
 
 
 
 
 
 
 
 
 
 
 
SUBMISSION TO THE INDEPENDENT 
REVIEW INTO THE LEAKING BUND WALL 
AT THE PORT OF GLADSTONE 
 

 

 

 

 

 

 

 

 

 

DigsFish Services Report:  DF 14-01 
26 February 2014 

 



 

 
 
 
SUBMISSION TO THE INDEPENDENT 
REVIEW INTO THE LEAKING BUND WALL 
AT THE PORT OF GLADSTONE 
 
 
 
 
 
 
 
 
Prepared by:   
 
Dr Ben Diggles, PhD, and 
George Diggles, Cert. Eng. Drafting 
Prepared for: 

The Independent Bundwall Review Panel 
http://www.environment.gov.au/bundwallreview   

 
 
 
 
 

 
 
 
 
 
 
 

 
DigsFish Services Pty. Ltd. 

 Banksia Beach 
 QLD 4507 

AUSTRALIA 
ben@digsfish.com 
www.digsfish.com  

 
 

 

http://www.environment.gov.au/bundwallreview
mailto:ben@digsfish.com
http://www.digsfish.com/


 
 

. 

  www.digsfish.com            - 1 – 

Contents 
 
 

CONTENTS....................................................................................................................................................... 1 

SUMMARY ....................................................................................................................................................... 2 

1.0 INTRODUCTION................................................................................................................................. 3 

2.0 BUND WALL DESIGN (G. DIGGLES)............................................................................................... 3 

3.0 BUND WALL CONSTRUCTION (G. DIGGLES) .............................................................................. 4 

4.0 MATTERS RELATING TO SUBSEQUENT LEAKING OF THE BUND WALL (B. DIGGLES)... 5  

4.1 TIMELINE OF KEY EVENTS.................................................................................................................... 5 
4.2 WATER QUALITY REDUCTION ATTRIBUTABLE TO BUND WALL LEAKS ..................................................... 5 
4.3 BIOLOGICAL CONSEQUENCES OF WATER QUALITY REDUCTION............................................................ 16 
4.4 DREDGING OPERATIONS NOT BEING CONDUCTED TO BEST PRACTICE (G DIGGLES)................................ 27 
4.5 ADEQUACY OF MONITORING OF WATER QUALITY AND AQUATIC ANIMAL HEALTH ................................ 28 

CREDENTIALS AND DECLARATION OF INTEREST ............ ................................................................. 31 

REFERENCES................................................................................................................................................ 32 

APPENDICES ................................................................................................................................................. 37 

APPENDIX 1.  TIMELINE OUTLINING THE KEY EVENTS DISCUSSED IN SECTION 4 OF THIS SUBMISSION.................. 37 

 



 
 

. 

  www.digsfish.com            - 2 – 

Summary 
A new review of the Western Basin Dredging and Disposal Project (WBDDP) was commissioned by 
the Australian Government in February 2013 following the belated public release of new information 
regarding failures in design and construction of the reclamation bund wall at Fishermans Landing, and 
subsequent water quality issues that arose from the leaking bund wall.  This submission details our 
professional assessment of several issues encompassed by the terms of reference of this review. 
 
GD examined the specifications revealed by Service and Hornsey (2013) and concluded that while the 
original bund wall concept design was reasonably sound, the approved design was critically flawed.  
Because of this, the wall as constructed was not fit for service, and he found it difficult to believe how 
the design was even approved for construction in the first place, given the stated design aim to 
“minimise potential dirty water impacts on flora and fauna”.  We both concur with the opinion of 
eminent scientists who consider that developments (including dredging activity) adjacent to the Great 
Barrier Reef (GBR) World Heritage Area should be undertaken using world’s best practice to avoid 
degradation of critical ecosystems upon which the GBR relies.  Silt curtains are designed to reduce the 
amount of dredged material and turbidity escaping into the surrounding water during dredging projects, 
and today in Australia they are nearly always used on major dredging projects.  The failure to employ 
silt curtains during the WBDDP demonstrates that best practice methods were not used in this instance.   
 
