
  
 
 
 

Fitzroy River Basin 
Effects of Ensham Mine Water 

on Fish 

2008-09 



  page 2 

Fitzroy River Basin 
Effects of Ensham Mine Water on Fish  

2008-09 
 

 

 

 
 

 

 

 
Bill Sawynok and Wendi Parsons 

 Infofish Services PO Box 9793 Frenchville Qld 4701 
 

 

Report to Ensham Resources  

September 2009 

 
 

 

 

 

 

 

Cover photographs:  (Top) Fish sampling using electrofisher in Fitzroy River (Bottom) Catfish caught in 
Tartrus Weir showing symptoms of redness on fins  

Information in this publication is provided as general advice only. For application to specific circumstances, 
professional advice should be sought. 

Infofish Services has taken all steps to ensure the information contained in this publication is accurate at 
the time of publication. Readers should ensure that they make the appropriate enquiries to determine 
whether new information is available on a particular subject matter. 

Report No: IS-2009-07 
 
ã Infofish Services  
All rights reserved.  No part of this publication may be reprinted, reproduced, stored in a retrieval system or 
transmitted, in any form or by any means, without prior permission from Infofish Services. 
 



  page 3 

Table of Contents 

Summary ............................................................................................................................................................ 5 
1. Introduction .......................................................................................................................................... 7 
2. Background ........................................................................................................................................... 7 
3. Fitzroy Basin rivers, weirs and monitoring stations ............................................... 9 
4. River flows and passage of mine-affected water through the Fitzroy 
River system ................................................................................................................................................ 11 
5. Freshwater Fish in the Fitzroy River system ............................................................. 14 
6. Range of possible impacts on fish in Fitzroy River system ............................. 14 
7. Effects of salinity on fish .......................................................................................................... 15 
8. Effects of heavy metals on fish ............................................................................................ 19 
9. Effects of pesticides on fish .................................................................................................... 24 
10. Fish recruitment in the freshwater Fitzroy River system ................................ 25 
11. Fishing activities and catch levels in the freshwater Fitzroy River 
system .............................................................................................................................................................. 26 
12. Review of Biosecurity Australia report on fish ........................................................ 30 
13. River flows and passage of mine-affected water through the Fitzroy 
estuary ............................................................................................................................................................. 31 
14. Possible impacts on fish in the Fitzroy River estuary ......................................... 32 
15. Comments on media articles following the flooding event ............................ 36 
16. Monitoring relating to fish in the Fitzroy River system ..................................... 37 
17. References .......................................................................................................................................... 39 
 

List of Figures  
 

Figure 1: Fitzroy Basin and location of Ensham Mine  ................................................................... 9 
Figure 2: Gauging stations and weirs in the Fitzroy River system  ................................................ 10 
Figure 3: Diagram showing monitoring locations and weirs .......................................................... 11 
Figure 4: Flows in Fitzroy River system from late 2007 to mid 2009 ............................................. 12 
Figure 5: Graph showing release of mine water from Ensham mine .............................................. 12 
Figure 6: Conductivity and storage volumes in weirs from Riley's Crossing to the Fitzroy Barrage from 

September 2008 - January 2009  ...................................................................................... 13 
Figure 7: Movement of tagged Barramundi released into Bedford Weir .......................................... 27 
Figure 8: Movement of tagged Barramundi released into Alligator Creek and Fitzroy River at Laurel 

Bank ............................................................................................................................. 28 
Figure 9: Recaptures of Barramundi stocked above the Fitzroy Barrage following the 2008 flood ...... 28 
Figure 10: Blue Catfish caught at Tartrus Weir with symptoms of redness in fins ............................ 29 
Figure 11: Sum of Barrage gates open showing flow of freshwater to the Fitzroy estuary ................ 31 
Figure 12: Salinity (EC) as measured at the Fitzroy River Water Treatment plant ........................... 32 
Figure 13: CapReef estuary catch rates from winter 2007 to autumn 2009 .................................... 33 
Figure 14: Predictive model of Barramundi recruitment in the Fitzroy River ................................... 34 
Figure 15: Number of Barramundi recruits recorded in the Fitzroy delta (density of dots indicates 

strong recruitment in 2008 and 2009) ............................................................................... 34 
Figure 16: Effort and Catch from the Rocky Barra Bounty fishing competition 1999-2008 ................ 35 
Figure 17: Average sizes of Barramundi tagged in the Rocky Barra Bounty fishing competition 1999-

2008 ............................................................................................................................. 35 
 



  page 4 

List of Tables  
 
Table 1: Fish species recorded in Fitzroy Basin rivers .................................................................. 14 
Table 2: General salinity thresholds for freshwater biota ............................................................. 16 
Table 3: Salinity tolerance of freshwater fishes in the Fitzroy Basin rivers ...................................... 16 
Table 4: Summary of salts in Ensham Mine Pits ......................................................................... 17 
Table 5:  Summary of salts in Bedford Weir .............................................................................. 17 
Table 6:  Summary of salts in Tartrus Weir ............................................................................... 18 
Table 7: Summary of salts in Fitzroy River barrage .................................................................... 18 
Table 8: Summary of heavy metals in the Ensham mine pits ....................................................... 22 
Table 9: Summary of heavy metals in Bedford Weir ................................................................... 22 
Table 10: Summary of heavy metals in Tartrus Weir .................................................................. 23 
Table 11: Summary of heavy metals in Fitzroy Barrage .............................................................. 23 
Table 12: Summary of Polynuclear Aromatic Hydrocarbons at all sites .......................................... 25 
Table 13: Spawning months and larval development times of freshwater fishes in the Fitzroy River 

system .......................................................................................................................... 25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  page 5 

Summary 

The flooding in the Fitzroy River system in January and February 2008 flooded the 
Ensham mine near Emerald. Mine-affected water was discharged from the Ensham 
mine pits into the Nogoa River at Riley’s Crossing from 3 February-9 September 
2008 with a total of 138.3 gigalitres released over that time.  
 
This water progressively made its way down the river system and remained in the 
freshwater rivers above the Fitzroy Barrage until January 2009 when a moderate 
flow pushed the mine-affect water into the Fitzroy estuary and then into Keppel Bay. 
 
Concerns were initially raised on the health effects of this water in Middlemount, 
Blackwater and Bluff and a report was commissioned by the Qld government from 
Professor Barry Hart. This report briefly touched upon the effects of the water on 
fish. 
 
Concerns in relation to fish were initially raised in September 2009 when Catfish 
were caught in Tartrus Weir with symptoms of redness in the fins. This resulted in 
Biosecurity Australia and the then Department of Primary Industries and Fisheries 
collecting samples of fish and having them analysed to determine the cause. The 
report concluded that the redness of the fins was related to stress consistent with 
exposure to elevated levels of metals, particularly Aluminium, Copper, Iron and Zinc.  
 
This finding was consistent with elevated levels of these metals (above ANZECC TTV 
for the protection of species) found in the mine-affected water in the Ensham pits, 
Bedford Weir, Tartrus Weir and the Fitzroy Barrage that were found throughout the 
time the mine-affected water was in the Fitzroy River system. While it is likely that 
the water pumped from Ensham mine contributed to the elevated levels of metals, 
particularly in Bedford Weir, the level of attribution is unclear. There were already 
levels of metals in the water in the Nogoa River and a flow from the Isaacs River in 
late July is likely to have also contributed to the levels in Tartrus Weir and the 
Fitzroy Barrage.  
 
There were no fish deaths reported from the areas where there was mine-affected 
water, during the time when the water was there. The effect on adult fish was likely 
to be sub-lethal and most likely was additional stress on the fish from the elevated 
levels of heavy metals. This is supported by the Biosecurity Australia report  giving 
the health rating of fish as poor to marginal for fish from Tartrus Weir and marginal 
for fish in Bedford Weir.  
 
During the time that the mine-affected water was in the river system, up to 8 fish 
species for which spawning data are available were expected to have, or could have, 
spawned. Some of the other 15 species may have also been affected. The effects of 
the water on spawning and subsequent recruitment are unknown however the 
elevated levels of metals are likely to have had some impact as these metals are 
known to have a range of affects on eggs, larval fish and fry. 
 
There were no data on the level of fishing activity and catch in the freshwater parts 
of the Fitzroy River system so that the effect of the mine-affected water on catches 
is unknown. Barramundi stocked by the Mackenzie River Fish Stocking Association 
were known to have used the flood to migrate downstream to the Fitzroy estuary 
however the fish are likely to have mostly migrated during the flooding as they were 
being caught in the estuary from February 2008. This was prior to the time the 
mine-affected water was in the system. 
 
It is likely that there was some impact on freshwater fish species, especially in 
relation to spawning, eggs, larval fish and fry. The impact would have been greatest 
on those 8 species (and possibly some of the other 15 species) that spawn during 
the time the mine-affected water was in the system and on fish that were in those 
parts of the system. The greatest impact would have been from elevated levels of 
Aluminium, Copper, Iron and Zinc. The longer term impacts are uncertain as most 
metals bioaccumulate and the effect will depend on the level of settlement of metals 
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on the bottom, their downstream distribution by river flow and their entry into the 
food chain.  
 
At the same time as the Catfish were reported in Tartrus Weir there were concerns 
raised by commercial fishers about the lack of fish in the estuary which was widely 
reported in the local media.   
 
