Influences of salinity, water quality and hydrology on
early life stages of fishes in the Lower River Murray,
South Australia

Editors: Qifeng Ye, Katherine J. Cheshire and Dale G. McNeil
SARDI Publication No. F2009/000470-1-6
SARDI Research Report Series No. 446
SARDI Aquatic Sciences
PO Box Henley Beach SA 5022

June 2010

Influences of salinity, water quality and hydrology on
early life stages of fishes in the Lower River Murray,
South Australia

Editors: Qifeng Ye, Katherine J. Cheshire and Dale G. McNeil

SARDI Publication No. F2009/000470-1-6
SARDI Research Report Series No. 446

June 2010

This publication may be cited as:
Ye, Q., Cheshire, K. J. and McNeil, D. G (Eds) (2010). Influences of salinity, water quality
and hydrology on early life stages of fishes in the Lower River Murray, South Australia. South
Australian Research and Development Institute (Aquatic Sciences), Adelaide. SARDI Publication
No. F2009/000470-1-6. SARDI Research Report Series No. 446. 179 p.
South Australian Research and Development Institute
SARDI Aquatic Sciences
2 Hamra Avenue
West Beach SA 5024
Telephone: (08) 8207 5400
Facsimile: (08) 8207 5406
http://www.sardi.sa.gov.au

DISCLAIMER
The authors warrant that they have taken all reasonable care in producing this report. The report
has been through the SARDI Aquatic Sciences internal review process, and has been formally
approved for release by the Chief, Aquatic Sciences. Although all reasonable efforts have been
made to ensure quality, SARDI Aquatic Sciences does not warrant that the information in this
report is free from errors or omissions. SARDI Aquatic Sciences does not accept any liability for
the contents of this report or for any consequences arising from its use or any reliance placed upon
it.
© 2010 SARDI
This work is copyright. Apart from any use as permitted under the Copyright Act 1968, no part may
be reproduced by any process without prior written permission from the authors.
Printed in Adelaide: June 2010
SARDI Publication No. F2009/000470-1-6
SARDI Research Report Series No. 446

Editor(s):

Qifeng Ye, Katherine J. Cheshire and Dale G. McNeil

Reviewer(s): Kelly Marsland, Josh Fredburg, Mandee Thiel, Kathleen Beyer, Dean Hartwell,
Luciana Bucater and Jane Ham
Approved by: Steven Clarke
Principal Scientist - Aquaculture
Signed:
Date:

24 June 2010

Distribution:

SAASC Library and University of Adelaide Library

Circulation:

Public Domain

SARDI, Aquatic Sciences

Ye et al. 2010

TABLE OF CONTENTS
LIST OF FIGURES .............................................................................................................................................V
LIST OF TABLES ...............................................................................................................................................X
ACKNOWLEDGEMENTS ...................................................................................................................................XII
EXECUTIVE SUMMARY ...................................................................................................................................XIII

CHAPTER 1.

INFLUENCES OF SALINITY AND WATER QUALITY ON THE RECRUITMENT

DYNAMICS OF LARVAL FISHES IN THE LOWER RIVER MURRAY: A LITERATURE REVIEW. .............. 1
LESLEY A. ALTON, KATHERINE J. CHESHIRE, SIMON WESTERGAARD AND QIFENG YE
1.1

INTRODUCTION..................................................................................................................................... 1

1.2

HABITAT REQUIREMENTS AND WATER QUALITY TOLERANCES OF NATIVE FISHES DURING EARLY LIFE STAGES
........................................................................................................................................................... 3

1.2.1 Atherinidae.................................................................................................................................................... 3
1.2.2 Clupeidae ...................................................................................................................................................... 4
1.2.3 Eleotridae ...................................................................................................................................................... 5
1.2.4 Galaxiidae ..................................................................................................................................................... 8
1.2.5 Nannopercidae ............................................................................................................................................. 9
1.2.6 Melanotaeniidae........................................................................................................................................... 9
1.2.7 Mordaciidae ................................................................................................................................................ 11
1.2.8 Percichthyidae ............................................................................................................................................ 12
1.2.9 Plotosidae ................................................................................................................................................... 15
1.2.10 Retropinnidae ............................................................................................................................................. 16
1.2.11 Terapontidae............................................................................................................................................... 17
1.3

HABITAT REQUIREMENTS AND WATER QUALITY TOLERANCES OF EXOTIC FISHES DURING EARLY LIFE

STAGES ......................................................................................................................................................... 18

1.3.1 Cyprinidae ................................................................................................................................................... 18
1.3.2 Percidae ...................................................................................................................................................... 21
1.3.3 Poeciliidae................................................................................................................................................... 22
1.4

SUMMARY .......................................................................................................................................... 24

1.4.1 Habitat ......................................................................................................................................................... 24
1.4.2 Temperature ............................................................................................................................................... 24
1.4.3 Salinity ......................................................................................................................................................... 24
1.4.4 Dissolved oxygen (DO) ............................................................................................................................. 24
1.4.5 pH................................................................................................................................................................. 24
1.5

REFERENCES ..................................................................................................................................... 39

I

SARDI, Aquatic Sciences

Ye et al. 2010

CHAPTER 2.

JUVENILE SALINITY TOLERANCE OF EIGHT NATIVE FISH SPECIES FROM THE

LOWER RIVER MURRAY, SOUTH AUSTRALIA.......................................................................................... 48
DALE G MCNEIL, SIMON WESTERGAARD AND QIFENG YE
ABSTRACT ..................................................................................................................................................... 48
2.1

INTRODUCTION................................................................................................................................... 49

2.2

MATERIALS AND METHODS .................................................................................................................. 50

2.2.1 Experimental methodology ....................................................................................................................... 50
2.2.2 Test fish ....................................................................................................................................................... 51
2.2.3 Estimation of thresholds and data analysis............................................................................................ 52
2.2.4 Behavioural measurements...................................................................................................................... 53
2.3

RESULTS ........................................................................................................................................... 54

2.3.1 Southern purple spotted gudgeon (Mogurnda adspersa) .................................................................... 54
2.3.2 Freshwater catfish (Tandanus tandanus)............................................................................................... 55
2.3.3 Silver perch (Bidyanus bidyanus) ............................................................................................................ 56
2.3.4 Golden perch (Macquaria ambigua)........................................................................................................ 57
2.3.5 Carp gudgeon (Hypseleotris spp.)........................................................................................................... 58
2.3.6 Murray rainbowfish (Melanotaenia fluviatilis)......................................................................................... 59
2.3.7 Dwarf flat-headed gudgeon (Philypnodon macrostomus).................................................................... 60
2.3.8 Flat-headed gudgeon (Philypnodon grandiceps) .................................................................................. 61
2.3.9 Summary of results.................................................................................................................................... 63
2.4

DISCUSSION ...................................................................................................................................... 64

2.4.1 Ecological and management significance .............................................................................................. 66
2.5

CONCLUSIONS ................................................................................................................................... 67

2.6

APPENDIX .......................................................................................................................................... 68

2.7

REFERENCES ..................................................................................................................................... 70

CHAPTER 3.

LARVAL SALINITY TOLERANCE OF NINE NATIVE FISH SPECIES FROM THE LOWER

RIVER MURRAY, SOUTH AUSTRALIA. ....................................................................................................... 73
DALE G. MCNEIL, LESLEY A. ALTON, SIMON WESTERGAARD AND QIFENG YE
ABSTRACT ..................................................................................................................................................... 73
3.1

INTRODUCTION................................................................................................................................... 74

3.2

MATERIALS AND METHODS ................................................................................................................. 75

3.2.1 Experimental methodology: direct transfer toxicity tests...................................................................... 75
3.2.2 Test fish: sourcing and individual trial details ........................................................................................ 77
3.2.3 Analysis of salinity thresholds .................................................................................................................. 77
3.3

RESULTS ........................................................................................................................................... 78

3.3.1 Direct transfer toxicity results ................................................................................................................... 78
3.3.2 Direct transfer toxicity comparison of results ......................................................................................... 92
3.4

DISCUSSION ...................................................................................................................................... 94

3.4.1 Direct transfer methodology ..................................................................................................................... 94
3.4.2 Larval salinity tolerances........................................................................................................................... 95

II

SARDI, Aquatic Sciences

Ye et al. 2010

3.4.3 Ecological and management implications .............................................................................................. 96
3.5

CONCLUSIONS ................................................................................................................................... 98

3.6

APPENDIX .......................................................................................................................................... 99

3.7

REFERENCES ................................................................................................................................... 100

CHAPTER 4.

THE IMPACT OF SALINITY ON EGG DEVELOPMENT OF FOUR SPECIES OF NATIVE

FISH FROM THE LOWER RIVER MURRAY, SOUTH AUSTRALIA........................................................... 103
DALE G. MCNEIL, SIMON WESTERGAARD AND QIFENG YE
ABSTRACT ................................................................................................................................................... 103
4.1

INTRODUCTION................................................................................................................................. 104

4.2

MATERIALS AND METHODS ................................................................................................................ 105

4.2.1 Spawning and egg production ................................................................................................................105
4.2.2 Pilot study: Common galaxias (Galaxias maculatus) ..........................................................................105
4.2.3 Direct transfer trials: Eleotridae eggs.....................................................................................................106
4.3

RESULTS ......................................................................................................................................... 108

4.3.1 Salinity tolerance of common galaxias eggs: pilot study.....................................................................108
4.3.2 Salinity tolerance of Eleotridae eggs......................................................................................................109
4.3.3 Summary of results for Eleotridae eggs ................................................................................................118
4.4

DISCUSSION .................................................................................................................................... 119

4.4.1 Pilot study: salinity tolerance of Galaxias maculatus eggs .................................................................119
4.4.2 Salinity tolerance of Eleotridae eggs......................................................................................................119
4.4.3 Hatching success......................................................................................................................................122
4.5

CONCLUSIONS ................................................................................................................................. 123

4.6

APPENDIX ........................................................................................................................................ 124

4.7

REFERENCES ................................................................................................................................... 125

CHAPTER 5.

THE INFLUENCE OF HYDROLOGY AND WATER QUALITY IN STRUCTURING INTER-

ANNUAL AND SPATIAL DYNAMICS OF LARVAL FISH ASSEMBLAGES IN THE LOWER RIVER
MURRAY, SOUTH AUSTRALIA. ................................................................................................................. 128
KATHERINE J. CHESHIRE AND QIFENG YE
ABSTRACT ................................................................................................................................................... 128
5.1

INTRODUCTION................................................................................................................................. 129

5.1.1 Objectives ..................................................................................................................................................130
5.2

MATERIALS AND METHODS ................................................................................................................ 130

5.2.1 Study sites..................................................................................................................................................130
5.2.2 Sampling trips............................................................................................................................................130
5.2.3 Collection and processing of larvae .......................................................................................................131
5.2.4 Measurement of environmental parameters .........................................................................................132
5.2.5 Data analysis .............................................................................................................................................132
5.3

RESULTS ......................................................................................................................................... 134

5.3.1 Environmental conditions.........................................................................................................................134

III

SARDI, Aquatic Sciences

Ye et al. 2010

5.3.2 Larval fish assemblage ............................................................................................................................138
5.4

DISCUSSION .................................................................................................................................... 149

5.4.1 Hydrology and water quality ....................................................................................................................149
5.4.2 Larval fish assemblage ............................................................................................................................149
5.4.3 Inter-annual variation................................................................................................................................150
5.4.4 Spatial variation.........................................................................................................................................151
5.4.5 Linking larval assemblages to environmental variables ......................................................................151
5.5

CONCLUSIONS ................................................................................................................................. 154

5.6

RECOMMENDATIONS FOR FUTURE RESEARCH .................................................................................... 155

5.7

REFERENCES ................................................................................................................................... 156

CHAPTER 6.

LINKING ZOOPLANKTON AND LARVAL FISH ASSEMBLAGES: IN THE LOWER

RIVER MURRAY, SOUTH AUSTRALIA, 2006/07. ...................................................................................... 160
KATHERINE J. CHESHIRE AND QIFENG YE
ABSTRACT ................................................................................................................................................... 160
6.1

INTRODUCTION................................................................................................................................. 161

6.1.1 Objectives ..................................................................................................................................................163
6.2

MATERIALS AND METHODS ................................................................................................................ 163

6.2.1 Study sites..................................................................................................................................................163
6.2.2 Sampling trips............................................................................................................................................163
6.2.3 Collection and processing of larvae and zooplankton .........................................................................164
6.2.4 Measurement of environmental parameters .........................................................................................164
6.2.5 Data analysis .............................................................................................................................................165
6.2.6 Linking larval and zooplankton assemblage with environmental parameters..................................165
6.2.7 Linking larval fish assemblages with zooplankton abundances and environmental parameters..165
6.3

RESULTS ......................................................................................................................................... 166

6.3.1 Larval fish assemblage ............................................................................................................................166
6.3.2 Zooplankton assemblage.........................................................................................................................169
6.3.3 Linkages between larval fish, zooplankton and environmental conditions.......................................174
6.4

DISCUSSION .................................................................................................................................... 175

6.5

CONCLUSIONS ................................................................................................................................. 176

6.6

RECOMMENDATIONS FOR FUTURE RESEARCH .................................................................................... 176

6.7

REFERENCES ................................................................................................................................... 177

IV

SARDI, Aquatic Sciences

Ye et al. 2010

LIST OF FIGURES
FIGURE 2.1. SOUTHERN PURPLE SPOTTED GUDGEON % SURVIVAL (±S.E.

N=30) UNDER INCREASING SALINITY

(2 PPT/DAY). .............................................................................................................................................. 54
FIGURE 2.2. BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL ACCLIMATION TRIAL FOR
SOUTHERN PURPLE SPOTTED GUDGEON (N=30). ......................................................................................... 54
FIGURE 2.3. FRESHWATER CATFISH % SURVIVAL (±S.E.: N=30) UNDER INCREASING SALINITY (2 PPT/DAY). ............ 55
FIGURE 2.4. FRESHWATER CATFISH BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL
ACCLIMATION TRIAL (N=30)......................................................................................................................... 55

FIGURE 2.5. SILVER PERCH % SURVIVAL (±S.E.: N=30) UNDER INCREASING SALINITY (2 PPT/DAY).......................... 56
FIGURE 2.6. SILVER PERCH BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL ACCLIMATION TRIAL
(N=30). ..................................................................................................................................................... 56
FIGURE 2.7. GOLDEN PERCH % SURVIVAL (±S.E.: N=30) UNDER INCREASING SALINITY (2 PPT/DAY)........................ 57
FIGURE 2.8. GOLDEN PERCH BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL ACCLIMATION
TRIAL (N=30). ............................................................................................................................................ 57

FIGURE 2.9. CARP GUDGEON % SURVIVAL (±S.E. N=30) UNDER INCREASING SALINITY (2 PPT/DAY). ....................... 58
FIGURE 2.10. CARP GUDGEON BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL ACCLIMATION
TRIAL (N=30). ............................................................................................................................................ 58

FIGURE 2.11. MURRAY RAINBOWFISH % SURVIVAL (±S.E.: N=30) UNDER INCREASING SALINITY (2 PPT/DAY). .......... 59
FIGURE 2.12. MURRAY RAINBOWFISH BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL
ACCLIMATION TRIAL (N=30)......................................................................................................................... 59

FIGURE 2.13. DWARF FLAT-HEADED GUDGEON % SURVIVAL (±S.E.: N=30) UNDER INCREASING SALINITY (2
PPT/DAY). .................................................................................................................................................. 60

FIGURE 2.14. DWARF FLAT-HEADED GUDGEON BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL
ACCLIMATION TRIAL (N=30)......................................................................................................................... 60

FIGURE 2.15. FLAT-HEADED GUDGEON % SURVIVAL (±S.E.: N=30) UNDER INCREASING SALINITY (2 PPT/DAY)......... 62
FIGURE 2.16. FLAT-HEADED GUDGEON BEHAVIOURAL OBSERVATIONS WITH SALINITY, FROM GRADUAL
ACCLIMATION TRIAL (N=30)......................................................................................................................... 62

FIGURE 2.17. LETHAL SALINITY CONCENTRATION CHART SHOWING LC10, LC50 AND LC90 (±95% CONFIDENCE
INTERVAL) VALUES FOR JUVENILES OF EIGHT SPECIES OF NATIVE FISH ESTIMATED USING PROBIT
ANALYSIS................................................................................................................................................... 63

FIGURE 3.1. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR GOLDEN PERCH LARVAE.............................................................................................................. 79

V

SARDI, Aquatic Sciences

Ye et al. 2010

FIGURE 3.2. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER TRIAL
FOR GOLDEN PERCH LARVAE (N=30).

ERROR BARS INDICATE UPPER AND LOWER 95% CONFIDENCE

INTERVALS AROUND LC50. 16.51. ................................................................................................................ 79

FIGURE 3.3. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR SILVER PERCH LARVAE................................................................................................................ 80

FIGURE 3.4. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER TRIAL
FOR SILVER PERCH LARVAE (N=30).

ERROR BARS INDICATE UPPER AND LOWER 95% CONFIDENCE

INTERVALS AROUND LC50. ........................................................................................................................... 81

FIGURE 3.5. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR FRESHWATER CATFISH LARVAE. .................................................................................................. 82

FIGURE 3.6. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER TRIAL
FOR FRESHWATER CATFISH LARVAE (N=30).
CONFIDENCE INTERVALS AROUND LC50.

ERROR BARS INDICATE UPPER AND LOWER 95%

...................................................................................................... 82

FIGURE 3.7. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR MURRAY RAINBOWFISH LARVAE. ................................................................................................. 83

FIGURE 3.8. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER TRIAL
FOR MURRAY RAINBOWFISH LARVAE (N=30).

ERROR BARS INDICATE UPPER AND LOWER 95%

CONFIDENCE INTERVALS AROUND LC50. ..................................................................................................... 84

FIGURE 3.9. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR SOUTHERN PURPLE SPOTTED GUDGEON LARVAE.......................................................................... 85

FIGURE 3.10. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER
TRIAL FOR SOUTHERN PURPLE SPOTTED GUDGEON LARVAE (N=30).

ERROR BARS INDICATE UPPER AND

LOWER 95% CONFIDENCE INTERVALS AROUND LC50. ................................................................................... 85

FIGURE 3.11. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR CARP GUDGEON LARVAE. ............................................................................................................ 86

FIGURE 3.12. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER
TRIAL FOR CARP GUDGEON LARVAE (N=30).
CONFIDENCE INTERVALS AROUND LC50.

ERROR BARS INDICATE UPPER AND LOWER 95%

...................................................................................................... 87

FIGURE 3.13. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR FLAT-HEAD GUDGEON LARVAE..................................................................................................... 88

FIGURE 3.14.: LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER
TRIAL FOR FLAT-HEAD GUDGEON LARVAE (N=30).
CONFIDENCE INTERVALS AROUND LC50.

ERROR BARS INDICATE UPPER AND LOWER 95%

...................................................................................................... 88

FIGURE 3.15. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR DWARF FLAT-HEAD GUDGEON LARVAE......................................................................................... 89

VI

SARDI, Aquatic Sciences

Ye et al. 2010

FIGURE 3.16 LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER TRIAL
FOR DWARF FLAT-HEAD GUDGEON LARVAE (N=30).
CONFIDENCE INTERVALS AROUND LC50.

ERROR BARS INDICATE UPPER AND LOWER 95%

...................................................................................................... 90

FIGURE 3.17. % SURVIVAL (MEAN ± S.E. N=30) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL FOR YARRA PYGMY PERCH LARVAE. ................................................................................................... 91

FIGURE 3.18. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES WITH TIME, DERIVED FROM DIRECT TRANSFER
TRIAL FOR YARRA PYGMY PERCH LARVAE (N=30).
CONFIDENCE INTERVALS AROUND LC50.

ERROR BARS INDICATE UPPER AND LOWER 95%

...................................................................................................... 91

FIGURE 3.19. LETHAL SALINITY CONCENTRATION CHART SHOWING LC10, LC50 AND LC90 (± 95% CONFIDENCE
INTERVAL) VALUES FOR JUVENILES OF EIGHT SPECIES OF NATIVE FISH ESTIMATED USING PROBIT
ANALYSIS................................................................................................................................................... 93

FIGURE 4.1. COMMON GALAXIAS EGG DEVELOPMENT AT SALINITY. A) EGGS AT DAY 6 (144H); (LEFT-RIGHT)
AIR EXPOSED EGG, AND 1-12 PPT SALINITY TREATMENTS DEVELOPING NORMALLY, AND 38 AND 50 PPT
SHOWING ARRESTED DEVELOPMENT AND MORTALITY, B) AFTER 10 DAYS (240 H); CONTROL, 6 PPT AND

12 PPT TREATMENTS DEVELOPING NORMALLY C) VIABLE LARVAE AT DAY 11 FROM 1 PPT TRIAL. D)
LARVAE AT DAY 11 IN 12 PPT TREATMENT NOTE REDUCED DEVELOPMENT................................................... 108
FIGURE 4.2: CARP GUDGEON EGG DEVELOPMENT AT SALINITY. A) EGGS AT BEGINNING OF TRIAL – WATER
HARDENED WITH EMBRYONIC AXIS ALREADY FORMED. B) AFTER 1 DAY, DEVELOPMENT IS STUNTED IN 21
PPT AND MORTALITY IN 35 PPT. C) AFTER 2 DAYS, REDUCED GROWTH OBVIOUS IN 21 PPT. D) AFTER 3
DAYS MORTALITIES AND CESSATION OF GROWTH IN 12 PPT. E) AT DAY 4, 100% MORTALITY IN 21 PPT
AND CESSATION OF GROWTH AND DEVELOPMENT IN 12 PPT. F) AT DAY 4 VIABLE LARVAE IN 7.6 PPT

(LEFT) AND UNVIABLE LARVAE REMOVED FROM EGG AT 12.6 PPT. ................................................................... 1
FIGURE 4.3. % SURVIVAL (MEAN ± S.E. N=296) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL OF CARP GUDGEON EGGS AND LARVAE. ............................................................................................ 111

FIGURE 4.4. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES (± 95% CONFIDENCE INTERVALS) FOR CARP GUDGEON
EGGS (N=269). ........................................................................................................................................ 111

FIGURE 4.5. DWARF FLAT-HEADED GUDGEON EGGS AT SALINITY. A) TIME ZERO, WATER-HARDENED EGGS
SHOWING EMBRYONIC LINE.

B) AFTER 1 DAY OF EXPOSURE, THERE IS LITTLE OBSERVABLE DIFFERENCE

ACROSS GROUPS. C) AFTER 2 DAYS, SOME MORTALITIES AND REDUCED GROWTH AT 35 PPT. D) AFTER

3 DAYS MORTALITIES AND REDUCED GROWTH IN 35 PPT. E) AT DAY 4, NO DISCERNABLE DIFFERENCE
BETWEEN TREATMENTS 1 PPT TO 21 PPT, YET 100% EMBRYONIC MORTALITY AT 35 PPT.................................. 1

FIGURE 4.6. % SURVIVAL (MEAN ± S.E. N=193) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL OF DWARF FLAT-HEADED GUDGEON EGGS AND LARVAE. .................................................................... 114

FIGURE 4.7. LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES (± 95% CONFIDENCE INTERVALS) FOR DWARF FLATHEADED GUDGEON EGGS (N=193).

........................................................................................................... 114

FIGURE 4.8. FLAT-HEADED GUDGEON EGGS DEVELOPMENT AT SALINITY. A) EGGS AT BEGINNING OF TRIAL –
WATER HARDENED WITH BLASTODISC FORMATION OBSERVED EMBRYONIC AXIS NOT YET FORMED. B)

VII

SARDI, Aquatic Sciences

Ye et al. 2010

AFTER 1 DAY EXPOSURE. C) AFTER 2 DAYS. D) AFTER 4 DAYS. E) AFTER 5 DAYS EXPOSURE. ALL TIMES
AND TREATMENTS SHOW LITTLE VARIATION IN DEVELOPMENT.

.................................................................... 116

FIGURE 4.9: % SURVIVAL (MEAN ± SE; N=281) WITH TIME IN TREATMENTS 0-35 PPT, FOR DIRECT TRANSFER
TRIAL OF FLAT-HEADED GUDGEON EGGS AND LARVAE................................................................................. 117

FIGURE 4.10: LC10 (□), LC50 (♦) AND LC90 (▲) ESTIMATES (± 95% CONFIDENCE INTERVALS) FOR FLAT-HEADED
GUDGEON EGGS (N=281). ........................................................................................................................ 117

FIGURE 5.1. THE RIVER MURRAY AND LOWER LAKES IN SOUTH AUSTRALIA. SAMPLING SITES ARE DENOTED
BY THE (

). .............................................................................................................................................. 131

FIGURE 5.2. COMPARISON OF THE ENVIRONMENTAL CONDITIONS BETWEEN 2005/06 AND 2006/07 AT SITES
1, 5 AND 6, WHERE A) DISCHARGE (MLD-1), B) WATER LEVEL (MAHD), C) MEAN DAILY WATER
TEMPERATURE (°C) AND D) MEAN DAILY ELECTRICAL CONDUCTIVITY (MICROSIEMENS PER CENTIMETRE
AT 25 °C). NOTE, WHERE DATA WAS NOT COLLECTED NO VALUES ARE PRESENTED...................................... 135

FIGURE 5.3. WATER QUALITY MEASUREMENTS FOR 2005/06 AND 2006/07 PRESENTED AS (A) SURFACE
DISSOLVED OXYGEN (PPM), (B) DISSOLVED OXYGEN @ 3M (PPM), (C) SURFACE PH, AND (D) PH @ 3M,
AND (E) TURBIDITY (DEPTH MM) RECORDED FOR SITE 1, 5 AND 6 DURING EACH OF THE SAMPLING EVENTS ........ 1

FIGURE 5.4. COMPARISON OF SMALL-MEDIUM BODIED SPECIES FISH LARVAE FOR THE 2005/06 AND 2006/07
SAMPLING EVENTS AT SITES 1, 5 AND 6. DATA ARE PRESENTED AS THE MEAN ICI (THE AVERAGE OF 3
REPLICATES. ............................................................................................................................................ 140

FIGURE 5.5. COMPARISON OF LARGE BODIED NATIVE SPECIES FISH LARVAE FOR THE 2005/06 AND 2006/07
SAMPLING EVENTS AT SITES 1, 5 AND 6. DATA ARE PRESENTED AS THE MEAN ICI (THE AVERAGE OF 3
REPLICATES)............................................................................................................................................ 141

FIGURE 5.6. COMPARISON OF EXOTIC SPECIES FISH LARVAE FOR THE 2005/06 AND 2006/07 SAMPLING
EVENTS AT SITES 1, 5 AND 6. DATA ARE PRESENTED AS THE MEAN ICI (THE AVERAGE OF 3 REPLICATES)...... 142

FIGURE 5.7. DURATION OF THE OCCURRENCE OF PRE-FLEXION LARVAE FOR FISH RECORDED AT SITE 1, SITE
5 AND SITE 6, IN THE LOWER RIVER MURRAY DURING THE 2005/06 AND 2006/07 SAMPLING SEASONS
USING CPUE DATA TRANSFORMED TO PRESENCE/ABSENCE DATA. ............................................................. 143

FIGURE 5.8. COMPARISON OF TOTAL ABUNDANCE OF FISH LARVAE COLLECTED DURING (A) 2005/06 AND (B)
2006/07 SAMPLING EVENTS AT SITES 1, 5 AND 6. DATA ARE PRESENTED AS THE MEAN ICI ± STANDARD
ERROR, FOR TOTAL CATCH OF LARVAE....................................................................................................... 145

FIGURE 5.9. NMS ORDINATION OF LARVAL FISH ASSEMBLAGES (STRESS 0.11), FOR

YEARS (

2006/07). CORRELATIONS FOR SPECIES ( ) AND ENVIRONMENTAL VARIABLES (

2005/06 AND

) ARE OVERLAID;

VECTORS INDICATE THE STRENGTH OF THE CORRELATION WITH AXES. ........................................................ 148

FIGURE 6.1. THE MATCH/MISMATCH HYPOTHESIS (ADAPTED FROM CUSHING 1990), WHERE (A) IS THE MATCH
SCENARIO AND (B) IS THE MISMATCH SCENARIO.

THE PRODUCTION OF EGGS, LARVAE AND PREY

(ZOOPLANKTONS) ARE SHOWN AS DISTRIBUTIONS IN TIME........................................................................... 161
FIGURE 6.2. NMS ORDINATION OF LARVAL FISH ASSEMBLAGES (STRESS 0.12), FOR A) SITES ( LOCK 1,
LOCK 5,

LOCK 6) AND (B) TRIPS (

1,

2, 3,

4,

VIII

5,

6,

7,

8). CORRELATIONS WITH

SARDI, Aquatic Sciences

Ye et al. 2010

SPECIES AND ENVIRONMENTAL VARIABLES ARE OVERLAID; VECTORS INDICATE THE STRENGTH OF THE
CORRELATION WITH AXES. ........................................................................................................................ 168

FIGURE 6.3. PERCENTAGE COMPOSITION OF CONTRIBUTING FAMILIES, GROUPED INTO CLASSES,

TO

ZOOPLANKTON ASSEMBLAGES (A) DOWNSTREAM LOCK 1, (B) DOWNSTREAM LOCK 5 AND (C)
DOWNSTREAM OF LOCK 6.

FAMILIES CONTRIBUTING LESS THAT 0.1% WERE EXCLUDED. ............................. 171

FIGURE 6.4. NMS ORDINATION OF ZOOPLANKTON ASSEMBLAGES (STRESS 0.15), FOR (A) SITES (
LOCK 5,

LOCK 6) AND (B) TRIPS (

ENVIRONMENTAL VARIABLES (

1,

2,

3,

5,

6,

7,

8,

LOCK 1,

9). CORRELATIONS

) ARE OVERLAID; VECTORS INDICATE THE STRENGTH OF THE

CORRELATION WITH AXES. ........................................................................................................................ 173

IX

SARDI, Aquatic Sciences

Ye et al. 2010

LIST OF TABLES
TABLE 1.1. NATIVE AND EXOTIC FISHES IN THE LOWER RIVER MURRAY IDENTIFIED AS KEY SPECIES FOR
SALINITY AND WATER QUALITY TOLERANCE STUDIES....................................................................................... 3

TABLE 1.2. SPAWNING HABITAT REQUIREMENTS AND EGG WATER QUALITY TOLERANCES OF THE KEY NATIVE
AND EXOTIC FISH SPECIES IN THE LOWER RIVER MURRAY, SA...................................................................... 25

TABLE 1.3. HABITAT REQUIREMENTS AND WATER QUALITY TOLERANCES OF THE LARVAE OF THE KEY NATIVE
AND EXOTIC FISH SPECIES IN THE LOWER RIVER MURRAY, SA...................................................................... 31

TABLE 1.4. HABITAT REQUIREMENTS AND WATER QUALITY TOLERANCES OF THE JUVENILES OF THE KEY
NATIVE AND EXOTIC FISH SPECIES IN THE LOWER RIVER MURRAY, SA. ......................................................... 35

TABLE 2.1. SPECIFIC TRIAL DETAILS: WEIGHT AND LENGTH OF TEST FISH, FOOD SUPPLIED AND TRIAL
DURATION.................................................................................................................................................. 52

TABLE 2.2. SUMMARY OF SLOW ACCLIMATION TRIAL RESULTS (LC EXPRESSED AS PPT) AND PREVIOUS SLOW
ACCLIMATION VALUES FROM CONSPECIFIC ADULT TRIALS [* FROM JACKSON & PIERCE (1992), ** FROM

WILLIAMS (1987) *** FROM GUO ET AL. (1995)]. #FLAT-HEADED GUDGEON DATA FROM ONE REPLICATE
ONLY. ........................................................................................................................................................ 64

TABLE 3.1. SUMMARY OF TRIAL SPECIFIC DETAILS. .............................................................................................. 76
TABLE 3.2. SUMMARY OF RESULTS FROM DIRECT TRANSFER TRIALS, INCORPORATING PREVIOUS ADULT AND
EARLY LIFE STAGE DIRECT TRANSFER TOLERANCE ESTIMATES (PPT) TAKEN FROM: CLUNIE ET AL. (2002)
AND; # FROM WILLIAMS (1987) FOR COMPARISON.

VALUES IN PARENTHESES () INDICATE LC50 VALUES

TAKEN EARLIER THAN 168H. RESULTS FROM THE CURRENT TRIALS ARE SHOWN IN BOLD................................ 92

TABLE 4.1. LC50 TOLERANCE ESTIMATES (EXPRESSED AS PPT) FOR THREE SPECIES OF ELEOTRID FROM THE
LOWER RIVER MURRAY INCLUDING PREVIOUS ESTIMATES FROM EGG, LARVAL AND JUVENILE/ADULT LIFE
STAGES OF THE SAME SPECIES, SOURCE CHAPTERS 4 & 5. *NOTE, CAUTION AS THIS DATA POINT MAY BE
SLIGHTLY OVER-ESTIMATED; SEE RESULTS FOR FLAT-HEADED GUDGEON..................................................... 118

TABLE 5.1. THREE-WAY UNIVARIATE ANOVA FOR DIFFERENCES AMONG YEARS, SITES AND TRIPS FOR
DISCHARGE, WATER LEVEL, TEMPERATURE AND SALINITY.

BOLD TEXT INDICATES SIGNIFICANT VALUE. ......... 134

TABLE 5.2. TOTAL NUMBER OF FISH LARVAE COLLECTED AT SITES 1, 5 AND 6 DURING 2005/06 AND 2006/07,
COMBINING PLANKTON TOW AND LIGHT TRAP DATA. .................................................................................... 139

TABLE 5.3. THREE-WAY UNIVARIATE PERMANOVA FOR TOTAL LARVAL ABUNDANCE AMONG YEARS, SITE
AND TRIP.

BOLD TEXT INDICATES SIGNIFICANT VALUE................................................................................. 144

TABLE 5.4. THREE-WAY MULTIVARIATE PERMANOVA FOR DIFFERENCES IN SPECIES COMPOSITION AND
ASSEMBLAGE COMPOSITION AMONG YEAR, SITE AND TRIP. (NOTE TRIPS 2 – 9 ONLY).

BOLD TEXT

INDICATES SIGNIFICANT VALUE. ................................................................................................................. 146

TABLE 5.5. SIMPER ANALYSIS FOR THE COMPARISON OF ASSEMBLAGE COMPOSITION BETWEEN 2005/06
AND 2006/07, FOR SITES 1, 5 AND 6. RESULTS ARE BASED ON FOURTH ROOT-TRANSFORMED ICI DATA........ 147

X

SARDI, Aquatic Sciences

Ye et al. 2010

TABLE 6.1. SAMPLING TRIPS AND DATES USED IN THE ANALYSES AND GRAPHS. .................................................. 163
TABLE 6.2. TOTAL NUMBER OF FISH LARVAE COLLECTED DOWNSTREAM OF LOCKS 1, 5 AND 6 DURING
2006/07. DATA IS PRESENTED AS TOTAL CATCH COMBINING BOTH LIGHT TRAPS AND PLANKTON TOWS. ........ 166
TABLE 6.3. TWO-WAY MULTIVARIATE PERMANOVA FOR THE ASSEMBLAGE COMPOSITION (4TH ROOT
TRANSFORMED ICI DATA), AMONG SITE AND TRIP.

BOLD TEXT INDICATES SIGNIFICANT VALUE. ..................... 167

TABLE 6.4. ESTIMATED DENSITY L-1 FOR ZOOPLANKTON COLLECTED DOWNSTREAM OF LOCKS 1, 5 AND 6
DURING 2006/07...................................................................................................................................... 170

TABLE 6.5. AVERAGE DENSITIES OF ZOOPLANKTON L-1 RECORDED DURING EACH TRIP AT SITES DOWNSTREAM
OF LOCKS 1, 5 AND 6 IN THE RIVER MURRAY, SA.

..................................................................................... 172

TABLE 6.6. TWO-WAY UNIVARIATE PERMANOVA FOR ZOOPLANKTON ASSEMBLAGE AMONG SITES AND TRIPS.
BOLD TEXT INDICATES SIGNIFICANT VALUE ................................................................................................. 172

XI

SARDI, Aquatic Sciences

Ye et al. 2010

ACKNOWLEDGEMENTS
This investigation was funded by the Department of Water, Land and Biodiversity Conservation (DWLBC),
Centre for Natural Resource Management (CNRM). A special thank you to Sorel Sanders, DWLBC, for
providing project management.
For contributions to the lab studies (Chapters 2 to 4) the authors would like to thank Lesley Alton for
assistance and input into the initial literature review, design and structure of the project. Thank you to
Matthew Pellizzari for input and effort into the initial rearing of fish and methodology for larval experiments,
construction storage aquaria and maintenance of test fish. Michael Hammer provided southern purple
spotted gudgeon broodstock and Yarra pygmy perch eggs for larval rearing. Thanks to South Australian
Research and Development Institute (SARDI) staff; Aaron Strawbridge, Phillipa Wilson, Lesley Alton, Chris
Bice and David Short who assisted in the collection and maintenance of test fish; and to Stephen Thurston,
New South Wales Department of Primary Industries, for providing golden perch and silver perch. Sincere
thanks to the Dr Graham Mair, Flinders University, for support and advice; Dr Alan Branford, Flinders
University, for advice on experiment design and statistical analyses; Sandra Marshall and Sam Davies,
Flinders University, for use of equipment; Michael Hammer, Native Fish Inc. South Australia and Dr James
Harris Flinders University, for support and advice. Thank you to Susan Gray and Darren Hicks (Australian
Water Quality Centre; Bolivar) for allowing access for the collection of zoo-plankton. Also, thank you to
Katherine Cheshire for providing project guidance on the final versions of the chapters.
The authors would like to thank the large number of SARDI staff that contributed to the field studies for this
project (Chapters 5 and 6). Phillipa Wilson and Lesley Alton helped immensely by aiding with sorting and
identifying the 1000’s of fish collected throughout the duration of this project. Special thanks to Michael
Guderian and Matthew Pellizzari for the major roles taken as field staff and lab sorters, seeing the project
through from beginning to end. We also thank Neil Wellman, Michelle Braley, Natalie Bool, Catherine
Lawless, Mandee Thiel, David Short, and David Fleer for field and lab assistance. Thanks to Kelly Marsland
for producing the map of the Lower River Murray. Maylene Loo and Jason Nicol provided invaluable help and
advice with the statistical analyses undertaken for this project. Russell Shiel, University of Adelaide, was
integral to the project in conducting the counting and identification for the zooplankton assemblage.
Thank you to Steven Clarke for acting as chief editor and Annie Vainickis for overseeing the SARDI internal
review process. An exceptional thank you to Kelly Marsland, Josh Fredburg, Mandee Thiel, Kathleen Beyer,
Dean Hartwell, Luciana Bucater and Jane Ham for conducting the SARDI internal reviews and providing
constructive comments on drafts of the various chapters.

XII

SARDI, Aquatic Sciences

Ye et al. 2010

EXECUTIVE SUMMARY
Environmental degradation due to anthropogenic impacts has been consistently implicated in the decline of
richness and abundance of native fish species in the Murray-Darling Basin (MDB). This project studied the
influences of salinity, water quality and hydrology on early life history of fishes in the Lower River Murray.
The project comprised three key components: (i) a literature review, which provides an up to date and
comprehensive review of salinity tolerances and water quality/habitat requirements for selected native and
exotic fish species in the MDB, (ii) laboratory studies, and (iii) field surveys. There are six chapters in this
report:
•

Chapter 1: A comprehensive literature review was conducted on water quality/habitat requirements and
salinity impact on key native and exotic fishes in the MDB. Key knowledge gaps were identified.

•

Chapters 2 to 4: A series of laboratory experiments were conducted to study the impact of salinity on egg
development and salinity tolerance of juvenile and larval stages of selected fish species in the Lower
River Murray.

•

Chapter 5: A field study was undertaken in 2005/06 and 2006/07 to investigate the influence of hydrology
and water quality in structuring inter-annual and spatial dynamics of larval fish assemblages in the Lower
River Murray.

•

Chapter 6: A field study which described and compared spatial and temporal patterns in larval fish and
zooplankton assemblages with reference to environmental variables, to determine if associations
between the larval fish and zooplankton assemblages could be identified

Laboratory Experiments
The laboratory study was designed to provide direct measurements of tolerance thresholds in the early life
stages of fish from the Lower River Murray. Experiments were carried out in three stages using a range of
fish species. The first stage aimed to assess the tolerance of juvenile fish to test the hypothesis that this life
stage may be more sensitive to salinity than adults of the same species. Juvenile trials were conducted on
golden perch (Macquaria ambigua), silver perch (Bidyanus bidyanus), freshwater catfish (Tandanus
tandanus), Murray rainbowfish (Melanotaenia fluviatilis), southern purple spotted gudgeon (Mogurnda
adspersa), carp gudgeon (Hypseleotris spp.), flat-headed gudgeon (Philypnodon grandiceps) and dwarf flatheaded gudgeon (Philypnodon macrostomus). Secondly, larval tolerance levels were measured for the
same suite of species (with the addition of Yarra pygmy perch, (Nannoperca obscura) and compared to
juvenile and adult values to assess the sensitivity of this stage. Finally, egg tolerance trials were conducted
on a small number of species to determine the impacts of salinity on egg survival and hatching success.
Species included the three eleotrids used for other trials: carp gudgeon (Hypseleotris spp.), flat-headed
gudgeon (Philypnodon grandiceps) and dwarf flat-headed gudgeon (Philypnodon macrostomus) as well as
the common galaxias (Galaxias maculatus).

In combination, these three separate sets of experiments

provide an outline of the relative tolerance thresholds of all three key diploid life stages, required for
successful recruitment and survival in the wild of the fish species assessed.
Different methodologies were utilised for different life stages with the common aim of identifying critical lethal
(LC) values. Direct transfer analysis was used to assess short lived larval and egg stages, whilst gradual
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acclimation trials were used for post-larval/juvenile stages. All trials were conducted under temperatures
approximating 20°C. Probit analysis was used to determine LC values for all trials.
The results revealed that juvenile salinity tolerance thresholds closely approximated those recorded
previously for adult fish of the same species. Egg tolerances were somewhat lower than those of adults for
the species tested. Larval tolerances however, were found to be significantly lower than the tolerance values
for either eggs, or for juveniles and adults.

Larval salinity tolerances ranged between 6-12 ppt,

approximating blood isotonicity. The failure of larvae to tolerate higher salinities most likely represents a lack
of development of key osmoregulatory structures that are present within juvenile/adult fish, and egg stages.
Larval tolerance values are therefore critical for the management of salinity levels.
Field Surveys
Larval fish sampling was conducted fortnightly from late September to February in 2005/06 and 2006/07,
using plankton tows and light traps. Discharge volume, water level, temperature, salinity, dissolved oxygen
and pH were also monitored throughout the sampling to determine if linkages between the larval assemblage
and any environmental parameters could be identified.
There were significant inter-annual and spatial differences in the larval fish assemblages between 2005/06
and 2006/07. Spatial variation was most likely a function of differing habitats between the gorge and
floodplain regions. Hydrology was most likely shaping the inter-annual variation in larval assemblages
throughout this study. During 2005/06 under above entitlement discharge volumes, larval fish of eleven
species were collected, nine native and two exotic, including large-bodied native species such as Murray
cod, golden perch, silver perch, and freshwater catfish. In 2006/07, discharge to SA was below entitlement
volumes; larvae of nine species were collected, consisting of seven native and two exotic; notably, the larvae
of two large-bodied native species, golden perch and silver perch, were absent.
This project demonstrated that the small-medium- bodied species increased in abundance during the lower
discharge year, 2006/07, whilst the large-bodied native species were present in highest abundance and
species richness during the increased discharge year, 2005/06. The complete absence of golden perch and
silver perch in any of the 2006/07 samples indicates a potential spawning failure for these species during
years of lower discharge. Furthermore, there is evidence in the literature to suggest that Murray cod larval
survivorship and recruitment may be impacted by low flow (below entitlement) conditions. This suggests
protracted low flow conditions pose a significant risk to spawning success and larval survivorship of Murray
cod, golden perch and silver perch.
The water quality (salinity, temperature, pH, DO and turbidity) remained within acceptable ranges throughout
the study and were therefore unlikely to have a significant negative impact on any of the species collected.
Nevertheless, significant correlations between the environmental variables and larval assemblages were
identified for discharge, temperature, surface pH, pH @ 3 m, turbidity and dissolved oxygen @ 3 m.
However, the low correlation coefficients suggest that there are other factors contributing to the observed
differences in larval assemblage between years.
Zooplankton sampling was conducted using a Schindler trap in 2006/07. Significant spatial and temporal
variations were identified for both the larval fish and zooplankton assemblages. Larval fish collected were
small-medium and large bodied native and exotic species although the small-medium bodied native species
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dominated the catch. Temporal changes in the assemblage composition were also identified between the
early, mid and late seasons, which were most strongly correlated with the environmental parameters to
changes in temperature.
Zooplankton assemblages were dominated by rotifers throughout the study.