Outbreaks of disease in aquatic animals in the Gladstone Harbour region were reported from Autumn 
2011 until at least mid 2012, but reports of disease escalated dramatically in September 2011 with the 
closure of Gladstone Harbour and nearby areas to all fishing from 16 September to 7 October 2011.  
The bund wall began to receive dredged spoil from 5 September 2011 onwards.  Modelling reports 
presented to the Gladstone Ports Corporation (GPC) by BMT-WBM in November 2011 concluded that 
excessive turbidity events in September and October 2011 (coinciding with the peak of fish health 
problems) could not be explained by natural (base case or baseline) forces, but could only be explained 
by a combination of dredging plus leakage of dredged sediment from the bund wall at triple the rate of 
normal background levels of turbidity generated by dredging alone.  Unfortunately, the documents 
produced by BMT-WBM in November 2011 were not forwarded to the Gladstone Fish Health Scientific 
Advisory Panel for their consideration.  Instead, in October 2011 the Advisory Panel was informed by 
DERM that “water quality in the Harbour and the two estuaries was consistent with historical trends, 
apart from the impacts of flooding in January 2011”.  The Advisory Panel also noted an absence of 
biological monitoring and baseline aquatic animal health data had severely hindered their ability to 
determine whether the WBDDP had contributed to disease outbreaks in fish and other aquatic animals.   
 
BD discussed the potential biological effects that could arise from the bund wall leaks and present a 
case study that shows the intensity of parasitic sea lice infections on queenfish (Scomberoides 
commersonnianus) sampled in outer Gladstone Harbour in January 2012 was significantly elevated, and 
that haemorrhagic lesions that were visible on these fish do not occur on normal healthy queenfish.  
Temporal epidemiology and literature review show that elevated sea lice infections and lesions could be 
caused by exposure of these fish to disposed dredged material.  Thus a causal relationship between 
dredge spoil disposal activities and reduced queenfish health in Gladstone Harbour in January 2012 
remains plausible at this time.  Further investigation of this matter is required. 
 
It is now clear that the Gladstone Fish Health Scientific Advisory Panel was not provided with all the 
relevant data that was available at the time.  The reason why critical data were withheld from the 
Advisory Panel needs to be fully investigated.  It is also apparent that the fish health data the Advisory 
Panel had available at the time was limited in quantity and quality, and since then new data has become 
available.  Because of these reasons, from a scientific perspective the conclusions of the Gladstone Fish 
Health Scientific Advisory Panel (2012) and other similar fish health reviews (e.g. Batey 2013, Nowak 
2013) are now redundant.  A proper fish health inquiry is required, one with access to all of the relevant 
data, if the interrelationships between the WBDDP, bund wall failures and disease outbreaks in aquatic 
animals in Gladstone Harbour from mid 2011 into 2012 are to be better understood.  
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1.0 Introduction 

The Western Basin Dredging and Disposal Project (WBDDP) in the Port of Gladstone was 
approved under national environment law on 22 October 2010.  The approval allowed up to 46 
million cubic metres of dredge spoil to be removed from the Fishermans Landing area and 
disposed off, both offshore at the entrance to Gladstone Harbour, and within a constructed 
reclamation area behind a bund wall built in the Fishermans Landing area.  Stage 1A, 
accounting for disposal of approximately 25 million cubic metres of dredge spoil, was recently 
completed ahead of schedule (Department of Environment 2014).   

