thesis would not have been possible!

vi



ABSTRACT

This study investigated the ecology of invasions of non-indigenous freshwater fishes in northern
Queensland and, in particular, examination of historical changes in their distribution patterns
and establishment success in relation to their use of human altered habitats and interactions with

indigenous predators and parasites.

Seventeen non-indigenous fish species were reported from northern Queensland fresh waters
during the study with eleven species establishing breeding populations. Virtually all species
were observed in waterways in agricultural and urban regions that have been altered by human
activity. Non-indigenous fishes are continuing to disperse locally, with large-scale changes in
range due to translocation by humans. Previous history of introductions elsewhere and indices
of propagule pressure (frequency of introductions) and habitat matching (absolute latitudinal
range overlap) are very good, though not absolute, predictors of establishment success of non-

indigenous fishes in northern Queensland.

Field and laboratory studies demonstrated the importance of refuges, created by habitat
disturbance, to the survivorship of some small, non-indigenous species. In the Ross River
catchment, non-indigenous fishes were predominant in small streams and channels where access
was blocked by dense aquatic vegetation and in isolated wetlands, but virtually absent from
open water sites in the main channel of the Ross River and Ross Dam. Species diversity and

abundances of indigenous fishes, however, were significantly less than for main channel sites.

There was a strong association between mass stocking of the predatory Barramundi, Lates
calcarifer, and a significant reduction in catches between the pre-stocking (1991/92) and post-
stocking (1997/98) periods, particularly of the indigenous Bony bream, Nematolosa erebi.
Catches of the non-indigenous Mozambique mouthbrooder, Oreochromis mossambicus, were
not affected. Piscivorous fish, including Barramundi and Mouth almighty, Glossamia aprion,
apparently did not target non-indigenous fishes, even though the Mozambique mouthbrooder is
a dominant component of the fish community in the weirs. Juvenile and subadult Mozambique
mouthbrooder remained in refuge habitats inaccessible to large predators until they were large
enough to join adult schools in more open water. At this stage, these fish are effectively too
large (deep-bodied) and spinous to be selected as prey, even by large, gape-limited predators
such as Barramundi. Experimental studies showed that piscivorous fishes, irrespective of
foraging mode, were functional rather than taxonomic predators: they will eat non-indigenous
fishes if available. In the absence of cover, predators chose slow, soft-finned and narrow-bodied

fish as prey in preference to fast, evasive, deep-bodied fish with spines.
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Non-indigenous fishes had depauperate, stochastically-determined parasite communities
dominated by non-indigenous parasites introduced with the host. Non-indigenous fishes had
significantly lower parasite species richness, intensity and prevalence and more aggregated
parasite frequency distributions than indigenous fishes, particularly in high disturbance habitats.
It is argued that these differences assist the invasion and establishment of non-indigenous fishes
by reducing adverse affects of parasites on host fitness. There was a significant positive
correlation between parasite acquisition and residence time for non-indigenous fishes. Parasite
acquisition appears to be a very slow process and may occur over centuries — even millennia -
rather than decades. This slow acquisition will also benefit non-indigenous fishes as it allows

them a long period of adjustment to the new environment relatively free from parasites.

Management options for non-indigenous fishes in northern Queensland are discussed. It is
argued that habitat restoration can play a key role in the long term management of non-
indigenous fish species by increased exposure to predation and competition (biotic resistance)
and so greatly reduce local populations of non-indigenous fishes and increase the probability of

their extinction.