Most of the mine-affected water started to enter the Fitzroy estuary in December 
2008. By mid-January there was a moderate flow in the river and the mine water 
passed through the estuary and into Keppel Bay in a matter of days or a week. 
 
Barramundi spawn at the mouth for the Fitzroy River from October to February with 
the majority of spawning occurring from October to December. While the mine-
affected water may have been in the estuary from September–December it was not 
in sufficient quantity to have reached the mouth of the river until the moderate flow 
in mid-January. It is considered that most of the Barramundi spawning activity would 
have been completed prior to the mine-water reaching the spawning area. As 
Barramundi require high salinity for spawning it is not likely that there would have 
been significant spawning after the flow. 
 
CapReef and Suntag have been monitoring Barramundi recruitment in the Fitzroy  
River for over 20 years and have developed a predictive model that relates 
Barramundi recruitment to river flows and coastal rainfall. Monitoring of the levels of 
recruitment for 2008 and 2009 indicate that recruitment was in accordance with 
predictions. 
 
CapReef has also developed a model that links flooding in coastal waterways with 
increased catch rates in estuaries and offshore. While there are insufficient data for 
the Fitzroy River, catch rates for local estuaries rose following the flooding. Offshore 
catch rates for autumn 2009 were the highest since data were collected starting in 
winter 2005. Data on estuary catch rates is only available from winter 2007 and this 
fluctuates naturally throughout the seasons. However the catch rate for autumn 
2009 was the highest in the last 2 years. 
 
It is also likely that there was a good recruitment of King and Blue Threadfin 
following the 2008 flood as numbers of juvenile fish have increased significantly in 
the river in 2009 which is reflected in the increased numbers of these fish are being 
tagged.  
 
Commercial catch? 
 
There does not appear to have been any significant impact on recruitment in the 
estuary, at least for a number of key commercially and recreationally important 
species. The impact on other species is unknown however based on the short time 
the mine-affected water was in the estuary these are not likely to have been 
significant.   
 
Media reports in September 2008 of a dramatic drop in fish catches in the Fitzroy 
River estuary suggesting sodium from mine-affected water in the estuary was the 
cause were unlikely to have been correct. It was unlikely that there was any 
significant amount of mine-affected water in the estuary at that time and catch 
rates, particularly for Barramundi, in accordance with CapReef predictions. These 
were influenced by the season, poor recruitment from 2005-2007 and good 
commercial catches in 2008 after the flooding which meant that stocks were at low 
levels.  
 
A review of the cumulative impacts of mining activities in the Fitzroy River basin 
recognised the potential effects of released water from mines in the basin. That 
report indicated that the greatest risk to water quality was increased salinity levels 
resulting from occasions when mine water is discharged.  
 
The conclusion of this report is that, in relation to fish, that the levels of heavy 
metals are more likely to pose significant long-term cumulative threats. 
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Fitzroy River Basin 
Effects of Ensham Mine Water on Fish 2008-09 

1. Introduction 

This report provides a review of the affects on fish from the discharge of water into the 
Nogoa River following flooding of the Ensham open cut coal mine near Emerald by a 
significant rainfall event in January 2008.  
 
The report addresses the following: 
 

q Predictions of fish recruitment expected in various sections of the 
Nogoa/Mackenzie/Fitzroy River system before the January 2008 flood event 
and the nature and cause of such predictions. 

q Fishing activities and catch levels immediately following the January 2008 flood 
event, including characteristics of catch and fish size. 

q Expected or predicted effects on recruitment following known effects of the 
January 2008 flood events and resulting water quality changes in the 
Nogoa/Mackenzie and Fitzroy River system as a result of these events. 
Comments are to include any influences or factors/outcomes on future fish 
activity and what monitoring may be undertaken to confirm these outcomes. 

q Comments regarding the findings of the Department of Primary Industries and 
Fisheries report, in particular findings in relation to reports of Catfish with pink 
gills and other potential causes of distress to those fish. 

q General summary of comments on all media articles which emerged following 
the flooding events that were referenced to the Ensham Flood Recovery. 

 

2. Background 

In January 2008 there was a significant rainfall event in much of the Bowen Basin 
area of Central Queensland resulting in major local flooding. The town of Emerald on 
the Nogoa River was severely flooded, as were a number of coal mines in the region 
including the Ensham mine 20km east of Emerald. 
 
Following the flooding water from the flooded Ensham mine was discharged into the 
Nogoa River at Riley's Crossing near the junction of the Comet and Nogoa Rivers 
under Discharge Licenses from the then Environmental Protection Agency (EPA). 
From 3 February to 9 September 2008 a total of 138.3 Gigalitres of mine-affected 
water was discharged into the Nogoa River (Hart 2008). 
 
Around August 2008 community concerns and media interests were raised as to the 
poor taste and health effects of drinking water supplied to Blackwater, Bluff and 
Tieri. 
 
This resulted in a number of actions to examine the risks to human health, aquatic 
ecology, agriculture and industry from the release of the mine water from Ensham 
mine. 
 
A report was commissioned by the Queensland Premier which was titled "Review of 
the Fitzroy River Water Quality Issues" by Professor Barry Hart of Water Science Pty 
Ltd and the Water Studies Centre at Monash University. This report was published in 
November 2008 (Hart 2008). 
 
The then EPA initiated a weekly update on "Fitzroy River System Water Quality 
Management" which went from 20 October to 15 December 2008 1. 
 

                                                             
1 Weekly Updates available from the Department of Environment and Resource Management website 
http://www.epa.qld.gov.au/environmental_management/water/fitzroy_river_water_quality   
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The Department of Environment and Resource Management (DERM) produced a 
report in April 2009 titled "A study of the cumulative impacts on water quality of 
mining activities in the Fitzroy River Basin" (DERM 2008). 
 
In September 2008 following reports of Catfish with symptoms of redness on all fins 
at Tartrus Weir Biosecurity Queensland and the then Department of Primary 
Industries and Fisheries, now Queensland Primary Industries and Fisheries (QPIF) 
and part of the Department of Employment, Economic Development and Innovation, 
obtained fish samples which underwent pathology and pesticide testing. A report 
titled "Fitzroy Catchment Fish Sampling and Health Assessment 2008" was published 
in October 2008 (Biosecurity Queensland 2008). 
 
QPIF undertook a second round of sampling in January 2009 and a third round of 
sampling in May 2009. The samples obtained are still being processed and no reports 
on the results are yet available. 
 
The DERM Environmental Flows Assessment Program monitors Golden Perch 
spawning in the Fitzroy River system. Samples were collected from 4 sites (2 
upstream and 2 downstream of the Ensham mine) during the early part of the 
2008/09 wet season and in November-December 2008. No reports are available 
from these samplings. 
 
Following media reports of Mangrove dieback in the Fitzroy River a report titled 
"Investigation of Mangrove Dieback in the Fitzroy River, Rockhampton" was 
produced in October 2008 by R Dowling of the Queensland Herbarium, Environment 
Protection Agency (Dowling 2008). 
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3. Fitzroy Basin rivers, weirs and monitoring stations 

Ensham Mine is located 20km east of Emerald north of the Nogoa River at Riley's 
Crossing as shown in figure 1.  
 

Figure 1: Fitzroy Basin and location of Ensham Mine 2 

 
 
 

                                                             
2 Map courtesy of Department of Environment and Resource Management 
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Figure 2: Gauging stations and weirs in the Fitzroy River system 3 

There are a number of weirs and monitoring stations on the Fitzroy River system as 
shown in figure 2 with a schematic diagram of the monitoring stations in figure 3. 
Those that are relevant to this report are: 
 

q Comet Weir on the Comet River at Comet 
q Riley's Crossing on the Mackenzie River near Comet 
q Bedford Weir on the Mackenzie River near Blackwater 
q Bingegang Weir on the Mackenzie River  
q Yatton on the Isaacs River 

                                                             
3 From Bureau of Meteorology website www.bom.gov.au 
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q Tartrus Weir on the Mackenzie River 
q Coolmaringa on the Mackenzie River 
q Beckers on the Dawson River 
q Riverslea on the Fitzroy River 
q The Gap (Eden Bann Weir) on the Fitzroy River 
q Fitzroy Barrage at Rockhampton 

 

 
Figure 3: Diagram showing monitoring locations and weirs 

4. River flows and passage of mine-affected water through 
the Fitzroy River system 

In order to examine the possible impacts of the mine water on fish it is first 
necessary to understand where the mine water was at any particular time.  
 
Figure 4 shows the flows at various points in the Fitzroy River system from late 2007 
to mid 2009.4 This provides a comparison of the magnitude of flows during the 2008 
flood and subsequent flows.  
 
Figure 5 shows the flow (ML/day) in the Nogoa River5 and the discharge from the 
Ensham mine from 26 February-9 September 20086. A total of 138.3 GL was 
released from the mine into the Nogoa River at Riley's Crossing from 3 February-9 
September 2009 following the flooding of the mine.  
 
The water released from Ensham mine had high levels of salinity that was reflected 
in elevated conductivity measurements. Readings in the mine pits from June- 
September 2008 ranged from 1,120-7,600 µScm-1 (Hart 2008). 
 
Flows in the river, storage levels in weirs and elevated levels of conductivity were 
used to track where the mine water was over time as shown in figure 6. 7 Hart 2008 
provided an overview of the levels of conductivity down the river from Riley's 
Crossing to the Fitzroy Barrage to November 2008 however the mine water was still 
in the system at that time. 
 