A new review of the WBDDP was commissioned by the Australian Government in February 
20141 following the public release of detailed information regarding failures in design and 
construction of the reclamation bund wall at Fishermans Landing (Service and Hornsey 2013), 
and previously withheld information on subsequent water quality issues that arose from the 
failed bund wall (BMT-WBM 2011a,b).  It is of great concern to the scientific community 
(Brodie 2014) that detailed information on the bund wall failure and subsequent water quality 
monitoring was withheld from independent scientific scrutiny for nearly 2 years (The 
Australian 2014), such that it was unavailable for consideration during previous studies and 
reviews of aquatic animal and human health problems that have occurred in the Gladstone 
region during the WBDDP (Gladstone Fish Health Scientific Advisory Panel 2012, Landos 
2012, Nowak 2013, Batey 2013).   

Appropriately, once this latest information from Service and Hornsey (2013) and BMT-WBM 
(2011a,b) became publically available, the Federal Minister for the Environment commissioned 
the present addendum to earlier reviews so that an independent panel could examine the latest 
information (see http://www.environment.gov.au/bundwallreview).  The latest review sought 
submissions from relevant stakeholders relating to the design, construction and other matters 
relating to the subsequent leaking of the bund wall, including considerations of the adequacy of 
monitoring requirements and operations. 

This submission details our professional assessment of several issues related to the terms of 
reference of the bund wall review, and also presents new data on fish health monitoring that 
was not considered by any previous review panels or fish health reviewers. 

2.0 Bund Wall Design (G. Diggles) 

On reading the paper by Service and Hornsey (2013), my (GD) attention was drawn to the 
cross–section drawings of the bund wall on their pages 10 and 15.  The original concept design 
for the bund wall presented on their page 10 is typical of many I have seen in my 44 years of 
experience in port developments, and is a well proven way to construct these types of wall.  
The geofabric is an adequate specification and is retained over the core material by the outer 
                                                   
1   http://www.environment.gov.au/topics/marine/gbr/gladstone-bund-wall-review  

http://www.environment.gov.au/bundwallreview
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layer of placed rock fill.  The specification for no core material <12 mm to be used is not ideal 
for a bund wall designed to have limited permeability, but the geofabric (if supplied and located 
as specified) would have had a reasonable chance of providing adequate control of bunded 
sediment for the reasons explained by Service and Hornsey (2013). 

Other designs I have had experience with, for example; the perimeter bund wall for the Port of 
Brisbane at Fishermans Island (constructed by Leighton), had the geofabric material laid on a 
profiled sea bed, weighted down at the edges and the core material placed on it until the final 
design profile of the core rock material was completed.  The geofabric was then brought up 
over the inside of the core material, as demonstrated by the original concept design for the 
Fishermans Landing bund wall (Service and Hornsey 2013, page 10).  However, for the Port of 
Brisbane bund wall, a thick layer of clean sand was then placed on the inside of the wall as an 
additional filter for the dredged backfill material.  Experience has shown that this conventional 
type of bund wall design effectively retains sediment placed behind the bund wall with minimal 
or no leakage.  

In contrast, the alternative design for the Fishermans Landing bund wall (apparently designed 
by the contractor as described by Service and Hornsey (2013) on page 15 of their presentation), 
is a cross–section I have never seen before.  My professional opinion is that the design is 
critically flawed and I cannot understand how that design was approved for construction.  The 
only reason I can think of why this particular design was approved, is that “on the face of it”, 
cost saving was the only driver.  The fact that the geofabric was less than half the mass and 
over 3 times the flow rate of the original specification, and was placed on the face of the wall 
where it was exposed to wave and current action, is the reason the wall failed to adequately 
contain the bunded sediment (as is obvious from the photographs and analysis presented in 
Service and Hornsey (2013)).  The incorrect specification and placement of the geofabric were 
critical design flaws, especially knowing that the cross section was likely to be porous due to 
the specification for no core material <12 mm to be used to “minimise potential dirty water 
impacts on flora and fauna” (Service and Hornsey 2013). 