viii



TABLE OF CONTENTS

FRONTISPIECE

TITLE

STATEMENT OF ACCESS
DECLARATION
ACKNOWLEDGMENTS
ABSTRACT

TABLE OF CONTENTS
LIST OF FIGURES

LIST OF TABLES

LIST OF APPENDICES

CHAPTER 1 INTRODUCTION
Historical context

. Ecological Theory and Conceptual Framework
1.3 Aims and Objectives

CHAPTER 2 GENERAL DESCRIPTION OF STUDY
AREAS AND SITES

2.1 Northern Queensland — a general description
2.1.1 Townsville region

2.1.2 Cairns Region

2.1.3 Atherton Tablelands

2.2 Climate of northern Queensland

23 Description of main study area: the Ross River catchment
2.3.1 The Ross River

232 Fish community

233 Other Ross River vertebrate fauna
234 Riparian and instream vegetation
235 Water quality

2.3.6 Trophic status

CHAPTER 3 ESTABLISHMENT OF NON-INDIGENOUS FISHES
IN NORTHERN QUEENSLAND

3.1 Introduction

3.1.1 Historical background: introductions of fishes into
Australia and Queensland

3.1.2 Success of non-indigenous fishes: risk assessment

3.2 Methods

33 Results

3.3.1 Distribution of non-indigenous fishes in northern
Queensland

3.3.2 Establishment success of non-indigenous fishes in
northern Queensland

3.4 Discussion

3.4.1 Distribution of non-indigenous fishes in northern

Queensland

X

vii

Xii
XVii
XX

15

15
15
17
20
21
22
22
24
27
27
28
29

31
31
31
34
36
37
37
40

44
44



342

CHAPTER

4.1

4.1.1
4.1.2
4.2

4.2.1
422
423

4.3
43.1
432

433
434
4.4

4.4.1

442
CHAPTER

5.1
5.2
5.2.1
522
523
524
53
5.3.1

53.2
533
534

5.4

4

Establishment success of non-indigenous fishes in
northern Queensland

OCCURRENCE OF NON-INDIGENOUS FISHES IN
RELATION TO HABITAT AND PRESENCE OF
PREDATORS: A CASE STUDY OF THE ROSS RIVER
CATCHMENT

Introduction

Habitats and invasions
Ross River and non-indigenous fishes

Methods

Results

Gillnet sampling program

Seine net sampling program (1999-2000)

Gut contents of indigenous, piscivorous fishes in the
Ross River catchment

Catch data analysis

Gut content analyses of piscivorous fish in the Ross
River catchment from gill net samples (1997/98)
Seine net sampling program

Gut content analysis of Mouth almighty

Discussion

Gillnet catch data and large-bodied, non-indigenous
fishes in the Ross River

Seine net data: small indigenous and non-indigenous
fishes in refuge sites in the Ross River catchment

SURVIVORSHIP OF NON-INDIGENOUS FISHES
IN RELATION TO REFUGES

Introduction
Methods

Results

Prey and predator species
Predator and prey size selection
Survivorship trials

Data analysis

Experiment 1: Survivorship of juvenile Mozambique
mouthbrooder, Oreochromis mossambicus, in relation to
gape width of the predator, the Mouth almighty,

Glossamia aprion.

Experiment 2: Survivorship on non-indigenous fish
Species in mixed prey populations at different time

with different predator classes

Experiment 3: Survivorship of non-indigenous fish

Species in mixed prey populations at different densities in the
presence of different predator classes

Experiment 4: Survivorship of non-indigenous fish

Species in mixed prey populations in relation to different
Levels of cover in the presence of different predator classes

Discussion

49

53

53
53
56
57
57
58
63

64
64
69

71
77
80
80

83

88

88
93
93
99
101
103
103
103

119

130

138

149



CHAPTER 6 PARASITES OF NON-INDIGENOUS FISHES IN
NORTHERN QUEENSLAND

6.1 Introduction

6.1.1 This study

6.2 Methods

6.2.1 Data collection

6.2.2 Data analysis

6.3 Results

6.3.1 Parasite fauna

6.3.2 Parasite community structure

6.3.3 Parasite species richness, aggregation and habitat
disturbance

6.4 Discussion

6.4.1 Parasite community structure of non-indigenous
Fishes in northern Queensland

6.4.2 Aggregation of parasites on indigenous and non-
indigenous fishes

6.4.3 Effects of habitat disturbance on parasite community
of indigenous and non-indigenous fishes

6.4.4 Parasite acquisition by non-indigenous fishes in
northern Queensland

6.4.5 Conclusion

CHAPTER 7 GENERAL CONCLUSION

7.1 Distribution of non-indigenous fishes in northern Queensland

7.2 Invasion of non-indigenous fishes in northern Queensland

and habitat disturbance
7.3 Management of non-indigenous fishes in northern Queensland
REFERENCES