It was identified that the

zooplankton assemblage in the Lower River Murray consisted of high densities of suitable prey items for
larval fish and therefore, would be sufficient to support the survival and growth of early life stages of fish in
this region.
The relationship between the zooplankton assemblage and temporal difference in the larval assemblage
identified that the correlating variables were related to turbidity and the densities of particular families of
zooplankton, namely Bosminidae, Chydoridae, Daphniidae (> 1 mm and 1-3 mm), Naididae, Conochilidae,
Hexarthridae, Synchaetidae and Lesquereusiidae.
Management Implications
Conservation management of aquatic habitats and native fish populations often involves setting salinity and
water quality targets and provision of environmental flows. The findings of the current study suggest that the
early life stages are the most sensitive and vulnerable to salinity impact, therefore their tolerance values
should be used in place of adult fish when setting limits and thresholds for salinity management in order for
maintaining reproduction, recruitment and sustainability in native fish communities. Management guidelines
currently rely on generalised adult tolerance thresholds (e.g. 10 ppt), and therefore should be re-considered
using the lower thresholds (e.g. 5 ppt) relevant to the most sensitive life stage in an effort to reduce the
impact of salinity regime on native fish sustainability.
Salinity levels measured during the current study in the River Murray channel are unlikely to have direct toxic
effects on any fish species tested in the laboratory trials as well as the species collected as larvae in the
field, regardless of life stage. Nevertheless, increased salinities in off-channel habitats, such as wetlands and
lakes, may be of concern. Areas such as Lake Alexandrina and Lake Albert are already reaching critical
levels under the current drought and water management scenario and it is likely that salinity related larval
threshold failure is already preventing successful recruitment of sensitive species in those habitats.
Freshwater flows are critically required for re-establishing an acceptable salinity regime across Lower River
Murray habitats to enable the successful spawning and recruitment of key freshwater fish species in the
region.
The field study has demonstrated the important role of hydrology in shaping larval fish assemblage structure
in the Lower River Murray. The small-medium bodied species increased in abundance under lower discharge
rates during 2006/07, and there was an abundant prey source to support the survival of the larvae fish in the
main channel; whilst the flow pulses in 2005/06 were sufficient to induce successful spawning of golden
perch and silver perch, which were previously defined as flood cued species. Water management of the
Lower River Murray is critical to maintain suitable discharge rates, lower salinities and induce better overall
water quality to enhance the populations of iconic large-bodied native fish.
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Alton, Cheshire, Westergaard and Ye

INFLUENCES OF SALINITY AND WATER QUALITY ON

THE RECRUITMENT DYNAMICS OF LARVAL FISHES IN THE LOWER
RIVER MURRAY: A LITERATURE REVIEW.
LESLEY A. ALTON, KATHERINE J. CHESHIRE, SIMON WESTERGAARD AND
QIFENG YE
This chapter may be referenced as: Alton L. A., Cheshire K. J., Westergaard S. & Ye Q. (2010) Chapter 1. Influences of salinity and
water quality on the recruitment dynamics of larval fish in the Lower River Murray: a literature review. In Influences of salinity, water
quality and hydrology on early life stages of fishes in the Lower River Murray, South Australia. (Eds Q. Ye, K.J. Cheshire and D.G.
McNeil) pp. 1-47. (South Australian Research and Development Institute (Aquatic Sciences), Adelaide. SARDI Publication No.
F2009/000470-1. SARDI Research Report Series No. 446.).

1.1

INTRODUCTION

The health of Murray-Darling Basin (MDB) ecosystems are under continual threat as a result of
anthropogenic changes to the natural system. The natural hydrology of the system has been severely
affected by river regulation, and as a result total river flows and associated temporal patterns have changed
significantly (Maheshwari et al. 1995).

This has resulted in considerable environmental degradation

(Arthington and Pusey 2003; Walker 2006) conveying detrimental effects upon aquatic organisms (Gehrke et
al. 1995; Humphries et al. 2002). Modification of the hydrology within a system can potentially influence
water quality, energy sources, physical habitat and biotic interactions, resulting in an overall reduced
ecological integrity (Poff et al. 1997). As such, the influence of changes in salinity and water quality are
important factors worthy of consideration when aiming to improve ecosystem health and ecological integrity
in the MDB.
Salinity and water quality can affect fish directly, having lethal and sub-lethal effects (McNeil and Closs
2007), and indirectly through reducing habitat availability and food resources (James et al. 2003).
Tolerances of fish vary widely between species and at different life stages, with early life stages believed to
be the most vulnerable (Hart et al. 1991; Williams and Williams 1991). In the MDB, limited information exists
regarding the sensitivity of early life stages of fishes to salinity and water quality. The effects of changing
water quality on fish species in the MDB is a key knowledge gap (Hart et al. 1991; Williams and Williams
1991; Ryan and Davies 1996; James et al. 2003; tredwell and Hardwick 2003).
Temperature is a significant driving force within freshwater ecosystems, having a wide range of influences on
biological processes, including fish spawning (Wooten et al. 1988). In temperate systems the majority of
freshwater fish will spawn during the warmer months of the year (over spring and summer), as this provides
larvae and juveniles with optimal conditions for growth and feeding (Jobling 1995). In the upper MDB, the
greatest thermal threat to fish is through the impacts of cold water releases from dams (Todd et al. 2005).
However, the Lower River Murray in South Australia (SA) is as yet unaffected by this process. Spawning
temperature thresholds have been established for a number of MDB fish species, the lowest of which is 10
°C, while for the majority of species the optimum range is approximately 21 °C (e.g. Lake, 1967a, b; Davis,
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1977a, b; Rowland, 1984; McDowall, 1996; Clunie and Koehn, 2001a, b; Lyon et al., 2002; Lyon et al.,
2002; Tredwell and Hardwick, 2003).
Increased salinisation is a threat to freshwater ecosystems in Australia, as a result of rising saline
groundwater and the modification of natural water regimes, particularly where high flow and flushing events
are limited (Nielsen et al. 2003). Heightened salinities in aquatic systems have the potential to impact both
directly, through toxic effects on organisms, and indirectly on a diversity of factors, including chemical
processes and resultant loss of habitats (James et al. 2003).

While salinity tolerances of Australian

freshwater fishes during early life stages are in need of further investigation, most species have relatively
high tolerances during the adult stage (Hart et al. 1991; Ryan and Davies 1996; James et al. 2003). A
relatively recent divergence from marine ancestors is believed to account for these higher salinity tolerances
(Williams and Williams 1991).
There is a paucity of information on the dissolved oxygen (DO) tolerances, pH requirements and influence of
turbidity on the early life stages of many MDB fish species. Freshwater aquaculture studies have identified
that DO concentrations below 1 mg/L will have lethal results, between 1 and 5 mg/L fish survive but there
may be sub-lethal effects, with the desirable range being >5 mg/L (Boyd 1990). McNeil and Closs (2007)
identified that a range of fish species in the MDB are able to survive hypoxic conditions (< 2.8 mg O2/L) by
using aquatic surface respiration (ASR, gulping air from the surface) and terminal avoidance behaviour (i.e.
erratic swimming behaviour that acts as an escape mechanism). However, ASR behaviour exposes the fish
to increased risk of predation (Kramer 1987). There are two main effects of pH on fish: 1) acid stress at pH
lower than 4 and 2) alkaline stress at pH >11 (Boyd 1990). At pH < 6.5 sub-lethal effects, such as decreased
reproduction and growth may take effect, while desirable ranges have been suggested between 6.7 and 8.6
(Boyd 1990; Pillay and Kutty 2005). Turbidity may be both beneficial and detrimental to fish, depending on
the nature of suspended particles in the water (Boyd 1990). Increased turbidity as a result of relatively high
plankton density is desirable as this indicates a high level of primary productivity and an abundance of food
for larval fish. Turbidity increases caused through humic substances, while not directly harmful to fish, can
influence other factors such as acidity, low nutrient levels and limiting primary productivity due to low light
levels. Clay-based turbidity can cause significant detrimental effects and at very high levels can be lethal.
Still and slow flowing waters are generally less turbid than areas of faster flows as these conditions favour
sedimentation rather than suspension of particles (Boyd 1990).
There are approximately 49 fish species recorded within the MDB (SKM 2003; MDBC 2004; Lintermans
2007), 24 of which are found in the Lower River Murray in South Australia (Mallen-Cooper 2001). Table 1.1
lists the 17 species that have been identified as key species that will be addressed in this literature review.
This review provides a summary of current information available from the literature on the potential impacts
of salinity, temperature, dissolved oxygen and pH on the spawning dynamics of native and exotic fish in the
Lower River Murray, SA.

Species-specific discussions are made for selected species (Table 1.1) with

reference to; 1) general biology, 2) habitat requirements for spawning and water quality tolerances of eggs
and 3) larval and juvenile habitat requirements and water quality tolerances. Summary tables, highlighting
the existing information as well as areas of data deficiency, are provided at the end of the document (Table
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1.2, Table 1.3 and Table 1.4). This review also aims to provide the background knowledge and identify
knowledge gaps for later chapters within this report.
Table 1.1. Native and exotic fishes in the Lower River Murray identified as key species for salinity
and water quality tolerance studies.

Native fish

Exotic fish

1.2

Family

Scientific name

Common name

Atherinidae

Craterocephalus stercusmuscarum

Clupeidae

Nematalosa erebi

Bony herring

Eleotridae

Philypnodon grandiceps

Flathead gudgeon

Eleotridae

Hypseleotris spp.

Carp gudgeon

Galaxiidae

Galaxias maculatus

Common galaxias

Nannopercidae

Nannoperca obscura

Yarra pygmy perch

Melanotaeniidae

Melanotaenia fluviatilis

Murray rainbowfish

Mordaciidae

Mordacia mordax

Shortheaded lamprey

Percichthyidae

Maccullochella peelii peelii

Murray cod

Percichthyidae

Macquaria ambigua

Golden perch

Plotosidae

Tandanus tandanus

Freshwater catfish

Retropinnidae

Retropinna semoni

Australian smelt

Terapontidae

Bidyanus bidyanus

Silver perch

Cyprinidae

Cyprinus carpio

Common carp

Cyprinidae

Carassius auratus

Goldfish

Percidae

Perca fluviatilis

Redfin perch

Poeciliidae

Gambusia holbrooki

Gambusia

Un-specked
hardyhead

HABITAT REQUIREMENTS AND WATER QUALITY TOLERANCES OF NATIVE
FISHES DURING EARLY LIFE STAGES

1.2.1 Atherinidae
1.2.1.1 Craterocephalus stercusmuscarum fulvus (un-specked hardyhead)
The un-specked hardyhead is a small species (< 80 mm), which was once common throughout most parts of
the Murray-Darling drainage system in New South Wales (NSW), extending into Queensland (QLD),
Northern Territory (NT), Victoria (Victoria) and SA (Cadwallader and Backhouse 1983; Ivantsoff and Crowley
1996). Un-specked hardyhead is abundant in the northern tributaries of the Darling River and east of the
Great Dividing Range in south-eastern QLD, including the Mary and Brisbane Rivers, but is considered rare
in southern regions. Un-specked hardyhead is found in a variety of habitats, including lowland rivers, lakes,
billabongs, lagoons, swamps and creeks (Llewellyn 1979; Cadwallader and Backhouse 1983). Water bodies
with little or no flow containing aquatic vegetation are generally considered preferred macro-habitats
(Llewellyn 1979; Cadwallader and Backhouse 1983; Ivantsoff and Crowley 1996).

3

In the Lower River

Ye et al. 2010

Alton, Cheshire, Westergaard and Ye

Murray, un-specked hardyhead commonly utilises the main river channel (Wedderburn et al. 2007) and
occasionally off-channel habitats (Mallen-Cooper 2001).

1.2.1.1.1 Spawning habitat requirements and egg water quality tolerances
Un-specked hardyhead is a multiple spawner with an extended breeding season from mid-October to midFebruary (Llewellyn 1979; Milton and Arthington 1983; Ivantsoff and Crowley 1996). Spawning is induced
when water temperatures reach approximately 23-24 ºC (Llewellyn 1979; Cadwallader and Backhouse 1983;
Milton and Arthington 1983). The demersal eggs laid by females are covered with adhesive filaments that
allow them to attach to vegetation as well as rocks and gravel (Llewellyn 1979; Cadwallader and Backhouse
1983; Merrick and Schmida 1984; Ivantsoff and Crowley 1996).
There is no information regarding the optimum water quality parameters required to promote egg
development and hatching of viable larvae, but Llewellyn (1979) observed the development of two fertilised
eggs in Petri dishes between water temperatures of 23.3 and 27.8 ºC. Fish from the Northern Territory were
observed to spawn in aquaria with water temperatures and pH maintained between 25 and 29 ºC, and 6.0
and 7.2, respectively (Semple 1985).

1.2.1.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Studies on the habitat associations and water quality tolerances of larval and juvenile un-specked hardyhead
are lacking. In the Lower River Murray, larvae have been identified to have positive associations with
backwater habitats (Cheshire 2010). Semple (1985), observed no adverse effects upon exposing early life
fishes to temperatures as low as 23.5 ºC for several hours in aquaria, with no fatalities being recorded at
temperatures up to 36 ºC. Adults have been collected from waters with temperatures ranging from 9.3 to 28
ºC (Merrick and Schmida 1984). There is a paucity of information regarding salinity, dissolved oxygen (DO)
and pH tolerances for the early life stages of this species, but adults have been collected at salinities ranging
from 3 to 8.8 ppt (Chessman and Williams 1974). Williams and Williams (1991) found that the slow
acclimation LC50 for adults was 43.7 ppt, with deaths occurring between 36 ppt and 50 ppt. Individuals
showed signs of distress and stopped feeding at salinities > 30 ppt. At > 44 ppt, most individuals swam in an
uncoordinated fashion and were unable to maintain balance. Mortalities were also observed in the control
tank at low salinities (0.3 ppt), indicating a possible preference for moderate salinities. Wedderburn et al.
2007 investigated the osmoregulatory capabilities of un-specked hardyhead and found that the fishes ability
to regulate decreased at salinities <35 ppt.

1.2.2 Clupeidae
1.2.2.1 Nematalosa erebi (bony herring)
Bony herring is commonly 120 to 200 mm in length, although maximum size is 470 mm (Briggs and
McDowall 1996; Lintermans 2007). Bony herring is one of the most widely distributed fish throughout the
MDB, although it is restricted to altitudes below 200 m (Briggs and McDowall 1996), occurs in higher
abundances in tributaries of the Darling River, but less so in the Murray and Murrumbidgee Rivers. Bony
herring are found in shallow, flowing and standing waters such as lakes (both freshwater and saline),
billabongs, creeks and large rivers, frequently inhabiting turbid waters with aquatic vegetation and muddy
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substrates (Cadwallader and Backhouse 1983; Briggs and McDowall 1996). In the Lower River Murray,
bony herring is commonly recorded in main channel habitats and small and large anabranches during all
flows and large floodplain lakes during major floods (Mallen-Cooper 2001).

1.2.2.1.1 Spawning habitat requirements and egg water quality tolerances
Pre-spawning and migration behaviours of bony herring are widely unknown. In the Lake Eyre Basin, bony
herring have been shown to move rapidly upstream following flows (McNeil and Schmarr 2009). Daytime
upstream migrations of adult and sub-adult (60 to 400 mm in length) fish have been documented at the
Torrumbarry fishway on the Murray River, although not for the purpose of spawning (Mallen-Cooper et al.
1995b). Spawning in southern populations is apparently annual and occurs during spring and early summer
(Cadwallader and Backhouse 1983; Merrick and Schmida 1984; Briggs and McDowall 1996; Wager and
Unmack 2000). In the Lower River Murray, larvae are most commonly collected from November to February,
with peaks identified later in the season (Cheshire 2010). In Lake Alexandrina spawning has been observed
near the banks in areas characterised by sandy substrate and minimal vegetation (Puckridge and Walker
1990). In NSW, bony herring spawn from October-December, within shallow backwaters (Llewellyn 1983).
Information regarding the optimum water quality parameters required for egg development and successful
hatching is lacking. In the Lower River Murray, bony herring spawn in waters with temperatures of 21 to 23
ºC and eggs have an early demersal and subsequent pelagic phase (Puckridge and Walker 1990).

1.2.2.1.2 Larvae and juvenile habitat requirements and water quality tolerances
There is little information concerning movements, habitat requirements and water quality tolerances of larvae
and juvenile bony herring. Geddes and Puckridge (1989) conducted a study in the north-west branch of
Cooper Creek in the Lake Eyre Basin; here it was found that juvenile bony herring showed significant
downstream movement, apparently following the flood peak. In addition lateral movements between the main
channel and the floodplain resulted in a rapid colonisation of the floodplain. It was suggested that this was
an active movement that was not correlated with flow rates, and fish densities on the floodplain exceeded
those in the permanent habitats.
Adult bony herring have a wide range of water quality tolerances, being able to survive salinities of up to 35
ppt, temperatures between 9 and 38 ºC and pH values between 4.8 and 8.6 (Merrick and Schmida 1984).
However, adults are noted to be sensitive to very low water temperatures (Cadwallader and Backhouse
1983), and small individuals have died after a succession of frosts, presumably due to lowered water
temperatures (Merrick and Schmida 1984).

1.2.3 Eleotridae
1.2.3.1 Philypnodon grandiceps (flathead gudgeon)
The flathead gudgeon is a small bodied fish reaching lengths up to 115 mm, with lengths of < 80 mm being
most common (Larson and Hoese 1996). Occurring in coastal drainages from the MacKenzie River in QLD
to SA, including the northern coast of Tasmania, the range extends inland throughout the MDB (Larson and
Hoese 1996). Flathead gudgeon is found in quiet waters, particularly lakes and dams, and frequently occurs
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A benthic species, flathead gudgeon is often associated with

submerged cover such as rocks, logs, or vegetation (Cadwallader and Backhouse 1983). In the Lower River
Murray, flathead gudgeon is commonly found in main channel and off-channel habitats including large
floodplain lakes, billabongs, small terminal lakes and small and large anabranches (Lloyd and Walker 1986;
Mallen-Cooper 2001).

1.2.3.1.1 Spawning habitat requirements and egg water quality tolerances
Spawning of flathead gudgeon in inland drainages takes place in spring and summer (Larson and Hoese
1996). However, studies in Victoria suggest that flathead gudgeon is a ubiquitous spawner, spawning over a
protracted period with larvae also found during winter months (Newton 1996; Humphries et al. 2002). In the
Campaspe River, flathead gudgeon larvae were recorded from August to April (Humphries et al. 2002), and
in the Hopkins River estuary larval abundance peaked in late summer and winter possibly implying two
spawning seasons (Newton 1996). In the Lower River Murray flathead gudgeon has a protracted spawning
period, from at least September to February (Cheshire 2010). Although spawning can take place over a wide
range of conditions, Humphries et al. (2002) suggest that strong recruitment is likely to be limited to a much
shorter time period when conditions are optimal. Spawning occurred in ponds at temperatures between 21
and 27 ºC with females laying demersal, adhesive eggs that attach in a single cluster to a firm substrate
(Merrick and Schmida 1984). The eggs are guarded and fanned by the male (Cadwallader and Backhouse
1983), an adaptation which may prevent water stagnation that results in low DO levels.

1.2.3.1.2 Larvae and juvenile habitat requirements and water quality tolerances
The larvae of flathead gudgeon are categorised as facultative drifters (Humphries et al. 2002). Larvae
inhabit slow flowing backwaters, pools and littoral areas (Paul Humphries, pers. comm. cited by SKM 2003),
but information regarding water quality tolerances of both larvae and juveniles is poor. However, in the
Hopkins River estuary, Victoria, larvae were found in salinities ranging from 2.8 to 34 ppt and temperatures
of 9.3 to 23.1 ºC, most larvae were collected in salinities greater than 27.5 ppt and temperatures of 12.6 to
17.5 °C. Chessman and Williams (1974) recorded adult flathead gudgeon in Victorian saline waters, ranging
in salinity from less than 3 to 7.3 ppt, but this species has also been recorded in waters with salinity greater
than 20 ppt (Koehn and O'Connor 1990). Adult flathead gudgeon have been recorded as having a direct
transfer 96 h LC50 of 23.7 ppt, while its slow acclimation LC50 is 40 ppt (G. Jackson and B. Pierce,
unpublished). It has been shown that adults can survive in water with DO less than 1 ppm if they have
access to the surface to perform aquatic surface respiration (ASR) (Gee and Gee 1991; McNeil 2004).
Without access to the surface adults are able to survive under complete anoxia for 5 hours, presumably
utilising anaerobic metabolism (McNeil 2004). Whether juveniles are capable of performing ASR, and thus
survive in hypoxic waters, is a key knowledge gap.

1.2.3.2 Hypseleotris spp. (carp gudgeons)
There are seven formally described species of carp gudgeons that occur primarily in coastal drainages
(Bertozzi et al. 2000; Allen et al. 2002). Hypseleotris species are widespread and common throughout the
MDB (Lintermans 2007). However, taxonomy is uncertain and complicated by the presence of hybrids.
Bertozzi et al. (2000) performed a genetic analysis on H. klunzingeri and confirmed the existence of three
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distinct taxa and imply the presence of a fourth taxon. Since information on H. klunzingeri is likely to
encompass these other taxa, this literature review will combine the information available for all Hypseleotris
species.
Carp gudgeon are small fishes and generally <60 mm length. Occurring throughout the lowland reaches of
the MDB from SA to QLD, they are one of the most common and widespread fish in the Basin (Larson and
Hoese 1996; Lintermans, 2007). Investigations into habitat associations indicate preference by carp gudgeon
for submerged aquatic vegetation (Allen et al. 2002). In the Lower River Murray, they occur in main channel
and off-channel habitats including billabongs, small terminal lakes, large floodplain areas and anabranch
systems (Mallen-Cooper 2001; Stoffels and Humphries 2003).

1.2.3.2.1 Spawning habitat requirements and egg water quality tolerances
Hypseleotris spp. were originally thought to undergo a single spawning event between October and January
(Larson and Hoese 1996), but the capture of young juveniles throughout the year indicate that carp gudgeon
are serial, protracted or repeat spawners (Meredith et al. 2003; Leigh et al. 2008). In the Lower River Murray
carp gudgeon have a protracted spawning season from September to February, with peak abundances of
larvae occurring during December (Cheshire 2010). Spawning occurs in shallow waters when water
temperatures reach about 22ºC (Lake 1967a; Anderson et al. 1971; Cadwallader and Backhouse 1983). In
pond experiments, carp gudgeons laid eggs along the shallow edges of the ponds, attached to aquatic
vegetation and other solid substrates (e.g. twigs) at depths between 5 and 25 cm (Lake 1967a). Males
guard and continually fan the eggs, forcing a flow of water over them (Lake 1967a). This behaviour may
provide the eggs with oxygenated water and keep them free of detritus and silt (Cadwallader and Backhouse
1983). Although there is no information on the water quality tolerances of carp gudgeon eggs, Lake (Lake
1967b) observed egg development between temperatures of 18 and 23 ºC.

1.2.3.2.2 Larvae and juvenile habitat requirements and water quality tolerances
In a study conducted in Maroon Dam, a reservoir in south-east QLD, small (<16 mm, SL) carp gudgeon were
found only in the pelagic zone, while larger fish were generally restricted to the near-shore littoral zone,
indicating the pelagic zone may act as a nursery habitat (Meredith et al. 2003). This study also suggests that
because egg depositition and development takes place in the littoral zone, larval/early juvenile fish undertake
horizontal movements from the littoral to the pelagic, possibly related to their feeding and/or predatoravoidance behaviour. Larval/early juvenile fish were also abundant in the warmest, most well lit layer during
the day, but were absent during the night, leading Meredith et al. (2003) to conclude that they were
undertaking a vertical migration into the deep pelagic at night. Meredith et al. (2003) suggest that this diurnal
vertical migration is likely to be linked to either temperature preference or similar diurnal movements of prey.
In the Lower River Murray, larval carp gudgeon have shown positive habitat associations with backwaters
and negative associations with still littoral habitats, suggesting that the habitat associations may vary
between regions (Cheshire 2010).
Water quality requirements of carp gudgeon larvae are not known, but Lake (1967b) observed larval
development between water temperatures of 18 and 23 ºC in aquaria. Adult Hypseleotris spp. have been
recorded in saline waters of Victoria ranging in salinity from less than 3 to 7.3 ppt (Chessman and Williams
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1974). Williams and Williams (1991) found that the slow acclimation LC50 was 38 ppt, with deaths occurring
between 26 and 50 ppt. Individuals were noted to show signs of distress and stopped feeding at salinities >
30 ppt, while individuals started swimming erratically at salinities >40 ppt. Adults are also able to tolerate DO
levels < 1 mg L-1 for limited periods if able to access the surface to perform ASR (McNeil and Closs 2007).

1.2.4 Galaxiidae
1.2.4.1 Galaxias maculates (Common galaxias)
Common galaxias are a small body fish, reaching a maximum size of 190 mm, although more commonly
around 100 mm, they are short lived attaining sexual maturity at 1 year and most only live for ~3 years. They
are a catadromous species, commonly found in coastal riverine and stream habitats throughout the MDB,
although there are some landlocked populations residing in lakes.

Adults are found to occupy, costal

streams, still or slow flowing waters and the edge habitats in lagoons and lakes (McDowall 1996; Lintermans
2007). The common galaxias is highly abundant, and possibly one of the most widely distributed freshwater
fish known, being found throughout Australia (with the exception of the NT), Lord Howe Island, New Zealand,
Chatham Islands, Chile and Argentina and the Falkland Islands (McDowall 1996; Waters and Burridge, 1999;
Burridge et al., 2004).

1.2.4.1.1 Spawning habitat requirements and egg water quality tolerances
There is a high degree of plasticity exhibited in the life history strategies between different populations
worldwide (Boy et al. 2009). In costal/stream dwelling populations (fish with access to the ocean) adults
undergo downstream spawning migrations where spawning occurs in brackish waters (McDowall 1988,
1996). Whilst in landlocked populations the adults migrate a short distance upstream into intermittent
inflowing creeks (Pollard 1971). Spawning in both landlocked and stream/dwelling spawning is believed to be
triggered by changes in water levels, either tidal or associated with flow regime (Pollard 1971). The timing of
spawning and habitat is consistent occurring generally in autumn, eggs are deposited amongst terrestrial
vegetation during higher water levels. Where on waters receding, the eggs begin to develop in the moist
environment and continue to do so for approximately 14 days, when hatching is stimulated by another rise in
water level (Burnet, 1965; Benzie, 1968a,b; McDowall, 1968).
Eggs are relatively tolerant to desiccation being able to survive exposure to air for approximately 8 weeks
(Benzie 1961). However, there is a paucity of formally documented tolerance levels to other water quality
characteristics.

1.2.4.1.2 Larvae and juvenile habitat requirements and water quality tolerances
In coastal/stream dwelling populations larvae disperse from the brackish habitats into the ocean for the
winter period (~6 months) prior to returning to streams during the following spring (Burnet, 1965; Benzie,
1968a, b; McDowall, 1968). Larvae of landlocked populations disperse back into the adult habitats in the
lakes and have been recorded to spend their first few months sheltering in aquatic vegetation (Pollard 1971).
The reported early life stage LC50 for common galaxias is relatively low (6 ppt), compared with adult stages
which are powerful osmoregulators; tolerating salinities ranging between 3 and 30 ppt (Chessman and
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Williams, 1974). The low LC50 for larvae is surprising given that the juveniles undergo a marine phase. The
LC50 for adults using direct transfer was 45 ppt, whilst slow acclimation was 62 ppt (Chessman and Williams,
1975).

1.2.5 Nannopercidae
1.2.5.1 Nannoperca obscura (Yarra pygmy perch)
Yarra pygmy perch is a small bodied percichthyid, commonly ranging between 40 to 50 mm, they can reach
a maximum of 80 mm in length. They are a short-lived species, reaching a maximum of 4 to 5 years, whilst
the dominant age-classes within a population are generally in the 1 to 2 year class. They are endemic to
southeastern Australia and have a very limited distribution in the MDB, being restricted to the Lower Lakes
and surrounding tributaries, although they have been recorded patchily throughout southeast South Australia
and in costal streams in western Victoria. There has been a significant decline in this species since 2006,
with current drought conditions effectively eliminating essential habitat (Lintermans, 2007; Hammer et al.,
2009).

Yarra pygmy perch require permanent, slow flowing streams, lakes, ponds and wetlands, with

submerged aquatic vegetation (Kuiter et al., 1996). Very little is known about the biology of this species, with
clear knowledge gaps surrounding life history characteristics and water quality tolerances (Lintermans, 2007;
Hammer et al., 2009).

1.2.5.1.1 Spawning habitat requirements and egg water quality tolerances
Yarra pygmy perch are thought to spawn during spring (September to November), when water temperatures
are between 16 and 24 ºC, this is all that formally known about their reproductive biology. It is believed that
their spawning characteristics are very similar to the Southern pygmy perch (Nannoperca australis).
Southern pygmy perch spawn demersal non-adhesive eggs which are scattered over the river bed or aquatic
vegetation (Lintermans, 2007; Hammer et al., 2009).
To date there is no data on egg water quality tolerance.

1.2.5.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Larval and juvenile habitat associations require further research, but it is assumed that these are very similar
to adult habitats, and have been found in edge habitats amongst vegetation (C Bice, pers. comm.) There is
no data on larval or juvenile water quality tolerances. Field observations of adult fish indicate that low water
levels and declining water quality are likely to be contributing to the observed collapse of the remaining
populations of Yarra pygmy perch (Hammer et al., 2009). Indicating a clear need for a better understanding
of water quality tolerances for this threatened species.

1.2.6 Melanotaeniidae
1.2.6.1 Melanotaenia fluviatilis (Murray rainbowfish)
Murray rainbowfish is a small bodied fish species with males reaching lengths of about 90 mm and females
usually <60-70 mm (Allen 1996). Murray rainbowfish is found in the lowland reaches of the MDB in SA,
northern Victoria, NSW and southern QLD (Allen et al. 2002). Murray rainbowfish is relatively abundant,
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although it is becoming increasingly rare in the Victorian part of the MDB (Allen et al. 2002). Inhabiting
billabongs, streams and the backwaters of large rivers, it preferentially occupies slow flowing or still waters
with dense aquatic vegetation (Backhouse and Frusher 1980; Cadwallader and Backhouse 1983). In the
Lower River Murray, Murray rainbowfish makes occasional use of main channel and off-channel habitats
including billabongs, large floodplain lakes and small and large anabranches (Mallen-Cooper 2001).

1.2.6.1.1 Spawning habitat requirements and egg water quality tolerances
In south-eastern QLD and Victoria, Murray rainbowfish has a well-defined annual reproductive cycle with
spawning confined to October to December (Backhouse and Frusher 1980; Milton and Arthington 1984).
Backhouse and Frusher (1980) found that spawning will occur throughout the year in aquaria if temperature
is maintained between 20 and 25 ºC, but will not occur in < 20 ºC. Williams (1987) also observed spawning
in aquaria at both 20 and 30 ºC. Spawning takes place amongst aquatic vegetation where up to 10 eggs are
laid three to four times a day over a period of several days (Backhouse and Frusher 1980). The rate of egg
development is temperature dependent with time to hatch decreasing with increasing temperature: 9 to 14
days at 20 ºC (Lake 1971; Williams 1987); 7 days at 24 ºC (Backhouse and Frusher 1980); 6 to 7 days at 26
to 27 ºC (Milton and Arthington 1984); 7 to 9 days at 25.5 °C (Reid et al. 1995) and 4.5 days at 27 ± 1 ºC and
a pH value of 7.5 (Crowley et al. 1986). At an incubation temperature of 20 ºC, Williams (1987) found that
many fertile eggs died, but at 30 ºC this did not occur. Additionally, eggs almost ceased development when
incubated at 16 ºC (Williams 1987). The 24 hour LC50 of pre-fertilised (most likely water hardened) eggs
exposed to a range of salinities has been documented at 17 ppt (Williams 1987). It should be noted,
however, that fish eggs appear to be most sensitive to elevated salinity immediately after fertilisation but
before water hardening (Williams 1987; Hoar and Randall 1988; Bailey and James 2000).

1.2.6.1.2 Larvae and juvenile habitat requirements and water quality tolerances
In a study conducted in the lowland reaches of Broken River, Victoria, King (2004b) found that Murray
rainbowfish was predominantly associated with backwaters and still littoral habitats throughout all life-history
stages, juveniles and adults indicated a negative association with medium flowing littoral, pool and run
habitats. Backwaters and still littoral habitats were characterised by high densities of submerged vegetation,
overhead cover and detritus. The strong nursery habitat association with backwaters and still littoral habitats
for larval Murray rainbowfish is likely to be due to the adult selection of sites for reproduction (Backhouse and
Frusher 1980; King 2004b).
There is little known of the water quality tolerances of larval and juvenile Murray rainbowfish. However,
Williams (1987) conducted a study on the salinity tolerance of 2-day old larvae and found that the 24 hour
LC50 was 12 ppt, which was significantly lower than that of eggs (17 ppt). The thermal range of adult fish is
18-28 ºC (Koehn and O'Connor 1990), but experiments indicate that Victorian Murray rainbowfish can
survive a period of several days at 7 ºC, but are prone to protozoan and bacterial infections at low
temperatures (Allen 1996). Therefore, it has been suggested that the range of Murray rainbowfish is limited
by lower temperatures (Crowley et al. 1986). Adults have also been found in waters with a pH value
between 5.3 and 7.5 (Merrick and Schmida 1984).
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1.2.7 Mordaciidae
1.2.7.1 Mordacia mordax (shortheaded lamprey)
The shortheaded lamprey has an anadromous life cycle, which includes freshwater and marine life stages
(Potter 1996). Larval shortheaded lamprey are known as ammocoetes and reside in freshwater for three and
a half years until they undergo metamorphosis (Potter 1970).

In NSW, metamorphosis begins in late

February/early March when ammocoetes are 110-140 mm long, but in Tasmania, metamorphosis begins two
months earlier when they are 100-115 mm long (Potter 1970, 1996).
Ammocoetes metamorphose at around five to six months into young adults, known as macrophthalmia, that
have tooth-bearing suctorial discs. Macrophthalmia remain in river systems until late winter or spring
(August-September) with the amount of time spent in freshwater correlated to river flow (Potter 1970).
During a period of low flow, macrophthalmia were present until November-October, but during a flood, the
majority of macrophthalmia had disappeared by the end of August (Potter 1970).
Macrophthalmia migrate downstream into estuaries, where they remain for about five months, and then go
out to sea where they feed on host fish for a year and a half (Potter 1968). Following this period at sea,
mature shortheaded lamprey return to freshwater to spawn and die. Adults (300-440 mm) are found leaving
the sea from July to January, but peak migration occurs between September and the end of November
(Potter et al. 1968). During the day, adults burrow deep in the substrate, usually in faster-flowing regions,
and the migratory run takes place at dusk (Potter et al. 1968). This results in adults being hard to locate, but
they and ammocoetes are distributed in rivers from NSW to SA, including Tasmania (Potter 1996). In the
River Murray, adult shortheaded lamprey are found as far upstream as the Yarrawonga Weir (Cadwallader
and Backhouse 1983) In the Lower River Murray, they are common in the main channel and large
anabranches during, but only occasional utilise small anabranches (Mallen-Cooper 2001).

1.2.7.1.1 Spawning habitat requirements and egg water quality tolerances
Spawning occurs in late winter/early spring between August and November (Potter 1970) and is thought to
take place in shallow, fast-flowing waters over sand, gravel, or pebble substrate (Cadwallader and
Backhouse 1983). However, the spawning habitat of shortheaded lamprey remains unknown and thus the
optimum water quality parameters required for egg development and successful hatching of viable larvae is a
key knowledge gap.

1.2.7.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Newly-hatched ammocoetes are blind and burrow in areas of fine silt at the edge of slow-flowing rivers
(Potter 1970). They are sedentary in habit and only larger ammocoetes may exhibit movement. Their water
quality tolerances have not been specifically studied, though they are unable to survive in saltwater (Potter
1970).
Early macrophthalmia are sedentary, but later on, they undertake a downstream migration, during which they
burrow in areas with an appreciable water flow and coarse sand (Potter 1970). Macrophthalmia migrate into
estuaries, where they are thought to reside for five months until they enter the sea. This suggests they may,
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at this stage in their life cycle, undergo a physiological change enabling them to tolerate salt water, however
to date, neither this nor their tolerance to other water quality parameters has been studied.

1.2.8 Percichthyidae
1.2.8.1 Maccullochella peelii peelii (Murray cod)
The Murray cod is Australia’s largest wholly freshwater fish, attaining up to 1800 mm and 113.5 kg (Harris
and Rowland 1996). Murray cod were originally abundant throughout most of the MDB with the exception of
some southern tributaries, but now it is relatively uncommon in most areas and is rare in the Victorian
tributaries of the Murray (Harris and Rowland 1996). Murray cod occur in a range of habitats from small,
clear, rocky streams in the upper western slopes to the turbid, slow-flowing rivers and creeks of the western
plains (Harris and Rowland 1996). Results from a radio tracking study in Victoria showed that woody debris
is the primary determinant of Murray cod presence, with about 80% of fish being found within 1 m distance of
a snag (coarse woody debris) and 97% within a 12 × 12 m grid covered with some form of woody debris
(Koehn 1997). Woody debris and other such objects are assumed to be utilised by Murray cod to avoid fastflowing waters (Koehn 1997). Fish may also avoid high water velocities by moving closer to the banks where
submerged aquatic vegetation provides shelter (Koehn 1997).

Koehn (1997) reported that Murray cod

inhabit anabranches and smaller channels with higher flow velocities but fish do not generally move out onto
the floodplain. This corresponds with Mallen-Cooper’s (2001) findings in the Lower River Murray, SA, where
Murray cod commonly occur in main channel habitats and large anabranches during a variety of flow
conditions, but only occurs in small anabranches during high flows and major floods, and large floodplain
lakes during major floods.

1.2.8.1.1 Spawning habitat requirements and egg water quality tolerances
Results from a radio tracking study in Victoria contradicted the prevailing view that Murray cod was a
relatively sedentary species with limited movements and no apparent migrations (Koehn 1997). Tracking of
radio-tagged fish showed that migration was seasonal with only short distance movement occurring during
summer, autumn and early winter, and long distance upstream migrations (up to 120 km) taking place in late
winter/early spring and continuing into late spring. Koehn (1997) concluded that this migration was related to
pre-spawning activity, but no conclusive evidence exists.
Spawning in Victoria and NSW takes place between October and December (Gilligan and Schiller 2004;
Koehn and Harrington 2006), induced by increases in water temperature (Lake 1967a; Rowland 1983b;
Rowland 1998; Humphries et al. 2002). Koehn and Harrington (2006) estimated that spawning in wild fish is
initiated when water temperatures reach 15ºC, and Gilligan and Schiller (2004) estimated that spawning
peaks at temperatures of 17 to 18ºC. However, these studies on wild fish contrast with findings from pond
studies in which spawning occurs at water temperatures of 20 to 21ºC (Lake 1967a; Cadwallader et al. 1979;
Rowland 1983b). Reasons for this discrepancy remain unknown, but it has been suggested that the rate of
increase in water temperature may be more important than a particular temperature (Codwatch 1993).
Individual fish spawn on a single occasion in waters as shallow as 300 mm with females depositing large,
adhesive eggs on hard substrates such as logs, rocks, or clay banks (Rowland 1983b; Harris and Rowland
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1996). Males guard and fan the eggs during incubation (Rowland 1983b). The incubation period of eggs is
temperature dependent (Cadwallader and Backhouse 1983) with hatching taking place after about 5 to 8
days at temperatures between 19 and 27 ºC (Cadwallader et al. 1979; Rowland 1992; Harris and Rowland
1996). Experimental trials of fertilised M. p. peelii eggs suggested that temperatures below 14.8 ºC would
result in a 50% reduction in post-spawning survival (Todd et al. 2005). Moreover, these trials clearly showed
that a sudden drop in egg and larval survival is likely to occur between 12.8 and 16 ºC (Todd et al. 2005).
This is consistent with findings of Lyon et al. (Lyon et al. 2002) who reported that eggs did not survive below
water temperatures of 15 ºC.
In a study on the salt sensitivity of Murray cod eggs, Chotipuntu (2003) found that post fertilised eggs hatch
in salinities ranging from 0 to 10 ppt. However, post-hatch larvae died within seven days in all test salinity
levels except when hatched and reared in freshwater. At salinities > 6 ppt, the major sublethal effect on
embryo development was a distorted notochord with the degree of severity increasing between 6 and 10 ppt
(Chotipuntu 2003). Chotipuntu (2003) also reported that for trout cod (M. macquariensis) (relative of the
same genus) sperm were immotile at salinities above 4 ppt. Exposed pre-fertilised eggs and eggs exposed
during fertilisation have been documented not to hatch in salinities greater than only 0.8 ppt.

1.2.8.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Murray cod larvae are obligate drifters as they occur predominantly in the drift and it is assumed to be a
necessary part of their early life history (Humphries and King 2003). Larvae enter the drift soon after
emerging from the nest and drift downstream between October and December (Gilligan and Schiller 2004).
Individual larvae undergo downstream drift for a short period (≈ 4 days) predominantly at night, indicating
that they have the ability to actively regulate when they drift (Humphries and King 2003; Gilligan and Schiller
2004; King 2004b). Larvae may drift about 20 to 28 km (Humphries and King 2003), and undergo settlement
onto the substratum where they may feed on benthic invertebrates (Gilligan and Schiller 2004).
Larval and juvenile Murray cod are found in the main river channel (Koehn 1997). Woody debris appears to
be the most important determinant of larvae/juvenile presence, followed by low surface water velocity and
close proximity to the bank and shallow water. As previously mentioned, experimental trials indicated that a
sudden drop in larval survival is likely to occur between 12.8 and 16 ºC (Todd et al. 2005), and under
laboratory conditions, juveniles (57 to 72 mm) showed a preference for warm water with median occurrences
in the range 24 to 33 ºC (Lyon et al. 2002). Murray cod early juveniles, showed signs of reduced growth rate
and possible long-term side effects including stunting at temperatures of <15.5 ºC (Lyon et al. 2002).
Chotipuntu (2003) reported that all larvae exposed to salinity levels > 0.25 ppt died before the completion of
yolk absorption (12 days), giving and estimated LC50 of 0.35 ppt. For larvae (0.20-0.45 g), the LC50 at 96
hours was determined at different temperatures and subsequently pH. Larvae demonstrated tolerance to
higher salinity at a temperature of 20 ºC (12 ppt) than at 15 ºC (11.3 ppt), 25 ºC (11.4 ppt), or 30 ºC (7 ppt),
and higher tolerance to salinity in alkaline conditions; pH 8.8 (12.1 ppt) than at 8.0 (11.5 ppt), 7.1 (11.3 ppt),
or 6.2 (10.0 ppt). The LC50 at 96 hours for early juveniles (20.1 to 53.3 g) was found to be 13.7 ppt.
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1.2.8.2 Macquaria ambigua (golden perch)
Golden perch is a large-bodied species with a maximum size of about 760 mm and 23 kg, but more
commonly reaches about 400-500 mm (Harris and Gehrke 1994; Allen et al. 2002). It occurs naturally
throughout the MDB, except in the upper reaches at higher altitudes (Allen et al. 2002). The range and
abundance of this species has decreased in the MDB; it has disappeared from large areas in Murray-Darling
tributaries and higher reaches of the main channels. Golden perch occurs in a variety of habitats, but prefers
warm, turbid, slow-flowing inland rivers and their associated floodplain lakes and anabranches (Merrick and
Schmida 1984; Harris and Gehrke 1994). In the Lower River Murray, golden perch is commonly found in
main channel habitats, anabranches, and during major floods large floodplain lakes (Mallen-Cooper 2001). It
also makes occasional use of small anabranches during low flows (Mallen-Cooper 2001). Golden perch
prefers deep waters with wood debris, overhead cover, and sandy substrate (Crook et al. 2001).

1.2.8.2.1 Spawning habitat requirements and egg water quality tolerances
Sexually mature adult golden perch have been reported to undertake extensive upstream migrations during
spring and summer in response to rises in water levels (Reynolds 1983). It is assumed that these may be
pre-spawning migrations to ensure that the semi-buoyant eggs are distributed downstream (Lake 1967b;
Reynolds 1983; Mallen-Cooper et al. 1995a; O'Connor et al. 2005). Spawning takes place in spring and
summer, and in pond experiments occurs when water temperatures exceed 23.6 ºC (Lake 1967a). Flooding
and temperature have been shown to be important spawning cues (Lake 1967a; Rowland 1983a). Females
are capable of retaining their eggs in an advanced stage of development for 3 to 5 months until conditions
are suitable, but if these do not occur they are resorbed (Cadwallader and Backhouse 1983). Eggs are
pelagic and non-adhesive (Lake 1967b), and are dispersed by water currents (Gehrke 1990b).