3.0 Bund Wall Construction (G. Diggles) 

As this wall was a “design and construct” project, the contractor has a responsibility to produce 
a product that they can guarantee will work.  From reading press reports published on the 
internet, the contractor claims that they “delivered their contractual obligations in relation to 
the Gladstone Port Corporation Seawall Project”2.  Therefore it might be assumed they 
successfully constructed the wall to the approved drawings and details.  If they were also the 
designers and produced the drawings, then they are technically responsible for the finished 
product, but even so, how the flawed design was approved for construction in the first place, I 
cannot fathom.  

                                                   
2  http://www.brisbanetimes.com.au/environment/gladstone-harbour-bund-wall-failures-explained-20131220-
2zr0r.html  
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4.0 Matters Relating to Subsequent Leaking of the Bund Wall (B. 
Diggles) 

 4.1 Timeline of key events 

In order to accurately portray the timing of key events discussed in the remainder of this 
submission for the benefit of readers of this document, a timeline of key events is provided in 
Appendix 1.  The period of time encompassed by the timeline is a 15 month period between 
December 2010 up until the end of February 2012. 

4.2 Water quality reduction attributable to bund wall leaks 

Construction of the bund wall at Fishermans Landing commenced on 28 of January 2011 
(Service and Hornsey 2013), at a time when several other maintenance dredging projects were 
also underway (Vision Environment 2011a,b,c, Landos 2012, Appendix 1).  Capital dredging 
for the Western Basin project commenced on the 20 May 2011 (Vision Environment 2011b, 
2012a), with disposal of some of the resulting spoil from this dredging on land in the 
immediate area (Landos 2012), with the remainder presumably being disposed of at the 
offshore spoil dumping ground at the mouth of Gladstone Harbour south of Facing Island 
(Vision Environment 2012a, b).  Satellite pictures (publically available from Nearmap.com) 
that were taken in early July 2011 showed that the construction process for the unfinished bund 
wall at that time was a significant contributor to increased turbidity in the immediate area 
(Figure 1).  In contrast, the green coloured water adjacent to the mouth of Grahams Creek to 
the north of the bund wall construction appeared more typical of normal dry season water 
quality (Figure 1) (based on historic photographic data for the area and confirmed by local 
aquaculturists, and recreational and commercial fishers), suggesting the water quality in the 
area had largely recovered from river flow events that occurred several months earlier, which 
was later confirmed independently from satellite data and evidenced by under average dry 
season river flows for winter 2011 (Petus and Devlin 2012).  The bund wall was closed on 21 
July 2011, was nominally completed on 1 August 2011, and dredge spoil began to be placed 
behind the bund wall on the 5th September 2011 (Service and Hornsey 2013, Appendix 1).   

Records show that after April 2011 there was minimal rainfall for at least 4 months prior to the 
end of August 2011 (Vision Environment 2011a,b, 2012a), which would explain why the water 
in Grahams Creek in Figure 1 appeared to have returned to normal dry season turbidity.  
However, Vision Environment (2011b) noted in their August 2011 report that “substantial 
differences in turbidity, TSS and light attenuation coefficients were evident between the 
sampling occasions”.  Indeed, the baseline values for dry season turbidity in deep waters (>2 m 
LAT) in the dredging project area was a median of only 3.9 NTU (sect 5.6.1 in GHD 2009), while 
in August 2011 nearly all sites were exceeding 8 NTU and many were exceeding Australian 
Water Quality Guideline (AWQG) trigger levels of 20 NTU (Vision Environment 2011b).  
Although the construction and dredging processes that were underway at the time and during  
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Figure 1.  Satellite picture from Nearmap.com taken 11 July 2011, showing turbidity from the 

unfinished bund wall construction (B) contributing to significant turbidity in the nearby waterways.  In 

contrast, the green coloured water adjacent to the mouth of Grahams Creek (GC) to the north of the 

bund wall construction has been confirmed by local recreational and commercial fishers to be more 

typical of normal dry season water quality for this waterway. Inset:  Close up of northern end of bund 

wall showing sources of turbidity and operation of 1 backhoe dredge evident (arrow) with turbidity 

emitted from it being transported in a southward direction. 