The higher salinity level at Eden Bann in early September was from a high flow of 
41GL from the Isaacs/Connors Rivers from 20 July-30 August 2008, which displaced 

                                                             
4 Data from Department of Environment and Resource Management 
5 Data from Department of Environment and Resource Management for Gauging Station 130113A at 
Riley's Crossing 
6 Data from Ensham Resources for discharge from Pits A,B,C and D 
7 Graphs from Department of Environment and Resource Management 
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mine-affected water from Tartrus Weir and water holes in the Mackenzie River and 
pushed this water through to Eden Bann and the Barrage (Hart 2008). 
 
Figure 6 shows the change in salinity along the river over time from September 
2008-January 2009. Overall salinity levels were elevated at Riley's Crossing from 
April-September 2008 and from Bedford Weir to the Fitzroy Barrage from September 
2008-January 2009. By mid-January salinity levels were back to background levels 
at all locations indicating that the mine-affected water had passed to the Fitzroy 
estuary and into Keppel Bay.  
 

 
Figure 4: Flows in Fitzroy River system from late 2007 to mid 2009 

 

 

Figure 5: Graph showing release of mine water from Ensham mine 
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Figure 6: Conductivity and storage volumes in weirs from Riley's Crossing to the Fitzroy 

Barrage from September 2008 - January 2009 8  

                                                             
8 Conductivity and storage volumes supplied by Department of Environment and Resource 
Management 
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5. Freshwater Fish in the Fitzroy River system 

Standard names of fish species (Yearsley, Last and Hoese 2006) that have been 
recorded in the freshwater Fitzroy River system are shown in table 1 (Allen, Midgley 
and Allen 2003; Pusey, Kennard and Arthington 2004). 
 

Table 1: Fish species recorded in Fitzroy Basin rivers 

Standard Name Local Name Scientific Name 
Agassiz's Glassfish Glass Perch Ambassis agassizii 
Barramundi  Lates calcarifer 
Barred Grunter Banded Grunter Amniataba percoides 
Blue Catfish Forktail Catfish Arius graeffei 
Bony Bream  Nematalosa erebi 
Bullrout  Notesthes robusta 
Eastern Rainbowfish  Melanotaenia splendida 

splendida 
Empire Gudgeon  Hypseleotris compressa 
Flyspeckled Hardyhead  Craterocephalus 

stercusmuscarum 
Freshwater Catfish Eeltail Catfish, Dewfish Tandanus tandanus 
Freshwater Longtom  Strongylura krefftii 
Golden Perch Yellowbelly Macquaria ambigua 
Goldfish*  Carassius auratus 
Hyrtl's Catfish  Neosilurus hyrtlii 
Leathery Grunter  Scortum hilli 
Longfin Eel  Anguilla reinhardtii 
Mosquitofish*  Gambusia holbrooki 
Mouth Almighty  Glossamia aprion 
Pacific Blue Eye  Pseudomugil signifer 
Silver Perch  Bidyanus bidyanus 
Sleepy Cod  Oxyeleotris lineolata 
Snubnose Garfish  Arrhamphus sclerolepis 
Southern Purplespotted 
Gudgeon 

Purplespotted Gudgeon Mogurnda adspersa 

Southern Saratoga Spotted Barramundi Scleropages leichhardti 
Spangled Perch  Leiopotherapon unicolor 
Western Carp Gudgeon  Hypseleotris klunzingeri 

* Introduced species 

6. Range of possible impacts on fish in Fitzroy River system 

6.1 Categories of what can effect fish 
 
What effects fish can be categorised as: 
 

q Salinity  
q Toxins 

 
Water quality and salinity effects can be categorised as the effects of elevated levels 
of salts and major ions. Those that were reported on were: 
 

q pH 
q Turbidity 
q Dissolved Oxygen 
q Calcium 
q Chloride 
q Magnesium 
q Potassium 
q Sodium 
q Sulphate 
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Toxins can be categorised as the effects of elevated levels of heavy metals and 
pesticides. Heavy metals that were reported on were: 
 

q Aluminium 
q Arsenic 
q Barium 
q Boron 
q Cadmium 
q Chromium 
q Copper 
q Iron 
q Lead 
q Manganese 
q Mercury 
q Molybdenum 
q Nickel 
q Selenium 
q Silver 
q Uranium 
q Zinc 

 
Pesticides are known to be found in the Fitzroy River system however limited data 
were available on the level of pesticides during the period that the mine water was in 
the river system. Pesticides that have been reported include a range of: 
 

q Organochlorines 
q Organophosphates 
q Synthethic pyrethroids 
q Endosulphates 

 
6.2 Categories of effects on fish 

 
Effects on fish can be categorised as: 
 

q Lethal 
q Sub-lethal 
q Human health issues from eating 

 
Effects of fish can be also be categorised as being on: 
 

q Adult fish and juvenile fish 
q Spawning, survival of eggs and larval fish to fry 

7. Effects of salinity on fish  

7.1  General effects of salinity on fish 
 
Salinity is an analytical measure of the total concentration of anions such as 
sulphate, chloride, carbonate and bicarbonate and cations that include sodium, 
magnesium, potassium and calcium in an aqueous solution. Measurements of salinity 
can vary, due to differing ionic conductivities of various salts and depending on 
which are the principal ions. Salinity tolerance in an organism is its ability to survive 
exposure for an indefinite period. The physiological mechanisms and morphological 
adaptations of fish aid to achieve a stability of salt concentrations in their cells and 
tissues against external pressure from their aquatic environment. 
 
Table 2 provides general salinity thresholds for freshwater biota and the affects on 
adult fish, juvenile fish, eggs and sperm (James, Cant and Ryan 2003). These 
provide some guidance to the levels of tolerance of freshwater species to salinity. 
 
Generally freshwater fish can tolerate salinities up to 19,117µS/cm-1 due to teleost 
fish being able to maintain their internal ionic concentration in the same range 
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(Bacher and Garnham 1992). By comparison sea water is generally in the range of 
50,000-55,000 µScm-1.9  
 
Table 3 provides a summary of salinity tolerances that are lethal (Allen 1982, Allen 
and Cross 1982, Brock and Lane 1983, Bacher and Garnham 1992, Clunie et al 
2002). Lethal concentration (LC) refers to death as the criterion of toxicity. LC50 
refers to the lethal concentration where 50% of the animals are killed. 
 

Table 2: General salinity thresholds for freshwater biota 
 

Taxa Threshold µScm-1 Effect 
Adult fish 13,000 Most are tolerant up to this 

level 
Juvenile fish: pre- 
hardened eggs 

3,000 - 7,300 Adverse effects 

Juvenile fish: growth rate, 
survivorship, sperm 
motility 

6,600 -7,300 Optimal between these 
values 

Table 3: Salinity tolerance of freshwater fishes in the Fitzroy Basin rivers 

Species Direct 
Acute 
LC50 
µScm-1 

Slow 
Chronic 

LC50 
µScm-1 

Early Life 
Stage 
LC50 
µScm-1 

Southern Purplespotted 
Gudgeon 

14,800 17,100  

Eastern Rainbowfish 13,200 
  4,400* 

26,200  25,000 
13,200* 

Freshwater Catfish 13,600 17,800 12,200 
Golden Perch 14,400 31,000 8,270 
Spangled Perch 22,000 35,500 15,000 
Bony Bream 24,600   

 * fry LC50 tolerance 
 
7.2  Effects of salinity on fish in the Fitzroy River system 

To assess the possible effects of salts on fish a summary of the minimum and 
maximum concentrations observed at a number of sites10 and ANZECC trigger values 
were compared and an assessment of the levels was made. 

ANZECC TTV (Toxicity Trigger Values) for slightly-moderately disturbed freshwater 
habitats at the 95% confidence level of protection of species in ANZECC (2000) were 
used as the basis for determining if salinity levels were likely to have had an effect 
on fish. No trigger values for salts are available for protection of species however a 
value is available for magnesium for protection of aquaculture species and has been 
included as a guide. 

 
Assessments were made on salinity levels in Ensham mine pits (table 4), Bedford 
Weir (table 5), Tartrus Weir (table 6) and Fitzroy River Barrage (table 7). 
 
Salinity levels were elevated most times and dissolved oxygen levels were below 
accepted values most times in the Ensham Mine pits. However levels throughout the 
river system were below trigger values for salinity and mostly within accepted values 
for dissolved oxygen. The pH was elevated throughout however the Fitzroy River 
system is a naturally alkaline system.  
 
The pH of the water should not become acidified as this will increase the relative 
toxicity of many metals including Aluminium, Zinc and Iron. If this occurs, acute fish 
kills are likely to occur in the river system. A pH of 6.0 or less increases the toxicity 
of Aluminium (Biosecurity Australia 2008). 