Egg

development takes 24 to 34 hours at temperatures between 20 and 31 ºC (Lake 1967b; Rowland 1983a),
and eggs do not survive < 15 ºC (Lyon et al. 2002).

1.2.8.2.2 Larvae and juvenile habitat requirements and water quality tolerances
Golden perch larvae have been classified as obligate drifters (Humphries et al. 2002). In tank experiments,
larvae were observed to show little ability to maintain position in a flow and aggregated at the downstream
end at a mean velocity of 5 mm s-1 (Gehrke 1990a). Reynolds (1983) found that eggs and larvae take seven
days to develop to a stage where postflexion larvae are capable of maintaining themselves in a current.
However, once larvae have the ability to control where they settle, their habitat preferences remain unknown.
In pond studies, larvae avoided floodplain habitat and moved towards the pond characterised by higher
surface DO concentrations and temperature (Gehrke 1990b, 1991).

Gehrke (1991) found that DO

concentration was significantly correlated with the spatial distribution of larvae, unlike plankton density,
indicating that water quality may exert greater influence than food availability on larval distribution.
The habitat preferences of juvenile golden perch remain unknown. However, juveniles (1+ years) make up
the dominant portion of the migrating population (Mallen-Cooper et al. 1995a). Their migration is upstream
and mainly longitudinal; although some lateral movements into billabongs have been observed (MallenCooper et al. 1995). Mallen-Cooper et al. (1995) suggest that this upstream movement may act to optimise
feeding, enhance colonisation and/or counteract the downstream drift of eggs and larvae.
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Larval and juvenile golden perch have been found to tolerate relatively poor water qualities (Rowland 1996).
Survival was 57.6 % when surface and bottom DO concentrations fell to 2.7 and 0.4 mg L-1, respectively.
However, total mortality was observed in a pond when larvae were exposed to DO 1.5 - 2.1 mg L-1 for three
days. Rowland (1996) observed larval and juvenile survival in ponds where pH reached 10. Elevated pH
values are common in warm-water ponds, and juveniles (50-68 mm) have demonstrated a preference for
warm water with median occurrences from 24 to 31 ºC (Lyon et al. 2002). The salinity LC50 of early life
stages of golden perch has been given as 8.3 ppt (O'Brien and Ryan 1997; Clunie et al. 2002), however, for
adults the direct transfer LC50 is 14.4 ppt and the slow acclimation LC50 is 31 ppt (G. Jackson and B. Pierce,
unpublished data).

1.2.9 Plotosidae
1.2.9.1 Tandanus tandanus (freshwater catfish)
The freshwater catfish grows to 900 mm in length and 7 kg in weight, although individuals >2 kg are not
common (Pollard et al. 1996). Freshwater catfish is widespread throughout the MDB in inland QLD, NSW,
Victoria and SA, but not upstream of Wagga Wagga in the Murrumbidgee River, or Mulwala in the Murray
River (Pollard et al. 1996). Freshwater catfish are declining, and is a protected species in SA and NSW and
is considered vulnerable in Victoria (MDBC 2004). Freshwater catfish is a benthic species that prefers slowflowing waters and is most abundant in lakes and backwaters (Lake 1971; Llewellyn 1983). However, it may
also inhabit and spawn in flowing streams (Merrick and Schmida 1984). In the Lower River Murray in SA,
freshwater catfish commonly utilises main channel habitat and large anabranches, making occasional use of
small anabranches, during major floods it may also use large floodplain lakes (Mallen-Cooper 2001).

1.2.9.1.1 Spawning habitat requirements and egg water quality tolerances
Freshwater catfish builds nests and lays demersal eggs (Davis 1977b; Reynolds 1983) with spawning
occurring between October and January (Merrick and Schmida 1984), with some studies suggesting that this
may extend to March in the Gwydir River, NSW (Davis 1977b). In Victoria, freshwater catfish is known to
breed successfully in shallow lakes (1.5-2 m), and is associated with hard substrate, stones, gravel and silt
and aquatic vegetation (Clunie and Koehn 2001a). Spawning occurs at water temperatures above 24 ºC
(Lake 1967a; Davis 1977a, b), and eggs take up to 7 days to hatch at 19 to 25 ºC (Lake 1967b). There is
little information regarding the water quality parameters required to promote egg development and hatching
of viable larvae, though eggs do not generally survive in temperatures below 15 ºC (Lyon et al. 2002)
Adults have lessened survival under temperatures of 4 ºC, but when acclimatised, can tolerate over 35 ºC
(Merrick and Schmida 1984). Adults are also more tolerant to high salinities and depleted dissolved oxygen
conditions, compared with other native species (Ryan et al. 1999; Clunie and Koehn 2001a).

1.2.9.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Information is lacking on the habitat and water quality requirements of freshwater catfish during early life
stages The limited information on water quality requirements indicates early juveniles show signs of reduced
growth rate and possible long-term side effects, including stunting, at temperatures below 15.5ºC (Lyon et
al. 2002). G. Jackson and B. Pierce (unpublished data) found the direct transfer LC50 of freshwater catfish to
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be 13.6 ppt, while the slow (chronic) LC50 was 17.8 ppt. However, in a different study, freshwater catfish
(200-300 mm) was found to tolerate salinities of 23.4 to 26.4 ppt and dissolved oxygen of 0 to 2% saturation
for over 120 minutes (Ryan et al. 1999; Clunie and Koehn 2001a).

1.2.10 Retropinnidae
1.2.10.1 Retropinna semoni (Australian smelt)
Australian smelt is a small species that may reach 100 mm, though most individuals only reach 40-60 mm
(McDowall 1996b; Lintermans 2007). One of the most widespread species and abundant species in southeastern Australia its range extends from the Murray River Mouth to the northern tributaries of the Darling
River (Allen et al. 2002). Australian smelt is a pelagic species found in a wide variety of still waters, such as
lakes, dams and billabongs, both freshwater and saline, and in slow-flowing rivers and streams (Cadwallader
and Backhouse 1983). Australian smelt has been recorded in river-edge and backwater habitats, but is less
common in billabongs and streams (Lloyd and Walker 1986). More recently, Australian smelt has been
documented in main channel habitats and large anabranches and billabongs, small terminal lakes, large
floodplain lakes and small anabranches (Mallen-Cooper 2001).

1.2.10.1.1 Spawning habitat requirements and egg water quality tolerances
Australian smelt is regularly captured migrating upstream in the main channel in the Lower River Murray, but
it also completes its life cycle in isolated floodplain habitats without the requirement for migration (MallenCooper 2001). This suggests that upstream migration is unlikely to be necessary for the maintenance of
healthy populations, and since adult Australian smelt are absent from the migrating population (i.e. migrating
fish are immature), upstream movements are not related to spawning (Mallen-Cooper et al. 1995).
Spawning takes place when water temperature rises to 11 to 15 ºC and occurs from mid-winter to autumn in
QLD (upper MDB), but mostly during spring and summer, further south (Lake 1971; McDowall 1996b;
Lintermans 2007). Eggs are demersal and adhesive, as they sink and attach to vegetation, debris, or
sediment (Milward 1966; McDowall 1996b; Lintermans 2007). Egg development takes about 9 to 10 days at
temperatures ranging from 15 to 18 ºC (Milward 1966; Lake 1971), but an understanding of the water quality
parameters required to promote egg development and hatching of viable larvae is lacking.

1.2.10.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Australian smelt has been found to significantly change its habitat use throughout ontogeny from backwaters
and still littoral habitats as postflexion larvae to pools as juveniles and adults (King 2004a). However, prior to
the postflexion development stage, newly hatched (preflexion) larvae were found to be widely distributed
throughout all habitat types sampled (i.e. backwaters, littoral habitats of varying flow velocity, pools and
runs). King (2004) suggests that this is due to either postflexion larvae actively selecting backwaters and still
littoral habitats or larvae dying in all other available habitats. In the Lower River Murray, larvae of Australian
smelt have been negatively associated with backwaters and positively associated with still littoral habitats
(Cheshire 2010).
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Little is known regarding the water quality requirements of the early life stages of Australian smelt. At 0+/1+
year old, Australian smelt has been reported in waters with salinities between 0.043 to 2.8 ppt (Koehn and
O'Connor 1990). Adults are suggested to have wide physiological tolerances due to their occurrence in salt
water at the mouth of coastal streams and in a variety of freshwater habitats (Merrick and Schmida 1984).
Williams and Williams (1991) reported that the slow acclimation LC50 of adult Australian smelt is 58.7 ppt, but
warn against extrapolating this apparent tolerance to high salinities to early life stages as the Retropinnidae
are from an anadromous lineage. Adult smelt have been found to be sensitive to low dissolved oxygen
(<0.22 ppm @ 25ºC) and disappear from hypoxic habitats during seasonal drying (McNeil 2004).

1.2.11 Terapontidae
1.2.11.1 Bidyanus bidyanus (silver perch)
Silver perch is a large-bodied fish species that commonly reaches about 300-400 mm in length and 0.5-1.5
kg, but is known to attain up to 8 kg body weight (Merrick 1996). Originally, silver perch were distributed
throughout most of the MDB, excluding the cool, high, upper reaches of streams on the western side of the
Great Dividing Range (Cadwallader and Backhouse 1983).

Silver perch numbers have now declined

considerably, and the species is classified as vulnerable (EPBC 1999), while still abundant throughout the
lower and mid-Murray, the ACT is the limit of upstream distribution (Lintermans 2007). Silver perch occupies
a variety of water conditions, but shows a preference for fast-flowing waters, especially where there are
rapids and races (Cadwallader and Backhouse 1983; Merrick 1996). It inhabits rivers and large streams, but
is also found in lakes, lagoons and impoundments and prefers open waters rather than areas of high
densities of woody debris (Cadwallader and Backhouse 1983). In the Lower River Murray, SA, silver perch
makes common use of main channel habitats and large anabranches during all flows, but only makes
occasional use of small anabranches during all flows, and large floodplain lakes and off-channel habitats
during major floods (Mallen-Cooper 2001).

1.2.11.1.1 Spawning habitat requirements and egg water quality tolerances
Silver perch undertake long upstream migrations (> 10 km) being considered likely that this is pre-spawning
behaviour, direct evidence is lacking (Reynolds 1983; Mallen-Cooper et al. 1995a). Spawning takes place
from early November to late January when water temperature exceeds 23 ºC (Lake 1967a; Merrick and
Schmida 1984) but spawning sites, and thus, nursery habitats are unknown for silver perch. Females lay
semi-buoyant, non-adhesive, pelagic eggs (Lake 1971; Merrick 1996; Reynolds 1983). Lake (1967b) found
that egg development took about 30 hours at 26 to 2 7ºC, whilst Rowland (1984) observed egg development
requiring 12 to 15 hours at 24 to 25 ºC. However, during egg development in Lake’s (1967b) study, the
temperature fluctuated, dropping to 22 ºC and rising to 31 ºC, which may account for the difference between
the two studies. In another study, eggs incubated at 17 ºC suffered high mortality whereas the number of
eggs that survived was high when incubated at 20-21 ºC (Clunie and Koehn 2001b). Lyon et al. (2002) also
found that eggs were intolerant of temperatures below 15 ºC.
The effect of varying salinity (3 to 18 ppt) on eggs was investigated by Guo et al. (1993), with the hatching
rate of eggs at different salinities depended on the transfer time after fertilisation.

When eggs were

transferred at early stages (pre-cleavage and cleavage); hatch rate was low in salinities above 3 ppt; at
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salinities above 6 ppt eggs showed irregular development and died within 8 hours; and no eggs hatched at
salinities above 9 ppt. However, eggs that had been transferred into saline water after the cleavage stage
showed very high hatching rates at salinities less than 9 ppt, and a few eggs even hatched at 9 and 12 ppt.
Of the eggs that had been transferred at the early embryo stage, 68% hatched at 12 ppt, but hatch rate
declined rapidly at salinities up to 15 ppt. No eggs hatched at 18 ppt and all the larvae that hatched from
salinities above 9 ppt died within four days post-hatching. Development rate decreased and the incubation
period was longer in eggs that were transferred to salinities greater than 9 ppt than those that developed in
freshwater. Salinity also had an effect on egg diameter with mean egg diameter being significantly smaller in
eggs transferred within 80 minutes post-fertilisation to salinities of 6 to 15 ppt compared to eggs incubated in
freshwater.

1.2.11.1.2 Larvae and juvenile habitat requirements and water quality tolerances
As previously mentioned the habitat requirements of the early life stages of silver perch are unknown.
However, Mallen-Cooper et al. (1995) observed juveniles, 1 year and older, migrating upstream and suggest
that they may be coming from a rearing habitat. The upstream direction may be to offset the downstream
drift of eggs and larvae (Koehn and Nicol 1998; Gilligan and Schiller 2004).
Guo et al. (1993) found that larvae hatched at a salinity of 6 ppt had better survival rate than those hatched
in freshwater during the first 20 days post-hatching, which may be due to the inhibition of microbial
pathogens by saline water. Guo et al. (1995) found that after direct transfer to varying test salinities (0 to 24
ppt), juveniles showed no mortalities up to 12 ppt, but mortality increased to 40% at 15 ppt, and at higher
salinities juveniles died within 18 hours.

Juveniles pre-acclimated to 12 ppt for seven days showed

marginally better tolerances to high salinities with all pre-acclimated individuals transferred to 15 ppt and
higher dying within 24 hours. Kibria et al. (1999) also investigated the effect of varying salinities (0 to 12 ppt)
on the weight gain, specific growth rate (SGR) and food conversion rate (FCR) of juvenile silver perch and
found that fish reared at 4 ppt showed the best weight gain, SGR and FCR. Rowland et al. (1995) states that
silver perch survive in aquaculture ponds where temperatures extremes of 11to 30 °C were recorded. The
tolerances of juveniles to key water quality parameters are unknown.

1.3

HABITAT REQUIREMENTS AND WATER QUALITY TOLERANCES OF EXOTIC
FISHES DURING EARLY LIFE STAGES

1.3.1 Cyprinidae
1.3.1.1 Cyprinus carpio (common carp)
Carp can grow up to 1200 mm long (fork length) and weigh up to 60 kg (Brumley 1996). In south-eastern
Australia, it can reach 10 kg, but weights of 4 to 5 kg are more common (Brumley 1996). Carp are native to
Asia and is considered to be one of the 100 worst invasive species (ICUN 2008). It now occurs throughout
the MDB in southern QLD, NSW, Victoria and SA, including all its impoundments (Smith 2005). It is common
in still or gently flowing waters, and prefers a muddy substrate and dense aquatic vegetation (Cadwallader
and Backhouse 1983) In the Lower River Murray, it makes use of main channel habitats, anabranches, large
floodplain lakes, small terminal lakes and billabongs (Mallen-Cooper 2001).
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1.3.1.1.1 Spawning habitat requirements and egg water quality tolerances
In the southern portion of the MDB, the spawning period of carp is generally considered to occur annually
from September to December (Brumley 1996; Vilizzi 1998). However, Smith and Walker (2004) found that
spawning in the River Murray in SA occurred over nine months from late September to May. Spawning
usually occurs in water temperatures of 17-25ºC. However, the threshold temperature for spawning may be
as low as 14ºC (Cadwallader and Backhouse 1983). Spawning is largely restricted to off-channel and lowflow habitats (Gilligan and Schiller 2004) and takes place in shallow waters (0.5-2 m) (Cadwallader and
Backhouse 1983; Merrick and Schmida 1984). Carp eggs are demersal and adhesive and attach to aquatic
vegetation, logs and other submerged objects (Cadwallader and Backhouse 1983; Merrick and Schmida
1984). The incubation period of eggs lasts two days at 30ºC, three days at 27ºC and six days at 18ºC
(Cadwallader and Backhouse 1983; Ahmed et al. 1989).
An understanding of the water quality parameters that limit carp egg development is lacking, though Lam and
Sharma (1985) observed that salinities of 0.3, 1.5 and 3 ppt enhanced the viability and hatchability of eggs
compared with freshwater.

They suggest that this is because salinity reduces the osmotic and ionic

gradients between the internal fluids and the external medium, and therefore, less energy is required for
osmotic and ionic regulation. They go on to suggest that salinities between 6 and 9 ppt would be more
advantageous since they are closer to isosmotic (i.e. 11-14 ppt; Alderdice 1988). Lam and Sharma (1985)
did a preliminary test of this, but found that these salinities were detrimental to hatching. However, AlHamed (1971, cited in Geddes 1979) has shown that eggs develop and hatch successfully in salinities up to
6.6 ppt. Sperm motility was assessed by Whiterod et al. (2006), with salinities above 8.3ppt reducing sperm
motility to a point where fertilisation would be unsuccessful. It was highlighted there are some wetlands in the
MDB approaching half seawater (17.5 ppt) where impacts upon these early life history stages could already
be affected (Whiterod et al. 2006).

1.3.1.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Upon hatching, larvae attach to aquatic vegetation for an additional 2 to 8 days (Roberts and Ebner 1997).
Free-swimming larvae appear 4 to 14 days after spawning and are reported to be poor swimmers with little
ability to maintain themselves against currents (Mills 1991). Gilligan and Schiller (2004) detected larvae and
juveniles drifting downstream in the Murray River between Yarrawonga Weir and Barham with age ranging
from 10 to 53 days. This indicates that larvae and juveniles remain in the drift for much longer than Murray
cod (therefore more than 4 days), and thus carp has the potential to disperse further downstream (Gilligan
and Schiller 2004).

Gilligan and Schiller (2004) state that this is exacerbated by the majority of carp

dispersing from wetland nurseries under flood peak conditions. Gilligan and Schiller (2004) did not detect
settlement of larvae and juveniles from the drift in backwater habitats, but rather in weir pool habitats.
Conversely, King (2004) found that carp postflexion larvae and juveniles were positively associated with
backwaters and still littoral habitats in the lowland reaches of Broken River, Victoria.
Adult carp are known to have wide physiological tolerances surviving temperatures from 5 to over 32 ºC,
very low oxygen levels (< 1ppm @ 25ºC) and salinities up to 15 ppt (Geddes 1979; Merrick and Schmida
1984, McNeil and Closs 2007). The physiological tolerances of larvae are less well known. Survival, growth
and development of larvae have been shown to increase with increasing salinity ranging from freshwater to 3
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ppt (Lam and Sharma 1985). Lam and Sharma (1985) suggest that this is because salinity reduces the
osmotic and ionic gradients between the internal fluids and the external medium, and increases the specific
gravity of the medium, thus, less energy is required for osmotic and ionic regulation and maintenance of
neutral buoyancy. Juveniles from the River Murray, SA, showed considerable tolerance to increased salinity
and survived direct transfer to 12.5 ppt and with acclimation survived in 15 ppt (Geddes 1979). However,
Wang et al. (1997) found that the specific growth rate, daily food consumption rate, food digestibility and
nitrogenous excretion rate of early juveniles (560 to 880 mm) were negatively affected by salinities greater
than 2.5 ppt. The growth rate of early juveniles became negative at a salinity of 10.5 ppt and early juveniles
became emaciated, thus indicating that their upper threshold to salinity was 10.5 ppt (Wang et al. 1997).
Similarly, Whiterod et al. (2006) reported a moderate tolerance of salinity (direct transfer LC50: 11.7 ppt, slow
acclimation: LC50 13 ppt) by juvenile carp, with sublethal effects evident at low salinities. Osmo-regulation
was affected at salinities of 7.5ppt with behaviour and blood osmolarity affected beyond this point (Whiterod
et al. 2006).
In a study that investigated the effect of temperature on carp larvae (1-4 g) survival in acidic water (pH 4.1),
Korwin-Kossakowski and Jezierska (1985) found that survival time decreased with an increase in
temperature within the range of 18 to 26 ºC. Korwin-Kossakowski and Jezierska (1985) also found that a 26
hours acclimation period in acidic water (pH 4.22) increased the survival time of larvae at all temperatures
(20, 24, 26 and 30 ºC). To investigate the effect of water acidity on carp larvae, Korwin-Kossakowski and
Jezierska (1985) measured oxygen consumption at a pH of 4 and 7 and found that at a pH of 4, larvae
obtained less oxygen compared to that at a pH of 7 with the difference, though insignificant, indicating an
adverse effect of acidification on respiratory processes.

1.3.1.2 Carassius auratus (goldfish)
Goldfish are a small to medium sized fish that commonly grows to 100 to 200 mm, but may reach up to 400
mm and 1 kg (Brumley 1996). Goldfish are widespread throughout the MDB in NSW, Victoria and SA. It
occupies still and sluggish waters with aquatic vegetation and occurs in quiet backwaters of rivers, in
billabongs and lakes, and will survive in isolated, shallow water holes during droughts (Cadwallader and
Backhouse 1983). In the Lower River Murray, it commonly inhabits billabongs, small terminal lakes and large
floodplain lakes during all flows, but only occasionally occupies large and small anabranches and main
channel habitats (Mallen-Cooper 2001).

1.3.1.2.1 Spawning habitat requirements and egg water quality tolerances
Spawning extends from October to late January when water temperatures exceed 15 ºC and the demersal,
adhesive eggs are shed amongst aquatic vegetation and rocks where they become attached (Merrick and
Schmida 1984). In a study that investigated the effects of rearing temperature on development and survival
of embryonic and larval goldfish, Wiegand et al. (1988) observed that eggs produced unviable larvae when
incubated at 12 ºC. In a later study Wiegand et al. (1989) found that embryos developed abnormalities (most
commonly spinal curvatures) and had reduced survival at hatching when exposed to 13 ºC. Exposure to
13 ºC at any time after fertilisation was found to cause abnormalities, but exposure to 13 ºC from the outset
was particularly deleterious to eggs. The optimum temperature for rearing eggs was found to be 22 ºC
(Wiegand et al. 1988). At 17 and 27 ºC there was a higher incidence of abnormal larvae at hatching and
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reduced larval viability compared to 22 ºC, indicating that 17 and 27 ºC are probably just outside the optimal
range of incubation temperatures (Wiegand et al. 1988). This information led Wiegand et al. (1989) to
suggest that the thermal requirements of goldfish embryos necessitate a delay in ovulation and spawning
until water is sufficiently warm. However, ovulation can be induced in this species at temperatures as low as
12 ºC using simulated natural stimuli (Stacey et al. 1979), but spawning in a feral population was not
observed until water temperatures reached 17 ºC (Munkittrick and Leatherland 1984), a temperature which is
usually compatible with normal development (Wiegand et al. 1988).

1.3.1.2.2 Larvae and juvenile habitat requirements and water quality tolerances
Upon hatching, larvae attach to aquatic vegetation for a few days until the yolk sac is completely absorbed
(Merrick and Schmida 1984), however, knowledge of habitat requirements and dispersal once fish are freeswimming is lacking. There is also little information on the water quality requirements for the early life stages
of goldfish. Wiegand et al. (1989) found that exposure of larvae to 13 ºC at any stage up to the time of swim
bladder inflation, resulted in the development of abnormalities indicating that vulnerability to cool conditions
is not limited to embryonic stages and is not necessarily manifested prior to hatching. With regard to salinity,
juvenile goldfish have been found to be adversely affected by salinities as low as 3 ppt with specific growth
being highest in freshwater and decreasing significantly from 3 to 9 ppt (Altinok and Grizzle 2001). Adults are
known to be tolerant of low dissolved oxygen (<1 ppm) even at relatively high water temperatures (McNeil
and Closs 2007)

1.3.2 Percidae
1.3.2.1 Perca fluviatilis (redfin perch)
Redfin perch commonly reaches 400 to 450 mm in length and 1 to 2 kg in weight, but has been known to
exceed 10 kg in Australia though this is infrequent (McDowall 1996a). It is native to Europe but is now
widespread in cool waters of NSW, Victoria, Tasmania and SA (Allen et al. 2002). Occuring in lakes, dams,
billabongs, swamps and the slower-flowing reaches of rivers and streams (Cadwallader and Backhouse
1983), redfin perch prefers areas with abundant submerged aquatic vegetation, or other cover such as rocks
and wood debris.

1.3.2.1.1 Spawning habitat requirements and egg water quality tolerances
Spawning occurs in mid-August to late October when water temperatures reach 12 ºC (Merrick and Schmida
1984). Spawning takes place in slow-flowing waters amongst aquatic vegetation or woody debris to which
eggs become attached (Cadwallader and Backhouse 1983; Merrick and Schmida 1984). The demersal eggs
are deposited in long ribbons that have numerous small openings through which water can circulate
(Cadwallader and Backhouse 1983). The incubation period is temperature dependent and takes 7 to 8 days
at 14 to 19 ºC, or between 2 to 3 weeks at 8 to 9 ºC (Cadwallader and Backhouse 1983). Information
regarding the water quality tolerances of eggs is lacking, but in one study the effect of water pH on redfin
perch eggs was examined (Shephard 1987). Upon transferring eggs from pH 8 to 4.5, egg diameter was
observed to decrease probably as a result of water loss from the perivitelline fluid, and when eggs were
exposed to pH 4.0 they turned opaque and died.
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1.3.2.1.2 Larvae and juvenile habitat requirements and water quality tolerances
Habitat requirements of larvae and juveniles are unknown, but juveniles have been observed migrating
upstream, whilst migration is not an obligate part of their life history (Mallen-Cooper et al. 1995a). There is
also only limited information concerning the water quality requirements of larval and juvenile redfin perch in
their Australian range. However, Bein and Ribi (1994) found that salinities between 0.6 and 2.4 ppt were
optimal for larvae survival and growth. At a salinity of 9.6 ppt, larvae exhibited peculiar swimming behaviours
and growth abnormalities, and most larvae died. Similar observations were made at a salinity of 4.8 ppt.
Bacher and Garnham (1992) found adult redfin perch to be poor osmoregulators, they showed an ability to
regulate internal osmotic concentrations up to approximately 8 ppt. Above 8 ppt internal osmotic
concentration becomes isosmotic, increasing along with the external environment. Fish exposed to greater
than 8 ppt show lethargy as a sub-lethal effect. A ‘No Observed Effect Level’ (NOEL, indicates the highest
concentration at which no impact was recorded) was calculated as 9.8 ppt. In juvenile redfin perch,
temperature was found to influence growth when food availability was not limiting (Karås 1990). Juveniles
increased in length and weight at 10 ºC, but at 8 ºC, weight increased and length did not. At a temperature
of 4 ºC, juveniles showed no increase in either weight or length. This indicates that if growth is considered to
be both an increase in length and weight, then juvenile growth is not possible below a temperature of 10 ºC.
Adult redfin perch do not survive well in water with dissolved oxygen concentrations less than 3 mg L-1
(Cadwallader and Backhouse 1983). It is therefore unlikely that larvae and juveniles are particularly tolerant
of low DO levels. McNeil and Closs (2007) showed that redfin perch were compelled to rise to ASR where
dissolved oxygen fell within the range 2.2-1 mg L-1 with terminal avoidance behaviour (as surrogate for
mortality) observed below this point. Juvenile redfin perch have also been documented to be restricted to
larger environmentally benign billabongs avoiding harsher floodplain habitats (McNeil 2004).

1.3.3 Poeciliidae
1.3.3.1 Gambusia holbrooki (gambusia)
Gambusia is native to rivers draining into the Gulf of Mexico, but has been introduced into many countries,
including Australia where it is now widespread throughout the MDB in NSW, Victoria and SA (McDowall
1996a). Females reach about 60 mm in length, whereas males only grow to about 35 mm (McDowall
1996a). Gambusia is able to utilise a wide variety of habitats across a very broad range of landscapes and
environments and is able to tolerate significantly different physical, chemical and biological characteristics
(for a review see Pyke 2005). However, gambusia shows a preference for warm and slow flowing or still
waters, mostly around the margins and along the edges of aquatic vegetation beds (McDowall 1996a). In
the Lower River Murray in SA, gambusia is reported to commonly utilise small anabranches, large floodplain
and small terminal lakes and billabongs, but is only occasionally found in main channel habitat and large
anabranches (Mallen-Cooper 2001).

1.3.3.1.1 Spawning habitat requirements
Gambusia is a non-migratory species, moving locally within relatively small areas (Pyke 2005). However,
Congdon (1994) found that large females (> 22 mm) preferentially move downstream, and suggests that this
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is due to the ephemeral nature of the habitats generally colonised by gambusia and therefore this movement
may take them to more permanent water bodies to facilitate the survival of their offspring.
Gambusia have an annual reproductive cycle with a distinct breeding season that, in most locations, extends
from about mid-spring until mid-autumn with a peak in summer (Pyke 2005). However, the breeding season
varies between locations within a region as an apparent function of local water temperature (for a review see
Pyke 2005) with the commencement of reproduction being found to correspond with water temperatures
above 15 ºC (Medlen 1951; Milton and Arthington 1983; Pen and Potter 1991). In addition to a rise in water
temperature, there is evidence to suggest that an increase in photoperiod is also an important factor in
stimulating reproduction in gambusia (Milton and Arthington 1983b).
Gambusia is viviparous and the gestation period lasts between 21 and 28 days and newly-released
gambusia are 3 to 4 mm long and grow very quickly, with sexual maturity being reached in as little as six
weeks (Cadwallader and Backhouse 1983; McDowall 1996a). Upon birth Gambusia are very late stage
metalarvae, growing very quickly to juveniles.

1.3.3.1.2 Juvenile habitat requirements and water quality tolerances
In a study conducted in the lowland reaches of Broken River, Victoria, King (2004) found that metalarval
gambusia had a positive association with backwaters and still littoral habitats. Juveniles and adults were
also found within these habitats indicating that gambusia remains in these habitat types throughout all stages
of its life history.
Gambusia is able to withstand a wide range of temperatures, salinities and DO levels. Fish have been found
under ice and up to temperatures of 44 ºC (McDowall 1996a), but thermal tolerances are dependent on
acclimation temperatures (Otto 1973). Gambusia have been reported from waters ranging in salinity from
freshwater to seawater, but they are most abundant in freshwater and such fish are reported to have an
upper tolerance limit of 25 ppt (Nordlie and Mirandi 1996). Fish have also been reported to survive dissolved
oxygen levels less than 0.3 ppm by performing ASR and will survive at 1.3 ppm if access to the surface was
denied (Odum and Caldwell 1955). Similarly, McNeil and Closs (2007) showed that gambusia are particularly
tolerant of low dissolved oxygen surviving through hypoxia and into anoxic conditions via the use of ASR. In
laboratory trials ASR behaviour was initiated when dissolved oxygen levels fell to between 2.2 and 0.42 ppm.
Gambusia show such efficient use of ASR (and probably the most efficient use of any of the MDB fishes) that
gill ventilation rate (GVR) changed little through hypoxic and into anoxic conditions. Furthermore, this
species was able to persist in extremely harsh floodplain habitats in hot, hypoxic conditions even after all
other species succumbed to the conditions (McNeil 2004).
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SUMMARY

1.4.1 Habitat
Knowledge on the macro-habitat use during spawning events by different species are reasonably well
established (Table 1.2), although habitats utilised by larvae and juveniles are still lacking (Table 1.3 and
Table 1.4). Habitats vary widely, from still, slow flowing areas with aquatic vegetation, to areas with
submerged structure and hard surfaces to spawn on, such as logs, snags, and those fish that may use open
substrates and pelagic zones.

1.4.2 Temperature
Spawning temperature thresholds have been established for a number of MDB fish species, the lowest of
which is 10 °C, for the majority of the species, however, the optimum is approximately 21 °C (Table 1.2). Egg
temperature tolerances generally require extensive further research, with the exception of goldfish, silver
perch and Murray cod where more detailed information is available (Table 1.2). There is only limited
information available on temperature tolerances of larvae for most species, with the exception of only two
species (Table 1.3). Information regarding tolerances to temperature exhibited by juveniles is similarly sparse
with only good information available for lower end tolerances of one species (Table 1.4).

1.4.3 Salinity
Research suggests the majority of MDB species in this study have seemingly high tolerances as
adults/juveniles (Table 1.4), at least in terms of relatively short term exposure (via direct transfer and slow
acclimation; majority of LC50 in the range 13 to 40 ppt). There is information available on the osmoregulatory
capabilities of hardyhead, carp and redfin perch. Egg salinity tolerances are only available for Murray cod,
silver perch, Murray rainbowfish and carp. However, pre-fertilised eggs exposed to salinity, and eggs
fertilised at salinity, appear to have the lowest thresholds of saline toxicity, with concentrations above 0.8 ppt
preventing successful hatching (Table 1.2). Larval tolerances to increased salinity are available for only four
fish species. Sperm motility under salinity has been assessed for carp, and Murray cod. It has been shown
that flooding (low salinity water) and temperature are important spawning cues (Lake 1967; Rowland 1983).

1.4.4 Dissolved oxygen (DO)
Dissolved oxygen requirements and tolerances for fishes of the MDB have been largely unstudied.
Responses of adult fish to hypoxia and anoxia have been described for six of the fifteen species of concern
to this study (Table 1.4). There remains little specific information available in the literature on the
requirements for recruitment, or egg and larval tolerances (Table 1.2 & Table 1.3). Although, broad scale
aquaculture literature suggests a desirable range is above 5 mg L-1 (Boyd 1990).

1.4.5 pH
Information about the influence or effects of pH specifically upon fishes of the MDB at all life stages is lacking
(Table 1.2, Table 1.3 and Table 1.4). Tolerances are unknown in the literature with the exception of a report
of golden perch surviving in an extreme pH of 10. However, in aqua-cultural environments, most fish species
prefer pH between 6.7 and 8.6 (Boyd 1990; Pillay and Kutty 2005).
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Table 1.2. Spawning habitat requirements and egg water quality tolerances of the key native and exotic fish species in the Lower River Murray, SA.
Species

Native
fish

Spawning season

Spawning habitat

Egg attributes

Egg water quality tolerances
Temperature

Salinity

DO

pH

Craterocephalus
stercusmuscarum

Mid-October to midFebruary.

Occurs when water
temperature
reaches 23-24ºC
and most likely
where aquatic
vegetation is
present. Has been
observed in aquaria
where water
temperature and pH
were maintained at
25-29ºC, and 6.07.2, respectively.

Demersal and
adhesive. Attach to
aquatic vegetation,
rocks and gravel.

Data deficient, but
development
observed between
23.3 and 27.8ºC.

Data deficient.

Data deficient.

Data deficient.

Nematalosa erebi

December-January
in the Lower River
Murray and
October-December
in NSW.

Occurs at
temperatures of 2123ºC and in open
waters where
aquatic vegetation
is absent.

Early demersal and
later pelagic phase.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Philypnodon
grandiceps

Generally springsummer
(September to
February);
extended spawning
period from August
to April in Victoria.

Has been recorded
in experimental
ponds at
temperatures
between 21 and
27ºC.

Demersal and
adhesive. Attach in
a single cluster to
firm substrate.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Hypseleotris spp.

October-January,
but may spawn
throughout the year.

Takes place in
shallow waters (525 cm), when
temperatures reach
about 22ºC.

Demersal and
adhesive. Attach to
aquatic vegetation
and other solid
substrates.

Data deficient, but
development
observed between 18
and 23ºC.

Data deficient.

Data deficient.

Data deficient.
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Spawning season

Spawning habitat

Egg attributes

Egg water quality tolerances
Temperature

Salinity

DO

pH

Galaxias
maculatus

Autumn-Spring

Spawning migration
triggered by water
level changes.
Takes place in edge
habitat amongst
terrestrial
vegetation.

Adhesive

Data deficient.

Data deficient.

Data deficient,
but eggs can
survive
exposure for
up to 8 weeks.

Data deficient.

Nannoperca
obscura

Spring (September
– November)

Data deficient,but
thought to occur in
aquatic vegetation
when water
temperatures range
from 16 to 24ºC

Demersal non
adhesive

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Melanotaenia
fluviatilis

October-December
in Qld and Victoria.

Occurs when water
temperature
exceeds 20ºC and
where aquatic
vegetation is
present.

Adhesive.

Data deficient, but
development is
temperature
dependent: 9 days at
20ºC; 7 days at 24ºC;
6-7 days at 26-27ºC;
and 4.5 days at 27ºC.
Egg development
may be better at
temperatures above
20ºC.

LC50 is 17 ppt.

Data deficient.

Data deficient.

Mordacia mordax

August-November
in NSW.

Data deficient, but
is thought to take
place in shallow,
fast-flowing waters
with a sand, gravel
or pebble substrate.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Data deficient.
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Spawning season

Spawning habitat

Egg attributes

Egg water quality tolerances
Temperature

Salinity

DO

pH

Maccullochella
peelii peelii

October-December
in Victoria and
NSW.

In wild fish,
spawning occurs
when water
temperature
reaches 15ºC, and
in pond
experiments,
spawning occurs at
20-21ºC. Spawning
may take place in
shallow waters (300
mm depth).

Large, adhesive.
Attach to hard
substrates, such as
logs, rocks, or clay
banks.

Data deficient, but
development is
temperature
dependent: 8 days at
19-22ºC; and 5-7
days at 20-27ºC.
Post-spawning
survival is reduced by
50% when
temperature is below
14.8ºC, and egg
survival drops
suddenly between
12.8 and 16ºC.

Post fertilised eggs
hatch between 0
and 10 ppt, but
larvae do not
survive for more
than 7 days, except
when in freshwater.
Above 6 ppt,
embryos develop
notochord
deformities. Sperm
are immotile at
salinities above 4
ppt. pre-fertilised
eggs exposed to
salinity and
fertilised at salinity
did not hatch above
only 0.8 ppt.

Data deficient.

Data deficient.

Macquaria
ambigua

Spring-summer.

In pond
experiments, occurs
when temperatures
exceed 23.6ºC.

Pelagic, nonadhesive.

Data deficient, but
development takes
24-34 hours between
20 and 31ºC and
eggs do not survive
below 15ºC.

Data deficient.

Data deficient.

Data deficient.
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Spawning season

Spawning habitat

Egg attributes

Egg water quality tolerances
Temperature

Salinity

DO

pH

Tandanus
tandanus

October-January,
but in NSW may be
from January to
March.

Known to breed
successfully in a
shallow lake that
has a hard
substrate, a
covering of stones,
gravel and silt, and
contains aquatic
vegetation. Occurs
when temperature
exceeds 24ºC.

Demersal.

Data deficient, but
development takes up
to 7 days at 19-25ºC.
Eggs do not survive
below 15ºC.

Data deficient.

Data deficient.

Data deficient.

Retropinna
semoni

Mid-winter to
autumn in Qld, but
farther south occurs
during springsummer.

Occurs when
temperatures reach
15ºC.

Demersal,
adhesive. Attach to
aquatic vegetation,
debris, or sediment.

Data deficient, but
development takes
about 9 days at 1518ºC.

Data deficient.

Data deficient.

Data deficient.
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Spawning season

Spawning habitat

Egg attributes

Egg water quality tolerances
Temperature

Salinity

DO

pH

Bidyanus
bidyanus

Early November to
late January.

Occurs when
temperatures
exceed 23ºC.

Semi-buoyant, nonadhesive and
pelagic.

Development takes
12-30 hours at 2427ºC. Eggs are
intolerant of 15ºC. At
17ºC, eggs suffer
high mortality. At 2021ºC, egg survival is
high.

Eggs transferred at
an early
development stage
have a low hatch
rate above 3 ppt,
have irregular
development and
die within 8 hours
above 6 ppt, and
do not hatch above
9 ppt. Eggs
transferred at a
later development
stage have high
hatch rates at less
than 9 ppt. Eggs
transferred at an
early embryo stage
hatch at 12 ppt, but
hatch rate declines
rapidly up to 15 ppt,
and no eggs hatch
at 18 ppt.

Data deficient.

Data deficient.

Cyprinus carpio

SeptemberDecember, but may
be from late
September to May
in SA.

Occurs in
temperatures of 1725ºC, but threshold
may be as low as
14ºC. Takes place
in shallow waters
(0.5-2 m).

Demersal,
adhesive. Attach to
aquatic vegetation,
logs and other
submerged objects.

Data deficient, but
development takes 2
days at 30ºC, 3 days
at 27ºC, and 6 days
at 18ºC.

Salinities of 0.3, 1.5
and 3 ppt enhance
viability and
hatchability in
comparison to
freshwater, but not
increasingly. Sperm
motility above
8.3ppt reduced

Data deficient.

Data deficient.
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Spawning season

Spawning habitat

Egg attributes

Egg water quality tolerances
Temperature

Salinity

DO

pH

Carassius auratus

October to late
January.

Occurs when
temperature
exceeds 15ºC.

Demersal,
adhesive. Attach to
aquatic vegetation
and rocks.

Incubation of eggs at
12ºC produces
unviable larvae.
Exposure of embryos
to 13ºC causes
abnormalities (spinal
curvatures) as well as
reduced survival to
hatching. Optimum
temperature for
rearing eggs is 22ºC,
and 17 and 22ºC are
just outside the
optimal range.

Data deficient.

Data deficient.

Data deficient.

Perca fluviatilis

Mid-August to late
October.

Occurs when
temperature
reaches 12ºC and
takes place in slowflowing waters
amongst aquatic
vegetation or wood
debris.

Demersal,
adhesive. Laid in
long ribbons.
Attach to aquatic
vegetation and
wood debris.

Data deficient, but
development takes 78 days at 14-19ºC,
and up to 2-3 weeks
at 8-9ºC.

Data deficient.

Data deficient.

At pH 4.5 egg
diameter
decreases and
at pH 4 eggs
die.

Gambusia
holbrooki

Generally midspring to midautumn with a peak
in summer.

Occurs when
temperature is
above ~15ºC.
Large females
preferentially move
downstream, low
flow, backwaters,
shallow littoral
areas.

Live birth

Data deficient.

Data deficient.

Data deficient.

Data deficient.

30

Ye et al. 2010

SARDI, Aquatic Sciences

Alton, Cheshire, Westergaard and Ye

Table 1.3. Habitat requirements and water quality tolerances of the larvae of the key native and exotic fish species in the Lower River Murray, SA.
Species

Larvae habitat

Larvae water quality tolerances
Temperature

Native
fish

Salinity

DO

pH

Craterocephalus
stercusmuscarum

In Lower Murray larvae are positively
associated with backwater habitats and
negatively associated with still littoral and
open water habitats.

No adverse effects
observed at 23ºC and
no fatalities observed at
36ºC.

Data deficient.

Data deficient.

Data deficient.

Nematalosa erebi

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Philypnodon
grandiceps

Facultative drifters and inhabit slow flowing
backwaters, pools and littoral areas.

Data deficient, but have
been found in
temperatures ranging
from 9.3-23.1ºC with
most taken from waters
of 12.6-17.5ºC.

Data deficient, but
have been found in
salinities ranging from
2.8-34 ppt with most
taken from waters of >
27.5 ppt

Data deficient.

Data deficient.

Hypseleotris spp.

Larvae hatch in littoral zone and undertake
horizontal migrations to the pelagic zone.
During the day, they remain in the
warmest, most well lit layer, and at night,
they move into the deep pelagic. Have
been shown to have differing habitat
associations in different regions. In the
Lower Murray Larvae were strongly
associated with backwater habitats.

Data deficient, but
development observed
between 18 and 23ºC.

Data deficient.

Data deficient.

Data deficient.

Galaxias
maculates

Larvae hatch and disperse from brackish
habitats into the ocean for the winter period
from approximately 6 months.

Data deficient.

LC50 6 ppt

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

In landlocked populations larvae disperse
back into adult habitats in the lakes,
sheltering in aquatic vegetation.
Nannoperca
obscura

Data deficient but believed to be edge
habitats amongst vegetation.
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Species

Larvae habitat

Larvae water quality tolerances
Temperature

Salinity

DO

pH

Melanotaenia
fluviatilis

Associated with backwater and still littoral
habitats characterised by high densities of
submerged vegetation, overhead cover
and detritus.

Data deficient.

LC50 is 12 ppt via
direct transfer.

Data deficient.

Data deficient.

Mordacia mordax

Burrow in areas of fine silt at the edge of
slow-flowing rivers.

Data deficient.

Unable to survive salt
water.

Data deficient.

Data deficient.

Maccullochella
peelii peelii

Undergo downstream drift then probably
settle on substrate within the river channel.
Habitat association parameters include
wood debris, low surface water velocity,
close proximity to bank and shallow water.

Sudden drop in larval
survival is likely to occur
between 12.8 and 16ºC.

When > 0.25 ppt,
larvae do not survive
more than 12 days.
For larvae (0.20-0.45
g), the 96 h LC50 is 1112 ppt at 15-25ºC, and
7 ppt at 30ºC, and
between pH 6.2-8.8
the 96 h LC50 is 10-12
ppt.