B 

 

GC 
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preceding months were noted by Vision Environment (2011b), and turbidity in August was 
highest at the inner harbour loggers near the dredging and bund wall construction, they 
attributed the many exceedences of dry season turbidity trigger levels and total suspended 
solids (TSS) in that month to “tidal exchange” during spring tides.  However, their data on total 
metal concentrations within Port Curtis in early August found that “copper exceeded 90% 
Australian Water Quality Guideline (AWQG) trigger values, while aluminium and iron 
concentrations were found to be greater than double the calculated EH value at several sites, 
indicating a departure from reference condition” (Vision Environment 2011b).  The metal 
concentrations observed in August 2011 were also “slightly higher than that experienced in 
April 2011” (Vision Environment 2011b).   

The Nearmap satellite pictures from that time (Figure 1) provide a snapshot into what was 
happening on the water in July and August 2011.  It appears from Vision Environment data that 
turbidity and suspended solids around Fishermans Landing were increasing, despite cessation 
of rainfall around 4 months earlier (Vision Environment 2011b, Petus and Devlin 2012), 
indicating they were being influenced more by construction and dredging activity rather than 
by river flow events.  Vision Environment hinted this when commenting on Site BG5 after it 
registered the highest concentrations of several metals in early August, including aluminium 
(1950 µg/L), arsenic (2.3 µg/L), cobalt (1 µg/L), copper (2 µg/L), iron (2400 µg/L), lead (1.4 
µg/L), manganese (44.2 µg/L), silver (0.3 µg/L) and vanadium (6.7 µg/L) (Vision Environment 
2011a).  They noted that BG5 “is located at the base of the Narrows near Laird Point, where 
ongoing construction activities have resulted in an increase in vessel activity” (Vision 
Environment 2011b).  It is notable that Table 5.17 in GHD (2009) showed that in baseline 
conditions, only 6% of water samples exceeded the ANZECC (2000) 95% trigger values for 
copper.  It is reasonable to conclude, therefore, that the role of natural wind and tidal 
action in relation to the increasing frequency of turbidity exceedences in August 2011 was 
one of mobilising an increasing amount of sediment that was being generated by the 
construction and dredging activity for the WBDDP.   

Dredge spoil began to be placed behind the bund wall on the 5th September 2011 (Service and 
Hornsey 2013), while cutter suction dredging commenced on that same day (Vision 
Environment 2011c,d).  Large reductions in water quality were noted almost immediately by 
environmental data loggers (Vision Environment 2011c), and later, retrospectively, by 
independent analysis of satellite data (Petus and Devlin 2012), while increased incidences of 
disease in aquatic animals were noted (Landos 2012), culminating in closure of Gladstone 
Harbour to all fishing on 16 September 2011 under Section 46 of the Fisheries Act 1994 
(Gladstone Fish Health Advisory Panel, 2012).  In their September 2011 report, Vision 
Environment (2011c) noted widespread exceedences in turbidity and TSS which “unlike the 
turbidity observed during previous spring tides, the September sampling period was 
characterised by the majority of sites in exceedence of the AWQG. Furthermore, the levels of 
turbidity recorded, particularly during the final sampling occasion, were extremely elevated, 
up to 60 NTU, compared with that observed during spring tide sampling of previous months.” 
(Vision Environment 2011c).  For comparison, a reading of 60 NTU (recorded at site C3 near 
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the bund wall in late September) is 3 times the AWQG trigger level for these ecosystems of 20 
NTU (ANZECC 2000), and is over 15 times higher than the median baseline dry season 
turbidity measured before the project began (GHD 2009), but readings at other sites such as 
ST1 at this time were even higher.  Water quality records showed the 6 hour rolling average at 
ST1 exceeded 100 NTU on the 29 September 2011 (Figure 2) (i.e. 5 times the AWQG trigger 
levels and over 25 times baseline) with that average data concealing even higher peak readings.   