APPENDICES

X1

157

157
162
164
164
166
172
172
176
195

208
208

211

212

213

215

216

216
217

219

222

272



Figure

1.1

2.1
2.2
23
24
2.5
2.6
3.1

32

33

4.1

4.2

4.3

4.4

4.5

4.6

4.7

LIST OF FIGURES

A conceptual model of invasions based on Community Assembly Theory
(modified after Moyle and Light 1996a)

Freshwater drainage divisions of Queensland

General location map of northern Queensland

Ross River Dam spillway

Aplin Weir barrage

Aplin Weir view upstream from the barrage

Campus Creek, Ross catchment, Dec. 2002 after early wet season rains
Distribution of non-indigenous poeciliid species in northern Queensland

Distribution of non-indigenous cichlid and other species (excluding
poeciliids) in northern Queensland

Percentage of non-indigenous fish species with established, breeding
populations in relation to known frequency of introductions in northern
Queensland

Fish sampling sites in the Ross River catchment (refer to Table 4.1)

Bush Garden, Aplin Weir, Ross River, blocked channel with small island
on right

Loam Island channel in foreground and Black Weir, Ross River, main
channel in background (Note vegetation blocking entrance to the channel)

Upper Ross isolated wetland site (Note: the Ross River Dam bund wall in
the background)

Mouth of Regatta Creek, Aplin Weir, Ross River (Note: dense Water
hyacinth in foreground)

Mouth of Cranbrook Creek, Aplin Weir, Ross River (Note creek heavily
overgrown with Paragrass)

Ross River Main Channel site, Aplin Weir, near mouth of Regatta Creek
(Note: lack of emergent and floating marginal vegetation)

Xii

Page

16
18
25
25
26
26
38

38

43

59

61

61

61

62

62

62



Figure

4.8

4.9

4.10

5.1

5.2

53

54

5.5

5.6

5.7

5.8

5.9

5.10
5.11

5.12

Change in gillnet catch of fish species between pre-stocking and post-
stocking of Barramundi in the Ross River weirs: a, Barramundi, b, Bony
bream, ¢, Mozambique mouthbrooder, d, Black catfish, e, Hyrtl’s tandan, f,
Spangled perch, g, Banded grunter, h, Mouth almighty

Percentage of non-indigenous fish in seine net samples from the Ross
River catchment in comparison with main channel sites: a, blocked island
channel sites (Bush Garden and Loam Island) and upper Ross isolated
wetland, b, blocked creek sites

Percentage of indigenous piscivorous fish in seine net samples compared
with main channel sites in the Ross River catchment: a, blocked channel
sites (Bush Garden and Loam Island) and upper Ross wetlands, b, blocked
creek sites

Experimental prey species: a, Mosquitofish, b, Mozambique
mouthbrooder, ¢, Fly-specked hardyhead, d, Agassiz’s glassperch

Experimental predator species: a, Barramundi, b, Tarpon, ¢, Spangled
perch, d, Mouth almighty

Mean electivity index for different prey (Mozambique mouthbrooder)
body-depth classes for predator (Mouth almighty) gape-width class: a, 10
mm, b, 1 lmm, ¢, 13 mm, d, 14.5 mm, e, 15 mm, f, 16.5 mm, g, 19 mm, h,

21 mm, I, 23 mm

Predator (Mouth almighty) gape width : Prey (Mozambique mouthbrooder)
body depth ratio v predator gape width

Prey (Mozambique mouthbrooder) body depth v predator (Mouth
almighty) gape width

Gape width v total body length for the predator, Mouth almighty

Prey body length versus predator gape width for samples of Mouth
almighty

Prey total length versus predator total length for samples of Mouth
almighty

Prey body depth to Predator gape width ratio (BD : GW) v Predator body
length for samples of Mouth almighty

Median prey body length for size classes of predatory Mouth almighty
Median prey body-depth for size classes of the predatory Mouth almighty

Median gape width to prey body depth ratio (GW : BD) for size classes of
the Mouth almighty collected from the Ross River

xiii

Page

66

74

75

94

98

104

109

109

112

112

113

113

114
114

115



Figure Page
5.13  Gape width versus total body length for the predatory Barramundi 117
5.14  Prey body depth versus gape width of the Barramundi 117
5.15  Prey body depth to predator gape width ratio (BD:GW) versus total body 118
length for the Barramundi collected from the Ross River weirs,
Townsville, northern Queensland