Data deficient.

Data deficient.

Macquaria
ambigua

Undergo drift. In pond studies, larvae
avoided floodplain habitat and moved
towards pond habitat characterised by
higher surface DO and temperature.

Data deficient.

LC50 is 8.3 ppt.

57.6% survival
observed when
surface and bottom
[O2] fell to 2.7 and
-1
0.4 mg L ,
respectively. Total
mortality when [O2]
was 1.5-2.1 mg L-1
for 3 days.

Survive up to 10.

Tandanus
tandanus

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Data deficient.
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Salinity

DO

pH

Retropinna
semoni

In the Lower Murray, larvae are negatively
associated with backwater habitats and
positively associated with still littoral
habitats. In mid and upper Murray
postflexion larvae have been documented
in backwater and still littoral habitats.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Bidyanus
bidyanus

Data deficient.

Data deficient.

Survival is better when
hatched at 6 ppt
compared to
freshwater.

Data deficient.

Data deficient.

Cyprinus carpio

Larvae attach to aquatic vegetation 2-8
days post-hatch, and become freeswimming 4-14 days after spawning. They
drift downstream and settle in weir pool,
backwater and still littoral habitats.

Data deficient.

Survival, growth and
development is better
in 3 ppt than in
freshwater.

Data deficient.

Oxygen uptake is
less at pH 4 than at
pH 7 indicating an
adverse effect of
acidification on
respiratory
processes.

Carassius auratus

Data deficient, but larvae attach to aquatic
vegetation until the yolk sac is completely
absorbed.

Exposure to 13ºC at any
stage, up to the time of
swimbladder inflation,
results in the
development of
abnormalities.

Data deficient.

Data deficient.

Data deficient.
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Species

Larvae habitat

Larvae water quality tolerances
Temperature

Salinity

DO

pH

Perca fluviatilis

Data deficient.

Data deficient.

Optimal survival and
growth between 0.6
and 2.4 ppt. At 9.6
ppt, larvae exhibit
peculiar swimming
behaviour and growth
abnormalities, and
almost all larvae die.
Similar observations in
4.8 ppt, but to a lesser
extent.

Data deficient.

Data deficient.

Gambusia
holbrooki

Positively associated with backwater and
still littoral habitats.

Data deficient.

Data deficient.

Data deficient.

Data deficient.
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Table 1.4. Habitat requirements and water quality tolerances of the juveniles of the key native and exotic fish species in the Lower River Murray, SA.
Species

Juvenile habitat

Juvenile water quality tolerances
Temperature

Native
fish

Salinity

DO

pH

Craterocephalus
stercusmuscarum

Data deficient.

No fatalities observed
at 36ºC.

Data deficient, adults at
least have LC50 43.7 ppt
via slow acclimation and
osmoregulatory ability
falters above 35 ppt.

Data deficient.

Data deficient.

Nematalosa erebi

In the Lake Eyre Basin they undertake
downstream movements that follow the flood
peak and move laterally from the main channel
to the floodplain where they colonise in great
numbers.

Data deficient.

Data deficient. Field
observations up to 24.6
ppt.

Data deficient.

Data deficient.

Philypnodon
grandiceps

Data deficient.

Data deficient.

Data deficient, but adults
at least have LC50 23.7
ppt via direct trans and
LC50 40 ppt slow
acclimation.

Rise to ASR as DO
drops below 1 ppt.

Data deficient.

Hypseleotris spp.

Pelagic zone.

Data deficient.

Data deficient, but adults
at least have LC50 38 ppt
via direct trans and LC50
50 ppt slow acclimation.

Rise to ASR as DO
dropped to
between 1.1-0.5
mg/l

Data deficient.

Galaxias
maculatus

Oceanic or Lake habitats.

Data deficient.

Direct transfer LC50- 45
ppt, slow acclimation
LC50 62 ppt.

Data deficient. But
do not appear to
avoid low
oxygenated
habitats.

Data deficient.

Nannoperca
obscura

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Data deficient.
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Species

Juvenile habitat

Juvenile water quality tolerances
Temperature

Salinity

DO

pH

Melanotaenia
fluviatilis

Associated with backwater and still littoral
habitats characterised by high densities of
submerged vegetation, overhead cover and
detritus.

Data deficient.

Data deficient, but adults
at least have LC50 21.1
ppt via direct trans and
LC50 29.8 ppt slow
acclimation.

Data deficient.

Data deficient.

Mordacia mordax

Undergo downstream migration to the sea,
during which they burrow in areas with an
appreciable water flow and coarse sand. They
spend five months in estuaries and then a year
and a half at sea where they feed on host fish.

Data deficient.

Data deficient.

Data deficient.

Data deficient.

Maccullochella
peelii peelii

Habitat association parameters include wood
debris, low surface water velocity, close
proximity to bank and shallow water.

Show a preference for
warm water (24-33ºC.
At temperatures <
16ºC they suffer from
reduced growth rate.

The 96 h LC50 is 13.7 ppt
for early juveniles (20.153.3 g)

Data deficient.

Data deficient.

Macquaria
ambigua

Data deficient, but migrate upstream within the
main channel.

Preference for warm
water (24-31ºC).

LC50 is 8.3 ppt.

57.6% survival
observed when
surface and bottom
[O2] fell to 2.7 and
0.4 mg L-1,
respectively.

Survive up to pH 10.

Tandanus
tandanus

Data deficient.

Show signs of reduced
growth rate and
possible long-term
side effects, including
stunting, at
temperatures of
15.5ºC and below.

Data deficient, but adults
at least have LC50 17.8
ppt.

Data deficient.

Data deficient.
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Salinity

DO

pH

Retropinna
semoni

Found in pool habitats and migrate upstream in
the main channel in the Lower River Murray.

Data deficient.

Data deficient, but occur
in waters with salinities
between 0.043 to 2.8 ppt.

Rise to ASR as DO
dropped to
between 2.5-1.4
mg/l TA behaviour
(est of mortality)
occurs below this.

Data deficient.

Bidyanus
bidyanus

Data deficient, but migrate upstream.

Adults may survive
Temperature extremes
of 11-30°C.

When transferred
directly, juveniles survive
up to 12 ppt, but mortality
increases to 40% at 15
ppt, and at higher
salinities, they die within
18 hours. Weight gain,
specific growth rate and
food conversion rate is
best when reared at 4
ppt.

Data deficient.

Data deficient.

Cyprinus carpio

Juveniles drift downstream and settle in weir
pool, backwater and still littoral habitats.

In acidic water (pH
4.1), survival time of
larvae (1-4 g)
decreases with
increasing temperature
within the range of 1826ºC.

Survive direct transfer to
12.5 ppt and, with
acclimation, survive 15
ppt. Specific growth rate,
daily food consumption
rate, food digestibility and
nitrogenous excretion
rate of early juveniles
(560-880 mm) are
negatively affected by
salinities greater than 2.5
ppt. Growth rate of early
juveniles becomes
negative at 10.5 ppt and
they become emaciated.
Osmo-regulation affected
at salinities of 7.5ppt and
above.

Rise to ASR as DO
dropped to
between 0.8-0.2
mg/l, through
effective ASR
survive below this
point at least in
short-term.

Data deficient.
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Species

Juvenile habitat

Juvenile water quality tolerances
Temperature

Salinity

DO

pH

Carassius auratus

Data deficient.

Data deficient.

Adversely affected by
salinities as low as 3 ppt.
Specific growth rate is
highest in freshwater and
decreases significantly
from 3 to 9 ppt.

rise to ASR as DO
dropped to
between 0.8-0.2
mg/l, through
effective ASR
survive below this
point at least in
short-term.

Data deficient.

Perca fluviatilis

Data deficient.

Growth is negatively
affected below 10ºC.

Data deficient, but adults
at least are poor
osmoregulators, appear
unable to regulate
internal concentrations
above where external
conditions become
isosmotic

rise to ASR as DO
dropped to
between 2.2-<1
mg/l, TA behaviour
(est of mortality)
occurs below this.

Data deficient.

Gambusia
holbrooki

Positively associated with backwater and still
littoral habitats.

Data deficient.

Data deficient, but adults
at least have upper
tolerance limit of 25 ppt.

rise to ASR as DO
dropped to 2.2-0.42
mg/l, through
effective ASR
survive below this
point at least in
short-term, most
efficient utilisers of
ASR out of fish
investigated in this
report.

Data deficient.
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JUVENILE SALINITY TOLERANCE OF EIGHT NATIVE

FISH SPECIES FROM THE LOWER RIVER MURRAY, SOUTH
AUSTRALIA.
DALE G MCNEIL, SIMON WESTERGAARD AND QIFENG YE
This chapter may be referenced as: McNeil D.G., Westergaard S. & Ye Q. (2010) Chapter 2. Juvenile salinity tolerance of eight native
fish species from the Lower River Murray, South Australia. In Influences of salinity, water quality and hydrology on early life stages of
fishes in the Lower River Murray, South Australia. (Eds Q. Ye, K.J. Cheshire and D.G. McNeil) pp. 48-72. (South Australian Research
and Development Institute (Aquatic Sciences), Adelaide. SARDI Publication No. F2009/000470-2. SARDI Research Report Series No.
446.).

ABSTRACT
Slow acclimation trials were conducted to estimate the salinity tolerance of juvenile life stages of eight
species of native freshwater fish common to the Lower River Murray.
Control treatments remained at ~1ppt salinity throughout the experimental period, the salinity treatments
were subjected to a gradual increase in salinity at a rate of 2 ppt/day by the addition of filtered seawater.
Daily measurements of water quality, dissolved oxygen, total dissolved solids (as a measure of salinity_, pH
and temperature, were undertaken to establish the variability in water chemistry that might occur over a 24
hour period. Classification of test fish behaviour in response to daily salinity change was done via
observation, to complement and inform the measurement of lethal thresholds and provide insight into some
of the potential sub-lethal thresholds that indicate physiological impact prior to lethality.
The juvenile slow acclimation LC50 values estimated under the current study, in combination with behavioural
observation data, found that all species of native fish tested were tolerant of salinity levels exceeding 10 ppt,
typically ranging between 18.9 ppt and 40.5 ppt. The study has found that there are a wide variety of
tolerances across species, with some, predominantly larger bodied species sensitive to levels above 10 ppt,
whilst other, predominantly small bodied species are able to tolerate salinities approaching sea water for
short periods of time.
The data has shown that juvenile tolerances vary little from adult tolerances estimated previously using
similar slow acclimation methods.

The results of the current study agree with previous studies that in

general, the fishes of the Lower River Murray will be able to tolerate the range of salinities likely to be
encountered throughout the Murray-Darling Basin. The ecological significance of this study relates primarily
to the superior tolerance of small bodied species common to off channel floodplain and wetland habitats;
habitats that are more likely to become highly saline than the main channel of the River Murray.
Furthermore, juvenile and adult tolerances are likely to be far higher than that of eggs and larvae of the same
species and that these early life stages are likely to be more appropriate for setting salinity thresholds and
management targets.
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INTRODUCTION

Increasing salinisation of the Australian landscape is resulting in increased salt loads leaching into
waterways of the Murray-Darling Basin (see Chapter 1). Future projections suggest that salinity in the main
channel of the River Murray may regularly exceed 5.5 ppt (MDBMC 1999). The impact of salinisation is
likely to be much higher in off channel waterbodies such as wetlands, lakes and floodplain billabongs, where
levels already exceed 17.0 ppt in the lower Murray Catchment (Suter et al. 1993, McCarthy et al. 2006,
Whiterod and Walker 2006).
Australia’s native fish species are generally tolerant of moderate levels of salinity (up to and above 3.0 ppt),
likely due to the recent marine ancestry (Williams and Williams 1991), but perhaps also influenced by
climate, commonly having dry warm summers and drought periods. The general tolerance level may be as
high as 10 ppt (Chessman and Williams 1974, Hart et al. 1991, Metzeling et al. 1995, Nielson et al. 2003).
Tolerances above 10 ppt are relatively high for freshwater fish, however this is consistent with estimates of
pre-European conditions in the River Murray where pools in the main channel are believed to have been as
high as 10 ppt and still exceed 30 ppt in some tributary rivers (Anderson and Morrison 1989, Nielson and
Hillman 2000).
Off channel and lower flow habitats, whilst prone to extremes in salinity, are important refuge and nursery
habitats for a range of native fish, particularly the small bodied species and the early life stages (Humphries
et al. 1999, King 2004, McNeil 2004, Closs et al. 2005, Smith et al. 2007). With key nursery habitats for
native fish at high risk of salinisation, there is very little data concerning the salinity tolerance of juvenile life
stages (Hart et al. 1991, Clunie 2002, Nielson et al. 2003). The survival of these juveniles is a key factor in
the maintenance of sustainable populations. If juveniles are unable to survive and recruit into the adult
population then the long-term viability of those populations will suffer and/or collapse.
Estimates of adult salinity tolerance are lacking for almost half of the Murray-Darling fish species (Clunie et
al. 2002, Lintermans 2007). Whist juvenile tolerance data is scarce and often based on field observations
rather than comprehensive and comparative laboratory measurement (Hart et al. 1991, Ryan et al. 1999,
Clunie et al. 2002, Nielson et al. 2003). It is widely acknowledged that juvenile life stages are more sensitive
to salinity than adult fish (Williams 1987), although given the paucity of studies on juvenile tolerances, this
relationship is poorly understood (Hart et al. 1991). The few available comparisons for Murray-Darling fish
species suggest that juveniles are far less tolerant to high experimental salinities than adults of the same
species (Ryan et al. 1999). In contrast, however, reported tolerance values for juvenile Murray cod
(Chotipuntu 2003) and silver perch (Guo et al. 1995) are similar those reported for adults of those species
(Jackson and Pierce 1992).
Salinity tolerance, is most commonly stated in terms of LC50, the lethal concentration which kills 50% of the
fish held at a given exposure time. Whilst direct transfer methodologies are recommended for larval
assessment of salinity tolerance, juvenile and adult life stages are more suited to gradual acclimation
methods. Gradual acclimation methods allow test fish to gently become exposed to higher levels of salinity,
rather than exposing fish to the shock of being placed directly from fresh water into saline test tanks
(Williams and Williams 1991, Hart et al. 1991). Gradual acclimation methods are shown to consistently
provide higher and more realistic tolerances to salinity when compared to direct transfer values (Clunie et al.
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2002), although direct transfer methods have been used successfully on juvenile life stages of silver perch
(Guo et al. 1995). Gradual acclimation based salinity tolerances exist for adult life stages for a range of
Lower River Murray species, predominantly in non peer-reviewed formats, i.e. postgraduate theses (e.g.
Williams 1987) or newsletter articles (e.g. Jackson and Pierce 1992), although Williams and Williams (1991)
provide an exception.

The current project will target species for which past adult data exists to allow

comparison between juvenile and adult life stages.
The overall aim of the current study is to investigate the salinity tolerance of juvenile life stages of a range of
native fish species from the Lower River Murray. The specific aims of the study are to:
•

Determine the salinity tolerance thresholds of juvenile native fish using gradual acclimation
laboratory trials.

•

Compare juvenile salinity tolerance values with adult and larval tolerances to determine how
juveniles are impacted in relation to other life stages.

•

Compare juvenile salinity tolerance values between species, to identify which species may be “at
risk” under changing ambient salinity.

•

Discuss the implications of these findings to the ecology, management and sustainability of native
fish in the Lower River Murray in relation to salinisation.

These have been targeted to provide knowledge essential in meeting regional Integrated Natural Resource
Management goals set out by Centre for Natural Resource Management (CNRM) and the National Action
Plan for Salinity and Water Quality (NAP).

2.2

MATERIALS AND METHODS

2.2.1 Experimental methodology
Slow acclimation trials were conducted on juvenile fish from eight species (Table 2.1). These trials were
conducted within 20L aquaria maintained at a constant temperature of approximately 23 °C and a light/dark
ratio approximating 12/12 hours. Experimental fish were maintained on a diet of home-cultured live daphnia
(Daphnia magna), live blackworm (Lumbriculus variegates) and/or adult brine shrimp (Artemia sp.) or
commercially available aquaculture pellets, depending on acceptance of diet. Before the start of each trial
ammonia was tested in experimental tanks to ensure bio-filter performance.
At the beginning of each trial, ten individuals were placed into each of six experimental aquaria and allowed
to acclimate to test tank conditions for one week prior to salinity manipulation. During this period, any dead
fish were replaced from a reserve pool of fish kept at identical conditions as experimental tanks.
Three experimental tanks were maintained as control treatments, remaining at ~1 ppt salinity throughout the
experimental period. The other three tanks were subjected to a gradual increase in salinity at a rate of 2
ppt day-1 by the addition of filtered seawater. To obtain higher concentrations Ocean Nature® salt was
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premixed with filtered seawater and added to the treatment tanks increasing salinity to obtain that desired.
Control and treatment fish were subject to identical diet and environmental conditions with the exception of
increased salinity. However, for two species, golden perch and silver perch, there were too few juvenile fish
available to run controls. Throughout trials there had not been a single death in control groups indicating that
water quality and feeding regimes were adequate to allow full survival, excluding the effect of increased
salinity.
Once slow acclimation trials had begun, daily measurements of water quality, dissolved oxygen, total
dissolved solids (as a measure of salinity), pH and temperature, were undertaken to establish the variability
in water chemistry that might occur over a 24 hour period. This also facilitates observations that there are no
other extremes of water quality parameters that could account for mortalities. For each day of the trial,
salinity was recalibrated to the control value (in control tanks), or for treatments reset at the next incremental
level (i.e. 2 ppt higher than the previous day). Little variation in measured water quality parameters was
observed, both within control and within treatment tanks, and also between control and treatment tanks,
excluding salinity (Appendix 2.1 and 2.2).

2.2.2 Test fish
Experimental fish were obtained through a number of methods. Juvenile fish were collected from the Lower
River Murray, or from Torrens and Onkaparinga Rivers near Adelaide where Murray River species either
naturally occur (flat-headed gudgeon, dwarf flat-headed gudgeon) or have been translocated (freshwater
catfish, Murray rainbowfish, carp gudgeon). Juveniles were also reared in the laboratory from wild-caught
brood-stock (southern purple spotted gudgeon), or obtained from NSW DPI hatchery at Narrandera (golden
perch and silver perch) as larvae and grown to a juvenile stage in the laboratory. All fish were believed to be
of age 0+.
All fish were held in a 26 °C controlled environment room (CER) at SARDI Aquatic Sciences centre (West
Beach, Adelaide, South Australia) giving a water temperature of 22-23°C. Fish entering the facility were
allowed to acclimate to the temperature and water quality in the CER over 2 hours by the slow addition of
water before being placed into a 20 L aquarium. Further acclimatisation to laboratory conditions occurred at
least one week prior to experimentation. The weight and length of test fish, pre-trial temperature, food
accepted, trial date and duration varied across species and is presented in Table 2.1. Through an over sight
some fish weights were not collected.
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Table 2.1. Specific trial details: weight and length of test fish, food supplied and trial duration.
Common name

Species name

Weight
(g)

Length
range
(mm) TL

Food supplied
pre-trial

Trial duration
(Days)

Golden perch

Macquaria ambigua

NA

20-35

Artemia, Daphnia

15

Silver perch

Bidyanus bidyanus

NA

25-55

Artemia, Daphnia

14

Freshwater
catfish

Tandanus tandanus

NA

40-70

aquaculture pellet and
frozen bloodworm

12

Murray
rainbowfish

Melanotaenia fluviatilis

0.27±
0.35

30-50

aquaculture pellet and
frozen bloodworm

23

Southern purple
spotted gudgeon

Mogurnda adspersa

NA

15-30

Artemia,
Daphnia,
aquaculture pellets

13

Carp gudgeon

Hypseleotris spp.

0.13±
0.08

20-40

Artemia, Daphnia, live
blackworm (Lumbriculus
variegates)

20

Flat-headed
gudgeon

Philypnodon grandiceps

0.44±
0.58

25-35

Artemia, Daphnia, live
blackworm

25

Dwarf flat-headed
gudgeon

Philypnodon
macrostomus

0.54±
0.52

30-50

Artemia, Daphnia live
blackworm

23

2.2.3 Estimation of thresholds and data analysis
As previously stated LC50 values estimate the concentration of salinity that is lethal for 50% of individuals for
a given exposure time, as LC10 and LC90 estimate where 10 and 90% mortality occur. For slow acclimation
trials where the treatment (salinity) level is gradually increased in a linear fashion, a single ‘indeterminate
time’ LC50 value is produced for each trial rather than the discrete time values (i.e. at 12 hours or day 7 etc.)
provided under direct transfer methods (Williams 1987). The final species LC50 value was estimated using
Probit analysis on the combined data from the three treatment trials conducted for each species.
Experimental issues with flat-headed gudgeon trials resulted in two of the three trial values being discarded
and therefore the LC50 used for this species is based upon a single trial, which was unaffected by disease.
The details of this issue will be discussed in detail in the results section. Probit analysis was carried out using
SPSS Version 16.0 and StatsDirect Version 2.6.2. Salinity concentration (ppt) was log10 transformed for
analysis.
No observed effect levels (NOEL) indicate the highest concentration at which no impact was recorded.
NOELs were previously used to determine the concentration at which the osmolarity of native freshwater fish
blood first changed in response to increasing levels of ambient salinity (Bacher and Garnham 1992). In the
case of slow acclimation trials, NOEL refers to the highest concentration at which no deaths were recorded in
treatments for any trial for a given species. This value shows the first point of observed sensitivity and may
be useful in determining the most sensitive case scenario for intolerance, however, it should be noted that
some individuals may be highly sensitive due to non experimental factors such as disease, stress, and other
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health issues. NOELs should, therefore, be interpreted with caution. Furthermore, NOELs should only be
used in situations where control mortality remains at zero to ensure that general storage and maintenance
factors are not causing baseline mortalities.

2.2.4 Behavioural measurements
Classification of test fish behavior in response to daily salinity change was done via observation, to
complement and inform the measurement of lethal thresholds and provide insight into some of the potential
sub-lethal thresholds that indicate physiological impact prior to lethality (McNeil and Closs 2007).
Behavioral classification was undertaken based upon observed behavioral responses during pilot trials.
Behaviors were subjectively classified into three categories, ‘normal’, ‘impacted’ and ‘severely impacted’ to
capture thresholds at which behaviors were regarded as changing substantially from normal. Behavioral
measurements were made prior to resetting of salinity, and by the same experimenter each day to ensure
consistency of observational classification.
Behavioral observations included:
Gill Ventilation Rate (GVR): number of opercula beats per minute.
Movement: number of fish actively swimming over a one minute period.
Hiding: retraction into structural habitat within the tank.
Pigmentation: noticeable darkening of skin in treatment fish.
Feeding: active uptake of food when offered.
The presence of any disease or health conditions was also recorded. The loss of equilibrium (upright position
in the water) is a sign of the onset of severe physiological stress (McNeil and Closs 2007), therefore, the
number of fish losing equilibrium was recorded daily. Following loss of equilibrium individuals were removed
to a freshwater aquarium and resuscitated where possible.
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RESULTS

2.3.1 Southern purple spotted gudgeon (Mogurnda adspersa)
Southern purple spotted gudgeon suffered no mortalities up to a salinity concentration of 18 ppt, resulting in
a NOEL of 16 ppt. Survival decreased rapidly after this, with over 80% of mortalities occurring at 20 ppt and
100% mortality at 22 ppt (Figure 2.1).

The species slow acclimation LC50 for southern purple spotted

gudgeon was estimated at 18.9 ppt with LC10 at 12.9 ppt and LC90 at 27.6 ppt (Figure 2.17 and Table 2.2).
As with mortality, behavioral responses for southern purple spotted gudgeon were recorded between, 16 ppt
coinciding with the NOEL, and 18 ppt preceding LC50 (Figure 2.2). At this concentration Feeding (18 ppt)
and GVR (20 ppt) were severely impacted with Movement, Hiding and Pigmentation also impacted.
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Figure 2.1. Southern purple spotted gudgeon % survival (±s.e. n=30) under increasing salinity (2
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Figure 2.2. Behavioural observations with salinity, from gradual acclimation trial for Southern purple
spotted gudgeon (n=30).
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2.3.2 Freshwater catfish (Tandanus tandanus)
Mortalities occurred between 16 and 22 ppt, at which time 100% mortality occurred (Figure 2.3). NOEL was
14 ppt. Approximately 95% of all mortalities occurred between 18 ppt and 20 ppt representing a sudden
threshold for survival. The species slow acclimation LC50 estimate for catfish was 19 ppt with an LC10 of 12.9
ppt and an LC90 of 27.7 ppt (Figure 2.17 and Table 2.2).
Behavioral responses were first noted for freshwater catfish with reduced Movement (8 ppt), Feeding (10
ppt) and increased GVR (12 ppt) (Figure 2.4) preceding the NOEL. GVR and Feeding behavior became
severely impacted by 16-18 ppt when Hiding and Pigmentation were first observed concurrent with the
onset of mortalities (Figure 2.3 and Figure 2.4).
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Figure 2.3. Freshwater catfish % survival (±s.e.: n=30) under increasing salinity (2 ppt/day).
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Figure 2.4. Freshwater catfish behavioural observations with salinity, from gradual acclimation trial
(n=30).
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2.3.3 Silver perch (Bidyanus bidyanus)
The first silver perch mortalities occurred at 16 ppt (NOEL 14.0 ppt) with regular occurrences of mortality up
to 26 ppt at which time 100% mortality was reached (Figure 2.5). The species slow acclimation LC50 value
for sliver perch was estimated by Probit analysis at 20.0 ppt with LC10 estimated at 13.6 ppt and LC90 at 29.3
ppt (Figure 2.17 and Table 2.2).
Behavioral responses were first noted for silver perch at 10 ppt when Feeding activity became impacted.
Following this impacted GVR, Pigmentation and reduced Movement were noted by 14 ppt at the NOEL
(Figure 2.6). Feeding was severely impacted by 16 ppt with GVR severely impacted by 20 ppt in line with
LC50. A number of silver perch suffered an exothalmus (pop-eye) condition at 22 ppt and above, associated
with an inability to maintain equilibrium.
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Figure 2.5. Silver perch % survival (±s.e.: n=30) under increasing salinity (2 ppt/day).
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Figure 2.6. Silver perch behavioural observations with salinity, from gradual acclimation trial (n=30).
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2.3.4 Golden perch (Macquaria ambigua)
Golden perch trials progressed with no mortalities up to a salinity concentration of 22 ppt (NOEL 20 ppt) at
which point mortality in treatment fish rose above 30% (Figure 2.7). Over 90% mortality occurred at 24 ppt
and trials ceased after 24hrs at 26 ppt following 100% mortality. The species slow acclimation LC50 estimate
was determined to be 23.9 ppt. LC10 was estimated at 16.0 ppt and LC90 at 35.6 ppt (Figure 2.17 and Table
2.2).
Behavioral responses were first noted for golden perch at 10 ppt when Feeding activity became impacted.
By 18 ppt, Hiding, Pigmentation, GVR and Movement were impacted (Figure 2.8) along with severely
impacted Feeding behaviour all preceding NOEL (with observations of loss of equilibrium). GVR was
severely impacted by 24 ppt approximating the LC50.
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Figure 2.7. Golden perch % survival (±s.e.: n=30) under increasing salinity (2 ppt/day).
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Figure 2.8. Golden perch behavioural observations with salinity, from gradual acclimation trial
(n=30).
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2.3.5 Carp gudgeon (Hypseleotris spp.)
The first mortalities of carp gudgeon occurred at 20 ppt (Figure 2.9). (NOEL occurred at 18 ppt). Mortalities
occurred over a large range of increasing salinity with 100% mortality occurring at 36 ppt, with the difference
between NOEL and 100% mortality being 18 ppt (Figure 9). An exothalmus (pop-eye) condition was seen in
approximately 20-30% of carp gudgeon when at 22 ppt and above. A species slow acclimation LC50 value of
31.1 ppt was estimated for carp gudgeon with an LC10 of 20.4 ppt and an LC90 of 47.4 ppt (Figure 2.17 and
Table 2.2).
Reduced Movement and Hiding were observed in carp gudgeon trials relatively early at around 14 ppt
(Figure 2.10).

Other impacts however, were not recorded until 24-30 ppt by which time Feeding,

Pigmentation and GVR impacts were observed. Feeding also became severely impacted associated with
the estimated LC50 value (Figure 9 and Figure 2.10). A severe impact on GVR was observed in remaining
treatment fish at 34 ppt prior to the completion of trials at 38 ppt.
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Figure 2.9. Carp gudgeon % survival (±s.e. n=30) under increasing salinity (2 ppt/day).
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Figure 2.10. Carp gudgeon behavioural observations with salinity, from gradual acclimation trial
(n=30).
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2.3.6 Murray rainbowfish (Melanotaenia fluviatilis)
No Murray rainbowfish mortalities occurred in salinities below 22 ppt (Figure 2.11).

NOEL for Murray

rainbowfish was therefore 20 ppt. Treatments showed ongoing low levels of mortality gradually over the next
12 days, until trials ended with 100% mortality at 44 ppt. There was a 24 ppt difference, therefore, between
the NOEL and the concentration at 100% mortality. A species LC50 value of 33.9 was recorded for juvenile
Murray rainbowfish with an LC10 of 22.1 ppt and an LC90 of 51.9 ppt (Figure 2.17 and Table 2.2).
For Murray rainbowfish, behavioral responses were not observed until 24 ppt when reduced Feeding was
noted (Figure 2.12). Increased GVR (30 ppt) and Pigmentation (34 ppt) were noted around the LC50
concentration. Changes to Movement, Hiding and severe impacts on GVR and Feeding were not observed
until 40 ppt at which time 95% mortality had already occurred.
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Figure 2.11. Murray rainbowfish % survival (±s.e.: n=30) under increasing salinity (2 ppt/day).
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Figure 2.12. Murray rainbowfish behavioural observations with salinity, from gradual acclimation trial
(n=30).
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2.3.7 Dwarf flat-headed gudgeon (Philypnodon macrostomus)
Dwarf flat-headed gudgeon trials ran without any mortality up to 32 ppt (Figure 2.13), with a NOEL of 30 ppt,
the highest of any test species in the current trials. This was followed by a steady rate of mortality up to 36
ppt where % survival was maintained at 35% for three days, followed by a collapse between 40 ppt and
trial’s end at 44 ppt at which point 100% mortality occurred. The species slow acclimation LC50 for dwarf flatheaded gudgeon was estimated at 36.7 ppt, with an LC10 of 23.7 ppt and an LC90 of 56.7 ppt (Figure 2.17
and Table 2.2).
Dwarf flat-headed gudgeon showed a gradual impact of increasing salinity on observed behaviour with
Feeding (16 ppt), Pigmentation (24 ppt), Hiding (30 ppt) preceding the NOEL (Figure 2.14). Carp gudgeon
GVR and Movement (34 ppt) were also eventually impacted. At 38 ppt Feeding and at 40 ppt GVR were
severely impacted associated with the increase in mortality at this level approximating LC50.
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Figure 2.13. Dwarf flat-headed gudgeon % survival (±s.e.: n=30) under increasing salinity (2 ppt/day).
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Figure 2.14. Dwarf flat-headed gudgeon behavioural observations with salinity, from gradual
acclimation trial (n=30).
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2.3.8 Flat-headed gudgeon (Philypnodon grandiceps)
Treatment groups exhibited a NOEL of 16 ppt with 33% mortality occurring between 18 ppt and 22 ppt
(Figure 2.15). The results for flat-headed gudgeon did not reflect those of a successfully replicated slow
acclimation trial, with each of the three treatment groups collapsing rapidly at very different salinity levels.
The first group collapsed over three days between 18 to 22 ppt, the second suddenly at 32 ppt and the third
more gradually between 42 and 46 ppt. The result is a stepped survival curve, that shows decreasing
survival as each replicate ‘crashed’ followed by a plateau in % survival as a result of other replicates
persisting. The range of salinity between NOEL and 100% mortality for the three combined trials was 30 ppt.
Analysis of test fish from the treatment trials, however, revealed that fish from the first two treatment groups,
which collapsed around 26 ppt and 30 ppt respectively, were all infected with an unidentified (probably
marine) dinoflagellate (Marty Deveney, SARDI pers comm.), which caused a gray slime that covered the skin
and gill surfaces of test fish and was almost certainly responsible for or associated with most of the deaths.
As a result, LC50 was re-evaluated using only the third trial (n=10), which was unaffected by the disease and
data from the other two trials discarded. The remaining trial produced clear results, with an LC50 value of
40.5 ppt, and LC10 of 36.8 ppt and an LC90 of 41.7 ppt (Figure 2.17 and Table 2.2). This LC50 value is
considered a realistic slow acclimation LC50 for juvenile flat-headed gudgeon and is used as the estimated
LC50 for this species for the current report.
Behavioural impacts were noted very early for flat-headed gudgeon with reduced Feeding and darkened
Pigmentation occurred at 12 ppt and 16 ppt respectively (Figure 2.16). GVR was impacted after 22 pt and
severely impacted at 26 ppt at which time Movement was reduced and subsequently Hiding was observed
(18 ppt). Feeding was severely impacted by 30 ppt. These behavioural impacts were associated with the
early mortalities experienced in diseased trials. Behavioural data for the un-diseased replicate is not
presented. It should be noted that behavioural impacts were not observed in the un-diseased replicate until
around 30 to 34 ppt.

It was therefore hypothesised that these behavioural responses were largely

associated with the impact of disease under increasing salinity rather than the effects of increased salinity
per se. The observation of secondary impact of salinity mediated via disease is a significant result from
these trials.
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Figure 2.15. Flat-headed gudgeon % survival (±s.e.: n=30) under increasing salinity (2 ppt/day).
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Figure 2.16. Flat-headed gudgeon behavioural observations with salinity, from gradual acclimation
trial (n=30).
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2.3.9 Summary of results
No mortalities were observed in control groups for any species. Impacts upon feeding often showed as the
first symptom of impacts from increasing salinity, a number of fish showed reduced feeding at 10 ppt
(freshwater catfish, silver perch, golden perch), with flat-headed gudgeon at 12 ppt, southern purple spotted
gudgeon and dwarf flat-headed gudgeon at 16 ppt, carp gudgeon at 22 ppt and Murray rainbowfish not until
24 ppt. Other behavioural impacts often preceded the NOEL but severe impact ratings more often
approximated or preceded the LC50 estimate for each species (Figure 2.1 to Figure 2.16). Estimates of LC50
for the various species investigated fell in the range ~19 to 40 ppt (Figure 2.17 and Table 2.2), while
estimates of NOEL levels for the various species investigated fell in the range 14 to 30 ppt. Southern purple
spotted gudgeon exhibited the lowest LC50 at 18.9 ppt with Flat headed gudgeon the highest at 40.5 ppt.
Four species were grouped as more sensitive: freshwater catfish, southern purple spotted gudgeon, silver
perch and golden perch. Salinity concentrations at which all-behavioural factors had become impacted
tended to occur between NOEL and LC50, often approximating LC10.
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Figure 2.17. Lethal salinity concentration chart showing LC10, LC50 and LC90 (±95% confidence
interval) values for juveniles of eight species of native fish estimated using Probit analysis.
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Table 2.2. Summary of slow acclimation trial results (LC expressed as ppt) and previous slow
acclimation values from conspecific adult trials [* from Jackson & Pierce (1992), ** from Williams
(1987) *** from Guo et al. (1995)]. #flat-headed gudgeon data from one replicate only.
Previous adult
LC50

Est.
LC50

Est.
LC10

Est.
LC90

Est.
NOEL

Common name

Scientific name

Southern purple spotted

Mogurnda adspersa

18.9

17.1*

12.9

27.6

16

Freshwater catfish

Tandanus tandanus

19.0

17.8*

12.9

27.7

14

Silver perch

Bidyanus bidyanus

20.0

16.0*, ***

13.6

29.3

14

Golden perch

Macquaria ambigua

23.9

31.0*

16.0

35.6

18

Carp gudgeon

Hypseleotris spp.

31.1

29.8*, 38.0**

20.4

47.4

18

Murray rainbowfish

Melanotaenia fluviatilis

33.9

-

22.1

51.9

20

Dwarf flat-headed gudgeon

Philypnodon
macrostomus

36.7

-

23.7

56.7

30

Flat-headed gudgeon

Philypnodon
grandiceps

#

40.0*

#

66.12#

40#

gudgeon

2.4

44.3

29.7

DISCUSSION

The juvenile slow acclimation LC50 values estimated under the current study, in combination with behavioural
observation data, found that all species of native fish tested were tolerant of salinity levels exceeding 10 ppt.
Tolerated salinities were above their likely isosmotic concentrations 10 to 12 ppt (Parry 1966; Holliday, 1971;
Hoar et al. 1969; Hart et al. 1991). This is in agreement with previous statements regarding the salinity
tolerance of Australian native freshwater fish (Hart et al. 1991, Bailey and James 2000, Clunie et al. 2002)
and supports the application of this general value (10 ppt) in guiding management in setting absolute
thresholds and guidelines for preventing the direct death of native freshwater fishes as a result of
salinisation.
Very few slow acclimation tolerance values have been published on juvenile stages of Murray-Darling
species and in particular those Lower River Murray species targeted in the current report. Williams (1991)
addressed the slow acclimation salinity tolerance in adults and some juveniles, while a study on silver perch
by (Guo et al. 1995) used direct transfer methodology on juvenile life stages.
Williams (1987) conducted slow acclimation trials on adults of two of these species, Murray rainbowfish and
carp gudgeon, subsequently published in Williams and Williams (1991). For both species our resultant LC50
estimate values were within 7 ppt of this study using almost identical methods. Whilst the carp gudgeon LC50
was around 7 ppt lower in our study, Murray rainbowfish were around 4 ppt higher.
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Similarities are also evident for behavioural observations. For carp gudgeon, feeding ceased at 30 ppt in
both studies, however, Williams (1987) found movement was not impacted until much higher salinities than
in our study, associated with the higher LC50 and survival into higher salinity concentrations. It should be
noted however, that Williams values include adult fish and the difference may reflect this. Also, Williams
referred to his carp gudgeon as Western carp gudgeon (Hypseleotris klunzingeri) which may or may not be a
different species to the carp gudgeon used in the current study, tentatively considered to be Midgley’s carp
gudgeon (Hypseleotris spp. 1.). Though currently, distinction is unclear for carp gudgeon morphology and
speciation (Bertozzi et al. 2000). If differing tolerance exists between these as yet un-divided taxa, this may
be what is observed in the LC50 value discrepancy obtained from this study as compared with Williams
(1987). Williams (1987) found no significant difference in tolerance between juvenile (1 year old) and adult
(2+ year old – age unsubstantiated) fish for either carp gudgeon or Murray rainbowfish.

For Murray

rainbowfish, LC50 values were much closer between studies with behavioural observations estimating that
the activity of test fish was reduced at 20 ppt in Williams (1987) compared to 24 ppt in the current study,
corresponding to our 4 ppt higher LC50 estimate.
A much cited but unpublished dataset reproduced as a personal communication from Bryan Pierce of SARDI
(Ryan et al. 1999) or citing a newsletter of the Australian Society for Fish Biology (Jackson and Pierce 1992
in: Clunie et al. 2002) provides the only other data from slow acclimation trials, and covers the adult life stage
of four of the species used in the current juvenile trials. Again, the estimated LC50 values from the current
study fall within 7 ppt of those from previous study and both over- and under-estimated those values. The
current juvenile tolerances of golden perch were ~7 ppt lower than for adults in the Jackson and Pierce trials.
In contrast, the estimates for silver perch juveniles in the current study were 4 ppt higher than those obtained
for adults (Jackson and Pierce 1992) and for juveniles (Guo et al. 1995). The juvenile results in the current
study approximated the previous adult values to within 2 ppt or less using similar methodology for freshwater
catfish, southern purple spotted gudgeon, Murray rainbowfish and flat-headed gudgeon.
In combination with these studies, our results provide a clear substantiation of the repeatability of these slow
acclimation tolerance trials, especially for small bodied fishes, with an error margin approximating 4-7 ppt. It
also indicates that juvenile tolerances do not vary substantially from adult tolerances for the same species.
Both juvenile and adult fish possess excellent mechanisms for osmoregulation, including the ability to
actively pump salts in or out of the body through the gills and to produce very dilute or concentrated urine
(Hildebrand 1988, Hart et al. 1991, Guo et al. 1995). It is therefore, likely that the widely held proposition that
early life stages possess far lower tolerance abilities than adults (Hart et al. 1991, Nielson and Hillman 1999,
Clunie et al. 2002, Nielson et al. 2003) refers primarily to egg and larval stages and that even young
juveniles are likely to approximate the tolerance ability of adults of the species (Williams 1987, Guo et al.
1995).
Overall, the comparative salinity tolerances of the fish measured form two distinct groups: a lower tolerance
group with LC50 values between 18 ppt and 24 ppt include the three large bodied species: golden perch,
silver perch and freshwater catfish, as well as the southern purple spotted gudgeon (the largest of the small
bodied species). These species are able to withstand reasonably high salinities for short periods of time, but
are likely to be impacted severely once salinities rise above the 10 ppt level. A higher tolerance group with
recorded LC50 values between 31 ppt and 41 ppt, included the three Eleotrids: carp gudgeon, flat-headed
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gudgeon and dwarf flat-headed gudgeon, and the Murray rainbowfish. This group of small bodied species
can, for the short term at least, tolerate salinities approaching seawater and are likely to be able to survive
even severe levels of salinisation for short periods.
For one of these species, flat-headed gudgeon, fish in saline treatments were subject to dynoflagellate
infection once salinities reached 18 ppt.

It was therefore hypothesised that the observed behavioural

responses were largely associated with the impact of disease under increasing salinity rather than the effects
of increased salinity per se. A secondary impact of salinity mediated via disease is a significant result and
should be considered further. The dynoflagellate was most likely resident within the seawater used to
increase treatment salinities, even though this water was filtered prior to being piped to the laboratory (there
was no occurrence of disease in control tanks). Alternatively, this disease may have been present on wild
caught fish. Never the less it only proliferated and caused mortalities once ambient salinity was appropriate
(i.e. increased). An exothalmus (pop-eye) condition seen in carp gudgeon when at 22 ppt and above may
well have been a result of a secondary infection associated with salinity increase.
The observations discussed in the previous paragraph highlight the complex interactions that salinity is likely
to have with other ecological and biological factors that may lead to widespread impacts at salinity levels far
below the absolute tolerances estimated through LC50 values. Similarly, other water quality parameters such
as nutrients, oxygen and temperature will interact to reduce the tolerance of native fish to salinity (McNeil
and Closs 2007). The impact of salinity on diseases and on tolerance to other water quality parameters (i.e.
cumulative multi-stressor impacts) is largely unknown and is a key avenue for further research into the
potential impacts of salinisation on freshwater fishes (Gawne and Gigney 2008).

2.4.1 Ecological and management significance
The results of the current study agree with previous studies that in general, the fishes of the Lower River
Murray will be able to tolerate the range of salinities likely to be encountered throughout the Murray-Darling
Basin (Williams and Williams 1991, Whiterod and Walker 2006). The ecological significance of this study
relates primarily to the superior tolerance of small bodied species common to off channel floodplain and
wetland habitats; habitats that are more likely to become highly saline than the main channel of the River
Murray (Closs et al. 2005, Smith et al. 2007). Conversely, the less tolerant group contains species that are
common to flowing waters and main river channels (golden perch and silver perch) and/or to larger lakes and
wetlands (freshwater catfish) (MacDowall 1996, Clunie and Koehn 2001, Lintermans 2007). The remaining
species from this less tolerant group, southern purple spotted gudgeon, is found in only a single small
backwater adjacent to the main channel of the Lower River Murray. Although the reasons for the general
decline of this species across it’s historic range are largely unknown (McNeil and Hammer 2007) the current
results suggest that the salinisation of wetland habitats historically associated with this species (Lintermans
2007), may have been implicated in some cases where salinity has historically risen over ~12 ppt for any
length of time. Care should therefore be taken to maintain salinity levels well below 10 ppt within the existing
known habitats of this species to protect against possible salinity based impacts on this critically endangered
population in the Lower River Murray (McNeil and Hammer 2007, Bice and Ye 2009).
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Recent drought conditions have resulted in the South Australian government considering a number of
management options for the Lower Murray below Lock 1, including the Lower Lakes (Alexandrina and
Albert). One of the key management issues relating to a number of options is an increase in the salinity of
these traditionally freshwater habitats, either to reflect evaporation and concentration of salts resulting from
reduced inflows, or approaching sea-water conditions in scenarios where barrages at the Murray Mouth may
be opened to allow seawater intrusion (Bice and Ye 2009). The current results provide a verification of
previously unpublished data that suggest that all freshwater fish species are unlikely to survive increases of
salinity approaching sea-water levels. Even the most tolerant of species, such as flat-headed gudgeon are
at increased risks to disease and other sub-lethal effects that will be associated with extreme salinisation.
The impacts of drought and anthropogenic water abstraction that are currently being experienced in the
Lower River Murray are predicted to become increasingly prevalent under local climate change scenarios
(McNeil and Hammer 2007). In the future, much of the freshwater habitat in the Lower River Murray is likely
to be subjected to increasing levels of salinity. These results indicate that habits approaching 10 ppt salinity
are unlikely to maintain a diverse fish fauna in the long term. Indeed caution is advised as in the longer term
rising salinity concentrations even much below 10 ppt could potentially cause sub-lethal effects not able to
be detected in the current study (i.e. chronic effects on growth, reduced feeding efficiency, spawning etc.).
Under this scenario it is imperative that management agencies are able to minimise anthropogenic water
abstraction and to maximize freshwater inflows across habitat types (including floodplains and wetlands) to
maintain a variety of freshwater habitats tolerable to a diversity of native freshwater fish species.
Whilst salinities of 10 ppt are required to directly threaten the survival of adult fish, it is likely that eggs and
larvae of these species will possess lower tolerance characteristics. Therefore, much lower levels of salinity
are likely to impact on spawning and larval recruitment than on juvenile and adult survival.