                                                             
9 From http://www.waterwatch.org.au/publications/module4/electrical.html 
10 Data for all sites supplied by Ensham Mine 
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Table 4: Summary of salts in Ensham Mine Pits 

 

Ensham Pits Salts Summary 11 June – 11 September 2008 

Parameter 
 

Minimum 
 

Maximum 
 

ANZECC 
TTV 

Assessment 

Conductivity 
µScm-1 

949 7140 125 - 2200 elevated most times 

pH 7.69 8.18 6.5 – 8.0 slightly elevated 
Turbidity NTU 3 26 6 - 50 below trigger value 

Dissolved 
Oxygen  

% saturation 

21 87 85 - 110 below accepted values 

Calcium mg/L 24 172 ---- no trigger value 
available 

Chloride mg/L 149 1890 ---- no trigger value 
available 

Magnesium mg/L 22 192 1,500 trigger value for 
aquaculture 

Potassium mg/L 5 22 ---- no trigger value 
available 

Sodium mg/L 147 1390 ---- no trigger value 
available 

Sulphate mg/L 148 691 ---- no trigger value 
available 

 
Table 5:  Summary of salts in Bedford Weir 

 

Bedford Weir Water Quality 10 June  – 10 November 2008 

Parameter 
 

Minimum 
 

Maximum 
 

ANZECC 
TTV 

Assessment 

Conductivity 
µScm-1 

964 1550 125 - 2200 below trigger value 

pH 8.09 9.4 6.5 – 8.0 elevated throughout 
Turbidity NTU 2.3 45 6 - 50 below trigger value 

Dissolved 
Oxygen  

% saturation 

59 151 85 - 110 mostly within accepted 
values 

Calcium mg/L 22 34 ---- no trigger value 
available 

Chloride mg/L 144 245 ---- no trigger value 
available 

Magnesium mg/L 16 29 1,500 trigger value for 
aquaculture 

Potassium mg/L 5 7 ---- no trigger value 
available 

Sodium mg/L 142 236 ---- no trigger value 
available 

Sulphate mg/L 89 152 ---- no trigger value 
available 
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Table 6:  Summary of salts in Tartrus Weir 

 
Tartrus Weir Water Quality 11 September – 25 November 2008 

Parameter 
 

Minimum 
 

Maximum 
 

ANZECC 
TTV 

Assessment 

Conductivity 
µScm-1 

1120 1280 125 - 2200 below trigger value 

pH 8.15 9.10 6.5 – 8.0 elevated throughout 
Turbidity NTU 4.5 9 6 - 50 below trigger value 

Dissolved 
Oxygen  

% saturation 

87 150 85 - 110 mostly within accepted 
values 

Calcium mg/L 25 33 ---- no trigger value 
available 

Chloride mg/L 181 200 ---- no trigger value 
available 

Magnesium mg/L 23 28 1,500 trigger value for 
aquaculture 

Potassium mg/L 6 7 ---- no trigger value 
available 

Sodium mg/L 109 192 ---- no trigger value 
available 

Sulphate mg/L 116 141 ---- no trigger value 
available 

 
Table 7: Summary of salts in Fitzroy River barrage 

 
Fitzroy River Barrage Water Quality 11 September – 22 December 

Parameter 
 

Minimum 
 

Maximum 
 

ANZECC 
TTV 

Assessment 

Conductivity 
µScm-1 

584 889 125 - 2200 below trigger value 

pH 7.72 8.78 6.5 – 8.0 slightly elevated 
Turbidity NTU 1.9 100 6 - 50 below trigger value 

Dissolved 
Oxygen  

% saturation 

93 124 85 - 110 mostly within accepted 
values 

Calcium mg/L 15 25 ---- no trigger value 
available 

Chloride mg/L 85 131 ---- no trigger value 
available 

Magnesium mg/L 14 21 1,500 trigger value for 
aquaculture 

Potassium mg/L 4 5 ---- no trigger value 
available 

Sodium mg/L 74 127 ---- no trigger value 
available 

Sulphate mg/L 47 77 ---- no trigger value 
available 
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8. Effects of heavy metals on fish  

8.1   General effects of heavy metals on fish 
 
The method of the toxic action of heavy metals on fish is wide-ranging. Most of the 
metals have empathy for amino acids and the SH groups of proteins where they act 
as enzyme poisons. The ionic forms are more toxic than simple inorganic or organic 
compounds. The toxic action is mainly prominent in the early stages of development 
of fish. Another detrimental property of metals is their ability to bioaccumulate in 
sediments and aquatic flora and fauna. (Di Guilio and Hinton 2008) 
 
There is little specific data available on the toxic effects of heavy metal on species in 
the Fitzroy River system. However information is provided on the general effects of 
heavy metals on fish.  
 
Aluminium  
Aluminium toxicity to fish is dependant on the physio-chemical characteristics of the 
water body, particularly on the pH. Aluminium is soluble at pH values below 6.0 with 
the most toxicity occurring in the pH range of 5.2-5.8. At higher pH levels the 
aluminium precipitates as the hydroxide which can flocculate in the water. Ionic 
aluminium and or microflocs can affect fish respiration. Aluminium can cause 
pulmonary and developmental problems. At pH of 7.0 it was found that 0.52mg/L 
reduced fish growth and alternatively up to 3.0mg/L of flocculated aluminium 
sulphate all fry died within 10–14 days of hatching. (Baker and Schofield 1982) 
 
Arsenic 
Arsenic can accumulate in sediments and aquatic organisms and is rapidly absorbed 
in fish. Concentrations found to be lethal during 48 hours exposure are between 3-
30mg/L. Arsenic is carcinogenic and can cause genetic mutations in aquatic 
organisms. (Sorensen 1995) 
 
Barium 
Barium compounds can be absorbed by fish and it accumulates in their bodies. 
Barium forms insoluble salts with other compounds in the aquatic environment, such 
as carbonate and sulphate, and is not mobile and therefore poses little risk.  About 
50mg/L is required for acute toxicity and it is difficult to maintain at 10–20mg/L to 
solubility. (Rand 2003) 
 
Boron 
Studies have shown that Boron bioaccumulates in aquatic plants but does not 
biomagnify in the aquatic food chain. Toxicity values range from 10 to 300 mg/L for 
adult fish with studies showing that salmonids being more sensitive. Boron toxicity to 
early life stages of fish showed that embryonic and larval stages were not 
consistently affected by boron. The recommended LC50 (96h) levels for larval stages 
ranges from 0.009 to 0.103mg/L. (Hoffman 2003) 
 
Cadmium 
Cadmium may be toxic to fish in simple ion and inorganic and organic complex ions. 
It can damage the central nervous system and parenchymatous organs. Rainbow 
Trout recorded damage on maturation, hatching and larvae development with 
concentrations of 0.002mg/L. Acute lethal levels for various fish species are 2–
20mg/L. It bioaccumulates in all trophic levels and accumulates in liver and tissues 
of fish. It reduces growth and reproduction. (Hutchinson et al 1994) 
 
Chromium 
Dependant on the oxidation state of chromium the toxicity for fish is higher in the 
trivalent state than the hexavalent state. Death occurs at LC50 of 2.0–7.5 mg/L for 
trivalent compounds and LC50 of 35–75mg/L for hexavalent compounds. Chromium 
produces mucus on the body surface, damage to the gills and chronic chromium 
toxicity produces orange yellow liquid in the body cavity. (Hutchinson et al 1994) 
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Copper 
Dependant on the physical and chemical water properties the maximum range is 
0.001–0.01mg/L. Symptoms include gasping for air and large amounts of mucus on 
the body, gills and gill plates. (Sorensen 1995; USEPA 2008; Riethmuller et al 2000) 
 
Iron 
Iron is one of the essential elements for metabolic systems in the right 
concentrations but toxicity can develop in fish in high concentrations. One of the 
effects from iron toxicity is damage to the gill epithelium resulting in respiratory 
problems. (Loller 2007) 
 
Lead 
Toxicity is reduced with increasing alkalinity and calcium and magnesium. Acute 
toxicity is 1-10mg/L for Salmonoids and 10-100mg/L for Cyprinids. Lead toxicity can 
produce gill damage, parenchymatous organs, blood and nervous system. It can 
produce growth inhibition, mortality and reproductive problems. (Heath 1987; Di 
Guilio and Hinton 2008) 
 
Manganese 
Most reports on the toxicity of manganese to fish have used extremely high 
manganese concentrations. However reports have found significant decreases in red 
blood cells and whit blood cells possibly due to internal haemorrhaging as a result of 
necrosis of intestinal necrosis. Manganese can cause anaemia resulting from damage 
to kidneys. High levels of Manganese have been associated with embryonic 
mortality. (IPS Inchem 2004; Manahan 1991; Rand 2003) 
 
Molybdenum 
Trace quantities of molybdenum are essential for normal growth and development 
and fish appear to be relatively resistant to molybdenum salts. Adverse effects on 
growth and survival have been at concentrations of >50mg/L. However one study 
has produced an LC50 (28 day) of 0.79mg/L for newly fertilised Rainbow Trout eggs 
compared to an LC50 (96hr) of 500mg/L for adult fish. Molybdenum can 
bioconcentrate and creates a risk to higher trophic level organisms. (Knothe and Van 
Riper 1988; Eisler 1989) 
 
Mercury 
Mercury is transferred to bottom sediments and where present can enter the food 
chain and bioconcentrates up the food chain. Mercury absorption is via food and skin 
and gills. It is a known cause of damage to tissues, organs and reduces the viability 
of spermatozoa, egg production and survival of fry. Acute lethal concentrations of 
organic mercury are 0.025–0.125mg/L for Salmonoids and 0.20–0.70mg/L for 
Cyprinids. For inorganic mercury the level is 0.001mg/L for Salmonoids and 
0.002mg/L for Cyprinids. For general fish species the maximum organic compound is 
suggested as 0.0003mg/L. (Sorensen 1995; Schmitz 1995) 
 