5.16  Prey body depth to predator gape width ratio versus total body length for 118
Barramundi collected from the Ross River weirs, Townsville, northern

Queensland

5.17  Comparison of prey species survivorship with ambush and patrol predators 120
at different time intervals: a, 24 hrs, b, 48 hrs, ¢, 72 hrs

5.18  Comparison of prey class survivorship between ambush and patrol 123
predators at different time intervals: a, 24 hrs, b, 48 hrs, ¢, 72 hrs

5.19  Prey species survivorship at different time intervals in the presence of a 126
predator: a, 24 hrs, b, 48 hrs, ¢, 72 hrs

5.20  Prey class (Speed, Morphology) survivorship in the presence of a predator 128
at different time intervals: a, 24 hrs, b, 48 hrs, ¢, 72 hrs

521  Comparison of prey survivorship (%) between ambush and patrol 131
predators: a, dominant prey species, b, dominant prey classes

5.22  Comparison of prey survivorship (%) between ambush and patrol 133
predators: a, non-dominant prey species, b, non-dominant prey

5.23  Comparison of dominant prey survivorship (%) in the presence of a 135
predator: a, prey species, b, prey classes

5.24  Comparison of non-dominant prey survivorship (%) in the presence of a 137
predator: a, prey species, b, prey classes

5.25  Comparison of survivorship of prey species between ambush and patrol 140
predators at different levels of cover: a, no cover, b, medium cover, c, high

5.26  Survivorship of prey classes between ambush and patrol predators at 142
different levels of cover, a, no cover, b, medium cover, c, high cover

5.27  Prey species survivorship at different levels of cover in the presence of a 145
predator, a, no cover, b, medium cover, ¢, high cover

5.28  Prey class survivorship at different levels of cover in the presence of a 147
predator, a, no cover, b, medium cover, ¢, high cover

X1v



Figure Page

6.1 A generalised model of parasite richness processes during, and after, 158
invasion by non-indigenous fishes (after Dove 1999)

6.2 Canal Creek, Thuringowa, an example of a low disturbance habitat 171
6.3 Majors Creek, Woodstock, an example of a low disturbance habitat 171
6.4 Cranbrook Creek, modified to form a stormwater drain, Cranbrook, 171

Townsville, an example of a high disturbance habitat

6.5 Rowes Bay Golf course, natural flood channels modified to form water 171
hazards, an example of a high disturbance habitat

6.6 Regional parasite species richness frequency distribution s freshwater 178
fishes in northern Queensland: a, non-indigenous fish, b, indigenous fish

6.7 Regional parasite community structure (core and satellite taxa prevalences) 180
for non-indigenous and indigenous freshwater fish hosts in northern
Queensland

6.8 Prevalence of parasite taxa for non-indigenous freshwater fish species in 181
northern Queensland, a, Mozambique mouthbrooder (juv.), b, Guppy, c,
Mosquitofish, d, Platy

6.9 Prevalence of parasite taxa for indigenous freshwater fish species in 183
northern Queensland: a, Eastern Queensland rainbowfish, b, Fly-specked
hardyhead, ¢, Agassiz’s glassperch, d, Empire gudgeon, e, Mouth
almighty (juv.)

6.10  Two-dimensional (NMDS) ordination plot for comparison of indigenous 186
and non-indigenous fish host parasite faunas based on parasite
presence/absence

6.11  Cumulative species curves for regional parasite communities of non- 188
indigenous and indigenous freshwater fishes in northern Queensland (total
parasite richness per host species in parentheses)

6.12  Parasites acquired by non-indigenous fishes in relation to residence time in 188
tropical northern Queensland fresh waters

6.13  Parasite frequency distributions for freshwater fishes in northern 190
Queensland: a, non-indigenous fishes, b, indigenous fishes

6.14  Parasite frequency distribution (all taxa) per host for non-indigenous 192

freshwater fishes in northern Queensland: a, Mozambique mouthbrooder,
b, Burton’s haplochromis, ¢, Mosquitofish, d, Guppy, e, Platy, f, Swordtail

XV



Figure Page

6.15  Parasite frequency distributions (all taxa) per host for indigenous 196
freshwater fish species in northern Queensland: a, Eastern Queensland
rainbowfish, b, Agassiz’s glassperch, c,Fly-specked hardyhead, d, Empire
gudgeon, e, Purple-spotted gudgeon, f, Mouth almighty