Salinity

management guidelines and targets should, therefore, be set at values appropriate to these early life stages
than for juvenile and adult survival except in the very short term (<1 year). Furthermore, chronic impacts of
salinities not lethal to adults in slow acclimation trials are likely to threaten the long term health and survival
of sensitive species and chronic impacts must be taken into account when setting thresholds for juvenile and
adult freshwater fish.

2.5

CONCLUSIONS

This study has provided a comprehensive and comparative study of the salinity tolerance of juvenile life
stages of eight native freshwater fish species common to the Lower River Murray. The data has shown that
juvenile tolerances vary little from adult tolerances estimated previously using similar slow acclimation
methods. The study has found that there are a wide variety of tolerances across species, with some,
predominantly larger bodied species sensitive to levels above 10 ppt, whilst other, predominantly small
bodied species are able to tolerate salinities approaching sea water for short periods of time. This study
suggests that juvenile and adult tolerances are likely to be higher than that of eggs and larvae of the same
species, therefore the tolerances of earlier life stages should be determined before management strategies
can be applied.
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APPENDIX

Appendix 2.1. Water quality summary (mean ± most extreme value) from slow acclimation trials, TDS
is from control tanks only, other water quality measurements below are for treatments and controls
combined.

Temp (°C)
Oxygen
concentration
(ppm)
TDS control
pH

Golden
perch

Silver
perch

23.49
± 1.19
7.62
± 2.34

23.32
± 1.08
7.78
±
2.66
-

8.24
± 1.67

8.11
±
1.18

Southern
purple
spotted
gudgeon
23.73
± 1.27
8.08
± 1.68

Freshwater
catfish

Murray
rainbowfish

Carp
gudgeon

Flatheaded
gudgeon

24.82
± 1.28
7.28
± 2.11

24.53
± 1.57
7.07
± 3.45

24.72
± 1.38
7.25
± 2.04

23.63
± 1.57
7.30
± 1.25

Dwarf
Flatheaded
gudgeon
22.93
± 1.03
7.34
± 1.72

-

1.02
± 0.21
7.93
± 0.65

1.07
± 0.13
8.17
± 2.76

1.05
± 0.63
8.19
± 0.62

1.07
± 0.06
7.74
± 1.26

1.06
± 0.07
7.74
± 0.65

7.93
± 1.18
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Appendix 2.2. Daily water quality (mean ± most extreme value) from slow acclimation trials, TDS
displayed below is from treatment tanks only.
Golden
perch

Silver
perch

Southern
purple spotted
gudgeon

Freshwater
catfish

Murray
rainbowfish

Carp
gudgeon

Flat-headed
gudgeon

Dwarf Flatheaded
gudgeon

0

1.03 ±
0.11

1.00 ±
0.04

1.01 ± 0.05

1.02 ± 0.05

1.04 ± 0.01

0.41 ±
0.02

1.07 ± 0.03

1.07 ± 0.03

2

1.96 ±
0.11

2.04 ±
0.06

2.02 ± 0.05

3.07 ± 0.05

3.06 ± 0.05

3.11 ±
0.10

2.02 ± 0.07

2.07 ± 0.08

4

4.03 ±
0.11

4.06 ±
0.16

4.00 ± 0.11

5.10 ± 0.06

5.05 ± 0.04

5.07 ±
0.06

4.04 ± 0.07

4.13 ± 0.08

6

6.05 ±
0.16

6.05 ±
0.13

5.96 ± 0.74

5.98 ± 0.05

6.21 ± 0.20

6.13 ±
0.08

6.16 ± 0.03

6.03 ± 0.10

8

8.09 ±
0.18

8.00 ±
0.13

8.00 ± 0.44

8.05 ± 0.10

7.99 ± 0.08

8.07 ±
0.06

8.12 ± 0.06

8.07 ± 0.06

10

10.17 ±
0.24

10.03 ±
0.09

10.07 ± 0.24

10.35 ± 0.21

10.23 ± 0.29

10.30 ±
0.29

10.08 ± 0.10

10.21 ± 0.15

12

12.09 ±
0.21

12.07 ±
0.11

12.10 ± 0.14

12.07 ± 0.01

12.13 ± 0.05

12.02 ±
0.06

12.07 ± 0.12

12.11 ± 0.03

14

14.24 ±
0.29

14.21 ±
0.14

14.06 ± 0.14

14.13 ± 0.01

14.27 ± 0.33

14.24 ±
0.17

14.01 ± 0.16

14.22 ± 0.19

16

16.23 ±
0.27

16.25 ±
0.15

16.10 ± 0.00

16.07 ± 0.13

15.93 ± 0.07

15.93 ±
0.17

15.93 ± 0.07

16.15 ± 0.15

18

18.18 ±
0.28

18.23 ±
0.37

18.07 ± 0.07

17.97 ± 0.07

17.90 ± 0.00

17.93 ±
0.07

18.10 ± 0.00

18.02 ± 0.22

20

20.00 ±
0.20

20.22 ±
0.22

19.92 ± 0.22

18.03 ± 0.07

20.03 ± 0.07

20.07 ±
0.07

20.07 ± 0.13

20.12 ± 0.28

22

21.77 ±
0.47

22.13 ±
0.18

22.10 ± 0.00

-

22.00 ± 0.10

21.91 ±
0.07

22.15 ± 0.05

21.98 ± 0.12

24

23.83 ±
0.27

24.05 ±
0.05

-

-

23.97 ± 0.13

24.03 ±
0.13

23.95 ± 0.05

24.08 ± 0.32

26

26.13 ±
0.27

26.25 ±
0.05

-

-

25.90 ± 0.00

25.97 ±
0.13

26.00 ± 0.10

25.88 ± 0.18

28

27.90 ±
0.10

-

-

-

27.93 ± 0.07

27.97 ±
0.07

27.95 ± 0.05

28.05 ± 0.15

30

-

-

-

-

28.13 ± 0.07

30.03 ±
0.07

30.00 ± 0.10

30.02 ± 0.08

32

-

-

-

-

30.20 ± 0.20

32.03 ±
0.13

31.90 ± 0.00

32.10 ± 0.10

34

-

-

-

-

32.03 ± 0.13

32.07 ±
0.07

34.00 ± 0.00

33.93 ± 0.23

36

-

-

-

-

35.97 ± 0.07

-

36.00 ± 0.00

36.05 ± 0.05

38

-

-

-

-

37.97 ± 0.07

35.90 ±
0.10

38.00 ± 0.00

37.80 ± 0.30

40

-

-

-

-

39.97 ± 0.07

-

40.10 ± 0.00

38.67 ± 2.47

42

-

-

-

-

42.00 ± 0.10

-

42.00 ± 0.00

41.87 ± 0.23

44

-

-

-

-

44.10 ± 0.10

-

43.90 ± 0.00

43.87 ± 0.33

46

-

-

-

-

43.80 ± 0.10

-

43.40 ± 0.00

-

Target
salinity
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LARVAL SALINITY TOLERANCE OF NINE NATIVE FISH

SPECIES FROM THE LOWER RIVER MURRAY, SOUTH AUSTRALIA.
DALE G. MCNEIL, LESLEY A. ALTON, SIMON WESTERGAARD AND QIFENG YE
This chapter may be referenced as: McNeil D.G., Alton L.A., Westergaard S. & Ye Q. (2010) Chapter 3. Larval salinity tolerance of nine
native fish species from the Lower River Murray, South Australia. In Influences of salinity, water quality and hydrology on early life
stages of fishes in the Lower River Murray, South Australia. (Eds Q. Ye, K.J. Cheshire and D.G. McNeil) pp. 73-102. (South Australian
Research and Development Institute (Aquatic Sciences), Adelaide. SARDI Publication No. F2009/000470-3. SARDI Research Report
Series No. 446.).

ABSTRACT
This chapter provides the most comprehensive comparative assessment of larval tolerances to date for
freshwater fish of the Murray-Darling Basin. Provided are the first estimates of larval salinity tolerance for
nine of the target species identified.
Salinity tolerance thresholds were estimated using direct transfer experiments measuring survival using a
series of six treatment salinities (0.0, 4.5, 7.6, 12.6, 21 and 35 ppt). Direct transfer experiments required that
fish be placed directly from freshwater into a series of vessels with a preset gradient of salinity conditions.
Water parameters: dissolved oxygen, total dissolved solids (as a measure of salinity), pH and temperature
were measured daily and any adjustments were made to ensure salinity remained at target levels. Mortalities
and observations of condition, including behavior of the fish, were recorded daily. Condition and behaviour
was assessed subjectively noting obvious indications of stress including colouration, appetite and swimming
behaviour. Probit analysis identified larval LC50 values for each species, which ranged from 6.3 ppt to 12.3
ppt.
Our results show all species recorded LC50 values for salinity between 6.3 and 12.3 ppt, suggesting that
larvae of all species were relatively tolerant of the moderate salinity levels common to the main channel of
the River Murray. However, these tolerance values suggest that these species may be impacted to varying
degrees by higher salinity levels found in lakes, backwaters and off-channel habitats such as wetlands,
floodplain pools and billabongs. Some of the less tolerant species are at direct risk from current salinity
conditions prevalent in the Lower Lakes, River Murray and associated wetlands and face failure of spawning
and recruitment processes that are essential for sustaining viable populations in the Lower River Murray.
Larval life stages were consistently identified to be well below salinity thresholds identified for adults of the
same species, and larvae should be considered a crucial sensitive life stage for water quality impacts such
as increasing salinity, and therefore larval tolerance estimates should be used for setting management
targets for MDB fish species.
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INTRODUCTION

Salinity is an increasingly prevalent issue in the Murray-Darling Basin due to large-scale changes in land use
and water management since European colonisation (MDBMC 1999, Bailey and James 2000). Increasing
levels of salinity leaching into catchments and waterways poses a direct threat to the survival and successful
recruitment of aquatic biota such as native freshwater fish (Hart et al. 1991, Metzling et al. 1995, Clunie et al.
2002, Nielson et al. 2003).
Sensitivity thresholds to saline conditions are largely unknown for many of the Murray-Darling Basin’s
freshwater fish species (see Chapter 1 for a detailed discussion). Current knowledge has frequently been
derived from field observations (i.e. Ryan et al. 1999), with few rigorous comparative and/or quantitative
scientific studies (Clunie et al. 2002). As a result, widely generalised tolerance ranges have been applied
across the board to cover all freshwater fish (Nielson and Hillman 2000). Whilst, some comprehensive
tolerance data has been collected for adults of some fishes, it is largely confined to commercially important
species for the purpose of enhancing aquaculture (Williams and Williams 1991).
Importantly, even less is understood of the sensitivity of early life stages such as eggs, larvae and juveniles.
However, it is widely accepted is that the early life stages are likely to be most sensitive to the impacts of
saline conditions (Nielson and Hillman 2000, Nielson et al. 2003). There are approximately 46 species of
native fish in the Murray-Darling Basin (Lintermans 2007). A recent, comprehensive review reported that
reliable salinity tolerance data was available for adults of approximately 28 of these species, and tolerance
data for early life stages was available for only about 12 species (Clunie et al. 2002). The lack of data for
early life stages and in particular larval tolerance is considered a major knowledge gap, whilst this has been
recognised for some time (Hart et al. 1991), it has not yet been addressed (Clunie et al. 2002).
Very little data on the salinity tolerance of larval life stages at all for native Murray-Darling Basin fishes
(Clunie 2002). Much of the early life stage data has been focussed on various stages of egg development
(Guo et al. 1993, O’Brien and Ryan 1999) or juveniles (Bacher and Garnham 1992, Kibria et al. 1999, Ryan
et al. 1999). In addition, little of the available data has been collected through rigorous and comparative
laboratory testing (Hart et al. 1991). Our review of the literature revealed that larval salinity tolerances are
only available for four (Murray rainbowfish, Murray cod, golden perch and redfin perch) of the fifteen key
species relevant to the Lower Murray Larval study (see Table 1.1 for list of target species).
Knowing the tolerance limits for larvae of key species in the Lower Murray River is a fundamental factor in
understanding the current and potential impact of increasing salinity upon reproductive and recruitment
success. Low-flow (backwaters) or off-channel (wetlands, floodplain billabongs) habitats are often important
for spawning and recruitment (McNeil 2004, Price 2007, Smith et al. 2007) and are also at high risk of
extreme salinity impacts (Suter et al. 1993).
The current chapter aims to provide the most comprehensive comparative assessment of larval salinity
tolerances for native fish of the Murray-Darling Basin to date. Through identifying larval tolerance thresholds,
the study addresses key knowledge gaps regarding the threat that salinisation may impose on recruitment of
freshwater fishes in the Lower River Murray. Accurate larval thresholds, identified for a range of species, will
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inform the management of native fishes and improve the accuracy of salinity targets and guidelines for the
Murray-Darling Basin.
The overall objective of this study was to assess the potential impact of salinity on larval stages for nine
selected species (Table 3.1) for the Lower River Murray. Specifically, the current chapter aims to:
•

Determine larval salinity tolerance thresholds for nine selected species.

•

Compare larval salinity tolerance values between species to determine which species are “at risk”
under increased salinity.

•

Compare larval salinity tolerance values from the current study with previously defined larval and
adult tolerances.

•

Use thresholds to discuss the potential impact of salinisation on the successful recruitment and
overall sustainability of native fishes in the Lower Murray River.

3.2

MATERIALS AND METHODS

3.2.1 Experimental methodology: direct transfer toxicity tests
Experimental vessels for direct transfer trials consisted of 2 L plastic vessels immersed in a 2000L tank to
maintain a constant 23°C. A small level of aeration was supplied to each vessel to maintain oxygen mixing
and prevent stratification. Photoperiod was controlled at 12:12 hour light:dark ratio unless otherwise noted.
Direct transfer experiments required that fish be placed directly from freshwater into a series of vessels with
a preset gradient of salinity conditions. Trials were conducted using a series of six treatment salinities (0.0,
4.5, 7.6, 12.6, 21 and 35 ppt), though these varied a little between trials as methods were honed the
differences were small and are displayed on graphs. These salinities represent a logarithmic gradient in
ambient salinity from fresh water to approximately seawater as per methods in Green (1965). The six
treatment salinities above were replicated three times resulting in a total of eighteen separate vessels utilised
for each species.
To begin trials, ten individual larvae were randomly assigned to each vessel. The number of mortalities within
each vessel were recorded after 1, 3, 6, 12 and 24 hours, then daily for seven days from trial initiation. To
control for any transfer mortalities, any dead larvae noticed within 1 to 2 minutes of transfer were replaced
with live larvae.
Salinities were set independently within each vessel to the concentration required for each treatment. Water
quality parameters were recorded daily and small adjustments to the salinity level were made with the aim of
maintaining salinity to within 0.1 ppt of target salinity. Water parameters measured were dissolved oxygen,
total dissolved solids (as a measure of salinity), pH and temperature. Mortalities and observations of
condition, including behavior of the fish, were recorded daily before adjusting the salinity to target levels.
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Condition and behaviour was assessed subjectively noting obvious indications of stress including
colouration, appetite and swimming behaviour.
As many of the test species had not been spawned or raised in captivity prior to these experiments, some
difficulties arose in finding acceptable food sources to sustain larvae during trials. Although trials proceeded
well for most species, silver perch and to a lesser extent flat-headed gudgeon larvae were not adequately
accepting food throughout trials. Although still in possession of well-formed yolk sacks during the beginning
of trials, silver perch were unable to be fed adequately throughout the duration, and as a result, mortality
occurred across all treatments and controls within a few days of yolk absorption. For flat-headed gudgeon
larvae, food was not adequately accepted and during the last two days of the trial a proportion of the controls
started to die. Whilst acceptable LC50 values were obtained from the trials, lack of adequate acceptance of
feed by the fry was a likely factor in the inability to survive the full duration of the 7 day trial, therefore the
results for both species should be interpreted cautiously.
All efforts were made to minimise any differences in age of larvae, stage of development, food accepted by
larvae and duration of trials between species, however some variation was unavoidable, these are described
in Table 3.1 below.
Table 3.1. Summary of trial specific details.
Common name

Species name

Golden perch

Macquaria ambigua

Silver perch

Bidyanus bidyanus

Freshwater catfish

Tandanus tandanus

Murray
rainbowfish

Melanotaenia fluviatilis

Southern purple
spotted gudgeon

Mogurnda adspersa

Carp gudgeon

Hypseleotris spp.

Flat-headed
gudgeon

Philypnodon
grandiceps

Dwarf flat-headed
gudgeon

Philypnodon
macrostomus

Yarra pygmy
perch

Nannoperca obscura

Age at
beginning
of trial
(days)
12

Stage of
development

Food supplied
during trial

Trial
Duration
(Days)

pre-flexion/flexion

Artemia

7

10

early-flexion

Artemia

2

unknown

Late yolk sac

Flake food, Artemia

7

4 to 10

early-flexion

Rotifers (Brachionus
sp.), Artemia

7

6

pre-flexion

Artemia

7

6

pre-flexion

Rotifers (Brachionus
sp.)

7

6-7

pre-flexion

Rotifers (Brachionus
sp.)

6

7

pre-flexion

Rotifers (Brachionus
sp.)

7

6

proto-larvae/preflexion to earlyflexion

Rotifers (Brachionus
sp.), Artemia

7
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3.2.2 Test fish: sourcing and individual trial details
Experimental fish species were obtained through a number of methods depending on availability. Larvae
were either produced from broodstock within the laboratory (flat-headed gudgeon, dwarf flat-headed
gudgeon, carp gudgeon, Murray rainbowfish, southern purple spotted gudgeon), hatched from eggs
collected in the Torrens River (common galaxias), collected directly from the Torrens River (freshwater
catfish) or obtained from NSW DPI hatchery at Narrandera (golden perch and silver perch). Yarra pygmy
perch larvae were hatched from eggs spawned by captive stock sourced from the lower Murray River
Catchment. The specific sourcing, rearing, maintenance and experimental protocols differed somewhat
across species and are therefore detailed for each species.
All fish were held in controlled environment room (CER) at SARDI Aquatic Sciences, West Beach, South
Australia. The room was maintained at 26 °C resulting in a water temperature of approximately 22 to 23 °C.
Fish collected from the wild were transferred in buckets to the CER room and allowed to acclimate to the
temperature and water quality in the CER over 2 hours by the slow addition of water before being placed into
a 20 L aquarium. Prior to the commencement of experiments, larvae were collected from the aquarium and
randomly allocated to treatment tanks. All fish were maintained in de-chlorinated tap water.
For silver perch a large number of larvae died during transport from Narandera, as such an inadequate
number of larvae meant that a 4.5 ppt treatment group was not used. The trial was completed after two days
due to a high number of deaths in the controls after three days.

It should be noted that due to pre-

experimental stressors, values obtained for silver perch tolerance may be underestimated.
Freshwater catfish used in the direct transfer experiments were obtained from the River Torrens using fyke
nets.

Fish were maintained in a flow through tank filled with bore water for one week prior to

experimentation. Although test fish were of an unknown age, a number still had not fully completed yoke sac
absorption. Southern purple spotted gudgeon larvae were spawned in captivity by captive adults from a
recently rediscovered population in the River Murray, SA. Carp gudgeon larvae were bred in captivity,
spawned from adult fish which were collected from the River Torrens and maintained in aquaria for several
weeks. Flat-headed gudgeon and dwarf flat-headed gudgeon larvae were spawned in captivity from adult
fish collected from the Lower River Murray, River Torrens and Onkaparinga River. Larvae and eggs of Yarra
pygmy perch were hatched in captivity from wild caught adults collected from the Lower Murray River.

3.2.3 Analysis of salinity thresholds
Survival data were analysed using probit analysis (SPSS Version 16.0 or StatsDirect Version 2.6.2.) to
determine the LC50 (lethal concentration for 50% of individuals), LC10 (lethal concentration for 10% of
individuals), and LC90 (lethal concentration for 90% of individuals). Salinity concentration (ppt) was log10
transformed for analysis. Asymptotic LC50 values were calculated where possible, following Green (1965),
using linear regression analysis (StatsDirect Version 2.6.2). SPSS Probit outputs included upper and lower
95% confidence levels around each LC value; however these are only displayed graphically for LC50 values,
which are most commonly used for comparative tolerance estimation.
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RESULTS

3.3.1 Direct transfer toxicity results
Survival rates were calculated for all species across treatment groups and times (e.g. Figure 3.1). For the
majority of the nine test species, survival in the control treatments ranged from 70% to 100% indicating that
trial conditions were relatively good allowing most fish to survive to the end of the trial period (day 7) under
laboratory conditions. This indicates that deviations away from these control patterns can reasonably be
attributed to the treatment effect. Two exceptions were evident. Silver perch trials were ended after only 4
days as opposed to the full 7 days, due to widespread mortalities across treatment and control groups at day
4 as larvae failed to feed effectively subsequent to yolk absorption. For freshwater catfish, control treatment
survival was lower than all but the two highest salinity treatments and this pattern was unrelated to feeding
success. Flat-headed gudgeon showed a similar pattern to freshwater catfish where survival in moderate
salinities was better than in control and higher treatments, and is believed to represent a genuine reduction
in salinity tolerance for these species where perhaps moderate salinities reduce osmotic related energy
expenditure.
For most test species, the two highest salinity treatments of 35 ppt and 21 ppt displayed 100% mortality
within 24 hours of trial initiation. The performance of other salinity treatments varied across genera and will
therefore be dealt with in detail on a species by species basis.
Estimates of LC10, LC50 and LC90, were made for all species at all times where possible (e.g. Figure 3.2).
LC50 estimates were generally higher at short timeframes, especially under 24 hours, decreasing and
becoming less variable over time. Probit analysis could not successfully estimate an LC50 value for all
treatments and times; missing values are evident where no acceptable value was obtained.

3.3.1.1 Golden perch
Treatments in control and up to 7.6 ppt maintained 70-80% survival throughout the trial period. Whilst the
12.6 ppt treatment group suffered around 70% mortality by day 4, this value stabilised for the duration of the
trials. Upon transfer into experimental tanks, golden perch larvae in the 21 and 35 ppt treatments were
observed to immediately occupy the surface water layer, whilst other treatments remained near the bottom or
evenly dispersed. 100% mortality occurred in the 21 ppt treatment after 24 hours whilst this occurred in the
35 ppt treatment within just 1 hour of exposure (Figure 3.1).
Probit analysis estimates for golden perch LC50 stabilised below 15 ppt after 2 days (Figure 3.2) declining
slightly by 7 days when an LC50 of 12.06 ppt was recorded Table 3.2). This value is considered a sound
estimate of LC50 for golden perch given the consistency of LC50 estimates between day 2 and day 7.
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Figure 3.1. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
golden perch larvae.
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Figure 3.2. LC10 (□), LC50 (♦)

and

LC90 (▲) estimates with time, derived from direct transfer trial for

golden perch larvae (n=30). Error bars indicate upper and lower 95% confidence intervals around
LC50.
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3.3.1.2 Silver perch
No mortalities were observed in groups from control to 12.6 ppt at 12 hours, the 7.6 ppt and control groups
maintained 100% survival while the 12.6 ppt treatment began to lose fish with over 80% mortality after 2
days. Over the next two days, however, the 7.6 ppt followed by the control group (no 4.6 ppt treatment was
used for this species) began to lose fish also with around 80% mortality by 4 days. Consistent with many of
the trials, silver perch larvae placed in the two highest treatments were observed to immediately swim up and
occupy the surface water layer (Figure 3.3). Subsequently, there was 100% mortality in the 35 ppt and 21
ppt treatments within one and three hours (respectively) of trial initiation. On day 4 silver perch trials were
terminated.
Following mortalities in control and 7.6 ppt groups at day 4, Probit analysis was unable to calculate an LC50
for this time and consequently, the day 3 value of 7.6 ppt is adopted for this species (Figure 3.4). Assessed
in conjunction with the mortality levels in Figure 3.3, however, it should be noted that this LC50 value could
also be influenced by feeding failure and that the true value for silver perch is possibly somewhere between
this and the day 2 estimate of 11.05 ppt depending on what extent the 7.6 ppt treatment was impacted by
feeding failure complications at day 3.
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Figure 3.3. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
silver perch larvae.
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Figure 3.4. LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for silver
perch larvae (n=30). Error bars indicate upper and lower 95% confidence intervals around LC50.

3.3.1.3 Freshwater catfish
Some background mortality (less than 15%) was evident in most treatment groups during the first 24h.
However, by day 3, there was a marked a decline in survival within the control group at day 4. Survival in the
control group continued to decline with only 35% surviving at the completion of trial. Other treatment groups
(12.6 ppt, 7.6 ppt & 4.5 ppt) also began to lose some individuals after 5 days, 6 days and 7 days
respectively, losing between 60% and 80% of individuals respectively by the time trials were complete.
Freshwater catfish in the two most saline treatments were moribund after 1 hour (38.8 ppt) and 3 hours (21.6
ppt) (Figure 3.5). After three days, larvae the 0 ppt treatment also displayed increasing mortality with almost
70% of test fish dying by day seven (Figure 3.5).
The loss of fish in the control group confounded estimation of LC50 by Probit analysis and lead to an
increased level of error around the LC50 (Figure 3.6). Despite this, LC50 estimates remained highly stable but
slightly decreasing with prolonged exposure time. The day 7 estimate of 11.4 ppt was therefore adopted as
an accurate approximation of LC50 for freshwater catfish.
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Figure 3.5. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
freshwater catfish larvae.
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Figure 3.6. LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
freshwater catfish larvae (n=30).

Error bars indicate upper and lower 95% confidence intervals

around LC50.
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3.3.1.4 Murray rainbowfish
All treatments below 7.6 ppt suffered lower than 70% mortality throughout the trial with most of these
occurring relatively early, prior to day 2, and then remaining steady (Figure 3.7). The 12.6 ppt treatment
began to lose individuals steadily after day 2, by day 5 approximately 75% had died, but with no subsequent
mortalities in that group. Murray rainbowfish suffered 100% mortality in the 21 ppt trial within 2 days and in
the highest treatment of 35 ppt within 1 hour.
The clear patterns of survival decreasing with salinity increase in this trial lead to an extremely stable and
consistent estimation of LC50 for Murray rainbowfish at around 10 ppt between day 3 and day 7 (Figure 3.8).
The 7 day LC50 of 9.0 ppt is therefore considered an extremely reliable estimate of larval LC50 for Murray
rainbowfish.
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Figure 3.7. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
Murray rainbowfish larvae.
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Figure 3.8. LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
Murray rainbowfish larvae (n=30). Error bars indicate upper and lower 95% confidence intervals
around LC50.

3.3.1.5 Southern purple spotted gudgeon
Southern purple spotted gudgeon in all treatments below 7.6 ppt suffered no mortalities up until trials were
complete at day 7 (Figure 3.9). The 12.6 ppt treatment began to lose individuals steadily after 2 days,
approximately 50% had died by day 4. All southern purple spotted gudgeon died in the 21 ppt treatment
within 2 days and suffered immediate (1 hour) 100% mortality in the most saline treatment (35 ppt).
Survivorship consistent with the impact of increased salinity lead to an extremely stable and consistent Probit
estimation of LC50 for southern purple spotted gudgeon below 15 ppt after 3 days (Figure 3.10). The day 7
LC50 of 12.2 ppt is therefore considered an extremely reliable estimate of larval LC50 for this species.
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Figure 3.9. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
southern purple spotted gudgeon larvae.
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Figure 3.10. LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
southern purple spotted gudgeon larvae (n=30). Error bars indicate upper and lower 95% confidence
intervals around LC50.
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3.3.1.6 Carp gudgeon
Treatment groups, including control and up to 7.6 ppt suffered a smaller degree of mortality throughout the
trial with all presenting over 50% survival at all times (Figure 3.11). Similar patterns of mortality in control
and treatment groups suggest that the pattern is an experimental artefact related to general laboratory
conditions rather than the impact of salinity. The 7.6 ppt group suffered less mortalities than the control
group, losing only 25% of individuals by day 7. The 12.6 ppt treatment suffered steady mortality throughout
the trial with ~60% mortality at day 3 and 100% at the end of the trial (day 7). Carp gudgeon suffered 100%
mortality in the 21 ppt group within 2 days with mortality in the 35 ppt treatment group being immediate.
Surface swimming was also associated upon transfer to test vessels with larvae in these two treatments.
Probit analysis was consistent but steadily declined slightly between day 3 and day 7 (Figure 3.12) as the
12.6 ppt group began to be impacted. The resulting day 7 LC50 of 6.3 is considered a reliable estimate for
carp gudgeon larvae.
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Figure 3.11. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
carp gudgeon larvae.
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Figure 3.12. LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
carp gudgeon larvae (n=30). Error bars indicate upper and lower 95% confidence intervals around
LC50.

3.3.1.7 Flat-headed gudgeon
The control group suffered a steady slow decline in survival to 60% over the course of the trial (Figure 3.13).
The moderate salinity treatments of 4.5 ppt and 7.6 ppt showed higher survival than the control with almost
no mortalities up until day 5 and maintaining survival over 80% throughout the trial. 12.6 ppt treatments
exhibited slow mortality rate, showing 45% survival by trial completion. The 21 ppt treatment group remained
above 60% survival until (day 6) at which time this group rapidly collapsed with 100% mortality at trial
completion. As for other species, 35 ppt was immediately intolerable for larvae of the flat-headed gudgeon
with 100% mortality within 1 hour. Larvae in 35 ppt and 21 ppt both showed surfacing behavior when
transferred into trial vessels. In general, flat-headed gudgeon showed highest survival rates observed in the
medium range salinity treatments.
The lack of a clear impact gradient with increasing salinity, where highest and lowest salinity treatments
suffer high mortality and moderate salinity groups persist, resulted in LC50 estimates with understandably
high variability involving a plateau around 20 ppt (2-5 days). This plateau was followed by a rapid decrease
at day 6 (Figure 3.14) matching the collapse of the 21 ppt treatment at this time (Figure 3.13). The raw data
shows that these patterns were caused by some replicates in the control, 12.6 ppt and 21 ppt treatment
groups collapsing entirely, yet with 100% survival maintained in others. The variation in replicates is a result
of experimental artifacts, at longer exposure times this may have reduced the estimate of LC50, and the
actual LC50 may be as high as 20 ppt, which was the day 5 LC50 estimate for this species.
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Figure 3.13. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
flat-head gudgeon larvae.
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Figure 3.14.: LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
flat-head gudgeon larvae (n=30).

Error bars indicate upper and lower 95% confidence intervals

around LC50.
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3.3.1.8 Dwarf flat-headed gudgeon
Treatment groups from control up to and including 7.7 ppt suffered very low mortality throughout the trial, all
losing ≤ 20% of individuals by day 7. Both the 12.6 ppt treatment and the 21 ppt treatment suffered 100%
mortality by day 4, though the 21 ppt treatment reached lower survival rates earlier. Larvae of the dwarf flatheaded gudgeon moved to the surface in the two highest salinity treatment groups following introduction into
treatment tanks. Similarly as with other species, there was immediate 100% mortality in the 35 ppt treatment
(Figure 3.15).
The clear patterns provided by the dwarf flat-headed gudgeon trials resulted in stable and consistent
estimates of LC50 from day 4 to the end of the trial (Figure 3.16), despite some difficulty with Probit estimates
as survivorship in the 12.6 ppt and 21 ppt decreased around day 3. The 7 day estimate of 6.9 ppt is
considered a reliable estimate of larval LC50 for the dwarf flat-headed gudgeon.
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Figure 3.15. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
Dwarf flat-head gudgeon larvae.
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Figure 3.16 LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
Dwarf flat-head gudgeon larvae (n=30). Error bars indicate upper and lower 95% confidence intervals
around LC50.

3.3.1.9 Yarra pygmy perch
Direct transfer analysis of Yarra pygmy perch larvae produced clear results consistent with a progressive
impact upon survivorship from increasing salinities (Figure 3.17). There was a subsequent reduction in
survival within the 12.6 ppt group declining steadily during the trial duration but maintaining around 40%
survival at the trial’s end. As salinity increased, mortality rate increased, with 100% survival in control, 10%
mortality in 4.5 ppt, 20% mortality in 7.6 ppt, by day 7. Both the 35 ppt and 21 ppt treatments immediately
succumbed (100% mortality) following a rise of larvae to the water surface, within 12 hours of trial initiation.
Estimation of LC50 by Probit analysis remained fairly stable and consistent with a slight decline for much of
trial period (Figure 3.18). The 7 day LC50 value of 10.0 ppt is therefore a highly dependable estimate based
on the results of a successful direct transfer trial.
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Figure 3.17. % Survival (mean ± s.e. n=30) with time in treatments 0-35 ppt, for direct transfer trial for
Yarra pygmy perch larvae.
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Figure 3.18. LC10 (□), LC50 (♦) and LC90 (▲) estimates with time, derived from direct transfer trial for
Yarra pygmy perch larvae (n=30). Error bars indicate upper and lower 95% confidence intervals
around LC50.
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3.3.2 Direct transfer toxicity comparison of results
The comparative tolerance of species to one another was assessed (Figure 5.20) and also compared to
previous results from other authors (Table 3.2) using LC values. Larvae showed comparatively a different
order of tolerance to those results seen for juvenile stages in Chapter 4. Probit analysis could not
successfully estimate an LC50 value for all species at day 7. Data in Table 3.2 were therefore taken from the
longest time interval possible, predominantly 7 days, but 3 days and 6 days for silver perch and flat-headed
gudgeon respectively. LC50 values ranged between 6.3 ppt and 12.3 ppt for all species. As with the general
survival patterns, Probit analysis results varied across species and will be dealt with in detail for each below,
in conjunction with the survival data and No Observed Effect Levels (NOEL) values. Carp gudgeon larvae
appeared least tolerant with flat-headed gudgeon larvae most tolerant.

Table 3.2. Summary of results from direct transfer trials, incorporating previous adult and early life
stage direct transfer tolerance estimates (ppt) taken from: Clunie et al. (2002) and; # from Williams
(1987) for comparison. Values in parentheses () indicate LC50 values taken earlier than 168 hours.
Results from the current trials are shown in bold.
Species

Estimated LC50
(168h) from this
study

Previous egg

Previous larval

Previous Juvenile

Previous adult

12.3 (day 6)

-

-

-

23.7

12.2

-

-

-

14.8

Golden perch

12.0

10.3

-

8.27

14.4

Freshwater catfish

11.4

-

-

-

13.6

Yarra pygmy perch

10.0

Murray rainbowfish

9.0

-

#

-

21.1; 30.0

7.6 (day 3)

6.0; 18.0;
15.0

-

-

13.7

Dwarf flat-head gudgeon

6.9

-

-

-

-

Carp gudgeon

6.3

-

-

-

38.0

Flat-head gudgeon
Southern purple spotted
gudgeon

Silver perch
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Figure 3.19. Lethal salinity concentration chart showing LC10, LC50 and LC90 (± 95% confidence
interval) values for juveniles of eight species of native fish estimated using Probit analysis.
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DISCUSSION

3.4.1 Direct transfer methodology
Measurement of larval tolerance used a ‘direct transfer’ experimental design, with un-acclimated larvae
placed directly into experimental chambers containing water of various salinities ranging from fresh to
approximating sea-water. This analysis provided comparable LC50 estimates across species, but is widely
acknowledged to give more sensitive results than methods that allow gradual acclimation to increasing
salinities (Clunie et al. 2002, Whiterod and Walker 2006). The LC50 values established in the current study
may therefore be slightly lower than for acclimated larvae, however, previous attempts at collecting slow
acclimation data from larval stages have been unsuccessful (Williams 1987).
All species tested under the current trials produced LC50 estimates that were relatively high early in the
experiment, becoming consistently lower after ~48 hours. The resultant pattern suggests that the toxicity of
salinity to fish is not binary and that chronic impacts can develop into lethal impacts during the first days of
experimentation. The results suggests that future direct transfer trials should take care to run trials for at
least 48 hours, and that LC50 values obtained after longer exposure times provide more consistent and
realistic estimates of the toxicity thresholds, further supporting the use of long term assessments. The
nature of these curved LC estimates also rendered the linear based estimation of infinite LC50 values
impossible for the current trials. It is suggested that the linear model of Green (1965) should be revised to
account for these non-linear data outputs. In most cases, the day 7 (or other longer term) value was
believed to be a good estimate of tolerance for fish larvae.
Furthermore, recent unpublished data suggests that longer term tolerance trials also identify LC values that
are lower than short term gradual acclimation trials (SARDI Unpublished Data), suggesting that an ideal or
‘infinite’ species LC values are likely to be somewhere between direct transfer and short term gradual
acclimation estimates. Longer term gradual acclimation trials, lasting for weeks to months may be a more
accurate methodology for obtaining ecologically relevant threshold values, particularly as they capture
chronic and gradual physiological responses that may be slow to develop.
For larval estimates, however, there is little opportunity to acclimate fish gradually as can be done for
juveniles and adults as the entire larval stage may be shorter than test duration and various developmental
stages may possess different tolerances, as is the case with developing eggs (Guo et al. 1993). As such,
direct transfer remains the most appropriate and informative method for assessing accurate and comparative
tolerance data for larval life stages.

Interpretation of these results and particularly application to field

situations should be undertaken with some caution as circumstances in the field may result in fish species
being captured under salinities higher than the LC50 values presented here (Hart et al. 1991).
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3.4.2 Larval salinity tolerances
Our results show all species recorded LC50 values for salinity between 6.3 and 12.3 ppt. This fits reasonably
well with other early life stage LC50 values from Australian freshwater species (2 to 20 ppt) (Clunie et al.
2002). The range of LC50 obtained is similar to the small number of other direct transfer trials conducted on
larvae from freshwater fishes of the Murray-Darling Basin; Murray cod (3.5 ppt), trout cod (5.0 ppt)
(Chotipuntu 2003); and Murray rainbowfish (12.0 ppt) (Williams 1987, Williams and Williams 1991). These
values likely testify to the recent marine ancestry of the Murray-Darling Basin’s fish fauna (Merrick and
Schmida 1984) and support the generalisation that the majority of freshwater fish in Australia are tolerant of
salinities exceeding 3.0 ppt (Chessman and Williams 1974, Hart et al. 1991, Nielson et al. 2003). The
current study has defined an upper limit for the selected species, which suggests larvae are unable to cope
with concentrations of salinity approaching the osmolarity of fish blood (10-12 ppt) (Parry 1966; Holliday
1971; Hoar et al. 1969; Hart et al. 1991). Additionally, results suggest that whilst a progressive impact of
salinity on fish survival was documented, moderate salinities may be beneficial as freshwater catfish suffered
higher mortalities in the 0 ppt, than in 4.5, 7.6 and 12.6 ppt treatments.
However, generalised statements that Australian freshwater fish are likely to be tolerant of salinities up to
10ppt (Hart et al. 1991, Bailey and James 2000) may not account for more sensitive larval life stages, with
roughly half of the species tested possessing LC50 values below this level. Management decisions based on
this generalized value are, therefore, likely to result in spawning and/or recruitment failure in more sensitive
species. From the present study, larvae of Yarra pygmy perch, Murray rainbowfish, silver perch, dwarf
flatheaded gudgeon and carp gudgeon, are likely to be impacted severely by salinities approximating 10ppt.
These species possessed tolerances ranging from between 6.3 ppt and 10 ppt, approximating the lowest
osmolarities of fish blood (Bacher and Garnham 1992). The more tolerant species include flat-headed and
southern purple spotted gudgeon, golden perch and freshwater catfish, which recorded LC50 values
approximating 12 ppt (+ 0.6 ppt), a level approaching the maximum osmolarity of fish blood (Bacher and
Garnham 1992).
For all species for which adult data was available, larval LC50 values were lower than those previously
recorded for adults of the same species (Clunie et al. 2002). Larvae are physiologically very different to adult
fish. They have poorly developed gills and kidneys, and their guts may be closed, particularly if there is
remnant yolk.

Larvae also have poorly developed skin and a very high surface area to volume ratio

compared to adult fish (Hart et al. 1991). Thus, larvae are unable to osmoregulate as effectively as adult
fish, which can actively pump salts out through their gills and excrete concentrated urine in hyper-saline
environments (Hildebrand 1988). Therefore, it is not surprising that impacts of salinity on larval physiology
generally become pronounced over 10 ppt (Hart et al. 1991). It is worthy to note that there is variation
between species, of similar ages, with respect to the size and development of larvae at time of testing.
Although larval length or developmental features were not measured, it is conceivable that these factors
could influence tolerances. Carp gudgeon, whilst quite tolerant as adults (see Chapter 4), had the smallest
larvae and also the lowest tolerance. However, this size to tolerance relationship requires further research,
as it may not fit for all species; for example, flat-headed gudgeon larvae appear to be unusually tolerant for
their respective size.
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These differences between larval and adult tolerances were most obvious for silver perch, Murray
rainbowfish, carp gudgeon and flat-headed gudgeon, where larval tolerances were at least an order of
magnitude lower than previous data for adults (Williams 1987, Williams and Williams 1991, Jackson and
Pierce 1992).

Williams (1987) identified that larval (11.8 ppt) and adult (22.3 ppt) LC50 for Murray

rainbowfish suggested a similar order of magnitude. For other species the difference between larval values
and previous adult records was much closer, approximating 2 ppt (Jackson and Pierce 1992). Data from the
current study re-emphasises the limitations of using adult tolerance values or field data to infer long term
sustainability under saline conditions, as failure of spawning and recruitment will occur at levels
inconsequential to adult survival.

3.4.3 Ecological and management implications
The current study has significantly enhanced the knowledge of salinity tolerance data for early life stages of
Australia’s freshwater fish. For Murray-Darling species, little information previously existed, especially for
early life stages (Clunie et al. 2002, Nielson et al. 2003).

The present chapter represents the first

comprehensive experimental assessment of larval salinity tolerances to address a range of Murray-Darling
fish species, and has targeted a number of key species present within habitats of the Lower Murray River.
Larvae of all species were tolerant of relatively high levels of salinity and would be able to survive under the
current range of riverine salinities that occur within the Lower River Murray and across much of the MDB.
These riverine habitats, however, are at an increasing risk of salinisation, with official projections of up to 5.5
ppt in the main River Murray channel (MDBMC 1999)
Off-channel habitats such as wetlands and floodplains in the lower Murray are frequently subject to far higher
salinities of up to 17.0 ppt (Suter et al. 1993, McCarthy et al. 2006). These wetlands, lakes and floodplain
systems provide some of the most significant habitat and spawning areas for the majority of native fishes in
the region (Smith et al. 2007) and are important nursery habitats for the River Murray fish community (Closs
et al. 2005).