Nickel 
The lethal concentration is between 30–75mg/L. Nickel is a known carcinogenic, 
causes mucus in the gill chamber and the lamellae are dark red. It can cause 
mutations and lowers growth. (Schmitz 1995; USEPA 2008) 
 
Selenium 
Selenium bioaccumulates, biomagnifies and bioconcentrates as it rises through the 
trophic levels. It can cause liver damage, reproductive failure, reduced growth and 
neurological disorders. (Jones Erichsen 1973; USEPA 2008) 
 
Silver 
Silver toxicity is reduced by water and can depend on water hardness. Elevated 
levels can cause larval mortality, developmental abnormalities and reduced larval 
growth in fish. Lethal concentrations lie between 4–280 ppm. (Lima et al 1982; 
Lenntech 2009) 
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Uranium 
Uranium toxicity can be dependent on water alkalinity and hardness. In fish the 
method of uranium toxicity is changes in cellular membrane permeability. The metal 
ions bind to phosphate ligands with the effect being inactivation of phosphate 
molecules and ATPase. The guideline for protection of Australian freshwater 
ecosystems is 0.5µgL-1. (Riethmuller et al 2000; Di Guilio and Hinton 2008) 

 
Zinc 
Growth and reproduction can be effected by high levels of zinc. The lethal 
concentrations are 0.1mg/L for Salmonoids and 0.5-1.0mg/L for Cyprinids. (Heath 
1987; Sorensen 1995) 
 

8.2   Effects of heavy metals on fish in the Fitzroy River system 
 
To assess the possible effects of heavy metals on fish a summary of the minimum 
and maximum concentrations observed at a number of sites11 and ANZECC trigger 
values were compared and an assessment of levels was made.  
 
ANZECC TTV (Toxicity Trigger Values) for slightly-moderately disturbed freshwater 
habitats at the 95% confidence level of protection of species in ANZECC (2000) were 
used as the basis for determining if levels of heavy metals were likely to have had an 
effect on fish. 
 
Assessments were made on heavy metal levels in Ensham mine pits (table 8), 
Bedford Weir (table 9), Tartrus Weir (table 10) and Eden Bann (table 11). 
 
Elevated levels of Aluminium, Copper, Iron and Zinc were consistently recorded at all 
locations over the time when mine-affected water was in the river system. Readings 
at Bedford Weir showed elevated levels for the same metals as in Ensham mine pits 
so that the mine-affected water discharged into the Nogoa River contributed to the 
levels of metals at that site. However the extent of that contribution cannot be 
determined due to these metals already being in the system naturally or derived 
from other sources. 
 
The attribution of the sources of heavy metals becomes more difficult further 
downstream as there would be some settlement of metals and inflows from other 
rivers and creeks. The flow from the Isaacs River in July was likely to have had 
elevated levels of heavy metals which would have also contributed to the levels of 
heavy metals at Tartrus Weir and further downstream. No data are available on 
levels of metals during that flow however samples from May Downs Road Crossing 
on the Isaacs River by EPA on 1 December 2008 showed that levels of Aluminium, 
Chromium, Copper, Silver, and Zinc exceeded the trigger values (EPA 2008).  
 
While the attribution of the source of heavy metals at any location in the river is 
uncertain, as some would be naturally occurring or derived from other sources, the 
Ensham mine-affected water would have been a contributor to the elevated levels of 
metals at all sites down to the Fitzroy Barrage. 

 

 

 

 

 

 
 
 

 

 

                                                             
11 Data for all sites supplied by Ensham Resources 
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Table 8: Summary of heavy metals in the Ensham mine pits 

 

Ensham Pits Heavy Metal Summary 11 June – 11 September 2008 

Parameter 
 

Minimum 
µg/L 

Maximum 
µg/L 

ANZECC 
TTV 
µg/L 

Assessment 

Aluminium 30 450 55 highly elevated  most 
times  

Arsenic <1 5 24 below trigger value 
Barium 10 2140 ---- no trigger value 

available 
Boron 500 3100 370 highly elevated  

throughout 
Cadmium <0.1 0.6 0.2 elevated most times 
Chromium <1 2 1 exceeded once 
Copper 2 4 1.4 elevated throughout 
Iron 50 850 <10* highly elevated  

throughout 
Lead <1 2 3.4 below trigger value 
Manganese 1 769 1900 below trigger value 
Mercury <0.1 <0.1 0.6 below trigger value 
Molybdenum 10 19 ---- no trigger value 

available 
Nickel 2 7 11 below trigger value 
Selenium <10 <10 11 below trigger value 
Silver <1 1 0.05 elevated most times 
Uranium 2 9 ----- no trigger value 

available 
Zinc <5 13 8 elevated most times 

*Guideline only available for protection of aquaculture species 

Table 9: Summary of heavy metals in Bedford Weir 

Bedford Weir Heavy Metal Summary 10 June - 10 November 2009 

Parameter 
 

Minimum 
µg/L 

Maximum 
µg/L 

ANZECC 
TTV 
µg/L 

Assessment 

Aluminium 30 1300 55 highly elevated  most 
times  

Arsenic 1 3 24 below trigger value 
Barium 41 68 ---- no trigger value 

available 
Boron 60 100 370 below trigger value 
Cadmium <0.1 0.6 0.2 elevated most times 
Chromium <1 12 1 exceeded twice 
Copper 1 4 1.4 elevated most times 
Iron 110 1260 <10* highly elevated  

throughout 
Lead 1 3 3.4 below trigger value 
Manganese 5 36 1900 below trigger value 
Mercury <0.1 1.1 0.6 exceeded once 
Molybdenum 2 13 ---- no trigger value 

available 
Nickel 1 3 11 below trigger value 
Selenium <10 <10 11 below trigger value 
Silver 1 10 0.05 elevated throughout 
Uranium 1 2 ----- no trigger value 

available 
Zinc 5 566 8 elevated most times 

*Guideline only available for protection of aquaculture species  



  page 23 

Table 10: Summary of heavy metals in Tartrus Weir 

 

Tartrus Weir Heavy Metal Summary 11 September - 25 November 2008 

Parameter 
 

Minimum 
µg/L 

Maximum 
µg/L 

ANZECC 
TTV 
µg/L 

Assessment 

Aluminium 60 320 55 highly elevated  most 
times 

Arsenic 1 2 24 below trigger value 
Barium 64 99 ---- no trigger value 

available 
Boron 60 80 370 below trigger value 
Cadmium 0.1 0.2 0.2 below trigger value 
Chromium <1 1 1 below trigger value 
Copper <1 3 1.4 elevated most times 
Iron <50 950 <10* highly elevated  

throughout 
Lead <1 1 3.4 below trigger value 
Manganese 10 28 1900 below trigger value 
Mercury <0.1 <0.1 0.6 below trigger value 
Molybdenum 3 4 ---- no trigger value 

available 
Nickel <1 2 11 below trigger value 
Selenium <10 <10 11 below trigger value 
Silver <1 <10 0.05 elevated most times 
Uranium 1 2 ----- no trigger value 

available 
Zinc 5 9 8 elevated most times 

*Guideline only available for protection of aquaculture species 
 

Table 11: Summary of heavy metals in Fitzroy Barrage 

Fitzroy Barrage Metal Summary 11 September - 10 December 2008 

Parameter 
 

Minimum 
µg/L 

Maximum 
µg/L 

ANZECC 
TTV 
µg/L 

Assessment 

Aluminium 100 380 55 highly elevated  
throughout 

Arsenic 1 2 24 below trigger value 
Barium 38 77 ---- no trigger value 

available 
Boron <50 100 370 below trigger value 
Cadmium 0.1 8 0.2 elevated most times 
Chromium 1 2 1 exceeded twice 
Copper 1 5 1.4 elevated most times 
Iron 1 190 <10* highly elevated  most 

times 
Lead 1 18 3.4 exceeded once 
Manganese 3 55 1900 below trigger value 
Mercury 0.1 0.2 0.6 below trigger value 
Molybdenum 2 8 ---- no trigger value 

available 
Nickel 1 2 11 below trigger value 
Selenium <10 10 11 below trigger value 
Silver <1 10 0.05 elevated most times 
Uranium <1 1 ----- no trigger value 

available 
Zinc 5 14 8 elevated most times 

*Guideline only available for protection of aquaculture species 
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9. Effects of pesticides on fish 

9.1   General effects of pesticides on fish 
 
Pesticides represent a diverse group of chemicals with many of the persistent 
pesticides, especially the organochlorines, being common pollutants of the aquatic 
environment. Fish inhabiting contaminated areas may encounter and accumulate 
sublethal levels which in turn may enter the food chain. Many of the pesticides pose 
carcinogenic potential and toxicity to the nervous and reproductive systems of 
aquatic organisms. 
 
There is little specific data available on the toxic effects of pesticides on species in 
the Fitzroy River system. However information is provided on the general effects of 
pesticides on fish. 
 