6.16  Change in parasite prevalence with intensity for non-indigenous and 299
indigenous freshwater fish hosts: a, high disturbance habitats, b, low
disturbance habitats

6.17  Change in aggregation (k) with prevalence for parasite communities of 202
non-indigenous and indigenous freshwater fishes in northern Queensland:
a, low disturbance habitats, b, high disturbance habitats

6.18  Change in parasite aggregation (k) with intensity for non-indigenous 203
and indigenous freshwater fishes: a, low disturbance habitats, b, high

disturbance habitats

6.19  Parasite frequency distribution (all taxa) per host for non-indigenous 206
freshwater fishes: a, high disturbance habitats, b, low disturbance habitats

6.20  Parasite frequency distribution (all taxa) per host for indigenous freshwater 207
fishes: a, high disturbance habitats, b, low disturbance habitats

Xvi



Table

1.1

3.1

4.1

4.2

43

4.4

4.5

4.6

4.7

4.8

4.9

4.10

LIST OF TABLES

A conceptual framework for biological invasions (from Williamson 1996,
p-3)

Non-indigenous freshwater fishes recorded in tropical northern Queensland
waters, their indigenous and introduced range and absolute percentage
range overlap, number of known introductions (f), (g = established

breeding populations) and their general ecological tolerances (Salinity,
Temperature [High] and Oxygen concentration [Low]), and percentage
occurrence in all sites surveyed

Sampling site locations in the Ross River catchment (refer to Figure 4.1)

List of fish species collected in gill nets and seine nets in samples from the
freshwater reaches of the Ross River catchment, 1990 to 1998

Statistical summary for comparison of gillnet catch data (biomass and
numbers) for Barramundi pre-stocking (1991/92) and post-stocking
(1997/98) surveys in the Aplin Weir and Black Weir, Ross River

Statistical summary of gillnet catch data for Mozambique mouthbrooder
collected from the Ross River weirs in 1991/92 and 1997/98 (TL = total
length in cm, Wt = body weight in grams)

Statistical summary for between-years comparison of Mozambique
mouthbrooder sex and size class for gillnet catches from the Ross River
weirs, 1991/92 and 1997/98 (TL = median total length, cm)

Percentage composition of gut content samples of Barramundi from the
Ross River weirs, 1997/98

Comparison of the main gut components between samples of Barramundi
collected from Aplin Weir and Black Weir, Ross River, 1997/98

Summary statistics for seine net catches from Ross River weir sites,
1999/2000

Summary statistics for seine net catches from Ross Dam and Upper Ross
River sites, 1999/2000

Statistical summary for comparison of seine net catches between restricted
sites and main channel sites in the Ross River catchment, for non-
indigenous fishes (all species), indigenous fishes (all species) and
indigenous piscivorous fishes, 1999/2000, catch (IN) = median catch inside
restricted site, catch (OUT) = median catch in Ross River channel site

Xvii

Page

9

42

60

64

65

68

69

70

70

72

72

73



Table

4.11

4.12

4.13

5.1

5.2

53

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

Summary statistics for total prey items from gut samples of Mouth almighty
collected from main channel sites in the Ross River weirs, Ross Dam and
Upper Ross River, 1999/2000

Statistical summary for between sites and between locations comparisons of
prey taxa in gut samples of Mouth almighty collected from the Ross River
weirs, Ross Dam and Upper Ross River, 1999/2000

Comparison of percentage composition of small fish in seine net samples
and in gut samples of Mouth almighty collected from the Ross River weirs,
Ross Dam and Upper Ross River, 1999/2000

Summary of field and experimental morphometric data analyses for the
predator Mouth almighty and its prey

Morphometric summary for Barramundi and prey items of fish collected
from the Ross River Weirs, 1997/98

Statistical summary for comparison of prey species survivorship between
ambush and patrol predators at different time intervals

Statistical summary for comparison of prey class survivorship between
ambush and patrol predators at different time intervals (n = 12)

Statistical summary for comparison of prey species and classes survivorship
in the presence of a predator at different time intervals (GAM =
Mosquitofish, GP = Agassiz’s glassperch, sample size: prey species, n = 12,
prey classes, n = 24)