With the current record drought conditions, and climate projections for hotter and drier

conditions forecast for the southern MDB (Jones et al. 2002) these habitats are likely to be subject to higher
evaporation and lower rainfall, runoff and inundation, which will further exacerbate the increasing salinisation
of aquatic habitats (Closs et al. 2005).
The more sensitive species recorded here, included one critically endangered species (Yarra pygmy perch)
and also another that is the most widely abundant native fish in the Lower River Murray (carp gudgeon).
Increases in salinity that exceeds 6 to 10.0 ppt will, therefore, provide both a significant conservation issue
as well as potential threat to aquatic ecosystem processes and ecological stability. With predictions that
salinities in the main channel are likely to approach these concentrations in the near future (MDBMC 1999),
the ability of these fish populations to spawn and recruit will be impacted. With wetland and off-channel
habitats likely to suffer more extreme conditions, the area of habitat available for the successful spawning
and recruitment of these fish will be greatly reduced. Further the threat posed by prolonged increased instream salinity upon population sustainability may be exasperated for small bodied, short lived species,
where failed seasonal recruitment is more critical, due to fewer seasons per generation, than for large
bodied, longer lived species.
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Of particular concern to the Lower River Murray is the moderately high sensitivity of Yarra pygmy perch
larvae to the impact of salinity. The last known habitats containing Yarra pygmy perch species in the MDB
are in the lower reaches of the River Murray in Lake Alexandrina and the inlets of the Eastern Mount Lofty
Ranges tributaries. The area is currently under extreme threat from rising salinity due to failure of water
industry management to provide adequate environmental allocations during the current drought (Bice and Ye
2006, Hammer 2007, Bice 2008, Hammer 2008, Bice and Ye 2009). Although there is no data on adult
tolerances of Yarra pygmy perch, larvae are likely to be under direct and immediate threat from rising
salinities and therefore spawning and recruitment failures are imminent for this highly threatened species in
these habitats (Bice 2008, Hammer 2008, Bice and Ye 2009). Currently (autumn 2010), salinities in the lower
lakes have reached between 10 and 12ppt (SARDI unpublished data), levels that would preclude significant
larval survival for all species tested here. Widespread loss in the Lower River Murray will be of extreme
significance to conservation of the species and to conservation of the MDB fish community.
Carp gudgeon are one of the most widespread and abundant fish in the MDB, with a particular affinity for
wetlands, floodplain waterholes and billabongs.

As a consequence of their abundance, carp gudgeon

provide an important trophic linkage and is likely to be highly important to freshwater food webs and trophic
stability due to their abundance and distribution (McNeil 2004, Closs et al. 2005). The sensitivity of carp
gudgeon larvae identified here suggests that the species may be at risk of increased salinisation of nursery
habitats. Large-scale failure of carp gudgeon recruitment is likely to provide a serious threat to the ecology of
freshwater habitats across the MDB and further care should be taken to address the potential for wide
ranging impacts of salinity on this keystone species.
Little is known about the general ecology of dwarf flat-headed gudgeon, only recently described as a species
(Hoese and Reader 2006). The tolerance estimates obtained here suggest that as with the Yarra pygmy
perch and carp gudgeon, it may require relatively low salinity water to spawn and facilitate larval recruitment
into the adult population.
All other species trialled are possibly at lower risk, higher levels of salinity tolerance exhibited in early in life.
This possibly may allow these species to take advantage of moderately saline habitats to carry out spawning
and recruitment processes. These species will likely be tolerant of general conditions within the Lower River
Murray for the foreseeable future, although increases in salinity and reduction in freshwater flows associated
with climatic drying may result in increasingly harsher conditions under more severe climate change
scenarios (Jones et al. 2002).
Of particular note amongst these fish are the southern purple spotted gudgeon and freshwater catfish, both
of which have suffered large-scale range reductions over the past 50 years (Clunie and Koehn 2001,
Lintermans 2007). The current study has shown that salinisation of habitat, at least in a direct way upon
physiology, is likely to play a small role in large-scale population collapses. Salinisation may have impacted
in some habitats where conditions exceeded 10 ppt, or possibly at lower concentrations in a more chronic
nature by way of processes not able to be accounted for in the current study. It is not known, however how
recent drought conditions may have impacted the salinity levels within the key refuge habitats for southern
purple spotted gudgeon, which is known to only exist within one Lower River Murray wetland in South
Australia.
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Larvae of all other species are likely to suffer little direct impact from salinity under normal conditions in the
River Murray but care should be taken to prevent widespread salinisation approaching 6.0 ppt as this risks
widespread recruitment failure. To maximise the larval survival and recruitment of native fish species a
number of wetland habitats should also be maintained at salinities well below 6.0 ppt to ensure the survival
of a range of native fish species.

3.5

CONCLUSIONS

Direct transfer analysis of larval tolerance thresholds clearly identified LC50 thresholds for all nine species of
native fish studied producing the most significant unit of larval salinity tolerance data for Murray-Darling fish
species. Larval life stages were consistently identified to be well below salinity thresholds identified for
adults of the same species, and larvae should be considered a crucial sensitive life stage for water quality
impacts such as increasing salinity. The range of threshold values identified suggest that all species at least
in the short term are able to tolerate moderate salinities common in the main channel of the River Murray.
Great care should be taken, however at using historically generalized threshold limits such as 10 ppt for
protecting freshwater fish.

Therefore, salinities below this identified threshold will significantly limit the

survival of larval freshwater fish across the Lower River Murray.
Under current drought conditions, with over-allocation of water resources away from the environment and
with the prospect of reduced rainfall, runoff and river flows in the future due to climate drying, many habitats
within the Lower River Murray are likely to undergo higher concentrations of salinity than has previously
occurred. In particular, areas such as the River Murray below Lock 1, the Lower Lakes and Mount Lofty
tributary channels, are areas where salinity will likely increase above that needed to meet spawning and
recruitment requirements essential for maintaining viable populations of native fish (Bice 2008, Bice and Ye
2009). In particular, Yarra pygmy perch are unlikely to successfully spawn and recruit under current saline
conditions in the Lower Lakes, their last population stronghold in the MDB (Hammer 2007, Bice 2008,
Hammer 2008, Bice and Ye 2009). The data raises concern about currently rising salinity levels in the Lower
River Murray with some areas of the Lower Lakes already exceeding the salinity threshold for larval
freshwater fish.
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APPENDIX

Appendix 3.1. Recorded salinity (mean ± most extreme value) from direct transfer trials. Note flatheaded gudgeon was not recorded.
TDS

Golden

Silver

Southern

Freshwater

Murray

Carp

Dwarf flat-

Yarra

(ppt)

perch

perch

purple

catfish

rainbowfish

gudgeon

headed

pygmy

gudgeon

perch

1.25 ± 0.18

1.67 ±

spotted
gudgeon
Control

4.5 ppt

0.76 ±

0.48 ±

0.99

0.16

4.74 ±

-

1.14 ± 0.15

0.46 ± 0.09

0.61 ± 0.24

1.62
4.64 ± 0.22

4.93 ± 0.78

4.63 ± 0.21

0.63
7.6 ppt

4.55 ±

4.22
4.71 ± 0.31

0.29

8.06 ±

8.11 ±

0.57

1.34

12.6

13.49 ±

13.39

ppt

1.00

± 2.12

22.30 ±

21.30

1.70

± 0.20

21 ppt

1.20 ±

7.64 ± 0.66

7.98 ± 0.45

7.76 ± 0.23

7.65 ±

1.92
7.89 ± 0.45

0.33
12.58 ± 0.38

13.43 ± 0.83

12.81 ± 0.59

12.60 ±

21.67 ± 0.07

21.14 ± 0.76

21.10 ±

7.93 ±
1.17

13.08 ± 0.72

0.37
21.4 ± 0.3

4.88 ±

12.94 ±
0.86

21.85 ± 1.05

0.3

20.75 ±
0.15

Appendix 5.2. Water quality recorded (mean ± most extreme value) from direct transfer trials. Note
flat-headed gudgeon was not recorded.
Golden

Silver

Southern

Freshwater

Murray

Carp

Dwarf flat-

Yarra

perch

perch

purple

catfish

rainbowfish

gudgeon

headed

pygmy

gudgeon

perch

24.17 ± 0.87

19.74 ±

spotted
gudgeon
Temp

24.32 ±

24.34

(°C)

1.02

± 3.56

O2

-

-

18.3 ± 1.40

24.47 ± 0.47

23.46 ± 1.86

1.49
9.25 ± 1.46

-

-

(ppm)
pH

19.41 ±

8.68 ±

1.44
7.13 ± 0.64

1.32
-

-

7.50 ± 0.74

-

-

7.67 ±
0.42
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9.58 ±
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7.89 ± 0.24
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1.86

Ye et al. 2010

3.7

McNeil, Alton, Westergaard and Ye

SARDI, Aquatic Sciences

REFERENCES

Bacher G. J. & Garnham J. S. (1992). The effect of salinity on several freshwater aquatic species of southern
Victoria. Freshwater Ecology Station, Flora and Fauna Division, Department of Conservation and
Environment. EPA Report: SRS 92/003.
Bailey P. C. E. & James K. (2000) Riverine and wetland salinity impacts: assessment of R&D needs. Land
and Water Resources Research and Development Corporation. ISBN 0 642 26779 0. LWRRDC Occasional
Paper 25/99. Canberra. 55 pp.
Bice C. & Ye Q. (2006) Monitoring of threatened fish communities in the lower lakes of the River Murray:
interim report summer 2006. Report to the SA Department of Environment and Heritage, Adelaide.
Bice C. (2008) Literature review of the ecology of fishes of the Lower lakes and Coorong and development of
conceptual models for the risk assessment of proposed management options for the Lower lakes. In Risk
assessment of proposed management scenarios for Lake Alexandrina on the resident fish community (Bice
C. & Ye Q. 2009). South Australian Research and Development Institute (Aquatic Sciences), Adelaide. 129
pp. SARDI Publication Number F2009/000375-1.
Bice C. & Ye Q. (2009) Risk assessment of proposed management scenarios for Lake Alexandrina on the
resident fish community. South Australian Research and Development Institute (Aquatic Sciences), Adelaide.
129 pp. SARDI Publication Number F2009/000375-1.
Chessman B. C. & Williams W. D. (1975) Distribution of fish in inland saline waters in Victoria. Australian
Journal of Marine and Freshwater Research, 25, 167-172.
Chotipuntu P. (2003) Salinity sensitivity in early life stages of an Australian freshwater fish, Murray cod
(Maccullochella peelii peelii Mitchell 1838). Unpublished PhD thesis, University of Canberra.
Closs G. P., Balcombe S. R., Driver P., McNeil D. G. & Shirley M.J. (2005) The importance of wetlands to
Murray-Darling fish: What’s there? What do we know? What do we need to know? In: Native Fish and
Wetlands in the Murray-Darling Basin: Action plan, Knowledge Gaps and Supporting Papers. Proceedings of
the workshop held in Canberra 7-8 June 2005. pp 14-28.
Clunie P., Ryan T., James K. & Cant B. (2002) Implications for rivers from salinity hazards: scoping study.
Report to the Murray-Darling Basin Commission, Strategic Investigations and Riverine Program- Project
R2003. Department of Natural Resources and Environment, Victoria.
Clunie P. & Koehn J. (2001) Freshwater catfish: A Resource Document. Arthur Rylah Institute for
Environmental Research. Final report to the Murray-Darling Basin Commission. Natural Resource
Management Project R7002.
Guo R., Mather P. & Capra M. F. (1993) Effect of salinity on the development of silver perch (Bidyanus
bidyanus) eggs and larvae. Comparative biochemistry and physiology,104(3), 531-535.
Green R. H. (1965) Estimation of tolerance over an indefinite time period. Ecology, 46, 886.
Hammer, M. (2007) Henry Creek fish research 2006-07 with a focus on Yarra Pygmy Perch. Consultants
report to the SA Department of Environment and Heritage.
Hammer, M. (2008) Status Review of wild and captive populations of Yarra pygmy perch in the MurrayDarling Basin. Consultants report to the SA Department of Environment and Heritage.
Hart B. T., Bailey P., Edwards R., Hortle K., James K., McMahon A., Meredith C. & Swadling K. (1991) A
review of the salt sensitivity of the Australian freshwater biota. Hydrobiologia, 210, 105-144.
Hoar W. S. & Randall D. J. (Eds) (1988) The physiology of developing fish. Fish physiology vol. 11
(Academic Press: San Diego)
Hoese D.F. & Reader S. (2006) Description of a new species of dwarf Philypnodon (Teleostei: Gobioidei:
Eleotridae) from south-eastern Australia. Memoirs of the Museum of Victoria, 63, 15-19.

100

Ye et al. 2010

McNeil, Alton, Westergaard and Ye

SARDI, Aquatic Sciences

Holiday F. G. T. (1971) Salinity, Animals, Fishes. In Marine Ecology. (Ed. O. Kinne) pp. 997-1083. (WileyInterscience: London, United Kingdom).
Jackson G. & Pierce B. (1992) Salinity tolerance of selected adult Murray-Darling basin fishes. Newsletter of
the Australian Society for Fish Biology, 22, 35pp.
Jones R., Whetton P., Walsh K. & Page C. (2002) Future impacts of climate variability, climate change and
land use change on water resources in the Murray-Darling Basin. Overview and draft of research program.
CSIRO Atmospheric Research, Aspendale.
Kibria G., Nugegoda D., Fairclough R. & Lam P. (1999) Effects of salinity on the growth and nutrient
retention in silver perch, Bidyanus bidyanus (Mitchell 1838) (Teraponidae). Journal of Applied Ichthyology,
15, 132-134.
Lintermans M. (2007) Fishes of the Murray-Darling Basin: An Introductory Guide. MDBC Publication No.
10/07. Murray-Darling Basin Commission. Canberra.
Metzling L., Doeg T. & O’Connor W. (1995) The impact of salinisation and sedimentation on aquatic biota. In
Conservation Biology: Threats and Solutions (eds R.A. Bradstock, T.D Auld, D.A. Keith, R.T. Kingsford, D.
Lunny and D.P. Silertson), pp.126-136. Surrey, Beatty and Sons, London
McCarthy B., Conallin A., D’ Santos P. & Baldwin D. (2006) Acidification, salinisation and fish kills at an inlet
wetland during partial drying. Ecological Management and Restoration. 7: 218-223.
McNeil D. G. (2004) Ecophysiology and behaviour of Ovens River floodplain fish: hypoxia tolerance and the
role of the physicochemical environment in structuring Australian billabong fish communities. PhD Thesis.
Co-operative Research Centre for Freshwater Ecology, LaTrobe University, Wodonga, Australia.
MDBMC (1999) The Salinity Audit. Report from the Murray-Darling Basin Ministerial Council.
Darling Basin Commission: Canberra.

Murray-

Nielson D. L., Brock M. A., Rees G. N. & Baldwin D. S. (2003) Effects of increasing salinity on freshwater
ecosystems in Australia. Australian Journal of Botany, 5, 655-665.
Nielson D.L. & Hillman T.J. (2000) The status of research into the effects of dryland salinity on aquatic
ecosystems. Co-operative Research Centre for Freshwater Ecology, Technical Report 4/2000, Albury. pp20.
O’Brien T. & Ryan T. (1999) Impact of saline drainage on key Murray-Darling fish species. Report to the
Murray-Darling Basin Commission. NRMS Project R5004. Department of Natural Resources and
Environment, Victoria.
Price A. B. (2007) Utilisation of Still-Water Patches by Fish and Shrimp in a Lowland River, With Particular
Emphasis on Early-Life Stages. PhD Thesis, School of Resource, Environmental and Heritage Science,
University of Canberra. 198pp.
Ryan T., Gasior R. & Steegstra D. (1999) Habitat degradation associated with saline stratification. Report to
the Murray-Darling Basin Commission, NRMS Project V238. Department of Natural Resources and
Environment, Victoria.
Parry G. (1966) Osmotic adaptation in fishes. Biology Review, 41, 392-440.
Smith B., Villizi L. & Conallin A. (2007) Analysis of the combined fish data set from the 2004-07 South
Australian River Murray Wetlands baseline Surveys. SARDI Publication No. F2007/000526-1. SARDI
Research Report Series No. 228. Primary Industries and Resources South Australia, SARDI Aquatic
Sciences. 47 pages.
Suter P., Goonan P., Beer J. & Thompson T. (1993) A biological and physicochemical monitoring study of
wetlands from the River Murray. Australian Centre for Water Quality Research, Adelaide.
Williams M. D. (1987) Salinity tolerances of small fishes from the Murray-Darling River system. Unpublished
honours thesis, Adelaide University.

101

Ye et al. 2010

McNeil, Alton, Westergaard and Ye

SARDI, Aquatic Sciences

Williams M. D. & Williams W. D. (1991) Salinity tolerances of four species of fish from the Murray-Darling
River system. Hydrobiologia, 210, 145-160.
Whiterod N.R. & Walker K.F. (2006) Will rising salinity in the Murray-Darling Basin affect common carp
(Cyprinus carpio L.)? Marine and Freshwater Research, 57, 817-823.

102

Ye et al. 2010

McNeil, Westergaard and Ye

CHAPTER 4.

SARDI, Aquatic Sciences

THE IMPACT OF SALINITY ON EGG DEVELOPMENT OF

FOUR SPECIES OF NATIVE FISH FROM THE LOWER RIVER
MURRAY, SOUTH AUSTRALIA.
DALE G. MCNEIL, SIMON WESTERGAARD AND QIFENG YE
This chapter may be referenced as: McNeil D.G., Westergaard S. & Ye Q. (2010) Chapter 4. The impact of salinity on egg development
of four species of native fish from the Lower River Murray, South Australia. In Influences of salinity, water quality and hydrology on early
life stages of fishes in the Lower River Murray, South Australia. (Eds Q. Ye, K.J. Cheshire and D.G. McNeil) pp. 103-127. (South
Australian Research and Development Institute (Aquatic Sciences), Adelaide. SARDI Publication No. F2009/000470-4. SARDI
Research Report Series No. 446.).

ABSTRACT
This chapter investigated the salinity tolerance of eggs of four species of native Australian fish from the
Lower River Murray in South Australia. Three eleotrids were tested; carp gudgeon (Hypseleotris sp. 1),
dwarf flat-headed gudgeon (Philypnodon macrostomus), flat-headed gudgeon (Philypnodon grandiceps) and
the common galaxias (Galaxias maculatus).
Direct transfer analysis of egg salinity tolerance was conducted at 23 ºC, using six salinity treatments: 1 ppt
(control), 4.5 ppt, 7.6 ppt, 12.6 ppt, 21 ppt and 35 ppt which were prepared using a mix of filtered seawater
and filtered tap water.

Dissolved oxygen, total dissolved solids (as a measure of salinity), pH and

temperature were monitored daily. The mortality rate and general egg appearance was recorded daily, and a
small number of eggs (~3) were removed and digitally photographed under a light microscope to record
development. After hatch, larvae were maintained in test salinities to gauge larval survival and development.
The study revealed that whilst all species produced eggs that were relatively tolerant to the moderate
salinities present in the Lower River Murray, carp gudgeon and common galaxias eggs were found to be
intolerant of salinities greater than 7.6 and 12.6 ppt, respectively. The two Philypnodon species however
produced eggs that were highly tolerant of salinities approaching (dwarf flat-headed gudgeon) and even
exceeding (flat-headed gudgeon) that of sea-water. Slightly retarded embryonic development and larval
deformities were observed in higher salinity treatments.
In terms of the management of native fish in the Lower River Murray, the study reveals that the eggs of all
four species are likely to be relatively un-impacted by normal salinity levels present across major habitats,
but that scenarios resulting in salinities above 7 ppt are likely to threaten carp gudgeon and common
galaxias recruitment. The study revealed that fertilised eggs are more tolerant to salinity than larval life
stages for these gudgeon species, but generally more sensitive than adults and juveniles, therefore
indicating that the larval stages should be used for defining management targets.

103

Ye et al. 2010

4.1

McNeil, Westergaard and Ye

SARDI, Aquatic Sciences

INTRODUCTION

Due to rising saline groundwater and the modification of natural water regime, where high flow, flushing
events are limited, salinity is an increasing threat to freshwater ecosystems in Australia (Nielsen et al. 2003).
The literature review in Chapter 1 has shown that an inadequate amount of information exists for salinity
tolerance of native fish species in the MDB, especially at early life stages (Hart et al. 1991, Clunie et al.
2002). Whilst tolerance data is limited for eggs and larvae, these stages are believed to be far more sensitive
to salinity impacts than adult stages (Parry 1966, Williams 1987, Hart et al. 1999, Nielson et al. 2003). Many
of fish eggs and embryos are dependant on the external medium remaining relatively iso-osmostic to the
internal salinity concentration of the egg and die quickly once they are subjected to very different salinities
(Parry 1966).
Egg tolerances for native fish species present in the Lower River Murray have been assessed for silver perch
(Bidyanus bidyanus), Murray rainbowfish (Melanotaenia fluviatilis), and Murray cod (Maccullochella peelii),
which occur within the target region (Williams 1987, Guo 1993, Chotipuntu 2003). Available data for MDB
fish species suggests however, that eggs may not be as sensitive to salinity as larvae (Williams1987, Clunie
et al. 2002) and that certain phases of egg development may also vary in their sensitivity to salinity (Guo et
al. 1993).
The increased sensitivity of eggs compared to adults may be of ecological significance given that habitats
that may be acceptable for adult survival and reproduction may not be acceptable for egg survival,
development or the production of viable larvae. This is of particular concern given many of the key spawning
habitats for native fish in the Lower River Murray are in lakes, wetlands and floodplain habitats which are at
far greater risk of salinisation than the main river channel (Suter et al. 1993, Nielson and Hillman 2000,
McNeil 2004, Closs et al. 2005, McCarthy et al. 2006, Whiterod and Walker 2006, Smith et al. 2007).
Whilst the sensitivity of rare or threatened native fish species is important knowledge for supporting the
conservation and recovery of those species, it is equally important to collect information regarding more
abundant and widespread species. Common species, particularly of the family Eleotridae, such as the carp
gudgeon (Hypseleotris spp.), flat-headed gudgeon (Philypnodon grandiceps) and the dwarf flat-headed
gudgeon (Philypnodon macrostomus), and also the diadromous common galaxias (Galaxias maculatus) are
likely to play a far bigger role in the broader function of ecosystem processes. Common species supply a
reliable food source for larger predators such as fish and birds, and serve as an important linkage in the
trophic dynamics and energy flow in the Lower Murray ecosystem (McNeil and Hammer 2007).
Most of the freshwater fish found in the Lower River Murray have relatively recently evolved from marine
ancestors and salinity tolerance generally is regarded as a common attribute of large taxonomic groups
(Myers 1938, 1949). Although the salt-sensitivity of Eleotrid eggs has not been studied, some authors have
anticipated that they are likely to express a high degree of tolerance as a group (Hart 1991).
The current chapter will focus on these four common species to address the sensitivity of fish eggs to
salinisation in the Lower River Murray. No data regarding the salinity tolerance of eggs was available for any
of these species, however, the ability for eggs to be fertilised, develop and hatch successfully has wide
ranging consequences for the ecological health of the Lower River Murray.
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The specific objectives of the current study are to:
•

Determine the impact of increased salinity on egg and embryo development and on the viability of
larvae produced from eggs under differing salinity concentrations.

•

Identify salinity thresholds for egg development.

•

Identify egg developmental stages that may be at highest risk from impacts of salinity.

•

Relate these findings to the broader ecology and management of salinity in the Lower River Murray
and adjacent aquatic habitats.

These have been targeted to provide information to assist in meeting regional Integrated Natural Resource
Management goals for the Centre for Natural Resource Management and the National Action Plan.

4.2

MATERIALS AND METHODS

4.2.1 Spawning and egg production
A pilot trial was conducted using common galaxias and used to develop experimental design protocols for
later Eleotrid trials. The data gained from the pilot trial was useful and informative, and is therefore included
in detail in this report.
Three Eleotrid species carp gudgeon, flat-headed gudgeon and the dwarf flat-headed gudgeon were
spawned in the Laboratory at SARDI from wild caught adults. Common galaxias eggs were collected from
wild caught fish. Broodstock were identified using MacDowall (1996) and Unmack (2000). The impacts of
salinity on Eleotrid eggs were monitored under direct transfer trial conditions. The experimental protocols
and particulars for each species differed slightly and therefore will be outlined in detail for each species later.

4.2.2 Pilot study: Common galaxias (Galaxias maculatus)
Ripe fish were caught in the River Torrens and strip-spawned by hand in the field. Ova and sperm were
mixed immediately in an 8 L bucket filled with approximately 1 L of creek water from the site where the fish
were collected. Adult fish were then immediately returned to the capture site. The mix of ova and sperm was
transported to a Controlled Environment Room (CER) at SARDI West Beach. Filtered bore-water was slowly
introduced in stages.
After 50% of the water had been replaced with bore-water and eggs were allowed time to acclimatise, eggs
were divided into five 100 ml containers. Eggs were then introduced into five experimental salinity
concentrations held in 20 L aquaria, later trials used smaller 1 L vessels as this offered advantages for
handling and observations. The five concentrations consisted of a control at 1 ppt, and four saline treatments
6 ppt, 12.6 ppt, 38 ppt and 50 ppt. Common galaxias eggs were less than 3 hours post-lay at the start of the
trial. There was no replication and as such results must be interpreted with caution. Tanks were filled with
approximately 10 L of water and supplied with aeration. Larvae were offered live cultured rotifers
(Brachionous calyciflorus) and Artemia nauplii as food.

105

Ye et al. 2010

McNeil, Westergaard and Ye

SARDI, Aquatic Sciences

4.2.3 Direct transfer trials: Eleotridae eggs
There were six salinity treatments: 1 ppt (control), 4.5 ppt, 7.6 ppt, 12.6 ppt, 21 ppt and 35 ppt which were
prepared using a mix of filtered seawater and filtered tap water. Three replicate trials were conducted for
each species. Each replicate trial consisted of six 1 L plastic containers immersed in a 20 L aquarium in
order to maintain a constant temperature of 23 °C. Trials were started as soon as eggs were discovered in
spawning aquaria, with some variation between each replicate in time from lay to initial exposure to
treatments.
Species-specific variations in these protocols are stated below in sections 4.2.3.1 to 4.2.3.3. The salt
concentration in each container was monitored daily with minor adjustments made to maintain target
salinities over the nine day experimental period. Light aeration was supplied directly to individual tanks.
Previous trials have shown gudgeon eggs removed from males care have suffered infection, therefore,
Methylene blue, at a rate of 2 ppm, was added to the containers to prevent fungal infections (Iwamatsu 2004.
The photoperiod was maintained at 12:12 light/dark ratio for all trials. Dissolved oxygen, total dissolved solids
(as a measure of salinity), pH and temperature were monitored daily.
Eggs were transferred from spawning tanks to experimental containers by pre-empting the spawning sites
and covering these with a removable surface that could be divided and transferred to experimental tanks.
Spawning substrates, which were most commonly the underside of PVC (poly vinyl acetate tubing), had
been lined with clear transparency sheeting. Eggs were laid directly onto the clear transparency sheeting,
and as such were easily collected. The transparency sheeting was cut into 6 approximately equal portions
with each placed into one of the six treatments. Portions contained between 50 to 100 eggs and unequal
numbers of eggs were placed into each trial.
Each day the mortality rate and general appearance was recorded, and a small number of eggs (~3) were
removed and digitally photographed under a light microscope to record development. These were then
preserved in 4% formaldehyde. After hatch, larvae were maintained in test salinities to gauge larval survival
and development. Larvae were maintained on a daily diet of live freshwater rotifers (Brachionous
calyciflorus) during this period. For each species the experimental protocol was repeated three times to
establish three replicates from three separate spawning events.

4.2.3.1 Carp gudgeon (Hypseleotris spp.)
Carp gudgeon eggs were between 8 and 18 hours from lay for all three replicates at the start of the trial.
Spawns of approximately 450 to 500 eggs were laid on clear transparency sheeting, which had lined a poly
vinyl acetate tube and this was cut into six portions of approximately 80 eggs each. No large variation in
water quality parameters were recorded between control and treatment groups. During the experimental
period water temperature was 22.6 ± 2.5 °C, oxygen concentration was 8.35 ± 1.72 ppm and pH was 7.01 ±
0.95. Target salinities were met with good accuracy (Appendix 4.1).

4.2.3.2 Dwarf flat-head gudgeon (Philypnodon macrostomus)
Dwarf flat-head gudgeon eggs were less than 23 hours from lay at the start of the trial. Spawns of
approximately 300 to 600 eggs were laid in poly tubing, which was cut into 6 portions of approximately 50 to
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100 eggs each to be used in each treatment. No large variation in water quality parameters were recorded
between control and treatment groups. During the experimental period water temperature was 20.02 ±
1.7 °C, oxygen concentration was 8.49 ± 2.87 ppm and pH was 7.56 ± 1.37. Target salinities were
successfully met (Appendix 4.2).

4.2.3.3 Flathead gudgeon (Philypnodon grandiceps)
Flathead gudgeon eggs were less than 4 hours post-lay at the start of exposure. Spawns of approximately
480-660 eggs were laid on clear transparency sheeting which had lined a poly vinyl acetate tube, which was
cut into 6 portions of approximately 80-110 eggs each. No large variation in water quality parameters were
recorded between control and treatment groups. During the experimental period water temperature was
22.33 ± 2.07 °C, oxygen concentration was 8.44 ± 2.90 ppm and pH was 6.84 ± 1.00. There were several
low recordings of pH levels of 5.84 and 5.88 in replicate one, however these did not correspond to any
mortalities or other ill effects. Target salinities were closely met (Appendix 4.3).
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RESULTS

4.3.1 Salinity tolerance of common galaxias eggs: pilot study
Common galaxias eggs hatched between days 10 and 18 (Figure 4.1). Development appeared normal in 1
to 12 ppt treatments at day 6 to day 10. At hatching larvae appeared normal in the 1 ppt treatments, whilst
reduced development became apparent in the 12 ppt treatment (Figure 4.1C cdf. D).
Eggs exposed to air appeared to develop well, though the great majority either suffered fungal infection or
desiccated. An estimated 5% hatched successfully, only doing so when disturbed and placed back in water
between 14-20 days.
Embryonic development was observably reduced within 38 ppt and 50 ppt treatments by day 2. By day 6
arrested development and death of embryos was observed in the 38 ppt and 50 ppt treatments (Figure
4.1A). By day 10, mortality reached 100% in 38 ppt and 50 ppt treatments.

Air

1ppt

12ppt

38ppt

50ppt

A)
Day 6

B)
Day 10

1ppt

C)
Day 11

6ppt

12ppt

Larvae

D)
Day 11

Larvae 12ppt

Figure 4.1. Common galaxias egg development at salinity. A) Eggs at day 6 (144h); (left-right) Air
exposed egg, and 1-12 ppt salinity treatments developing normally, and 38 and 50 ppt showing
arrested development and mortality, B) after 10 days (240 h); control, 6 ppt and 12 ppt treatments
developing normally C) Viable larvae at day 11 from 1 ppt trial. D) Larvae at day 11 in 12 ppt treatment
note reduced development.
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4.3.2 Salinity tolerance of Eleotridae eggs
4.3.2.1 Carp gudgeon (Hypseleotris spp.)
Carp gudgeon eggs generally hatched between day 4 and day 5 of the trial (Figure 4.2). Carp gudgeon eggs
developed successfully and hatched viable larvae under salinities of up to 7.6 ppt. whilst eggs at higher
salinities (12.6 ppt, 21 ppt and 35 ppt) failed to produce viable larvae (Figure 4.2F).
Salinity treatment groups 1 ppt, 4.5 ppt and 7.6 ppt suffered negligible levels of mortality prior to hatching
(Figure 4.3). On hatching however, mortality rose to around 50% for all three treatments, these suffered
approximately 70% mortality over the course of embryonic development, hatching and larval development by
trial completion. This high mortality rate is believed to be an artifact of experiment design rather than
influenced by salinity. Treatments of 1 ppt, 4.5 ppt, and 7.6 ppt produced viable larvae that successfully
became free-swimming and fed well until completion of trial on day 9, at this stage the larvae were 4 days
post hatch (Figure 4.2F). The no observable effect level (NOEL) for developing carp gudgeon eggs was 7.6
ppt.
The 12.6 ppt treatment was the highest salinity at which any carp gudgeon larvae hatched though failed to
produce any viable larvae. At day 4, stunted development was observed throughout the 12.6 ppt treatment
group, larvae artificially removed from eggs showed severe deformities (Figure 4.2F). There were no
significant mortalities in the 12.6 ppt group prior to day 4. Largely larvae in 12.6 ppt failed to hatch
successfully, or emerged with deformities. Unable to swim or feed successfully, deformed larvae in the 12.6
ppt treatment were unable to survive beyond yolk absorption and 100% mortality occurred at day 7, at which
stage the larvae were between 3 and 1 day post hatch.
Mortality reached 34% in the 21 ppt treatment after day 1. In those surviving eggs stunted embryonic
development was apparent. This was followed by further decreasing survival rate in the 21 ppt treatment,
reaching 100% mortality at day 7.
In the 35 ppt treatment mortality reached 72% after day 1. Arrested or reduced embryonic development was
obvious for surviving eggs at day 2. Mortality rate continued to increase in 35 ppt treatments until 100%
mortality was reached by day 4 (Figure 4.3).
Probit analysis estimated carp gudgeon egg LC50 between 21.8 ppt (day 1) and 14.8 ppt (day 4) (Figure 4.4).
Day 10 estimates of LC10 and LC90 were 14.7 ppt and 27.9 ppt, respectively (Figure 4.4).
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A)
Day 0

1ppt

7.6ppt

21ppt

1.6ppt

35ppt

B)
Day 1

1ppt

12.6ppt

7.6ppt

21ppt

C)
Day 2

1ppt

7.6ppt

12.6ppt

21ppt

D)
Day 3

12.6ppt

E)
Day 4
1ppt
7.6ppt

7.6ppt
12.6ppt

F)
Day 4

Figure 4.2: Carp gudgeon egg development at salinity. A) Eggs at beginning of trial ± water hardened
with embryonic axis already formed. B) After 1 day, development is stunted in 21 ppt and mortality in
35 ppt. C) After 2 days, reduced growth obvious in 21 ppt. D) After 3 days mortalities and cessation
of growth in 12 ppt. E) At day 4, 100% mortality in 21 ppt and cessation of growth and development in
12 ppt. F) At day 4 viable larvae in 7.6 ppt (left) and unviable larvae removed from egg at 12.6 ppt.
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Figure 4.3. % Survival (mean ± s.e. n=296) with time in treatments 0-35 ppt, for direct transfer trial of
carp gudgeon eggs and larvae.
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Figure 4.4. LC10 (□), LC50 (♦) and LC90 (▲) estimates (± 95% confidence intervals) for carp gudgeon eggs
(n=269).
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4.3.2.2 Dwarf flat-headed gudgeon (Philypndon macrostomus)
Hatching of dwarf flat-headed gudgeon eggs occurred between day 6 and 9, however, hatching occurred
over a slightly longer period in higher salinity treatments, with the 21 ppt group hatching roughly 10-12 hours
after the 1 ppt treatment. Dwarf flat-headed gudgeon eggs developed successfully and hatched in all
salinities except for the highest (35 ppt) treatment (Figure 4.5, Figure 4.6). Salinity treatments of 1 ppt to 21
ppt suffered extremely low levels of egg mortality and exhibited normal embryonic development (Figure
4.5E).
By day 2, mean mortality rate in the 35 ppt treatment exceeded 60% with stunted embryonic growth apparent
in remaining eggs, with this pattern continuing through to day 3 and 4 (Figure 4.5, Figure 4.6). 100%
mortality occurred in the 35 ppt treatment by day 4 (Figure 4.6).
Larval survival showed a clear trend of decreasing survival with increasing salinity, reaching approximately
15% in 4.5 ppt and 1 ppt treatments, near 70% in 7.6 ppt and 12.6 ppt, around 60% in 12.6 ppt and greater
than 50% in the 21 ppt treatment at trial completion on day 9 (Figure 4.6).
Probit analysis on the percent survival data from dwarf flat-headed gudgeon trials estimated egg LC50 values
beginning at 105 ppt at day 2, slowly declining over time to settle consistently around 29 ppt after day 4
(Figure 4.7). The final LC50 value prior to hatching (day 6) estimated an LC50 of 29.3 ppt with an LC10 of 6.1
ppt. LC90 estimates could not be produced using Probit analysis on this data.
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A)
Day 0
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B)
Day 1
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35ppt
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Day 3

Figure 4.5. Dwarf flat-headed gudgeon eggs at salinity. A) Time zero, water-hardened eggs showing
embryonic line. B) After 1 day of exposure, there is little observable difference across groups. C)
After 2 days, some mortalities and reduced growth at 35 ppt. D) After 3 days mortalities and reduced
growth in 35 ppt. E) At day 4, no discernable difference between treatments 1 ppt to 21 ppt, yet 100%
embryonic mortality at 35 ppt.
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Figure 4.6. % Survival (mean ± s.e. n=193) with time in treatments 0-35 ppt, for direct transfer trial of
dwarf flat-headed gudgeon eggs and larvae.
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Figure 4.7. LC10 (□), LC50 (♦)

and

LC90 (▲) estimates (± 95% confidence intervals) for dwarf flat-headed

gudgeon eggs (n=193).

114

Ye et al. 2010

McNeil, Westergaard and Ye

SARDI, Aquatic Sciences

4.3.2.3 Flat-headed gudgeon (Philypnodon grandiceps)
Eggs development was observed, followed by successful hatches in all salinities treatments. There was little
observable difference across salinities from 1 ppt to 21 ppt over the duration of the trial (Figure 4.8, Figure
4.9). Eggs in 7.6 and 12.6 ppt treatments hatched marginally earlier than those in lower and higher salinity
treatments, however this was not quantified accurately. Estimated mean hatch was between day 6 and 7
(Figure 4.9). Survival rates in all treatments up to 21 ppt declined just prior to hatch, soon leveling out with
survival rates in the order of 30-40% at completion of trial. Survival rates here are believed to be an artifact of
experiment design and general conditions rather than any associated effect of salinity.
Slightly reduced survival was seen in the 35 ppt treatment over the full duration of the experiment, with a
decreasing survival rate seen at all stages in comparison to control and other treatments. Between day 5 and
6, 50% mortality had occurred in 35 ppt when approximately 73% survival rates were observed in all other
treatments. After ten days 100% mortality occurred in 35 ppt treatments after a significantly increased
mortality rate following day 8 (Figure 4.9). The no observable effect level (NOEL) for developing flat-headed
gudgeon eggs was 21 ppt.
Probit analysis for flat-headed gudgeon trials estimated egg LC50 values between day 3 and day 5 prior to
initial hatches (Figure 4.10). It is believed the LC50 values may be slightly overestimated as egg mortalities
due to salinity continued through until day 6 in 35 ppt, however a probit analysis could not attain appreciable
values from day 6 data because hatching began. LC50 estimates ranged between 67.5 ppt at day 4 and a
final pre-hatch value of 46.8 ppt on day 5. LC10 and LC90 estimates at day 5 were 22.3 ppt and 98.3 ppt
respectively. Very few confidence intervals were calculated successfully by Probit analysis as data showed
large variation between replicates (note relatively large standard error in Figure 4.9).
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Figure 4.8. Flat-headed gudgeon eggs development at salinity. A) Eggs at beginning of trial – water
hardened with blastodisc formation observed embryonic axis not yet formed. B) After 1 day
exposure. C) After 2 days. D) After 4 days. E) After 5 days exposure. All times and treatments show
little variation in development.
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Figure 4.9: % Survival (mean ± se; n=281) with time in treatments 0-35 ppt, for direct transfer trial of
flat-headed gudgeon eggs and larvae.
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gudgeon eggs (n=281).
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4.3.3 Summary of results for Eleotridae eggs
Comparison of egg LC50 values for the three Eleotrid determined in the current chapter with those results of
larval and also juvenile LC50 values determined in previous chapters 5 and 4 (Table 4.1), show larval
tolerances to be consistently lowest, and juvenile tolerance highest in all but one instance. Though as
previously stated, salinity tolerance of flat-headed gudgeon eggs may be slightly over-estimated due to an
artefact of experimental design. Caution is also advised to the use of egg LC50 values as although these
concentrations are determined from direct deaths, concentrations well below this prevented development of
viable larvae for both carp gudgeon and dwarf flat-headed gudgeon (see Table 4.1 below). The highest
salinity to produce viable larvae is therefore a more realistic value for use as a threshold.

Table 4.1. LC50 tolerance estimates (expressed as ppt) for three species of Eleotrid from the Lower
River Murray including previous estimates from egg, larval and juvenile/adult life stages of the same
species, source chapters 4 & 5. *note, caution as this data point may be slightly over-estimated; see
results for flat-headed gudgeon.
Common name

Species name

Highest
salinity to
produced
viable
larvae

Estimated
Egg LC50

Previous
Egg LC50

Carp gudgeon

Hypseleotris spp.

7.6

14.8

-

6.3,

31.1

Dwarf flat-headed

Philypnodon

21

29.3

-

6.9

36.7

gudgeon

macrostomus

Flat-headed gudgeon

Philypnodon grandiceps

35

46.8*

-

12.3

40.5
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DISCUSSION

4.4.1 Pilot study: salinity tolerance of Galaxias maculatus eggs
As well as providing and testing an experimental framework for the Eleotrid tolerance trials, the pilot study
revealed that the eggs of common galaxias were unable to develop and produce viable larvae at salinities
equal to or higher than sea level. Previous estimates of salinity tolerance on juvenile and adult common
galaxias have ranged from 6 ppt (Bacher and Garnham 1992) to 45 ppt (direct transfer) and 62 ppt (slow
acclimation) (Chessman and Williams 1975). This suggests very high salinity tolerance consistent with the
diadromous life history of the species, although land-locked populations exist and have being documented.
This study has provided the first assessment of common galaxias eggs to salinity and revealed that eggs
were unable to develop and hatch successfully in salinities equivalent to sea-water or greater. Under these
saline conditions embryonic development was greatly retarded and 100% mortality resulted. Interestingly,
eggs often suffered from fungal infection at low salinities. These results, although preliminary, indicate that
common galaxias eggs are likely to develop optimally in estuarine conditions consistent with observations of
spawning adults in the lower freshwater reaches of coastal streams. Eggs used in this trial were stripped
from adults in spawning condition, collected at the freshwater/estuarine interface.
The intolerance of eggs to higher salinities suggests that this species is unlikely to spawn in lower estuarine
or marine habitats and may preclude their successful spawning and recruitment in saline landlocked waters.
However in contradiction to the results from egg tolerance trials, populations in saline landlocked
environments are well known (Chessman and Williams, 1974, 1975). It has been suggested that differences
may exist between populations from saline lakes and coastal streams where diadromy is possible
(Chessman and Williams 1975), current data supports the hypothesis that higher salinity tolerance may have
evolved in landlocked populations within saline lakes as opposed to coastal freshwater populations.

4.4.2 Salinity tolerance of Eleotridae eggs
The salinity tolerance of eggs of the three Eleotrid species varied significantly, with LC50 estimates ranging
from 14.8 to 46.8 ppt. Carp gudgeon eggs were the least tolerant to salinity with a threshold value (LC50
14.8) slightly higher than iso-osmotic with fish blood (Bacher and Garnham 1992, Hart et al. 1991). Eggs of
the recently described dwarf flat-headed gudgeon (Hoese and Reader 2006) showed tolerance of salinities
intermediate to that of the other two Eleotrid species, approaching that of seawater (LC50 29.3 ppt), whilst
eggs of the flat-headed gudgeon were tolerant of salinities exceeding that of seawater (LC50 46.8 ppt).
These generally high levels of tolerance to salinities approaching and exceeding sea water are likely to
reflect the relatively recent incursion of these Eleotrids into freshwater environments within the Australian
continent (Myers 1938 and 1949, Hart et al. 1991).