Organochlorines 
Most organochlorines are extremely toxic and persistent in the aquatic environment. 
They have a tendency to bioaccumulate and bioconcentrate amongst all trophic level. 
Organochlorines are extremely toxic to fish especially in the early developmental 
stages. The compounds accumulate in the body and cause deformities in the 
skeleton, damage to skin and fins, parenchymatous organs and gonads. These 
effects can cause high mortality during hatching, early fry and increased occurrence 
of deformities amongst recruitment. Admissible concentrations in aquatic 
environments range from 1.10-6 to 5.10-6 mg/L for Salmonids and 2.10-6 to 1.10-5 

mg/L for Cyprinids. (Hunter 1992; Nollet 2000) 
 
Organophosphates 
The organophosphates compared to the organochlorines appear to be less toxic. 
They hydrolyse rapidly in water depending on the pH with a shorter half life of 1-10 
weeks. They have an inactivating effect on acetylcholinesterase in the nervous 
system of fish by depressing or inhibiting the transference of nerve impulses. 
Organophosphates do not biomagnify up the food chain. (Hunter 1992; Nollet 2000) 
 
Synthetic Pyrethroids 
Pyrethroids are toxic to aquatic species. The effects of toxicity to fish include reduced 
hatchling ability and viable hatchling. Pyrethroids can cause inactive or abnormal 
larvae. The non lethal effects are gill damage and behavoural changes. The LC50 for 
fish <1.0ppb. (Heath 1987; Parker 2002) 
 
Endosulphates 
Endosulphates are widely used due to their low mammalian toxicity and short 
persistence in the environment. Conversely, they can be highly toxic for fish and 
residues have been found in water fish and sediment which poses threats for trophic 
levels. (Schmitz 1995; Nollet 2000) 
  

9.2   Effects of Pesticides and Chemicals on fish in Fitzroy River 
system 
 
The only testing of fish for pesticides was on the fish sampled by Biosecurity 
Australia (Biosecurity Australia 2008). These tests indicated that the levels of the 
above pesticides were all below that in the ANZECC standard (Biosecurity Australia 
2008). 
 
Water quality samples from sites from the Ensham mine pits to Eden Bann were 
analysed for polynuclear aromatic hydrocarbons. Samples were collected from the 
Ensham Mine pits and Bedford Weir from 11 June 2008-19 February 2009. Samples 
were collected from Bingegang Weir from 9 August 2008-18 February 2009 and Eden 
Bann Weir from 11 September 2008-19 February 2009.12 
  

                                                             
12 Data for all sites supplied by Ensham Resources 



  page 25 

Table 12 provides a summary of the results for all sites. ANZECC TTV (Toxicity 
Trigger Values) for slightly-moderately disturbed freshwater habitats at the 95% 
confidence level of protection of species in ANZECC (2000) were used as the basis 
for determining if levels of polynuclear aromatic hydrocarbons were likely to have an 
effect on fish. For most polynuclear aromatic hydrocarbons there is insufficient data 
for a trigger value or the ANZECC standard does not list the particular chemical. 
 
There is insufficient data to determine the effects of pesticides on chemicals. Where 
some data are available the values were below that set out in the ANZECC standard. 
 

Table 12: Summary of Polynuclear Aromatic Hydrocarbons at all sites 

Polynuclear Aromatic Hydrocarbons all sites  
10 June 2008 - 19 February 2009 

Parameter 
 

Minimum 
µg/L 

Maximum 
µg/L 

ANZECC 
TTV 
µg/L 

Assessment 

Naphthalene <1.0 <1.0 
 

16 
below trigger 
value 

Acenaphthylene <1.0 <1.0   
Acenaphthene <1.0 <1.0   
Fluorene <1.0 <1.0   
Phenanthrene <1.0 <1.0 ID  
Anthracene <1.0 <1.0 ID  
Fluoranthene <1.0 <1.0 ID  
Pyrene <1.0 <1.0   
Benz(a)anthracene <1.0 <1.0   
Chrysene <1.0 <1.0   
Benzo(b)fluoranthene <1.0 <1.0   
Benzo(k)fluoranthene <1.0 <1.0   
Benzo(a)pyrene <0.5 <0.5 ID  
Indeno(1.2.3.cd)pyrene <1.0 <1.0   
Dibenz(a.h)anthracene <1.0 <1.0   
Benzo(g.h.i)perylene <1.0 <1.0   

*ID insufficient data for a trigger value to be established 
 

10. Fish recruitment in the freshwater Fitzroy River system 

Table 13 provides a summary of Fitzroy River system species, their spawning periods 
and the number of days for larval fish to develop from egg to fry (Allen, Midgley and 
Allen 2003; Pusey, Kennard and Arthington 2004). Data are not available for the 
remaining species found in the river system. 
 

Table 13: Spawning months and larval development times of freshwater fishes in the Fitzroy 
River system 

Species Spawning (months) 
 

Larval Development 
(days) 

Barramundi October-February 7-20 
Longfin Eel June–September 124 
Bony Bream October–March unknown but rapid 
Blue Catfish September–February 28-35 
Eastern Rainbowfish December–February 7-12 
Golden Perch September-March 1-5 
Southern Saratoga September–November 35-42 
Sleepy Cod October–February 5-7 
Spangled Perch October–November 2-3 
Southern Purplespotted 
Gudgeon 

November–February 
 

3-9 

Freshwater Catfish October–January 6-11 
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All species except Barramundi and Longfin Eel spawn in freshwater. Barramundi 
migrate to saltwater to breed at the mouth of the Fitzroy River and other waterways 
while Longfin Eel migrate to the Coral Sea to spawn. As spawning of these species 
does not occur in the freshwater there would have been no impact on spawning and 
recruitment from the mine-affected water in freshwater. 
 
As the 2008 flood occurred mainly from January-March 2008 this would have 
coincided with the spawning times for 8 species in table 13 (and possibly others) 
except Southern Saratoga. No data are available on the level of spawning or 
recruitment of any species for 2008 however it is likely that recruitment of at least 
some species would have been enhanced during that period in response to the 
flooding. 
 
The mine-affected water was in the river at Riley's Crossing from April-September 
2008 and from Bedford Weir to the Fitzroy Barrage from September 2008-January 
2009. It is possible that 8 species in table 13 (and possibly others) spawned, or 
could have, during that time. 
 
The DERM Environmental Flows Assessment Program monitors Golden Perch in 
spawning in the Fitzroy River system. Samples were collected from 4 sites (2 
upstream and 2 downstream of the Ensham mine) during the early part of the 
2008/09 wet season. The collected fish larvae (including both Golden Perch and 
other species) were sorted for and analysed for heavy metals concentrations. No 
report of this analysis is available13. 
 
Further samples were collected during naturally occurring flow events in the Nogoa 
River at Glenlees (upstream of lake Maraboon) on 20/11/2008, Mackenzie River at 
Rileys Crossing on 1/12/2008, Comet River at Comet Weir on 1/1/2008. No Golden 
perch spawning was observed during these sampling dates. Insufficient sample 
volumes restricted any metal analysis in other fish larvae. 
 
It is likely that there was some impact on freshwater fish species, especially in 
relation to spawning, eggs, larval fish and fry. The impact would have been greatest 
on those 8 species (and possibly some of the other 15 species) that spawn during 
the time the mine-affected water was in the system and on fish that were in those 
parts of the system. The greatest impact would have been from elevated levels of 
Aluminium, Copper, Iron and Zinc. The longer term impact is uncertain as that will 
depend on the level of settlement of metals on the bottom and their entry into the 
food chain.  
 

11. Fishing activities and catch levels in the freshwater 
Fitzroy River system 

No data were collected on fishing activities and catch levels in the freshwater reaches 
of the Fitzroy River so that no assessment can be made of fishing activities, catch 
levels or any impact from the mine-affected water.  
 
There is a level of fishing activity in the freshwater with the main target species 
being Barramundi (stocked fish), Southern Saratoga and, to a lesser extent, Sleepy 
Cod and Blue Catfish. The extent of fishing activity is unknown but is mostly 
undertaken by local fishers that live in nearby towns and on properties along the 
river. 
 
There are a number of fish stocking groups that stock fish, particularly Barramundi 
and Golden Perch, in weirs along the river. Barramundi are stocked as they are no 
longer able to migrate upstream from the estuary due to weirs preventing passage. 
Some weirs such as the Fitzroy Barrage and Eden Bann weir have a fishway on them 
and these allow native fish to migrate past these weirs, but they do not appear to 
allow significant numbers of Barramundi to pass upstream. 

                                                             
13 Advice from Department of Environment and Resource Management 
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In the Fitzroy River system Barramundi have been stocked into Lake Maraboon, Lake 
Teresa, Bedford Weir, Moura Weir, Lake Callide, Hedlow Creek, Alligator Creek and 
the Fitzroy River (above the Barrage). 
 
In the Blackwater area the Mackenzie River Fish Stocking Group stocks fish, 
particularly Barramundi, in Bedford Weir. This has created a local fishery that is 
mainly accessed by fishers from Blackwater. The last stockings of Barramundi in 
Bedford Weir occurred in 2005 and 2006 with 4,141 Barramundi stocked in the size 
range 100-260mm (Sawynok 2009). All these fish were tagged so it has been 
possible to track these fish post stocking.  
In Rockhampton the Fitzroy River Fish Stocking Group stocks fish in the Fitzroy River 
and other local waterways. In 2005 the group stocked 1,200 tagged Barramundi in 
the size range 170-235mm in Alligator Creek at the junction with the Fitzroy River. 
In 2006 the group stocked 3,316 tagged Barramundi in the Fitzroy River at Laurel 
Bank upstream from the Barrage (Sawynok 2009).  
 