Statistical summary for comparison of survivorship of dominant prey
species and classes between ambush and patrol predators

Statistical summary for comparison of survivorship of non-dominant prey
species and classes between ambush and patrol predators

Statistical summary for comparison of dominant prey species and class
survivorship in the presence of a predator

Statistical summary for non-dominant prey species and class survivorship in
the presence of a predator

Statistical summary for comparison of prey species and class survivorship
between ambush and patrol predators at different levels of cover

Statistical summary for comparison of prey species and class survivorship
in the presence of a predator with different levels of cover

Statistical summary for comparisons of prey species and class survivorship
between levels of cover in the presence of a predator

Xviii

Page

71

78

79

111

116

119

121

125

130

132

134

136

139

144

149



Table

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

Parasites collected from non-indigenous fishes in northern Queensland fresh
waters (n = indigenous; e = non-indigenous; Spec. = host specificity; ecto =
ectoparasite; endo = endoparasite)

Parasites recorded from indigenous fishes in northern Queensland fresh
waters (n = indigenous; e = non-indigenous; Spec. = host specificity; ecto =
ectoparasite; endo = endoparasite)

Summary statistics for parasite communities of indigenous and non-
indigenous host fishes from northern Queensland fresh waters (3.n =
number of fish examined; Mean spp = mean number of parasite species per
host; Max spp. = maximum number of parasite species recorded per host; )’
spp prev. = total parasite prevalence per host species; dlc:ilc = ratio of direct
life cycle to indirect life cycle parasites; r = correlation coefficient; a =
predicted maximum component parasite community richness; b = index of
mean parasite infracommunity richness G = parasite community
interactivity index; 1 = coefficient of determination

Correlation between parasite intensity and host length for samples of
indigenous and non-indigenous freshwater fish species from northern

Correlation and Regression analyses summary for parasite acquisition in
relation to residence time of non-indigenous freshwater fishes

Summary statistics for parasite frequency distribution on hosts and
goodness of fit to the negative binomial model for non-indigenous fish
species collected in fresh waters in northern Queensland

Summary statistics for parasite frequency distribution on hosts and
goodness of fit to the negative binomial model for indigenous fish species
collected in fresh water in northern Queensland

Correlation summary for parasite frequency distribution k (aggregation)
parameter in relation to prevalence and intensity for indigenous and non-
indigenous freshwater fish hosts in low and high disturbance habitats (n =
sample size; r = Pearson correlation coefficient; p = probability; disturb. =
level of habitat disturbance)

Statistical summary for comparison of parasite intensity, prevalence and
aggregation (k) of regional parasite communities for indigenous and non-
indigenous freshwater fish hosts in high and low disturbance habitats in
northern Queensland

Statistical summary for comparison of parasite intensity, prevalence,
aggregation (k) and goodness of fit to the negative binomial model for
parasite communities of indigenous and non-indigenous freshwater fish
species between high and low disturbance habitats in northern Queensland

XIX

Page

173

174

177

179

189

191

191

200

201

205



Figure
Al
A2
A3
A4
AS
A6
A7
A8
A9

Al0
All
Al2
Al3
Al4
AlS
Al6
Al7
Al
Al9
A20
A2l
A22
A23

A24

LIST OF APPENDICES (FIGURES)

Townsville monthly rainfall data, 1994-2000

Ross Dam Monthly Total Nitrogen, 1994-2000

Black Weir, monthly Total Nitrogen, 1994-2000

Aplin Weir, monthly Total Nitrogen, 1994-2000

Ross Dam, monthly Phosphorus, 1994-2000

Black Weir, monthly Phosphorus, 1994-2000

Aplin Weir, monthly Phosphorus, 1994-2000

Ross Dam, monthly Turbidity, 1994-2000

Black Weir, monthly Turbidity, 1994-2000

Aplin Weir, monthly Turbidity, 1994-2000

Ross Dam, monthly Conductivity, 1994-2000

Black Weir, monthly conductivity, 1994-2000

Aplin Weir, monthly Conductivity, 1994-2000

Changes in conductivity: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in Sodium: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in Chloride: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in Calcium: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in Magnesium: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in pH: Ross Dam, Aplin and Black Weir, 1994-2000