However, these estimates are based solely on

survivourship of the eggs, and do not take into consideration the impact of salinity on development of viable
larvae. Therefore, in place of the highest salinity of egg survival, the highest salinity at which viable larvae
are produced should set the upper threshold. These values ranged from 7.6 ppt for carp gudgeon, to 21 ppt
for dwarf flat-headed gudgeon and 35 ppt for flat-headed gudgeon. The results suggest that flat-headed
gudgeon eggs are likely to survive in estuarine habitats. Eggs of the dwarf flat-headed gudgeon are similarly
tolerant of all levels of salinity likely to be encountered in the Lower River Murray (MDBMC 1999) and across
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much of inland Australia, including the fresher sections of estuaries. This is likely to be a key ecological
factor for these species, which often utilise floodplain and off-channel spawning habitats where salinity is
likely to be relatively high (Closs et al. 2005).
The relatively poor salinity tolerance of carp gudgeon eggs suggests that this species may have become
strongly adapted to freshwater habitats compared to the more tolerant Philypnodon species. Most Australian
freshwater fishes, including the Eleotrid and Galaxiid species are recently derived from marine ancestors
(Myers 1938; 1949). Salinity tolerances are generally shared across large taxonomic groups, although there
are often examples of taxa that have secondarily adapted to salinities higher or lower than characteristic of
the group (Hart et al. 1991). The three species of Eleotrid assessed here co-occur broadly across most
habitats and catchments of the Murray-Darling Basin (Lintermans 2007) and possess very similar spawning
and egg characteristics (Growns 2004). The reason for reduced salinity tolerance in carp gudgeon compared
to the two species of Philypnodon is therefore unlikely to reflect recent freshwater habitat use, but rather a
more ancient difference between Hypseleotris spp. and Philypnodon spp.
Differences in egg salinity tolerance between these genera are possibly due to underlying differences in the
structure of egg chorion and perivitelline fluids, which are produced in higher volumes with increasingly fresh
ambient water salinity (Parry 1966). Further studies are recommended to investigate the responses of egg
physiology and structure to various salinities. Comparing differences across species such as those studied
here may reveal the underlying mechanisms for varying salinity tolerance in Australian freshwater fish eggs.
Carp gudgeon in the Murray-Darling Basin belong to a species complex that includes at least four species
with a range of possible hybrids, with only a single described species (Hypseleotris klunzingeri) (Lintermans
2007). Recent morphological and genetic studies have supported the likelihood of a distinct Midgley’s carp
gudgeon species (Thacker and Unmack 2005, Bertozzi et al. 2000, Unmack 2000) with the fish used in the
current study fitting the description of Midgley’s carp gudgeon outlined in these studies. There is, however,
very little known about the distinct ecology of Midgley’s carp gudgeon compared to other members of the
carp gudgeon complex, with many ecological studies and field guides opting to treat the complex as a single
group (Balcombe and Closs 2000, 2004, Stoffels and Humphries 2003, Lintermans 2007, McNeil and Closs
2007). Similarly, the distribution and habitat use of individual members of the complex have not been
studied and it possible that the low salinity tolerance of Midgley’s carp gudgeon eggs in this chapter may
suggest an adaptation to fresher or faster flowing spawning sites within their range.
The exceptionally high salinity tolerance of Eleotrid eggs suggests that this group of freshwater fishes is
unlikely to be heavily impacted by the current and projected salinity levels within the Lower River Murray and
the majority of associated off-cannel habitats. The relative intolerance of carp gudgeon eggs to very high
salinity levels (over 7.6 ppt) is of some concern due to recent drought impacts and allocation of freshwater
flows away from the Lower River Murray. In particular, habitats below Lock-1 (Blanchetown) including Lakes
Alexandrina and Albert, as well as the lower reaches of tributary streams in the Eastern Mount Lofty Ranges
are at risk of rapidly increasing salinisation that is highly likely to exceed the tolerance of carp gudgeon eggs
under current trends and management scenarios (Bice 2008, Bice and Ye 2009).
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Estimated egg salinity thresholds for all three species of Eleotrid were at least an order of magnitude higher
than those estimated for larval life stages of these species. Conversely, salinity thresholds for eggs were
lower than juvenile/adult tolerance estimates for carp gudgeon and dwarf flat-headed gudgeon and slightly
lower for flat-headed gudgeon (Williams 1987, Williams and Williams 1991, Jackson and Pierce 1992, Clunie
2002). This pattern supports those found for two species of Australian rainbowfish, (Melanotaenia fluviatilis
and M. duboulayi) for which egg tolerances also exceeded the thresholds for larvae of the same species
(Williams 1987). These results suggest that for most species the eggs of freshwater fish in the Lower Murray
are likely to be less vulnerable to salinity than larval life stages, meaning that current knowledge indicates
under an increasing salinity scenario larval stages are likely to be the most salt-sensitive stage limiting
species survival.
The sensitivity of haploid stages to increasing salinity has not been studied for these species, and it is
possible that sperm (motility/viability) and non-water hardened eggs may be even more sensitive than larvae
(Hart et al. 1991). For common carp (Cyprinus carpio) from the Lower River Murray, the viability of sperm
has been identified as the most vulnerable life stage in regard to salinity (Whiterod et al. 2006). Chotipuntu
(2003) showed that trout cod (Maccullochella macquariensis) sperm were immotile at salinities above 4 ppt.
It was also found that pre-fertilised eggs exposed to salinity and fertilised at salinity did not hatch above only
0.8 ppt. The sensitivity of sperm and unfertilised eggs should be specifically addressed before larval
tolerances are accepted as the limiting values for salinity impact.
Additionally, water hardening is a process that takes place shortly after fertilisation; indications are fish eggs
are most sensitive to elevated salinities prior to water hardening (Bailey and James 2000, Hoar et al. 1969).
For example, silver perch (Bidyanus bidyanus) eggs become less sensitive to increased salinities
approximately 80 minutes post-fertilisation, which corresponds to the completion of water hardening (Guo et
al. 1995). Eggs of trout cod (Maccullochella macquariensis) and Macquarie perch (Macquaria australisica)
had vastly poorer tolerance to increased salinity than post water hardened eggs (O’Brien and Ryan 1999).
This is due to the increased volume of the egg chorion and perivitelline fluid following fertilisation or
submersion in fresh water, which takes some time to develop (Parry 1966). All eggs used in the current trials
had completed the water-hardening stage within the spawning habitat at control salinity (~1 ppt) prior to
transfer into experimental aquaria, and therefore, pre-water hardened stages were not tested in our trials.
Studies investigating the tolerance of eggs at a pre-water hardened stage of development could perhaps be
relevant when considering the threat of increased salinity and should be investigated in future studies.
The lethal thresholds estimated using LC50 values in the current study represent the impact of salinity under
relatively mild summer temperatures (23 ºC) common to most habitats of the Lower River Murray (Suter et
al. 1993). Under experimental conditions, other water quality parameters such as dissolved oxygen and pH
were maintained at innocuous levels, however, under natural conditions these water quality parameters
would vary greatly depending on local factors. Therefore, the salinity thresholds estimated here are likely to
become lower when salinity is combined with extremes of temperature, dissolved oxygen and pH (McNeil
2004) as may occur in the natural environment. Under such combined and accumulative environmental
stressors embryonic growth, development and survival are all likely to be impacted at much lower salinities
than those estimated in the laboratory (Kinne and Kinne 1962). Therefore, the use of these tolerance values
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in setting thresholds and trigger levels for environmental management must be done so with care and
consideration of the possible accumulative impacts of other water quality stressors.
It should also be acknowledged that many fish species in the Lower River Murray and associated habitats
spawn in response to river flow events (Lake, 1967a) where flushing flows are likely to reduce salinity in line
with those spawning cues (Humphries et al. 1999). However, under the current drought conditions, flushing
flows have been absent for several years resulting in abnormally high levels of salinities across the Lower
River Murray (Bice and Ye 2009) and therefore native fish eggs (as well as sperm and larvae) are likely to be
exposed to levels of salinity far higher than normally experienced. Additionally, the return of high river flows
are likely to be associated with increased salinity as several years of salt accumulation is rinsed from the
catchment. Regardless of current climatic conditions, the association of flow and spawning events are likely
to interact and influence the salinity levels to which native fish eggs are exposed under natural conditions.

4.4.3 Hatching success
Eggs of all three Eleotrid species matured and hatched successfully within their salinity tolerance range. For
all three species it was observed that eggs in higher salinity treatments hatched between 10 to 12 h later
than those in lower salinity treatments, although this was not picked up in the data which was recorded at 24
h intervals during this phase. This suggests that there may be some sub-lethal impacts on embryonic
development at these salinities that were not measured under the current study.
Viable carp gudgeon larvae hatched in treatment concentrations of 7.6 ppt and lower, and although embryos
developed under 12.6 ppt, most larvae failed to hatch and/or were severely deformed. This hatch pattern
supports the relative intolerance of this species to high levels of salinity. Post hatch survival was much
higher for dwarf flat-headed gudgeon larvae for which survival was above 50% for all treatments except seawater under which no hatching occurred. Larval survival followed the experimental salinity gradient between
80% survival at 1 ppt to ~50% survival for the 21 ppt treatment. Flat-headed gudgeon eggs hatched with
apparently healthy larvae across all salinity treatments supporting the high level of salinity tolerance of this
species to any sub-sea-water levels of salinity. However, 48 hours after the mean hatch, 100% of larvae at
this treatment level had died, suggesting that this was too high for larval survival even though embryonic
development and hatching was successful, verifying that the larval life stage is likely to be the most sensitive
to salinity impacts. It must be acknowledged, however, that test vessels were designed to maximize egg
development and hatch, but not larval survival. Therefore, post hatch results are not considered to give
great indication of larval survival levels under various salinity treatments and should be interpreted with much
caution.
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CONCLUSIONS

This study has provided the first insight into the salinity tolerance of eggs from four species of Australian
freshwater fish, common galaxias, carp gudgeon, dwarf flat-headed gudgeon and the flat-headed gudgeon.
The study revealed that whilst all species produced eggs that were relatively tolerant to the moderate
salinities present in the Lower River Murray, carp gudgeon and common galaxias eggs were found to be
intolerant of salinities greater than 7.6 and 12.6 ppt, respectively. The two Philypnodon species however
produced eggs that were highly tolerant of salinities approaching (dwarf flat-headed gudgeon) and even
exceeding (flat-headed gudgeon) that of sea-water. These differences may reflect evolutionary adaptation of
the former species within freshwater habitats compared to the latter or may reveal differences across
taxonomic groups. In terms of the management of native fish in the Lower River Murray, the study reveals
that all four species are likely to be relatively un-impacted by normal salinity levels present across major
habitats, but that scenarios resulting in salinities above ~7 to 12 ppt are likely to threaten carp gudgeon and
common galaxias recruitment. Given the high abundance and broad distribution of these two species, such
an impact will have far reaching and severe consequences to the food web and ecological stability of
freshwater habitats in the Lower River Murray.
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APPENDIX

Appendix 4.1. Accuracy around target salinities (± most extreme value observed) for carp gudgeon
trials.
Treatment (targets)

Temperature (°C)

Oxygen (ppm)

TDS (ppt)

pH

Control

22.7 ± 1.4

8.4 ± 0.7

1.1 ± 0.0

6.9 ± 0.3

4.5 ppt

22.8 ± 1.4

8.3 ± 0.6

4.5 ± 0.0

6.6 ± 0.5

7.6 ppt

22.7 ± 1.5

8.2 ± 0.5

7.3 ± 0.3

6.6 ± 0.5

12.6 ppt

22.7 ± 1.4

8.2 ± 0.6

12.7 ± 0.1

6.7 ± 0.5

21 ppt

22.7 ± 1.3

8.3 ± 0.7

20.8 ± 0.4

6.7 ± 0.4

35 ppt

22.7 ± 1.3

8.3 ± 0.6

35.3 ± 0.9

6.7 ± 0.4

Appendix 4.2. Accuracy around target salinities ± most extreme value observed) for dwarf flatheaded gudgeon trials.
Treatment (targets)

Temperature (°C)

Oxygen (ppm)

TDS (ppt)

pH

Control

21.9 ± 1.3

8.5 ± 0.1

1.2 ± 0.08

7.6 ± 0.3

4.5 ppt

22.0 ± 1.4

8.3 ± 1.7

4.4 ± 0.10

7.4 ± 0.4

7.6 ppt

21.9 ± 1.6

8.7 ± 1.0

7.9 ± 0.20

7.4 ± 0.3

12.6 ppt

21.9 ± 1.1

8.3 ± 1.4

12.8 ± 0.10

7.4 ± 0.4

21 ppt

21.9 ± 1.1

8.5 ± 0.5

21.1 ± 0.20

7.5 ± 0.3

35 ppt

21.9 ± 1.1

8.4 ± 0.4

35.1 ± 0.40

7.6 ± 0.2

Appendix 4.3. Accuracy around target salinities (± most extreme value observed) for flat-headed
gudgeon trials.
Treatment (targets)

Temperature (°C)

Oxygen (ppm)

TDS ( )

pH

Control

22.3 ± 1.1

8.4 ± 1.6

1.1 ± 0.1

6.7 ± 0.3

4.5 ppt

22.2 ± 1.2

8.8 ± 0.6

4.6 ± 0.1

6.6 ± 0.3

7.6 ppt

22.2 ± 1.2

8.4 ± 0.8

7.6 ± 0.2

6.7 ± 0.3

12.6 ppt

22.3 ± 1.2

8.4 ± 0.6

12.6 ± 0.1

6.8 ± 0.4

21 ppt

22.3 ± 1.2

8.5 ± 0.5

20.9 ± 0.3

6.9 ± 0.3

35 ppt

22.3 ± 1.2

8.5 ± 0.5

35.4 ± 0.5

7.0 ± 0.4
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ABSTRACT
Inter-annual and spatial patterns in larval assemblage composition were examined in the main channel of the
Lower River Murray, South Australia (SA) during the spring/summers of 2005/06 and 2006/07, downstream
of Locks 1, 5 and 6. Discharge volume, water level, temperature, salinity, dissolved oxygen and pH were
also monitored throughout the sampling to determine if linkages between the larval assemblage and any
environmental parameters could be identified.
There were significant inter-annual and spatial differences in the larval fish assemblages between 2005/06
and 2006/07. Spatial variation was most likely a function of differing habitats between the gorge and
floodplain regions. Hydrology was determined to be most likely shaping the inter-annual variation in larval
assemblages throughout this study. There were two distinct responses exhibited by fish. The small-medium
bodied species increased in abundance during the lower discharge year, 2006/07, with the large bodied
native species being present in highest abundance and species richness in 2005/06 during the increased
discharge year. The complete absence of golden perch and silver perch in any of the 2006/07 samples
indicates a potential spawning failure for these species during years of lower discharge. Furthermore, there
is evidence in the literature to suggest that Murray cod larval survivorship and recruitment may be impacted
by low flow conditions. This suggests protracted low flow conditions pose a significant risk to spawning
success and larval survivorship of Murray cod, golden perch and silver perch
The water quality (salinity, temperature, pH, DO and turbidity) remained within acceptable ranges throughout
the study and were therefore unlikely to have a significant negative impact on any of the species collected.
Furthermore, inter-annual differences in water quality, including salinity and turbidity were directly related to
differences in hydrology. This indicates that if low flow conditions persist, water quality will continue to
deteriorate, which may have negative impacts on the survival of fish larvae.
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INTRODUCTION

Natural river systems around the world have been heavily modified to serve the needs of an ever-growing
population. The environmental degradation caused by these anthropogenic impacts has severely affected
riverine ecosystems (Richter et al. 2006). Within Australia, river regulation has had the biggest impact on the
ecosystem health of the Murray-Darling Basin (MDB) (Walker 1985; Walker and Thoms 1993; Arthington and
Pusey 2003). The decrease in environmental health has caused serious declines in range, abundance and
diversity for many of the native fish species in the MDB (Cadwallader 1977; Gehrke et al. 1995; Humphries
et al. 2002; MDBC 2004). Despite the recognition of this decline for many decades (Cadwallader 1977),
research into the threat mitigation has progressed slowly.
While much of our understanding is still under investigation, we are now more aware that there is a diversity
of reproductive strategies employed by native fish as a response to differing hydrological conditions (Harris
and Gehrke 1994; Humphries et al. 1999; King et al. 2003; Growns 2004; King et al. 2009). Water discharge
volumes are believed to be a significant contributor to the spawning and survivorship of some native fish
species, while the roles of other aspects, such as water level and floodplain inundation, are less clear cut
(Lake 1967; Arumugam and Geddes 1987; Geddes and Puckridge 1989; Humphries et al. 1999). The life
cycle strategies employed by native fish can be broadly divided into three categories, periodic (Mode 1),
equilibrium (Mode 2) and opportunistic (Mode 3) (Winemiller 1989, 1992; Humphries et al. 1999). Murray
cod (Maccullochella peelii peelii) and freshwater catfish (Tandanus tandanus), are considered Mode 1
spawners, while not requiring increase in flow to initiate spawning, they receive significant benefits during
periods of increased flow, which improve larval survivorship (Humphries et al. 1999; Ye et al. 2000; Koehn
and Harrington 2006; Ye and Zampatti 2007; Cheshire and Ye 2008a; Cheshire and Ye 2008b; Leigh et al.
2008). Mode 2 spawners, golden perch (Macquaria ambigua) and silver perch (Bidyanus bidyanus), are
considered flood/flow cued spawners, these species require increases in the discharge rates to initiate
spawning and promote larval survivorship (Humphries et al. 1999; Mallen-Cooper and Stuart 2003;
Brind'Amour and Boisclair 2004; Gilligan and Schiller 2004; Ye 2005; Cheshire and Ye 2008a; Cheshire and
Ye 2008b; Ye et al. 2008; King et al. 2009; King et al. 2010). The small-medium bodied native species,
Australian smelt (Retropinna semoni), carp gudgeon (Hypseleotris spp.), flathead gudgeon (Philypnodon
grandiceps), bony herring (Nematalosa erebi) and hardyhead (Craterocephalus spp.), fall under the
opportunistic classifications (Humphries et al. 1999). These species have a diverse range of spawning
strategies, whereby they exhibit adaptations through utilising a diverse range of suitable habitats for
spawning and recruitment, in order to enhance spawning during low flow years (Humphries et al. 1999; King
2002; Cheshire and Ye 2008a).
The effects of changing water quality on Murray-Darling Basin fish species is still under review and in need of
further research (Chapter 1; Hart et al. 1991; Williams and Williams 1991; Ryan and Davies 1996; James et
al. 2003). Despite the early life stages of fish being more susceptible to changing environmental conditions,
there is a scarcity of published literature available on the affects of salinity, dissolved oxygen, pH and
turbidity for MDB fish species (see Chapter 1 for a detailed discussion). Furthermore, how changing
environmental factors may influence the assemblage structures of larval fish communities, remains poorly
understood.
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5.1.1 Objectives
The objectives for the field study were to:
•

Compare the inter-annual and spatial variation in larval assemblage descriptors (total abundance,
species richness, and assemblage composition) in the Lower River Murray, SA.

•

Compare the inter-annual and spatial variation in large bodied species larval assemblage structure in
the Lower River Murray, SA.

•

Determine the potential linkages between larval fish assemblages and environmental parameters
(discharge, water level, temperature, salinity, pH, dissolved oxygen and turbidity)

5.2

MATERIALS AND METHODS

5.2.1 Study sites
The Murray-Darling is Australia's largest river catchment, occurring in south-eastern Australia between the
latitudes of 24-37 ° S and longitudes 138 – 153 ° E. It stretches 2,560 km, and covers an area of 1,063,000
km2 (Newman 2000). The rainfall throughout most of the basin is low, and evaporation rates are high, as
most of the basin is in semi-arid to arid climatic regions. The present study was confined to the main
channel of the River Murray in SA, in both the gorge and floodplain regions (Figure 5.1).

The South

Australian section of the Murray is a heavily regulated lowland temperate river, most stream diversity occurs
during high flows when adjacent floodplains become inundated. In SA, the River Murray encompasses four
distinct geo-morphological zones: floodplain, gorge, swamp lands and the lower lakes regions, each with
different ecological features (Walker 2006). The floodplain region, surrounding sites 5 and 6, is a wide
floodplain (5-10 km), comprising of a variety of off channel habitats including anabranch channels, billabongs
and wetlands (Walker and Thoms 1993; Young 2001). The gorge region, surrounding site 1, is an incised
section characterised by limestone cliffs, with a constrained floodplain (2-3 km), the main channel is
dominated by pool habitats, while the off-channel habitats are restricted to wetlands (Walker and Thoms
1993; Young 2001). Sampling was conducted at three sites, the gorge section downstream of Lock 1 (Site 1,
34°21.138’ S, 139°37.061’ E), and the floodplain section downstream of Lock 5 (Site 5, 34°13.246’ S,
140°45.0909’ E) and Lock 6 (Site 6, 33°59.725’ S, 140°53.152) (Figure 5.1).

5.2.2 Sampling trips
Larval fish were sampled during the spring/summers of 2005/06 and 2006/07. This sampling period was
selected based on the peak spawning season and larval abundances suggested from other studies within
the river system (Humphries et al. 2002; Meredith et al. 2002). Sampling was conducted fortnightly from
September through December, and monthly in January and February, resulting in nine trips in each year.
Each site was sampled daily and nightly, on the same day, and all three sites were sampled within a four-day
period. During 2005/06 site 1 was not sampled during the first trip in late September.
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Figure 5.1. The River Murray and Lower Lakes in South Australia. Sampling sites are denoted by the
(

).

5.2.3 Collection and processing of larvae
A pilot study conducted between October and December of 2004 indicated that plankton tows conducted for
the duration of 15 minutes, collected larvae from a wide range of species in suitable numbers from the pool
habitats in the main river channel (Ye, unpublished data). Plankton tows were conducted using a set of
paired square-framed bongo nets with 500 µm mesh, each net was 0.5 x 0.5 m and 3 m long. Nets were
equipped with 30 cm pneumatic floats either side of the frame, which allowed the frame to sit 5 cm below the
water surface. The volume of water filtered through each net was determined using a General Oceanics™
flow meter, placed in the centre of the mouth openings. Nets were towed in circles behind a boat using a 20
m rope, in the centre of the main river channel. Three day and three night 15-min tows were conducted 5 km
below each lock. Plankton tow data were standardised to number of larvae per 1,000 m3, and left and right
plankton tow nets were grouped for analysis following standardisation.
Modified quatrefoil light traps (Secor et al. 1992), (30 x 30 cm) constructed from perspex were used to target
areas that may not be effectively sampled by plankton tows and to collect species that exhibit positive
phototaxis. A yellow 12 h Cyalume® lightstick was used as the light source, and 5 mm stretched mesh was
fitted to prevent predation by larger fish (Vilizzi et al. 2008). Predation by juveniles and small-medium bodied
adult fish has been documented to be significant; Vilizzi et al. (2008) found that the addition of stretched
mesh improved the catch efficiency as a result of the exclusion of larger predatory juveniles and adults of
small-medium bodied species. Three light traps were deployed at each site before sunset each afternoon,
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and retrieved before 24:00 hrs of the same night. The time that traps spent in the water was determined for
standardisation, larval catch were standardised to number of larvae per 6 hours.
Samples were preserved in 95% ethanol in situ and returned to the laboratory for sorting using magnification
lamps. All larvae were identified to species level, where possible, using published descriptions (Lake 1967;
Neira et al. 1998; Puckridge and Walker 1990; Serafini and Humphries 2004), with the exception of carp
gudgeon (Hypseleotris spp.) and hardyhead (Craterocephalus spp.). Each of these two genera were treated
as a species complex due to close phylogenetic relationships and very similar morphologies (Bertozzi et al.
2000; Serafini and Humphries 2004). Fish were grouped into three groupings, small-medium bodied
(Australian smelt, bony herring1, carp gudgeon, flathead gudgeon and hardyhead), large bodied (Murray cod,
freshwater catfish, golden perch and silver perch) and exotic species (common carp and redfin perch).

5.2.4 Measurement of environmental parameters
On each sampling trip in situ measurements (using a TDS water quality meter) were taken at 0.2 m and 3 m
below the surface, during the day and at night for dissolved oxygen (mg/L), and pH. Turbidity (depth mm)
was also determined using a secchi disc during the day at each site for each sampling event. Data for
discharge (ML per day), water level (mAHD2), water temperature (°C) and conductivity (μS/cm @ 25 °C)
were obtained for all sites throughout the entire season from the Department for Water, Land and
Biodiversity Conservation, Knowledge and Information Divisions, Surface Water Archive (http://enrims.dwlbc.sa.gov.au/swa/).

5.2.5 Data analysis
Due to inherent differences in collection efficiency for each method, larval abundance was presented as the
integrated catch index (ICI), where each replicate ICI was the sum of the standardised counts for one light
trap, one day plankton tow and one night plankton tow (Cheshire unpublished data). This provided three
replicate ICI’s for each site during each trip; these replicates were used for all statistical analysis and means
and standard errors for the ICI were calculated for graphical representation. The fish assemblage was
characterised using total abundance and assemblage composition. Total abundance of larvae was
calculated as the mean of all replicate ICI counts for all species, at each site for each sampling event.
Assemblage composition was defined as the abundance (ICI) data for all stages of each species recorded at
a given site for each event. Occurrence of preflexion larvae was determined by transforming the ICI data for
the preflexion stage to presence/absence at a given site, for each sampling event, which was then plotted
graphically through time.
Prior to analysis the environmental variables and assemblage descriptors were tested for normality and
homogeneity of variance. Given that very few variables met the assumptions, data was analysed using
permutational analysis of variance (Anderson 2001) for univariate and multivariate data, which does not
require the data to meet these assumptions. All univariate and multivariate analyses were performed using a

1

Bony herring is technically a medium-sized species, which has been grouped with the small-medium
bodied species for the purpose of this study. Bony herrings spawning style and larval stages combined with
being a short lived species, are similar to a small-medium bodied species.
2
AHD = Level relative to Australian Height Datum

132

Ye et al. 2010

Cheshire and Ye

SARDI, Aquatic Sciences

three-way design, with Year, Site and Trip as random factors, to determine if differences could be detected.
Unrestricted permutations of data were performed for all analyses, with 999 permutations for the test, to
detect differences at α=0.05 (Anderson 2001). Where a low number of unique permutations occurred, the
Monte-Carlo p-values (p MC) were included and used to detect significant differences (Anderson 2005).
Environmental variables including discharge, water level, temperature and conductivity, were examined
using a normalised Euclidean distance similarity measures. Replicate samples consisted of the data
recorded on the day of each sampling event for the three sites, to correspond to the three larval replicates.
Environmental variables were analysed individually using the univariate three-way design.
All larval data were examined using Bray-Curtis similarity measures (Bray and Curtis 1957). Total abundance
of larvae (ICI) and species richness were analysed individually, using the three-way univariate design.
Species composition and assemblage composition were analysed using the three-way multivariate design,
which included all species. Where significant differences were detected, pairwise analysis was performed to
determine which sites and or trips differed. Non-metric multidimensional scaling (NMS) ordination was used
to visualise the inter-annual and/or spatial patterns.

Environmental variables and species contribution

vectors were added onto the two-dimensional NMS ordination plots in order to identify contributors to
patterns, using spearman rank correlation with a 0.2 R2 cut-off. Similarity percentages (SIMPER) analysis,
with a 95% cumulative contribution cut-off, was also performed for the assemblage composition to identify
species contributing most to the differences between years.
The routine BIOENV (Clarke and Warwick 2001) was used for correlation analysis to determine if linkages
occurred between larval fish assemblages and environmental variables. Permutational analysis (conducting
999 permutations) was also conducted to provide a significance value for the correlations.

The rank

similarity matrices were compared using the Spearman rank correlation. The rank correlation coefficient (ρs)
lies between -1 and +1, corresponding to the cases where the fish assemblage and environmental patterns
were in complete opposition or complete agreement (Clarke and Ainsworth 1993).
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RESULTS

5.3.1 Environmental conditions
All environmental variables showed a significant year-site-trip interaction (Table 5.1), indicating that while
inter-annual and spatial variation occurred, it was not consistent through time. Discharge through sites 1, 5
and 6 was substantially higher in 2005/06 than during 2006/07 (Figure 5.2a). Discharge was similar within
years between all sites with only minor differences existing, as a result of geographical placement. Water
level differed between years and sites, and was consistently higher at sites 5 and 6, due to the regulation of
the weir pools (Figure 5.2b). Water levels downstream of all sites were highest in 2005/06, and remained
relatively stable in 2006/2007 (Figure 5.2b). Temperature did not have significant inter-annual variation, and
showed no consistent patterns in the differences between sites; within sites the seasonal pattern was
relatively consistent, with temperature increasing steadily from spring to late summer (Figure 5.2c). Salinity
within the sampling sites was also consistent between years, although values were slightly lower in 2005/06
(Figure 5.2d). Spatially, the values recorded at sites 5 and 6 were similar (~ 150 – 220 μS/cm), whilst those
at site 1 were slightly higher (~ 250-450 μS/cm) (Figure 5.2d).

Table 5.1. Three-way univariate ANOVA for differences among years, sites and trips for discharge,
water level, temperature and salinity. Bold text indicates significant value.
Discharge
Source of variation

df

Year

1

Site

2

Trip

7

Year x Site

2

Year x Trip

7

Site x Trip

14

Year x Site x Trip

14

Residual

96

Water level

Temperature

Salinity

MS
7.41E+08

P
0.004

MS
4.75

P
0.001

MS
1.41

P
0.621

MS
47759

P
0.451

2.50E+07

0.001

3366.1

0.001

2.60

0.381

4.78E+05

0.003

2.31E+07

0.865

0.18

0.06

115.87

0.001

1075.4

1.01

1.08E+06

0.675

0.07

0.144

5.68

0.408

43944

0.001

4.09E+08

0.001

0.09

0.059

5.46

0.532

6467.5

0.001

1.49E+06

0.822

0.01

0.924

1.64

0.993

867.69

0222

2.52E+06

0.001

0.03

0.001

6.17

0.001

566.67

0.001

1.88E+05

0.002
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Figure 5.2. Comparison of the environmental conditions between 2005/06 and 2006/07 at sites 1, 5
and 6, where a) discharge (MLd-1), b) water level (mAHD), c) mean daily water temperature (°C) and d)
mean daily electrical conductivity (microsiemens per centimetre at 25 °C). Note, where data was not
collected no values are presented.
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Dissolved oxygen (ppm) generally recorded between 6 and 10 ppm, although there was a general trend of
decline, particularly in 2006/07 when DO dropped to around 4 to 6 ppm (Figure 5.3a & b). The patterns of
change were similar between sites 5 and 6 within years, but site 1 was slightly different (Figure 5.3a & b).
There was an effect of depth on DO levels, with slightly lower values being recorded at 3 m when compared
with 0.2 m readings (Figure 5.3a cf. b).
pH values mostly remained between 6 and 9 for both 0.2 m and 3 m readings (Figure 5.3c & d). Generally
temporal patterns of change between sites were similar. There was a distinct decline in pH @ 3 m up until
December during 2005, and pH @ 0.2 m was more variable than those in @ 3 m (Figure 5.3c & d)..
Turbidity measurements, using secchi depth (mm), were consistent between sites throughout the sampling
periods (Figure 5.3d).

During 2005/06, sites 5 and 6 demonstrated lower turbidity than site 1 during

November, although in 2006/07 the three sites followed similar temporal patterns of change. Turbidity was
slightly lower in 2006/07, coinciding with lower discharge rates.
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Figure 5.3. Water quality measurements for 2005/06 and 2006/07 presented as (a) surface dissolved
oxygen (ppm), (b) dissolved oxygen @ 3m (ppm), (c) surface pH, and (d) pH @ 3m, and (e) turbidity
(depth mm) recorded for site 1, 5 and 6 during each of the sampling events.
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5.3.2 Larval fish assemblage
5.3.2.1 Catch summary
Catch rates at site 1 were greater than those at site 5 or 6 (Table 5.2). During 2005/06, a total of 11,904 fish
larvae were collected, of this total, catch at site 1 comprised 54 %, and at sites 5 and 6 accounted for 24.1
and 21.9%, respectively. Comparatively, during 2006/07, 43,230 fish larvae were collected, with percentage
catch at sites 1, 5 and 6 accounting for 56.6 %, 18.3% and 25%, respectively (Table 5.2).
Eleven species were collected throughout the study, comprising of nine natives and two exotics. The smallmedium bodied native species, Australian smelt, carp gudgeon, flathead gudgeon, and bony herring, were
the most abundant of the larval catch (Table 5.2, Figure 5.4) Overall species richness was higher in 2005/06
than 2006/07, due to the presence of golden perch and silver perch larvae (Table 5.2). Spatially, species
richness was higher at sites 5 and 6, species that were absent in the samples from site 1 included silver
perch larvae in 2005/06 and freshwater catfish and Murray cod larvae in 2006/07 (Table 5.2).
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Table 5.2. Total number of fish larvae collected at sites 1, 5 and 6 during 2005/06 and 2006/07,
combining plankton tow and light trap data.
Species

Common
name

Site 1

Scientific name

Site 5

Site 6

Total

2005/06

2006/07

2005/06

2006/07

2005/06

2006/07

2005/06

2006/07

2,194

12,124

830

4,575

476

6,508

3,500

23,207

Australian

Retropinna

smelt

semoni

Bony

Nematalosa erebi

1,431

3,031

204

1,087

416

1,508

2,051

5,626

Hypseleotris spp.

2,401

3,927

1,037

702

882

1,185

4,320

5,814

373

5,381

735

1,450

694

1,470

1,802

8,301

9

9

23

93

2

81

34

183

5

0

5

1

6

5

16

6

4

0

7

1

30

5

41

6

2

0

15

0

58

0

75

0

0

0

5

0

14

0

19

0

herring
Carp
gudgeon
Flathead

Philypnodon

gudgeon

grandiceps

Hardyhead

Craterocephalus
spp.

Murray cod

Maccullochella
peelii peelii

Freshwater

Tandanus

catfish

tandanus

Golden

Macquaria

perch

ambigua

Silver

Bidyanus

perch

bidyanus

Carp

Cyprinus carpio

0

6

1

0

3

8

4

14

Redfin

Perca fluviatilis

5

4

10

9

27

60

42

73

6,424

24,482

2,872

7,918

2,608

10,830

11,904

43,230

54.0

56.6

24.1

18.3

21.9

25.1

perch
Total

Yearly % catch
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Figure 5.4. Comparison of small-medium bodied species fish larvae for the 2005/06 and 2006/07
sampling events at sites 1, 5 and 6. Data are presented as the mean ICI (the average of 3 replicates).
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Figure 5.5.

Comparison of large bodied native species fish larvae for the 2005/06 and 2006/07

sampling events at sites 1, 5 and 6. Data are presented as the mean ICI (the average of 3 replicates).

141

Ye et al. 2010

Common carp

2006

2005

Lock 1
Lock 5
Lock 6

30
20
10
0
30
25

Redfin perch

Relative abundance (ICI)

40

SARDI, Aquatic Sciences

Cheshire and Ye

20
15
10
5
0

t v v c c
ep ct c o o e e an an eb eb
/S 1/O 27/O09/N 24/N 07/D 21/D 04/J 25/J 08/F 21/F
8
1
2

t v v c c
ep c t c o o e e an an eb eb
/S 1/O 27/O09/N24/N07/D21/D 04/J 25/J 08/F 21/F
8
2 1

Date

Figure 5.6. Comparison of exotic species fish larvae for the 2005/06 and 2006/07 sampling events at
sites 1, 5 and 6. Data are presented as the mean ICI (the average of 3 replicates).

5.3.2.2 Preflexion larval occurrence
The duration and seasonal occurrence of early stage preflexion larvae was not consistent between years or
sites, with the exception of smelt and bony herring, however, broad scale patterns were similar. Australian
smelt, common carp and redfin were present as preflexion larvae early in the sampling from spring to mid
way through early summer in both years (Figure 5.7). Australian smelt occurred at all sites while common
carp was not present at site 6 in 2006/07 and redfin were only collected at sites 5 and 6 in both years (Figure
5.7). Carp gudgeon and flathead gudgeon were present as preflexion larvae in all years at all sites (Figure
5.7). Bony herring were collected as preflexion larvae later in the season during early and late summer at all
sites in both years (Figure 5.7). Murray cod and freshwater catfish had a very distinct period with the larvae
being collected during early summer, and were not collected in site 1 in 2006/07 (Figure 5.7). Golden perch
and silver perch were only collected in 2005/06 during early and late summer, no silver perch larvae were
collected at site 1 (Figure 5.7).
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Figure 5.7. Duration of the occurrence of pre-flexion larvae for fish recorded at site 1, site 5 and site 6, in the Lower River Murray during the 2005/06 and
2006/07 sampling seasons using CPUE data transformed to presence/absence data.
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5.3.2.3 Inter-annual and spatial variation in total larval abundance
Overall there was significant inter-annual and spatial variation in total abundance, however, as indicated by
the significant year-site-trip interaction, the patterns of differences were not consistent (Table 5.3). Where
differences existed between years, total larval abundance was highest at all sites in 2005/06 (Figure 5.8).
Furthermore, where site differences were identified in total abundance, site 1 was significantly higher than
sites 5 or 6, although abundance at sites 5 and 6 were not significantly different at any given point in time
(Figure 5.8).

Table 5.3. Three-way univariate PERMANOVA for total larval abundance among years, site and trip.
Bold text indicates significant value.
Source of variation

df

MS

p

Year

1

45138.0

0.011

Site

2

10931.0

0.143

Trip

8

4603.1

0.061

Year x Site

2

5709.5

0.002

Year x Trip

8

2517.7

0.034

Site x Trip

16

862.6

0.707

Year x Site x Trip

15

1086.5

0.006

106

571.9

Residual
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Figure 5.8. Comparison of total abundance of fish larvae collected during (a) 2005/06 and (b) 2006/07
sampling events at sites 1, 5 and 6. Data are presented as the mean ICI ± standard error, for total
catch of larvae.
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5.3.2.4 Inter-annual and spatial variation in assemblage composition
There were significant inter-annual differences in assemblage composition between years at all sites, the
year-site interaction was not driven by differences in patterns but rather in the magnitude of variation (Table
5.4). Spatial differences were identified for the assemblage composition (Table 5.4), pairwise analysis
indicated assemblage composition for site 1 was significantly different from both sites 5 and 6, in both years.
There was also a significant trip variation in assemblage composition, however, this pattern was not
consistent between years, as indicated by the year-trip interactions (Table 5.4). Given that seasonal variation
was not under consideration for this study, no further analyses were performed for trip.
Australian smelt, bony herring, carp gudgeon, flathead gudgeon and hardyhead were identified as having the
most contribution to the inter-annual variation in assemblage composition downstream of all sites (Table 5.5).
At all sites this was due to higher abundances in 2006/07, with the exception of carp gudgeon site 5, which
were present in higher abundances in 2006/07 (Table 5.5). The relatively low mean dissimilarity indicates
that simple differences in species abundances do not fully explain the observed differences between years,
more likely driven by a combination of abundances and differences in patterns of species through time.
Table 5.4. Three-way multivariate PERMANOVA for differences in species composition and
assemblage composition among year, site and trip. (note trips 2 – 9 only).

Bold text indicates

significant value.
Source of variation

df

MS

p

Year

1

10067.00

0.023

Site

2

2310.30

0.459

Trip

8

5937.40

0.001

Year x Site

2

2004.80

0.001

Year x Trip

8

1703.10

0.001

Site x Trip

16

507.21

0.059

Year x Site x Trip

15

307.94

0.101

105

238.68

Residual
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Table 5.5. SIMPER analysis for the comparison of assemblage composition between 2005/06 and
2006/07, for sites 1, 5 and 6. Results are based on fourth root-transformed ICI data. CR (consistency
ratio) indicates species distributions between years, with larger values indicating greater
consistency. The contribution (%) indicates the proportion of difference between years (shown by
PERMANOVA) attributable to individual species, a 95% cumulative contribution cut-off was also
applied. Mean dissimilarity is expressed as a percentage ranging from 0% (identical) and 100%
(totally dissimilar).

Species names
Site 1
Australian smelt

Mean abundance
2005/06

CR

2006/07

Contribution (%)

Cumulative
contribution

Mean dissimilarity = 35.38

3.36

4.71

1.36

27.45

27.45

3.2

3.17

1.51

21.73

49.18

Flathead gudgeon

2.39

4.72

1.7

21.42

70.61

Carp gudgeon

4.04

3.93

1.28

16.51

87.11

Hardyhead

0.32

0.37

0.78

4.72

91.84

2005/06

2006/07

Australian smelt

2.85

3.76

1.37

27.08

27.08

Bony herring

1.64

2.31

1.3

21.06

48.13

Carp gudgeon

3.36

2.64

1.11

13.63

61.76

Flathead gudgeon

3.09

3.91

1.17

13.42

75.18

Hardyhead

0.28

1.01

1.21

10.61

85.79

0.3

0.16

0.58

4.06

89.84

0.23

0.09

0.46

2.8

92.65

2005/06

2006/07

Australian smelt

2.34

3.73

1.54

24.54

24.54

Bony herring

1.62

2.89

1.28

20.26

44.8

Flathead gudgeon

2.98

3.31

1.48

9.85

54.64

3.2

3.34

0.92

9.83

64.47

Hardyhead

0.03

1.08

1.12

8.31

72.78

Redfin perch

0.12

0.76

0.66

6.61

79.4

Common carp

0.7

0.3

0.86

6.49

85.89

Golden perch

0.66

0

0.65

5.04

90.93

Bony herring

Site 5

Common carp
Freshwater catfish
Site 6

Carp gudgeon
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Non-metric multidimensional scaling (NMS) yielded a two-dimensional ordination (stress 0.11) of the patterns
of larval assemblage composition among years (Figure 5.9) The NMS ordination displayed separations
between years, although some overlap occurred, 2005/06 grouped as a tighter cluster, while 2006/07 had a
greater cluster within year variability (Figure 5.9). Significant correlations between the larval assemblage
composition and the environmental variables were identified (p = 0.01). Temperature, surface pH, discharge
and dissolved oxygen @ 3 m (ppm) were identified by BIOENV as the strongest contributing environmental
variables (ρs = 0.367). Visual representation of the relationship between the larval assemblage and
environmental variables are presented in Figure 5.9 Water level, flow, EC and turbidity correlate to the
patterns of separation between years; while temperature, pH and DO are likely related to within seasonal
variations (Figure 5.9).

Figure 5.9. NMS ordination of larval fish assemblages (stress 0.11), for years (
2006/07).

Correlations for species ( ) and environmental variables (

indicate the strength of the correlation with axes.
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DISCUSSION

5.4.1 Hydrology and water quality
Water discharge throughout the study period was generally low, although the summer of 2005/06 was above
the summer entitlement allocation (~ 6, 000 ML per day); discharge was well below entitlement in 2006/07.
However, the increased volume in 2005/06 was still well below that required, approximately 50,000 ML per
day, to break the banks similar to that of a flood event. Thus, the water discharge during 2005/06 was
categorised as a within channel rise or flow pulse (Puckridge et al. 1998). Discharge was similar within years
between all sites with only minor differences existing, as a result of geographical placement. Water is
diverted upstream of site 6 through the Chowilla anabranch system, returning to the main channel below site
6, accounting for the lower volume directly site 6 when compared with site 5. Water levels in 2005/06 were
highest due to a combination of increased discharge and a water level raising trial (for more detailed
discussion see, Cheshire and Ye 2008a).

Water level differed spatially; however, this is due to the

maintained levels within the weir pools.
The field water quality (temperature, salinity, dissolved oxygen, pH and turbidity) was generally within the
acceptable range for fish reproduction and survival during this study (Boyd 1990, Chapter 2, 3 & 4) and
remained within the trigger value guidelines for protection of biota in a lowland river system in SA set by
ANZECC (2000). Temperature and salinity had inter-annual and spatial variation, however, these variations
were not consistent through time and space. Temperature increased steadily throughout both seasons and
showed relatively similar patterns within years between sites. There were differences in salinity between
years, which directly correlates to the decrease in flow, salinities were also higher site 1 than sites 5 and 6.