A total of 37 (0.9%) of the Barramundi released in Bedford Weir have been 
recaptured since release.14 Of these 31 were recaptured in or just below Bedford 
Weir from September 2005-March 2007. The remaining 6 fish were all recaptured in 
the Fitzroy River estuary following the flooding in early 2008. The fish were 
recaptured from February 2008-April 2009. These fish used the flooding to migrate 
to the estuary which is a distance of over 500km downstream as shown in figure 7. 
Since the 2008 flooding there have been no further fish recaptured in Bedford Weir 
on anywhere downstream to the Fitzroy Barrage. This suggests that many of the 
stocked fish would have migrated to the estuary however it is likely that some fish 
remained in Bedford Weir. 

 
 

Figure 7: Movement of tagged Barramundi released into Bedford Weir 

 
 
 
 
 
 
 
 
 

                                                             
14  Data from Suntag  
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Barramundi movement Alligator Creek and Laurel Bank Fitzroy 
River
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Figure 8: Movement of tagged Barramundi released into Alligator Creek and Fitzroy River at 

Laurel Bank 

. 

 

Figure 9: Recaptures of Barramundi stocked above the Fitzroy Barrage following the 2008 flood 

 

BLACKWATER

Mac
ke

nzie
 Rive

r

Bedford Weir

Tagged Barram undi

WEIR

MOURA

BARALABAD
aw

so
n 

R
iv

er

Moura Weir

WEIRS

M
ackenzie River

DUARINGA

Fi
tz

ro
y

Laurel Bank

ROCKHAMPTON

BARRAGE

River

Alligator
Creek

0

BILOELA

Hedlow  Creek

Serpentine Lagoon

YEPPOON

Recaptures in 
Fitzroy River estuary

40

kilometres
80

Recaptures outside
Fitzroy River



  page 29 

 

Figure 10: Blue Catfish caught at Tartrus Weir with symptoms of redness in fins 

 
A total of 80 (1.8%) of the Barramundi released into Alligator Creek and the Fitzroy 
River at Laurel Bank have been recaptured since release.15 Of these only 1 fish was 
recaptured in the area where tagged. The remaining 79 fish were all recaptured in 
the Fitzroy estuary with 71 of those fish being recaptured after the 2008 flood. These 
fish used the flooding to migrate to the estuary which is 50km downstream from 
Alligator Creek as shown in figure 9.  
 
As well stocked fish from Moura Weir and Hedlow Creek were also caught in the 
Fitzroy estuary and in adjacent coastal locations following the 2008 flood. 
Barramundi used the flooding to migrate downstream to the estuary and this 
migration was likely to have occurred in January-February 2008 before the mine-
affected water was discharged into the river. There is little likelihood that these fish 
were affected by mine-affected water. 
 
While there were no data on fishing activity and catch levels there was a report 
received of Blue Catfish with symptoms of redness on fins caught on line in Tartrus 
Weir on 30 August 2008 as shown in figure 10. This was during the period that 
mine-affected water was in Tartrus Weir. It is not uncommon for Blue Catfish and 
other species to be caught with redness in fins (Sawynok pers obs) and is likely to be 
associated with the fish being stressed. However the causes of the stress could be 
related to catching, environmental factors such as water quality, high salinity and 
the effects of toxins such as heavy metals, or pesticides. 
 
There were no fish deaths reported from the areas where there was mine-affected 
water, during the time when the water was there. The effect on adult fish was likely 
to be sub-lethal and most likely was additional stress on the fish from the elevated 
levels of heavy metals. This is supported by the Biosecurity Australia report giving 
the health rating of fish as poor to marginal for fish from Tartrus Weir and marginal 
for fish in Bedford Weir.  

                                                             
15 Data from Suntag 
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12. Review of Biosecurity Australia report on fish 

There is only one report currently available on fish sampled during the period that 
the mine-affected water was in the Fitzroy River system.  
 
Biosecurity Australia and the then Department of Primary Industries collected 
samples of Blue Catfish from Tartrus Weir, Bedford Weir and Golden Perch from Lake 
Maraboon (above Fairnburn Dam). For details of the fish pathology, metals exposure 
and pesticide exposure assessments see the full report (Biosecurity Australia 2008).  
 
The assessment in the report was that the pathological evidence indicated that no 
significant infectious bacterial or viral fish disease was present in the Catfish from 
either the Tartrus or Bedford Weir sites. 
 
It was also unlikely that parasites found on and in the fish (dactylogyrus gill fluke, 
skin argulus louse and internal trematode helminth) caused the redness of the fins. 
 
The most significant pathology consistently observed in fish from all 3 sites was 
damage to the gills. The pathology was consistent with adverse environmental 
factors in the water quality of the river system sampled. Gill damage does not 
directly cause redness of the fins but fish can become at risk to hypoxia (low 
oxygenation) and osmoregulatory stress and physiological responses that may be 
exhibited as altered cardiovascular (blood flow) function leading to increased blood in 
the fins - causing the redness. The degree of physiological response will vary with 
the fish species. 
 
Causes of gill hyperplastia, fusion, lamellar lifting and inflammation are multifactorial 
and the histopathological changes are not specific to any group of agents. Broadly, 
pesticides, metals and inorganic pollutants where exposure occurs in sufficient toxic 
quantities will lead to gill pathology. 
 
Fish samples were also assessed for metal exposure. Metals analyses were 
conducted in liver, gill and muscle tissue for Aluminium, Selenium, Iron, Arsenic, 
Cadmium, Chromium, Copper, Zinc and Mercury. 
 
Based on the available reference data for metals the residues in the fish for Iron, 
Zinc and Copper in the liver were relatively high while high levels of Aluminium and 
Zinc were found in the fish gills. Mercury, Lead, Selenium, Arsenic, Chromium, and 
Cadmium were detected at relatively low levels. 
 
The pesticide exposure assessment indicated that there was no evidence of exposure 
to a range of organochlorine, organophosphate, synthetic pyrethroid and 
endosulphan pesticides in the fish sampled. 
 
The available evidence pointed to a non-infectious, non-pathegon causative process 
affecting the health of the Catfish, differentiable from the control species sampled 
from Lake Maraboon. 
 
While the gill pathology is not specific only but is consistent with metal exposure, the 
exclusion of pesticides and infectious or significant parasitic involvement across the 
samples with evidence of metal exposure is highly indicative of the role of metal 
pollutants having a measurable health impact on the fish.  
 
The assessment of Blue Catfish health was poor to marginal for fish from Tartrus 
Weir, marginal for fish from Bedford Weir and good for Golden Perch from Lake 
Maraboon. 
 
The findings were consistent with the data collected and the analyses provided in the 
report. The findings were that elevated metal toxins in the tissues of the fish from 
Tartrus Weir and Bedford Weir, compared with fish from Lake Maraboon, were 
indicative of increased environmental metals pollution exposure. 
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Using ANZECC TTV values in ANZECC (2000) there were a number of metals that 
exceeded the trigger values. These were: 
 

q Aluminium concentrations consistently exceeded the trigger values  
q Copper concentrations exceeded the trigger values on several occasions 
q Iron concentrations exceeded the trigger values on several occasions 
q Lead - chemical analysis was not sensitive enough to accurately determine 

concentrations less than 0.01mg/L and it was unknown if the trigger value 
was exceeded 

q Mercury - chemical analysis was not sensitive enough to accurately 
determine concentrations less than 0.001mg/L and it was unknown if the 
trigger value was exceeded 

q Selenium concentrations exceeded the trigger values on a few occasions 
q Zinc concentrations exceeded the trigger values on several occasions 

 
The findings of the Biosecurity Australia report are consistent with the data relating 
to heavy metals found in Bedford Weir and Tartrus Weir in the period leading up to 
the collection of fish samples. All metals that exceeded the trigger values were found 
in elevated concentrations in the fish. 
 

13. River flows and passage of mine-affected water through 
the Fitzroy estuary 

 
Freshwater flow to the estuary was assessed using the sum of the height of gates 
open daily on the Fitzroy Barrage as shown in figure 1116. This shows the flows 
associated with flooding in January-February 2008. This was followed by a small flow 
in August-September and then a series of flows from mid-December 2008-March 
2009.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Sum of Barrage gates open showing flow of freshwater to the Fitzroy estuary 
 
 
 
 

                                                             
16 Data on Barrage gates supplied by Department of Environment and Resource Management from 
Fitzroy River Water 
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Gates open at the Barrage correspond to flow at the Gap and Riverslea (figure 4). 
This relationship was also established in an earlier report looking at the impact of 
freshwater flows on Barramundi recruitment, movement and growth (Sawynok 
1998). There was about 180,000 ML in the Mackenzie/Fitzroy system before the 
2009 flows which was required to push the mine-affected water into the estuary and 
further. 
 
The small flow to the estuary in August-September was a result of the minor flow in 
the Isaacs River which pushed some of the Tartrus and Coolmaringa water through 
to the Barrage, however it was a minor amount and the water that entered the 
estuary would have been clean Barrage water. There may have been very minor 
amounts of mine-affected water to the estuary and it would have been diluted. The 
bulk of the mine-affected water would have entered the estuary during the flows in 
December and January as by mid-January salinity levels above the Barrage were 
back to background levels as shown in figure 1217. 
 
The mine-affected water from the later flows was only in the estuary for a few days 
or a week before being pushed out into Keppel Bay. 
 