Changes in Alkalinity: Ross Dam, Aplin Weir and Black Weir, 1994-2000
Changes in Bicarbonate: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in Total Nitrogen: Ross Dam, Aplin and Black Weir, 1994-2000
Changes in Phosphorus: Ross Dam, Aplin and Black Weir, 1994-2000

Changes in Turbidity: Ross Dam, Aplin and Black Weir, 1994-2000

XX

Page
278
278
279
279
280
280
281
281
282
282
283
283
284
285
285
286
286
287
287
288
288
289
289

290



Figure
B1
B2
B3
B4
BS

B6

B7

B8

B9
B10
Bl11
B12
B13
B14
B15
B16
B17
B18
B19

B20

B21
B22
B23

B24

Convict cichlid, Archocentrus nigrofasciatum (adult TL: 10cm)
Firemouth cichlid, Thorichthys meeki, (adult, TL: 6¢cm)

Green severum, Heros severus (Juvenile, TL: 5cm)

Green terror, Aequidens rivulatus (Juvenile, TL: 9cm)
Black-spotted mangrove cichlid, Tilapia mariae (Juvenile, TL: 8cm)

Mozambique mouthbrooder, Oreochromis mossambicus (Juvenile, TL:
Scm)

Jewel cichlid, Hemichromis guttatus (Adult, TL: 6cm)

Burton’s haplochromis, Haplochromis burtoni (Adult, TL: 6¢cm)
Oscar, Astronotus ocellatus (Juvenile, TL: 12cm)

Midas cichlid, Amphilophus citrinellum (Red morph, Adult, TL: 23cm)
Mosquitofish, Gambusia holbrooki, Adult female, TL: 4cm
Platy, Xiphophorus maculatus (Adult female, TL: 3cm
Swordtail, Xiphophorus helleri (Adult male, TL: 6cm)

Guppy, Poecilia reticulata (Adult male, TL: 1.2cm)

Guppy, Poecilia reticulata (Adult female, TL: 1.8cm)

Sailfin molly, Poecilia latipinna (Adult, TL: 5cm)

Three-spot gourami, Trichogaster trichopterus (Adult, TL: 7cm)
Unidentified cyprinid sp. A (Adult, TL: approx. 45cm)

Cumulative number of introduced freshwater fish species in Australia

Cumulative number of introduced freshwater fish species in the continental

United States

Cumulative number of introduced freshwater fish species in Hawaii
Cumulative number of introduced freshwater fish species in Indonesia
Cumulative number of introduced freshwater fish species in Spain

Cumulative number of introduced freshwater fish species in the
Netherlands

xx1

Page
302
302
302
302
302

302

303
303
303
303
303
303
304
304
304
304
304
304
305

305

305
305
306

306



Figure
B25
B26

Cl1

C2

C3

D1
D2
D3

D4

D5
D6

D7

D8

D9

D10

D11

D12

Cumulative number of introduced freshwater fish species in Great Britain

Cumulative number of introduced freshwater fish species in Sri Lanka

Comparison of dissolved oxygen concentrations in isolated pools,
vegetation barriers and main channel sites in the Ross River catchment

Percentage of non-indigenous fish in seine net samples collected in Sept.
2003 from blocked island channel, isolated wetland and adjacent main
channel sites in the Ross River catchment (data collected by M. Sjoquist,

S. Fagerberg, K. Konnaris, A. Hayes, R. Rodriguez and B. Hay, School of

Tropical Biology, JCU, Townsville)

Percentage of non-indigenous fish in seine net samples collected in Sept.

2003 from blocked creek and adjacent main channel sites in the Ross River

catchment (data collected by M. Sjoquist, S. Fagerberg, K. Konnaris, A.
Hayes, R. Rodriguez and B. Hay, School of Tropical Biology, JCU,
Townsville)

Mean caudal fin aspect ratio for selected prey species

Mean body height : width ratio for selected prey species

Mean total length : body depth ratio for selected prey species

Total length : body depth ratio versus body depth for Mozambique
mouthbrooder juveniles

Total length : body depth ratio versus body depth for Agassiz’s glassperch

Total length : body-depth ratio versus body depth for the Mosquitofish

Total length : body-depth ratio versus body depth for the Fly-specked
hardyhead

Mean dorsal fin spine length for different body-depth classes of
Mozambique mouthbrooder