5.4.2 Larval fish assemblage
Eleven species were collected over the two years, nine were native and two were exotic. Species richness
was greater in 2005/06, due to the collection of golden perch and silver perch, which were absent from
samples in 2006/07. The most abundant species throughout the sampling were small-medium bodied native
species such as Australian smelt, bony herring, carp gudgeon and flathead gudgeon. Results in regard to
spawning seasons are consistent with previous studies in this region (Meredith and Conallin 2006; Leigh et
al. 2008), and the Barmah-Millewa region in the mid Murray of western Victoria (King et al. 2007). For further
discussion of individual species spawning patterns and classifications of life history styles within South
Australia, see Cheshire and Ye (2008a). There were two distinct responses exhibited by fish, the smallmedium bodied species had an increased abundance in the low discharge year and the large bodied native
species had higher diversity and abundance in the increased discharge year. These results support the life
cycle styles previously defined for Murray-Darling Basin fish species (Humphries et al. 1999). The sampling
season was targeted at native species, given the exotic species spawn earlier, only the end of the spawning
season was sampled. Therefore, it is not reasonable to draw strong conclusions for the exotic species.
Studies aimed specifically at collecting information on these species will be needed in future research.
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5.4.3 Inter-annual variation
The species composition in 2005/06 was characterised by greater presence of common carp, Murray cod,
freshwater catfish, golden perch and silver perch. During 2006/07 the assemblage was characterised by an
increased presence of hardyhead, bony herring, redfin perch and Australian smelt. There was significant
inter-annual variation in total abundance and assemblage composition between 2005/06 and 2006/07. The
differences in both total abundance and assemblage composition were most strongly driven by the smallmedium bodied native species (Australian smelt, bony herring, carp gudgeon, flathead gudgeon and
hardyhead), which were all collected in much higher abundances during the low discharge year of 2006/07.
Other species identified as contributors to difference in assemblage composition between years were
common carp, redfin perch, freshwater catfish and golden perch, however, these were all minor contributors.
These inter-annual differences are best explained by the spawning strategies encompassed by MurrayDarling Basin fish species. The small-medium bodied native species encompass a wide range of spawning
strategies, including main channel generalists, wetland specialist and low flow specialists, with most species
falling into more than one of these categories (Humphries et al. 1999; King 2002; Growns 2004). These
species can respond well to a variety of hydrological conditions, being able to spawn and recruit under all
discharge conditions (low flows, within channel flow pulses and high flows) and can utilise a variety of
habitats (including main channel, wetlands and anabranches) (Humphries et al. 1999; King 2002; Growns
2004). The results from this study are inline with Humphries et al. (1999) low flow recruitment hypothesis.
This hypothesis suggests that during extended periods of low flow during summer, the smaller volumes of
water concentrate the prey to an extent where the densities are high enough to support the larvae present
for these species (Humphries et al. 1999). The larvae take advantage of this through habitat specialisation
into still, warm and shallow littoral zones and backwaters, where the concentration of food items are likely to
be highest (Humphries et al. 1999). However, there are also potential disadvantages for species spawning
and recruiting under low flow conditions such as decreased water quality, increased predation and increased
competition for resources, which may be reflected in subsequent recruitment into the juvenile/adult
populations (Copp 1992; Humphries et al. 1999). Further studies on growth and recruitment into the juvenile
population are required to determine if lower discharge years are actually beneficial for the small-medium
bodied native species. There are two distinct spawning strategies employed by the large bodied native fish
species (Murray cod, freshwater catfish, golden perch and silver perch) (Humphries et al. 1999). Murray cod
and freshwater catfish will spawn at the same time every year, spawning is initiated through a combination of
circannual rhythms and temperature, they do not require a rise in water discharge (Humphries et al. 1999;
Humphries 2005; Koehn and Harrington 2005; Koehn and Harrington 2006). However, it is believed that an
increase in flow will benefit larval survivorship and subsequent recruitment. Strong year classes have been
associated with years of higher flows and flooding in SA (Ye et al. 2000; Ye and Zampatti 2007). Golden
perch and silver perch are flood/flow cued spawners, and require increases in the discharge rates to initiate
spawning and promote larval survivorship (Humphries et al. 1999; Mallen-Cooper and Stuart 2003; Ye 2005;
Mallen-Cooper and Stuart 2006; King et al. 2009). These species have been documented to spawn under
within channel rises and over bank floods, and withhold spawning if these conditions are not met (Lake 1967;
Reynolds 1983; Rowland 1983; Harris and Gehrke 1994; King et al. 2009)
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5.4.4 Spatial variation
The sampling sites in this study occurred in two distinct geo-morphological zones, the gorge and floodplain
regions, each with different ecological features. The lowland gorge, surrounding site 1, is an incised section
characterised by limestone cliffs, the floodplain is constrained (2-3 km), pool habitats are dominant in the
main channel and majority of off-channel habitats are wetlands, macrophytes are the dominant vegetation in
the main (Walker and Thoms 1993; Young 2001). The floodplain region, surrounding sites 5 and 6, is a wide
floodplain (5-10 km), comprising of a variety of aquatic habitats including pools, anabranch channels,
billabongs, wetlands, and the main channel is characterised by large woody debris (LWD) and macrophytes
(Walker and Thoms 1993; Young 2001).
Spatial variation was detected for total abundance and assemblage composition, although the patterns were
not consistent. Generally, however, site 1 was significantly different from site 5 and/or site 6 during both
2005/06 and 2006/07. This is indicative of differences between the gorge and floodplain regions for the
larval assemblage. For both of these years the abundance of small-medium bodied native larvae in the
assemblage was higher site 1, than sites 5 or 6. In 2005/06, a higher overall presence of the large bodied
species occurred sites 5 and 6, in 2006/07, there were no large bodied species present site 1, despite
Murray cod and freshwater catfish being collected sites 5 and 6, using the same sampling methods and
effort. The absence of collection does not indicate an absence of spawning, it may be that these species
were present in very low numbers, which were not detected by our sampling method. Regardless, the
abundances for larvae of both Murray cod and freshwater catfish were low in all years at all sites, which is of
major concern.

Further research and monitoring is required to continue to assess these species and

recruitment studies may help to highlight any changes in abundance over the years. These differences in
patterns and abundance are most likely due to differences in habitat characteristics in the regions. The
gorge area has a higher number of adjacent wetlands than the floodplain region, which may account for the
higher abundances of small-medium bodied species in this region, which are able to exploit, not only the low
discharge conditions, but also the wetlands and main channel environments. The floodplain section is a
more suitable habitat for the large bodied species, with many off channel habitats such as anabranches, and
has a higher degree of structural complexity within the main channel.

5.4.5 Linking larval assemblages to environmental variables
Analysis of the environmental variables with inter-annual and spatial differences in the entire larval
assemblage indicated temperature, surface pH, discharge and dissolved oxygen @ 3 m, and also as the
best combination of correlating variables. Water level, flow, EC and turbidity correlate to the patterns of
separation between years; while temperature, pH and DO are likely related to within seasonal variations.
MDB fish species have a minimum temperature threshold above which spawning occurs. In general
temperatures above 15 °C are suitable for most species although optimum temperatures are approximately
21 °C (see Chapter 1). Water temperature was within the required range for spawning and survivorship at
the commencement of sampling and, despite being identified as a driving factor in analyses, did not differ
substantially between years or sites. It may be that small differences existed between years and/or sites in
the patterns of temperature increase for the regions and this may be influencing the assemblage structure.
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There is very little information available for dissolved oxygen tolerances and adaptations for the fish species
sampled during this study. Adults of Australian smelt, carp gudgeon, common carp and redfin perch have
been documented to exhibit aquatic surface respiration as a response to low dissolved oxygen (McNeil and
Closs 2007). However, further research into the tolerances and responses of larval stages for Australian
native fish species is required before conclusions can be drawn on the effects of dissolved oxygen on
assemblage structure. Dissolved oxygen @ 3 m stayed above the desirable range (greater than 5 ppm),
however, in the later trips in 2006/07 the dissolved oxygen was low, but did not become hypoxic (< 2.8 ppm)
at any time. The values of dissolved oxygen @ 3 m consistently differed between the gorge and floodplain
regions, although no distinct pattern could be identified.
pH @ 0.2 and 3 m demonstrated inter-annual and spatial variation, although no distinct pattern could be
identified. The desirable pH range for fish is between 6.5 and 9, at pH lower than 6.5 sub-lethal effects, such
a decreased reproduction and growth may take effect (Boyd 1990). pH dropped below this desirable range
sites 5 and 6 in December 2005, and at various points throughout 2006/07 for all sites. This may have had
implications for survival of larvae and spawning of adults, however, there is no information available on the
pH tolerances of MDB fish (see Chapter 1), given further research is required before any solid conclusions
can be drawn.
Change in discharge is not believed to induce spawning in wild populations of freshwater catfish (Lake 1967;
Davis 1977)or Murray cod (King et al. 2003; Humphries 2005; Koehn and Harrington 2006; King et al. 2009),
as they have been shown to spawn in all years independent of flow. The collection of freshwater catfish and
Murray cod larvae in both years suggests the increased discharge had little effect on spawning, however, the
lower abundances suggest there is a potential influence on larval survivorship or dispersal. Golden perch
and silver perch larvae have rarely been collected in the field studies, and thus, most of the information
available is from experimental studies (Lake 1967; Reynolds 1983; Rowland 1983; Harris and Gehrke 1994),
although see King at al. (2009; 2010). Both species are believed to be stimulated to spawn by flooding (Lake
1967; Reynolds 1983; Rowland 1983; Harris and Gehrke 1994) as prescribed by the flood recruitment model
(Harris and Gehrke 1994). Given the results of more recent studies, the factors that drive spawning and
larval survivorship are as yet uncertain (Mallen-Cooper and Stuart 2003; Gilligan and Schiller 2004; King et
al. 2005; Mallen-Cooper and Stuart 2006; King et al. 2009; King et al. 2010). Mallen-Cooper and Stuart
(2003) identified that in the middle reaches of the Murray, both golden perch and silver perch had strong year
classes associated with moderately variable within channel flows, with less recruitment during years of over
bank floods. Despite this, adult stock assessments have indicated that golden perch have very strong year
classes associated with years of high discharge and flooding in SA (Ye 2005). The results from this study
suggest that a within channel flow pulse is sufficient to induce spawning and promote larval survivorship for
golden perch and silver perch, this is further supported as these fish have since been documented to be
recruiting into the juvenile population (Ye et al. 2008).
There is a paucity of information on the influences of turbidity on MDB fish species, only general information
from aquaculture studies is available (see Chapter 1). Depending on the nature of the suspended particles
in the water, turbidity can be both beneficial and detrimental to fish (Boyd 1990). Turbidity as a result of
plankton is desirable as this indicates a high level of primary productivity and an abundance of food for
developing larvae.

Turbidity caused through humic substances, while not directly harmful to fish, can
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influence other factors such as acidity, low nutrient levels and limiting primary productivity due to low light
levels. Clay based turbidity can cause significant detrimental effects and at very high levels can be lethal. An
inter-annual variation in turbidity was observed, 2005/06 had minimally higher turbidities correlating with the
increase in discharge. However, determining the nature of the suspended particles was beyond the scope of
this project and furthermore, the influence of turbidity on early life stages of MDB fish requires further
research.
Salinity differed between years, but was not identified as a contributing factor in the analyses. This is most
likely due to the low salinities observed in the field (less than 0.25 ppt), which was well below the thresholds
set for survival for adult and larval stages (Chapters 2 and 3) and development of eggs for most Lower River
Murray species (Chapter 4). However, previous research suggests that the salinity observed at site 1 in
2006/07 may have significant implications for Murray cod larvae. Murray cod larvae were not collected site 1
in 2006/07, maximum salinities in this region reached 0.25 ppt (446 μS/cm) in late October of 2006/07. Yolksac Murray cod have been documented to have a very low salinity tolerance, Chotipuntu (2003) suggested
that at salinities above 0.25 ppt yolk-sac larvae of Murray cod had increased rates of mortality, with all larvae
having died by the end of the yolk-sac period. However, larvae were not fed in this study as it was defined
that the yolk-sac stage did not indicate a critical requirement for food. Contrastingly, King (2005) sampling
wild Murray cod larvae found that 60% of yolk-sac larvae had food in their guts, indicating an over lap
between yolk-sac absorption and the time of first feeding. This may account for the death of specimens in
higher salinities, as it is possible the increased stress occurring as a result of a greater need to osmoregulate
will have higher energetic demands, thus the yolk-sac may be exhausted early in order to maintain survival.
Relating this to wild populations suggests that there may be a significant relationship between salinity and
food availability. Wherein, moderately saline environments may provide a substantial risk to Murray cod
larvae if there is not a readily abundant food source to help combat increased energetic demands. However,
further study into the relationship between salinity tolerances, energetics and food availability is critical to
understanding how this affects the distribution of Murray cod larvae in mildly saline waters before defined
conclusions can be drawn. Further research is required and continued monitoring is needed to assess the
reduction in collection of these species, it may be that they occurred in such low numbers that sampling was
unable to detect their presence, which still suggests that environmental changes may be having a negative
impact.
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CONCLUSIONS

Australian native fish have been demonstrated to exhibit a variety of recruitment models, both the flood
recruitment model (Harris and Gehrke 1994) and the low flow recruitment hypothesis (Humphries et al. 1999)
are applicable. Inter-annual variations in larval assemblages were most likely driven by differences in
hydrology between the years. This study has demonstrated that the spawning and life cycles styles
suggested by Humphries et al. (1999) represent the most applicable model for the fish community in the
heavily regulated, Lower River Murray, SA. Furthermore, this study has demonstrated that flow pulses
(Puckridge et al. 1998) are also sufficient to induce spawning and benefit larval survivorship in these
previously defined flood cued species.

Given the role of hydrology in native fish spawning, extensive

modifications that have occurred throughout the MDB as a result of river regulation, have had significant
consequences for spawning and larval survivorship of native species. Spatial variation occurred between the
gorge and floodplain regions. Higher abundances of small-medium bodied species occurred in the gorge
region, which is most likely a result of more access to suitable spawning and recruitment habitats
surrounding this region.
The recorded water qualities (temperature, salinity, dissolved oxygen, pH and turbidity) values within the
main channel of the River Murray in South Australia were generally within the acceptable range and were
unlikely to have had a major effect on structuring the larval assemblages. pH was the only variable that
dropped below the acceptable range, however, due to a paucity of information on the influence of this on
MDB fish species, further research is need before the implications of this can be properly understood.
Salinity in the gorge region may have negative implications for yolk-sac Murray cod larvae further research is
required into possible contributing factors, such as energetic requirements and food availability. Furthermore,
with the decrease in discharge, salinity and pH increased and dissolved oxygen decreased, the relationship
this has to the decline in large bodied native species warrants further investigation.
The water management of the Lower River Murray requires serious consideration. Whilst the small-medium
bodied species increased in abundance under lower discharge rates, the large bodied native species should
be of greatest concern. Increased discharge volume has been shown to promote spawning of golden perch
and silver perch. An overall water management strategy is required to maintain suitable water discharge
rates, lower salinities and induce better overall water quality to provide our large bodied native species with
more suitable conditions for spawning and larval survival.
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RECOMMENDATIONS FOR FUTURE RESEARCH
•

Continued monitoring of the larval assemblages during drought conditions and the lowering of water
level site 1 is required, as this will allow for an increased understanding of the potential impacts.

•

Continued monitoring site 1 is required to determine if the absence of Murray cod and freshwater
catfish larvae in 2006 and 2007 is an ongoing problem, or an artefact of sampling.

•

Determination of salinity tolerance in relation to prey availability for Murray cod larvae will help to
determine if the increased salinity site 1 is having a negative impact on the larval survivorship in this
region.

•

More comprehensive understanding of the influence of pH and dissolved oxygen on early life history
stages of MDB fish species is required to better understand the potential implications of decreased
values in low discharge years.

•

The increase in larvae in years with low flows suggests these species benefit from low flow
conditions, however, this needs to be confirmed in the adult population. Recruitment studies for the
small-medium bodied native species looking at age structures and identifying years with strong
recruitment would yield significant benefit in determining the effect of ongoing low flows on the
recruitment of small-medium bodied native species

•

Recruitment studies need to be conducted to determine the outcome on not only for spawning but
also survival of larvae in years of differing hydrology and water qualities.
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ABSTRACT
The relationship between zooplankton and fish larvae is critical for larval survivorship and subsequent
recruitment. Mortality during the early life stage of fishes is high and is often attributed to the densities and
distribution of zooplankton as potential prey items. This chapter firstly, describes and compares spatial and
temporal patterns in larval and zooplankton assemblages with reference to environmental variables;
secondly, to determine if associations between the larval and zooplanktons assemblages could be identified.
There were significant spatial and temporal variations identified for both the larval and zooplankton
assemblages. Larval fish assemblages were comprised of small-medium and large bodied native species
and exotic species; although the small-medium bodied native species dominated the catch. Temporal
changes in the assemblage composition were identified between the early, mid and late seasons. These
temporal changes in the larval assemblage were most strongly correlated to changes in temperature.
Zooplankton assemblages were dominated by families from phylum Rotifera throughout the study, and the
total densities of zooplankton l-1 were generally within the acceptable range for survival of larvae. The
composition of the zooplankton assemblage appears to have been sufficient to support survival and growth
of the larval assemblages, suitable prey items were collected comprising adequate size ranges in high
average densities.
The relationship between the zooplankton assemblage and temporal difference in the larval assemblage
identified that the correlating variables were related to turbidity and the densities of particular families,
namely Bosminidae, Chydoridae, Daphniidae (> 1 mm and 1-3 mm), Naididae, Conochilidae, Hexarthridae
Synchaetidae and Lesquereusiidae.
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INTRODUCTION

The early life history of fish is the period from fertilisation, embryonic and larval periods, up to the early
portion of the juvenile stage (Trippel and Chambers 1997). This period is particularly sensitive and is a time
of exceptionally high mortality, often in the order of 90-99 percent (Kelso and Rutherford 1996; Trippel and
Chambers 1997). Mortalities during this time are most commonly attributed to inherited defects, egg quality,
starvation and predation, although environmental variability, such as changing physiochemical conditions
can also have a substantial effect {Houde, 1997 #248;Kelso, 1996 #263;Trippel, 1997 #369}. It has been
suggested that the greatest level of mortality in the life cycle of fish occurs through starvation during the
‘critical period’, which is the first exogenous feeding period following yolk-sac depletion. For larvae to survive
this critical period they must encounter high densities of appropriately sized prey items (Hjort 1914; May
1974).
The ‘match/mismatch hypothesis’ is a widely accepted model developed to explain the relationship between
the timing of occurrence of fish larvae and their prey items (zooplankton) (Cushing 1990). It was developed
for temperate marine systems, where fish spawn during a fixed period, and zooplankton occurrence and
abundance varies with environmental conditions (Cushing 1990).

Cushing (1990) suggested that the

association between larval and zooplankton abundance and occurrence controls larval survivorship and
subsequent recruitment. The match/mismatch hypothesis proposes that larval growth and survivorship relies
upon the degree of temporal overlap between the spawning season and zooplankton occurrence (Figure 6.1)
(Cushing 1990).

In this framework a ‘match’ occurs when the peak abundances of both larvae and

zooplankton overlap, thus resulting in a strong recruitment year (Figure 6.1a). In a ‘mismatch’ the larval
spawning season does not overlap with the peak abundance of zooplankton, resulting in a poor recruitment
year (Figure 6.1b).

Figure 6.1. The match/mismatch hypothesis (adapted from Cushing 1990), where (a) is the match
scenario and (b) is the mismatch scenario. The production of eggs, larvae and prey (zooplanktons)
are shown as distributions in time.

Models of recruitment variability in fishes typically assume the most limiting factor during early life history is
food availability, and that other aspects such as growth and predator avoidance are consequently linked to
prey resources (Cushing 1990; Jobling 1995; Houde 1997). Consequently, many studies suggest that the
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rate of larval growth, survival and recruitment, is similarly linked to the availability of prey, and this
relationship has formed the basis for many of the fish recruitment models currently in use. In floodplain river
systems the most widely accepted model is the ‘flood pulse concept’ (FPC) (Junk et al. 1989), which
describes the production of animal biomass in unaltered large floodplain river systems, by proposing that the
bulk of this biomass is derived directly or indirectly from production within the floodplain (Junk et al. 1989).
Thus, the flux of nutrient occurs horizontally which is considered more suitable for large floodplain rivers,
rather than solely longitudinally as proposed in one of the other widely accepted models the ‘river continuum
concept’ (Vannote et al. 1980).
Two models have been developed for Australian floodplain rivers through observations and studies
conducted in the Murray-Darling Basin; the ‘flood recruitment model’ (FRM; Harris and Gehrke 1994) and the
‘low flow recruitment hypothesis’ (LFRH; Humphries et al. 1999). The FRM proposes that flooding cycles are
the driving force enhancing fish recruitment; high flows in spring or summer inundate floodplains, resulting in
abundant food and habitat for larvae (consistent with FPC) (Harris and Gehrke 1994). The main assumption
is that the main river channel does not support sufficient densities of prey, and the inundated floodplain does
(Lake 1967a; Rowland 1992; Harris and Gehrke 1994).

The LFRH emphasises the importance of

recruitment during within channel flows for particular species (Humphries et al. 1999). The hypothesis is
based on the theory that during extended periods of low flow during summer, prey are concentrated to an
extent where the densities are high enough to support the larvae present for these species (Humphries et al.
1999). The larvae take advantage of this through habitat specialisation into still, warm and shallow littoral
zones and backwaters, where the concentration of food items are likely to be highest (Humphries et al.
1999).
Zooplankton assemblages in the Lower River Murray are commonly comprised of micro-crustaceans,
rotifers, and the early developmental stages of macro invertebrates chironomids and trichopterans (Shiel et
al. 1982). While flow variability is believed to be the principal contributing factor to the composition of
zooplankton assemblages in the Lower River Murray, temperature salinity and turbidity are suggested to be
important for seasonal successions (Shiel et al. 1982). Studies on pelagic zooplankton in the main channel
of the Lower River Murray have reported relatively low densities (<150 individuals per litre) (Shiel et al. 1982;
Shiel 1985). However, King (2004) identified that in the main channel of the upper Murray River, the
epibenthic zone supports high densities (>1000 individuals per litre). Prey densities required to support
larval fish from the Lower River Murray are unknown, however, 500 individuals per litre is commonly used as
a critical density in aquaculture environments (King 2004). Further research is needed into the required
densities of prey for development of freshwater larval fish in lowland Australian rivers.
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6.1.1 Objectives
This study reports on the spatial and temporal patterns in larval and zooplankton assemblages with
reference to environmental variables. Secondly, associations between the larval and zooplanktons
assemblages were investigated. The objectives for this component of the study were to:
•

Describe and compare spatial and temporal patterns in larval and zooplankton assemblages at
Locks 1, 5 and 6, in the Lower River Murray, SA.

•

Determine the potential linkages between the environmental parameters (hydrology, salinity and
water quality) and spatial and/or temporal differences in zooplankton assemblage structure.

•

Compare associations larval fish assemblage with the combined effect of zooplankton assemblages
and environmental variables.

6.2

MATERIALS AND METHODS

6.2.1 Study sites
See Chapter 2 for a detailed site description. Sampling was conducted at three sites, the gorge section
downstream of Lock 1 (34°21.138’ S, 139°37.061’ E), and the floodplain section downstream of Lock 5
(34°13.246’ S, 140°45.0909’ E) and Lock 6 (33°59.725’ S, 140°53.152) (Figure 5.1).

6.2.2 Sampling trips
Larval fish and zooplankton sampling was conducted during the spring/summer 2006/07. This sampling
period was selected based on the peak spawning season and larval abundances within the river system as
identified by Humphries et al. (2002) and Meredith et al. (2002). Sampling consisted of eight trips conducted
from September through to February. Each site was sampled once during the day and at night, of the same
day, and all three sites were sampled within a four-day period.
Table 6.1. Sampling trips and dates used in the analyses and graphs.
Trip Number

Sampling week

Date used in
analyses/graphs

1

25-29 / Sept / 2006

28-Sep

2

09-13 / Oct / 2006

11-Oct

3

23-27 / Oct / 2006

24-Oct

5

20-24 / Nov / 2006

24-Nov

6

04-08 / Dec / 2006

07-Dec

7

18-22 / Dec / 2006

21-Dec

8

22-26 / Jan / 2007

25-Jan

9

19-23 / Feb / 2007

21-Feb
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6.2.3 Collection and processing of larvae and zooplankton
Larval fish sampling utilised a combination of day and night plankton tows and light traps for collection of
samples. See chapter 2 for a detailed discussion of methods. All larvae were identified to species level,
where possible, using published descriptions (Lake 1967b; Puckridge and Walker 1990; Neira et al. 1998;
Serafini and Humphries 2004), with the exception of carp gudgeons (Hypseleotris spp.) and hardyheads
(Craterocephalus spp.).

Each of these two genera was treated as a species complex due to close

phylogenetic relationships and very similar morphologies (Bertozzi et al. 2000; Serafini and Humphries
2004). Due to inherent differences in collection efficiency for each method, larval abundance was presented
as the integrated catch index (ICI), where each replicate ICI was the sum of the standardised counts for one
light trap, one day plankton tow and one night plankton tow (Cheshire unpublished data). This provided
three replicate ICI’s for each site during each trip; these replicates were used for all statistical analysis and
means and standard errors for the ICI were calculated for graphical representation.
Zooplankton sampling was conducted using a four litre schindler trap (Schindler 1969) in the pelagic zone.
Schindler trap samples were conducted below the surface at 0.20 m, 2 m and 4 m, resulting in three day
samples and three night samples, per site for each trip. The water was sieved through 35 μm mesh, washed
into a storage jar, using filtered water, and preserved using 95% ethanol in situ for analysis in the laboratory.
Zooplankton trap samples were decanted into a 200 ml glass measuring cylinder, the bottle flushed with 70%
EtOH to remove adhering plankters, sample volume was measured and recorded. The cylinder was capped
with Parafilm®, inverted three times to distribute the contents evenly, and a 1 ml Gilson ‘pipetman’ auto
pipette used to extract a 1 ml aliquot from the centre of the agitated volume. This 1 ml aliquot was run into a
Graticules (UK) Sedgewick-Rafter (S-R) counting chamber, and the contents enumerated and identified on
an Olympus BH-2 compound microscope under Nomarski optics. Species were identified using keys in Shiel
(1995) and references therein. The total count of plankters in 1 ml was multiplied by the number of millilitres
in the original sample volume to provide an estimate of density in the four-litre trap volume. The accuracy of
this method had previously been established to be ±2% by taking triplicate aliquots and calculating standard
deviation (SD) and standard error (SE).
Zooplankton count data was standardised to estimated density per litre. Zooplankton data were analysed at
the family level, the catch per unit effort (CPUE) was defined as number of zooplankton collected per litre of
water using one day and one night sample. Calculation was made using standardised data, providing three
replicates of CPUE for each site and each trip.

6.2.4 Measurement of environmental parameters
On each sampling trip values for dissolved oxygen (mg/L) and pH) were recorded at 0.2 and 3 m below the
surface using a TDS water quality meter. Turbidity was also determined using a secchi disc during the day at
each site for each sampling event. Data for discharge (ML per day), water level (mAHD, Level relative to
Australian Height Datum), water temperature (°C), conductivity (μS/cm @ 25 °C) were obtained for all sites,
throughout the entire season from the Department for Water, Land and Biodiversity Conservation,
Knowledge and Information Divisions, Surface Water Archive (http://e-nrims.dwlbc.sa.gov.au/swa/).
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6.2.5 Data analysis
Prior to analysis the larval assemblage data was fourth-root transformed, and the zooplankton assemblage
data were square-root transformed to prevent highly abundant species from influencing the similarity
measure (Clarke 1993). Both larval and zooplankton assemblage data were examined using Bray-Curtis
similarity measures (Bray and Curtis 1957).
Larval and zooplankton data were analysed using permutational analysis of variance (Anderson 2001). A
two-way analysis was used to detect any differences for ‘site’ and ‘trip’ both were treated as random factors.
Larval assemblage composition was analysed using a two-way multivariate design, which included all
species. Unrestricted permutations of data were performed, with 999 permutations done for the test, to
detect differences at α=0.05 (Anderson 2001). Where significant differences were detected pairwise analysis
was performed to determine which sites and or trips differed. Non-metric multidimensional scaling (NMDS)
ordination was used to visualise the temporal and/or spatial patterns. Species (larvae) and family
(zooplankton) vectors were added onto the two-dimensional MDS plots in order to identify contributors to
patterns, using a spearman rank correlation with a 0.3 R2 cut-off.

6.2.6 Linking larval and zooplankton assemblage with environmental parameters
To determine which environmental variables influenced the larval and zooplankton assemblages, daily
values for the environmental parameters were selected to generate a set of three replicates for each site and
trip. The routine BIO-ENV (Clarke and Warwick 1998) was used for this correlation analysis for temporal and
spatial variation. The rank similarity matrices (Bray-Curtis similarity for larval and zooplankton assemblages
and normalised Euclidean distance for environmental parameters) were compared using the Spearman rank
correlation. The rank correlation coefficient (ρs) lies between -1 and +1, corresponding to the cases where
the zooplankton assemblage and environmental patterns are in complete opposition or complete agreement
(Clarke and Ainsworth 1993).

6.2.7 Linking

larval

fish

assemblages

with

zooplankton

abundances

and

environmental parameters
An extension of the BIO-ENV approach is to include combinations other than environmental variables in an
effort to best explain the difference in assemblage structure (Clarke and Warwick 1998). Environmental
variables and zooplankton assemblages (including density of individual family groups, total density/L, total
family diversity) were combined and the potential correlation to observed differences in larval assemblage
were analysed using the routine BVSTEP (PRIMER). The rank similarity matrices (Bray-Curtis similarity for
larval assemblages and Euclidean distance for the combined dataset of zooplankton assemblage and
environmental parameters) were compared using the stepwise selection. The rank correlation coefficient (ρ)
lies between -1 and +1, corresponding to the cases where the larval fish assemblage and
zooplankton/environmental variable patterns are in complete opposition or complete agreement (Clarke and
Ainsworth 1993).

165

Ye et al. 2010

6.3

SARDI, Aquatic Sciences

Cheshire and Ye

RESULTS

6.3.1 Larval fish assemblage
6.3.1.1 Assemblage composition
Catch rates downstream of Lock 1 were greater than those downstream of Lock 5 or 6 (Table 6.2). During
2006/07 43,230 fish larvae were collected, with percentage catch downstream of Locks 1, 5 and 6
accounting for 56.63 %, 18.32% and 25.05% respectively (Table 6.2).
Nine species were collected throughout the study, comprising of seven native and two exotic (Table 6.2).
The small-medium bodied native species, Australian smelt, carp gudgeon, flathead gudgeon, and bony
herring, were the most abundant and dominated the larval catch (Table 6.2). Species richness was greater
downstream of Locks 5 and 6 due to the presence of freshwater catfish and Murray cod larvae (Table 6.2).
Table 6.2. Total number of fish larvae collected downstream of Locks 1, 5 and 6 during 2006/07. Data
is presented as total catch combining both light traps and plankton tows.
Species

D/S Lock 1

D/S Lock 5

D/S Lock 6

Total

Common name

Scientific name

2006/07

2006/07

2006/07

2006/07

Australian smelt

Retropinna semoni

12,124

4,575

6,508

23,207

Bony herring

Nematalosa erebi

3,031

1,087

1,508

5,626

Carp gudgeon

Hypseleotris spp

3,927

702

1,185

5,814

Flathead gudgeon

Philypnodon grandiceps

5,381

1,450

1,470

8,301

Hardyhead

Craterocephalus spp

9

93

81

183

Murray cod

Maccullochella peelii peelii

0

1

5

6

Freshwater catfish

Tandanus tandanus

0

1

5

6

Carp

Cyprinus carpio

6

0

8

14

Redfin perch

Perca fluviatilis

4

9

60

73

Total

24,482

7,918

10,830

43,230

Yearly % catch

56.63

18.32

25.05
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6.3.1.2 Spatial and temporal variation
Significant spatial and seasonal variation in assemblage composition was identified; however, as indicated
by the significant site-trip interaction, the patterns of seasonal differences were not consistent among sites
(Table 6.3, Figure 6.2a & b). The assemblage downstream of Lock 1 differed from that of Locks 5 and 6,
which were not significantly different to one another (Figure 6.2a). The seasonal variation suggested that
trips from early season (1-3), mid season (5-6) and late season (7-9) generally differed from one another,
although this was not consistent between all sites (Figure 6.2b).
Table 6.3. Two-way multivariate PERMANOVA for the assemblage composition (4th root transformed
ICI data), among site and trip. Bold text indicates significant value.
Source of variation

df

MS

p

Site

2

1780.3

0.005

Trip

8

5968.9

0.001

Site x Trip

18

394.3

0.013

Residual

54

227.7
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(a)

(b)

Figure 6.2. NMS ordination of larval fish assemblages (stress 0.12), for a) sites ( Lock 1,
Lock 6) and

(b) trips (

1,

2,

3,

4,

5,

6,

7,

8).

Lock 5,

Correlations with species and

environmental variables are overlaid; vectors indicate the strength of the correlation with axes.
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6.3.2 Zooplankton assemblage
6.3.2.1 Assemblage composition
In total, 40 family groups, consisting of 8 classes, were collected from all sites during the study, with Rotifera
being the most dominant group overall (Table 6.4). Downstream of Lock 1 Rotifera accounted for a total of
69.66% of total zooplankton assemblage with the dominant families being Brachionidae (27.62%) and
Synchaetidae (22.42%), the next most dominant family was the Difflugiidae (Rhizopodea) contributing
16.09% (Figure 6.3). Rotifera contributed 78.84% downstream of Lock 5, with dominant families including
Synchaetidae (34.95%), Brachionidae (17.54%) and Trochosphaeridae (8.18%) (Figure 6.3).

A similar

pattern was seen downstream of Lock 6, with Rotifera accounting for 75.57% of the total assemblage,
dominant families were Synchaetidae (25.86%), Conochilidae (14.03%) and Brachionidae (11.84%) (Figure
6.3).
The assemblage was dominated by a very small size class (<1 mm), accounting for a total of 98.36%,
99.24% and 99.17%, downstream of Locks 1, 5 and 6, respectively. The next size range was the 1- 3 mm,
which downstream of Locks 1, 5 and 6, contributed 1.64%, 0.70% and 0.83%, respectively. The > 3 mm
class (macroinvertebrates) were only recorded downstream of Lock 5 and accounted for 0.06% of total
zooplankton catch.
Densities of zooplankton per litre changed throughout the study, higher densities were recorded for all sites
in the later trips (Table 6.5).

Downstream of Lock 1, average densities ranged from 119.3 to 2,058.8

-1

zooplankton l , similarly, downstream of Lock 5 average density ranged from 193.5 to 1241.2 zooplankton l1

.

Whilst minimum average densities downstream of Lock 6 were higher (342.6 zooplankton l-1), the

maximum average was lower (806.3 zooplankton l-1) (Table 6.5).
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Table 6.4. Estimated density l-1 for zooplankton collected downstream of Locks 1, 5 and 6 during
2006/07.
Phylum/ Sub phylum

Size
class
(mm)

D/S
Lock 1

D/S
Lock 5

D/S
Lock 6

Bosminidae

<1

958.5

1,746.5

2,708.3

Chydoridae

<1

0.0

27.5

0.0

Daphniidae

<1

29.3

57.8

0.0

Ilyocryptidae

<1

0.0

0.0

28.5

Moinidae

<1

184.3

28.5

25.8

Class

Order

Family

Cladocera

Anomopoda

Arthropoda
Crustacea

Cladocera

Anomopoda

Daphniidae

1-3

145.8

118.5

113.8

Copepoda

Calanoida

Centropagidae

<1

2,719.8

3,393.0

3,484.3

Cyclopoida

Cyclopidae

<1

341.0

818.0

627.8

Copepoda
Macroinvertebr
ates
Ostracoda

Calanoida

Centropagidae

1-3

989.3

254.5

260.0

Tubificoidea

Naididae

<3

0.0

32.0

0.0

Ostracoda

Ostracod

<1

0.0

50.5

56.5

Ciliatea

Ciliophora

Colepidae

<1

0.0

0.0

28.8

Euplotida

Euplotidae

<1

29.3

0.0

0.0

Haptorida

Didiniidae

<1

29.5

0.0

0.0

Heterotrichida

Stentoridae

<1

28.8

0.0

0.0

Peritrichida

Epistylidae

<1

666.5

1,045.5

453.8

Vorticellidae

<1

1,604.3

976.8

1,251.0

Tracheliidae

<1

1,831.8

200.5

85.8

Arcellidae

<1

0.0

27.3

0.0

Centropyxidae

<1

173.5

317.8

149.8

Protozoa
Ciliophora

Sarcomastigophora

Rhizopodea

Rhabdophorin
a
Rhizopoda

Cyphoderiidae

<1

112.0

0.0

114.0

Difflugiidae

<1

11,149.5

2,142.8

1,485.0

Euglyphidae

<1

0.0

0.0

29.8

Lesquereusiidae

<1

28.3

0.0

54.3

Rhizopoda

<1

0.0

0.0

29.3

Dinophycea

Dinophyta

Ceratiaceae

<1

0.0

29.5

0.0

Eurotatoria

Bdelloidea

Habrotrochidae

<1

28.3

0.0

0.0

Philodinidae

<1

79.8

170.3

102.5

Conochilidae

<1

710.0

2,862.5

6,308.3

Flosculariidae

<1

25.0

0.0

0.0

Hexarthridae

<1

2,349.5

1,894.3

996.5

Testudinellidae

<1

30.3

132.0

0.0

Trochosphaeridae

<1

4,074.0

4,355.0

4,199.5

Asplanchnidae

<1

114.3

271.0

1,577.0

Brachionidae

<1

19,134.0

9,340.3

5,327.0

Dicranophoridae

<1

0.0

0.0

26.5

Epiphanidae

<1

783.8

329.5

360.3

Gastropodidae

<1

135.0

25.8

0.0

Lecanidae

<1

49.8

53.0

24.5

Mytilinidae

<1

0.0

0.0

51.3

Notommatidae

<1

15,530.0

18,607.0

11,630.8

Synchaetidae
Indet. Contr.
rotifer

<1

5,104.3

3,707.3

3,280.0

<1

110.8

223.8

107.5

69,279.5

53,238.3

44,977.5

Rotifera

Monogononta

Flosculariacea

Ploima

Unknown

Total

170

Ciliate
a

oda

contributing less that 0.1% were excluded.
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Table 6.5. Average densities of zooplankton l-1 recorded during each trip at sites downstream of
Locks 1, 5 and 6 in the River Murray, SA.
Trip #

D/S Lock 1

D/S Lock 5

D/S Lock 6

1

119.3

480.8

430.5

2

145.6

193.5

342.6

3

265.7

335.6

369.6

5

459.8

322.4

371.3

6

955.8

1,241.2

806.3

7

701.8

753.8

619.5

8

1,237.5

812.4

378.2

9

2,058.8

496.6

376.6

6.3.2.2 Spatial and temporal variation
There were spatial and temporal variation in the zooplankton assemblage, however, there were no
consistent patterns in the differences as indicated by the site-trip interaction (Table 6.6). Spatially the
assemblage downstream of Lock 1 was generally different from Locks 5 and 6. This can be seen in the NMS,
samples from downstream of Lock 1 have a much broader dispersion, while those from downstream of Locks
5 and 6 group more closely together and have less within site variation (Figure 6.4a). There were significant
differences between trips for all sites although there was no distinct pattern. A visual progression from trip
one through to trip nine, however, indicates that seasonal differences followed a stronger pattern than spatial
differences (Figure 6.4b).

Table 6.6. Two-way univariate PERMANOVA for zooplankton assemblage among sites and trips.
Bold text indicates significant value
Source of variation

df

MS

p

Site

2

4186.40

0.009

Trip

7

4404.90

0.001

Site x Trip

14

1497.20

0.001

Residual

48

454.01
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(a)

(b)

Figure 6.4. NMS ordination of zooplankton assemblages (stress 0.15), for (a) sites (
5,

Lock 6) and (b) trips (

variables (

1,

2,

3,

5,

6,

7,

8,

Lock

9). Correlations environmental

) are overlaid; vectors indicate the strength of the correlation with axes.
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6.3.3 Linkages between larval fish, zooplankton and environmental conditions
There were significant differences in larval fish and zooplankton assemblage composition between sites and
trips although a significant difference was detected these were not consistent, as both had a significant sitetrip interaction. Similar patterns could be identified between both assemblages with samples from Lock 1,
which had more within site variation than downstream of Locks 5 and 6 (Figure 6.2a; Figure 6.4a) and a
progression in the assemblages occurring from early trips to late trips was observed (Figure 6.2b; Figure
6.4b).
Significant correlations between the larval assemblage composition and the environmental variables were
identified (p = 0.01). Temperature was the strongest correlating variable (ρs = 0.748), the addition of other
variables did not increase the strength of the correlation. Significant correlations between the zooplankton
assemblage composition and the environmental variables were also identified (p = 0.01). The strongest
correlation was the combination of temperature, turbidity and water level (ρs = 0.410), the addition of

other variables did not increase the strength of the correlation. Significant linkages were indentified
between the larval fish assemblage and the zooplankton assemblage (p = 0.001), the strongest correlating
families Bosminidae, Chydoridae, Daphniidae (> 1 mm and 1-3 mm), Naididae, Conochilidae, Hexarthridae
Synchaetidae and Lesquereusiidae (ρs = 0.488).
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DISCUSSION

The key assumption of the critical period and match/mismatch hypotheses is that the early life stages must
encounter high abundances of appropriately sized prey to ensure larval survival and successful recruitment
(Hjort 1914; May 1974; Cushing 1990) Larval fish assemblages were comprised of the small-medium bodied
native species, large bodied native species and exotic species. The larval assemblage was dominated by the
highly abundant small-medium bodied native species, including Australian smelt, bony herring, carp
gudgeons and flathead gudgeons. Temporal changes in the assemblage composition were identified
between the early, mid and late seasons. The spawning seasons are in line with those identified for these
species in the Lower River Murray, SA (Cheshire and Ye 2008; Leigh et al. 2008).
Zooplankton assemblages were dominated by families from Rotifera throughout the study, and the total
densities of zooplankton l-1 were generally within the acceptable range for survival of larvae. Zooplankton
assemblages were identified to have both spatial and temporal variation; however, the general patterns were
relatively inconsistent. Low average densities (<150 zooplankton l-1) of zooplankton have previously been
documented in the pelagic environments of the main channel in the upper and Lower River Murray (Shiel et
al. 1982; Shiel 1985; King 2004).

King (2004), identified that the densities of zooplankton within the

epibenthic zone were much higher in the upper Murray River, and that this provided the dominant potential
food source for developing larvae. In this study the pelagic environment of the main channel in the Lower
River Murray supported high densities with average densities ranging to greater than 2000 zooplankton l-1,
while low average abundances occurred these were infrequent.
Dietary associations of Australian smelt, carp gudgeon, flathead gudgeon, Murray cod and common carp
have previously been indentified (Gehrke 1992; Vilizzi 1998; Lieschke and Closs 1999; King 2005;
Kaminskas and Humphries 2009). These species, with the exception of Murray cod, have been documented
to have dietary changes with ontogeny, moving from a diet of mainly smaller prey items (namely rotifers) in
early stages, to include larger prey such as copepods, cladocerans and macroinvertebrates as development
advances (Gehrke 1992; King 2005). Additionally, most of these species have been shown to have a
relationship between mouth gape at feeding and size of the largest prey items (King 2005). Prey densities
required for the survival of larval fish within the Lower Murray are not known, proposed densities within
marine systems range between 100-1000 zooplankton l-1 (May 1974; Bone et al. 1995).

However,

aquaculture studies on Murray cod larvae have suggested that the required density is greater than 250
zooplankton l-1 but is also dependent on the timing of initial feeding (Rowland 1992). The composition of the
zooplankton assemblage recorded in the current study appears to have been sufficient to support survival
and growth of the larval assemblages as suitable prey items were collected comprising adequate size ranges
in high average densities.
The temporal changes in the larval assemblage were most strongly correlated to changes in temperature
and dissolved oxygen. Temperature has been identified as a key spawning driver for all MDB fish, which
accounts for the difference identified in the larval assemblage between trips.

There is a paucity of

information available on the effect of dissolved oxygen and turbidity on spawning and larval survivorship for
MDB species and thus, further research is required before defined conclusions can be drawn on the
relationship between this variable and observed temporal pattern.
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The relationship between zooplankton assemblage and temporal difference in the larval assemblage
identified that the correlating variables were related to turbidity and the densities of particular families,
namely Bosminidae, Chydoridae, Daphniidae (> 1 mm and 1-3 mm), Naididae, Conochilidae, Hexarthridae
Synchaetidae and Lesquereusiidae. The pelagic zooplankton composition in the main river channel was
therefore sufficient to support survival and growth of larvae. However, this study focused on the pelagic
zone of the open river channel and did not sample other main channel habitats (e.g. still littoral zones,
backwaters, inshore bays or embayments). Nor did this study consider microhabitats such as the epibenthic
zone, woody debris or emergent vegetation beds, therefore it is likely that the total zooplankton densities
were significantly underestimated (King 2004). This further suggests that food is unlikely to be a limiting
factor for growth and survival of larval fish in the main river channel of the Lower River Murray.

6.5

CONCLUSIONS

In conclusion this study, although temporally and spatially restricted, has demonstrated that during a

low flow year an abundant prey source does exist in the main river channel in the Lower River
Murray. This suggests the assumption that ‘in the absence of floodplain inundation developing
larvae do not have adequate access to food’ (derived from Junk et al. 1989; Harris and Gehrke 1994;
Schiller and Harris 2001) may not be applicable for Murray-Darling Basin fish in this lowland temperate
system. Furthermore the prey was abundant in the pelagic zone of the open river channel, not

concentrated around/in micro- or meso-habitats. The decline in native fish throughout Australia has
been attributed to the poor survival of early life stages, more so than spawning failure for many
species (Gehrke 1991; Humphries and Lake 2000; Humphries et al. 2002; Koehn and Harrington 2006).
However, this study suggests that food may not be a limiting factor in low flow years, at least for some
species. Given the decline of many species is frequently linked to prolonged low flow conditions,

further research into the growth, habitat associations and competition and predation pressures
during low flow periods are needed for understanding larval fish survival.

6.6

RECOMMENDATIONS FOR FUTURE RESEARCH
•

More comprehensive understanding of the influence of turbidity and dissolved oxygen on early life
history stages of MDB fish species is required.

•

Specific studies on the prey items and dietary preferences of larvae in the South Australian section
of the River Murray are needed, to determine the major prey items for larval fish.

•

Studies into the required densities of prey items for larvae of native fish are required to confirm
densities are within the required range for growth and development.

•

Studies into the impacts of changing water quality on zooplankton communities is required to
determine whether this may have an indirect effect on larval fish growth and survival.

•

Further investigation into the role of floodplain inundation on the composition of zooplankton
assemblages would be beneficial.
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