 
Figure 12: Salinity (EC) as measured at the Fitzroy River Water Treatment plant 

 

14. Possible impacts on fish in the Fitzroy River estuary 

 
As the mine-affected water was only in the estuary for a short period of time there is 
little likelihood that there were any significant affects on fish.  
 
CapReef is a community monitoring program monitoring fish resources in Central 
Queensland and has been collecting data since 2005. It has collected data on 
recreational catches through boat ramp surveys and fishing trip details provided by 
fishers. Catch rates have been calculated for estuaries from Corio Bay to Turkey 
Beach as shown in figure 13. This included data from the Fitzroy River estuary. There 
were insufficient data from the estuary to calculate reliable catch rates however it is 
considered that overall catch rates for estuaries and trends are indicative of those 
that would have been expected for the Fitzroy. 
 
CapReef has established a link between coastal and offshore catch rates and river 
flows and developed a predictive flow-catch response model (Platten and Sawynok 

                                                             
17 Data on salinity supplied by Department of Environment and Resource Management from Fitzroy 
River Water treatment plant 
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2008). Data collected on offshore catch rates from winter 2005 to autumn 2009 
show that the offshore seasonal catch rates are the highest recorded over that time 
and are consistent with what the model predicted (Sawynok, Platten and Parsons 
2009). 
 
CapReef and Suntag have been collecting data on Barramundi recruitment18 in the 
Fitzroy River and adjacent coastal streams since the mid 1980s. A predictive model  
(figure 14) has been developed which links recruitment to river flows and coastal 
rainfall and has been used to examine the effects of local climate on recruitment 
(Sawynok and Platten 2008). 
 
 
The model predicted strong recruitment in 2008 and again in 2009 as shown in 
figure 14 and figure 15. Figure 15 shows the number of recruits recorded over time 
(Sawynok, Platten and Parsons 2009). Barramundi spawning occurs from 
September-February however in most years for the Fitzroy River the peak spawning 
period is from October-December (Sawynok and Platten 2005). As the bulk of mine-
affected water did not enter the estuary and move out into Rosslyn Bay until mid-
January 2009 the major spawning activity by Barramundi would have been 
completed.  
 
Recruitment was consistent with what was predicted and there is little likelihood that 
the mine-affected water had any effect on recruitment. 
 
 

 

Figure 13: CapReef estuary catch rates from winter 2007 to autumn 2009 

 

                                                             
18 Recruitment is survival of fish to juvenile stage at around 1 year old 
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Figure 14: Predictive model of Barramundi recruitment in the Fitzroy River 

 

 

Figure 15: Number of Barramundi recruits recorded in the Fitzroy delta (density of dots 
indicates strong recruitment in 2008 and 2009) 

 
The Rocky Barra Bounty is a fishing tag and release fishing competition that has 
been held annually in October each year from 1999-2008. The number of 
competitors is limited and the fishing methods have been consistent throughout. This 
provides an opportunity to examine catch rates from the event in relation to fish 
stocks. Figure 16 shows the catch rates for Barramundi and other species caught 
during the event. The Barramundi catch rate for 2008 was 25.1 hours of fishing 
effort for each Barramundi caught. This is the second highest level of effort required 
to catch a Barramundi over the years of the Bounty. Figure 17 shows the average 
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size of Barramundi caught each year in the Bounties. The average size Barramundi in 
2008 was the lowest of any Bounty. 

 

 
 

Figure 16: Effort and Catch from the Rocky Barra Bounty fishing competition 1999-2008 
 
 

 

Figure 17: Average sizes of Barramundi tagged in the Rocky Barra Bounty fishing competition 
1999-2008 
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the river in 2009 which is reflected in the increased numbers of these fish are being 
tagged.  
 
Commercial catch data?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

15. Comments on media articles following the flooding event 

There were 2 issues relating to fish that received considerable exposure in the local 
media. One was the issue of Catfish with symptoms of redness in their fins and the 
other was a dramatic drop in fish catches in the Fitzroy estuary. 
 
The reports on the issue of redness in the Catfish fins were reported in early 
September 2008 and were largely accurate in that they suggested that heavy metals 
were the cause of stress to the fish. 
 
Media reports of a dramatic drop in fish catches in the Fitzroy River estuary 
suggesting sodium from mine-affected water in the estuary was the cause were 
unlikely to have been correct. However it was legitimate for the community to raise 
those concerns through the media at a time when there was considerable 
uncertainty about the effects of the mine-affected water. 
 
There are a number of reasons why the mine-affected water was unlikely to have 
been a significant contributor to the reported dramatic drop in fish catches in the 
Fitzroy estuary. 
 
The reports about a dramatic drop in fish catches were initially reported in 
September 2008. At that time it was unlikely that there was any significant amount 
of mine-affected water in the estuary. The small flow to the estuary at that time was 
likely to have been water from the lower Barrage which would have been less 
affected by the mine water. The bulk of the mine-affected water did not enter the 
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estuary until December 2008 and was passed through to the estuary by mid-
January. This was several months after the reports on the effects on catches were 
made. 
 
Catch rates in the Fitzroy estuary are cyclic and seasonal. Estuary catch rates are 
generally lower in winter and spring. This is primarily because most species in the 
river are tropical and become less active during periods of low water temperature 
and catch rates are lower. This is reflected in the recreational catch rates for 
estuaries as shown in figure 13. The same applies to commercial catch rates. August 
and September are the months when catch rates are generally at their lowest. 
 
Barramundi are the prime target of commercial fishers in the Fitzroy River. At the 
end of winter 2009, at the time the media reports were made, Barramundi stocks 
were low. This resulted from poor recruitment from 2005-2007 as shown in figure 15 
and good commercial catches in 2008, particular following the flood. 
 
The media reports on the dramatic drop in fish catches in September were accurate 
and in line with predictions made by CapReef, particularly for Barramundi. However 
the attribution of the cause to sodium from Ensham mine-affected water is unlikely 
to have been the cause for the drop in catches. It is unlikely that there was a 
significant volume of mine-affected water in the estuary at that time and the drop in 
catches can be attributed to other factors and in line with predictions made by 
CapReef. 
 
Barramundi spawning occurs from September-February but the major spawning 
activity is from October-December. The CapReef predictive model for Barramundi 
recruitment supported 2009 as being good recruitment year for Barramundi. 
Monitoring of juvenile Barramundi since the start of 2009 supports what the model 
predicted. Spawning occurs at the mouth of the Fitzroy River and adjacent coastal 
areas. It is very unlikely that there was any mine-affected water in the spawning 
area during the early spawning period. The mine-affected water was likely to have 
been in the spawning area from mid-January to March. Barramundi spawn when 
salinity levels are high so it is likely that spawning activity would have been reduced 
once the mine-affected water reached the spawning grounds. 

16. Monitoring relating to fish in the Fitzroy River system 

The report on the cumulative impacts on water quality of mining activities in the 
Fitzroy River basin (EPA 2008) recognised the potential effects of releasing water 
from the mines in the basin. This report indicated that the greatest risk to water 
quality is increased salinity levels resulting from occasions when mine water is 
discharged. 
 
The conclusion of this report is that, in relation to fish, the levels of heavy metals are 
more likely to pose significant long-term cumulative threats. While salinity is a major 
issue freshwater fish can tolerate elevated levels of salinity. Periodic flushing of the 
system by river flows is likely to assist with dealing with salinity. However, in relation 
to heavy metals, flushing of the system is unlikely to reduce their impact as they 
accumulate in sediments and will be transferred throughout the system and 
eventually could affect the entire system. Any monitoring of water quality must 
include heavy metals as the risks to both fish and human health are significant and 
cumulative. 
 
Currently, monitoring of fish is limited so that any impacts on fish are largely 
unknown, or at best uncertain. Monitoring is largely reactive and only undertaken 
when an issue is raised such as the redness in Catfish fins. Even this monitoring 
loses its importance when the issue dies down. This is reflected in the lower priority 
given to analysing samples collected by QPIF in early 2009 as these samples have 
yet to be analysed and reported on. 
 
There are 2 monitoring programs in place. The DERM Environmental Flows 
Assessment Program monitors Golden Perch spawning in the Fitzroy River basin. 



  page 38 

However there has been no report yet made on the monitoring undertaken during 
2008/09. 
 
The other program is the CapReef community monitoring program. This program 
collected data on fish resources in the Capricorn area, including the Fitzroy River, 
from 2005-2009. CapReef has focused primarily on the estuaries and offshore and 
has been able to provide data that has helped to assess the impacts of mine-affected 
water on the Fitzroy estuary. However CapReef has ceased most of its monitoring 
activities due to lack of funding. 
 
In the future mining activity in the Fitzroy River basin is likely to receive greater 
community scrutiny, particularly if further issues of water quality are raised. Based 
on the current status of monitoring of fish it is possible that a major impact will occur 
in the Fitzroy River basin and that mining will be targeted as being responsible. The 
EPA report on the cumulative impacts of mining activities does not recommend any 
monitoring of fish. 
 
Given the status of monitoring of fish and its priority within government and industry 
it is unlikely that a substantial and ongoing program for monitoring of fish will be 
established. The mining interests in the basin have the opportunity to become 
proactive and support a modest program, in conjunction with the government and 
the community. That would provide a positive image of the industry in relation to 
environmental responsibility and provide some data that can be used to assess the 
impact of the next issue, not if but when it arises. 
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