Mean pelvic fin spine length for different body-depth size classes of
Mozambique mouthbrooder

Mean dorsal fin spine width for different body-depth size classes of
Mozambique mouthbrooder

Mean pelvic fin spine width for different body-depth size classes of
Mozambique mouthbrooder

Percentage of fin spines above break threshold for different body-depth
size classes of Mozambique mouthbrooder

Xxii

Page
306
306

309

309

310

313
313
314

314

315
315

316

316

317

317

318

318



Figure Page

D13 Mean dorsal fin spine length for different body-depth size classes of 319
Agassiz’s glassperch

D14  Mean pelvic fin spine length for different body-depth size classes of 319
Agassiz’s glassperch

D15  Mean dorsal fin spine width for different body-depth size classes of 320
Agassiz’s glassperch

D16  Mean pelvic fin spine width for different body-depth size classes of 320
Agassiz’s glassperch

D17  Change in mean catch time with body length for selected prey species 321

D18  Catchability index versus body length for Mozambique mouthbrooder 321

D19  Catchability index versus body length for the Mosquitofish 322

D20  Catchability index versus body length for Agassiz’s glassperch 322

D21  Catchability index versus body length for the Fly-specked hardyhead 323

D22  Mean catchability index for selected prey species 323

El Parasites acquired by non-indigenous freshwater fishes in relation to 327

residency time in southern Australia

E2 Parasites acquired by non-indigenous freshwater fishes in relation to 327
residency time in Great Britain

XXI1i1



Table

Al

A2

A3

Ad

AS

A6

A7

A8

B1

B2

B3

Cl

D1

LIST OF APPENDICES (TABLES)

List of fish species recorded for the Ross River (Milward and Webb 1990;
Webb 1994 and unpubl. data prior to, and after, this study) (*tr =
translocated species)

List of aquatic plant species recorded for the Ross River catchment (Webb
1994 and this study)

MANOVA summary for comparison of water quality parameters among
Ross River weirs and Ross Dam, 1994-1996

MANOVA summary for comparison of water quality parameters among
Ross River weirs and Ross Dam, 1997-1999

MANOVA summary for comparison of water quality parameters among
Ross River weirs and Ross Dam, 2000

Water Quality Guidelines for Queensland fresh waters

Water quality assessment for Ross Dam, Aplin and Black weirs, 1994-2000,
using guidelines for Queensland fresh waters in Table A6

Trophic status criteria and standards for freshwater bodies (after King 1979)

Location and GPS coordinates of freshwater sites sampled for non-
indigenous fish species in open freshwaters in northern Queensland (p*=
sites where fish samples collected for examination of parasite fauna;
H=High disturbance habitat; L=Low disturbance habitat — refer to Chapter
6)

Non-indigenous fishes recorded (R) or established (E) in Australian
freshwaters (*including this study)

Numbers of introduced freshwater fish species in selected countries for
comparison with Australia, Queensland and northern Queensland (number
of established species in parentheses)

Statistical summary for comparison of dissolved oxygen concentrations in
isolated pools, vegetation barriers and main channel sites for the seine net
sampling program in the Ross River catchment

Morphometric data summary for the four predator species (Mouth almighty,
Barramundi, Tarpon and Spangled perch), and the four prey species (Fly-
specked hardyhead, Agassiz’s glassperch, Mozambique mouthbrooder and
Mosquitofish), including the mean capture time of prey species, and
classification of predator and prey species

XX1V

Page

276

277

278

279

280

280

280

295

303

304

311

315



Table

D2

El

E2

Page
Dorsal and pelvic fin spine measurements for Agassiz’s glassperch and the 315
Mozambique mouthbrooder

Taxonomic reference material and other sources used for identification of 328
fish parasites

Presence/absence input matrix for NMDS ordination analysis of parasite 329
communities of indigenous and non-indigenous freshwater fish species in
northern Queensland

XXV



	FRONTISPIECE
	TITLE PAGE
	STATEMENT OF ACCESS
	DECLARATION
	ACKNOWLEDGMENTS
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF APPENDICES (FIGURES)
	LIST OF APPENDICES (TABLES)