 

Figure 2.  Turbidity data taken from the ST1 data logger (located in the middle of Fishermans 
Landing) near the end of September 2011.  

During this time, Vision Environment (2011c) also found reductions in dissolved oxygen below 
AWQG trigger levels at some creek sites, including Grahams Creek, and stated “A visible 
plume was aerially observed during the latter spring tide extending from QE3 in the narrows to 
P5, confirming the measured results”, and “dredging activities are also likely to have 
contributed to elevated turbidity”.  Observations (Figures 3 and 4) and water quality readings 
taken by BD on 27 and 28 September 2011 also confirmed significant turbidity plumes 
originating from dredging activities and the bund wall area spreading into Grahams Creek 
(Figure 3) and Auckland Inlet (Figure 4), despite the fact that surface salinity at both sites 
approximated that of full strength seawater (34-35 ppt), demonstrating no significant river flow 
influence.   

At this time, complete clogging of the intake water filters at the GAWB fish hatchery (drawing 
from Auckland Inlet) within 24 hours of installation of filter media was recorded for the first 
time ever (Figure 5a), despite the hatchery operating continuously at the same location for over 
15 years prior to September 2011.  By October 2011, turbidity exceedences were being 
recorded even during neap tides (Vision Environment 2011d) and GAWB fish hatchery was 
storing clogged filters at -20°C as evidence to management to justify a tenfold increase in  
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Figure 3.  Photograph of turbidity plume on run in tide looking northwest along Grahams Creek 
(23°43.636 S, 151.13.147 E), at 9.48 am, 27 September 2011.  Tide direction noted by arrow. 

 

Figure 4.  Auckland Inlet on run in tide at 8.05 am on 28 September 2011, looking towards the 
intake of the GAWB Hatchery (23°50.333 S, 151°15.045 E).  Water quality was extremely 
poor with turbidity highest on record after 15 years operation at that location. 
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Figure 5.  Intake water filters from the GAWB fish hatchery which draws water from Auckland 
Inlet (see Fig 4).  Photo 5a was taken immediately upon removal from the water on 27 
September 2011, after less than 24 hours service.  Photo 5b (below) was taken on 18 October 
2011, after less than 24 hours service followed by 48 hours storage at -20°C. 

A 

B 
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Figure 6.  Auckland Inlet at 11.13 am on 8 October 2011, at 23°50.043 S, 151°15.107 E 
looking west from outside the marina.  Water quality had improved markedly since 27 
September, but sediment from previous high turbidity events remained on subtidal surfaces.   

purchase requirements for filtration media (K. Hutchby, GAWB fish hatchery manager, 
personal communication to BD, 18 October 2011).  GAWB staff found that within 48 hours of 
storage at -20°C, clogged filter media turned almost completely black (Figure 5b).  On 8 
October 2011 while salinity still approximated full strength seawater, BD confirmed that 
turbidity in Auckland Creek was varying markedly from week to week (Figure 6), presumably 
due to effects of wind and tide on the direction of the plume from dredging and disposal 
activities around the Fishermans Landing bund wall.  In late October 2011, Vision 
Environment (2011d) noted that “sites P5 and B7 in the outer harbour, usually characterised 
by relatively low turbidity levels, also exceeded the QWQG on this occasion. This suggests slow 
movement of the residual plume out of the harbour”.  They also noted that dissolved oxygen 
varied across the harbour, with concentrations both below and above the QWQG at two sites 
(QE2-1 and C7-3) “suggesting the presence of algal blooms”.  However, it is not clear if 
specific algal testing was done to identify the agents (harmful or otherwise) responsible for the 
suspected bloom. 

On page 4 of their September 2011 report, Vision Environment stated “Under GPC 
instructions, weekly water quality sampling is no longer undertaken at sites BG1, BG2 and C1 
but has now commenced at the outer harbour site B7, first sampled on the 7th September. 
Sampling at site BG4 was unable to be undertaken on the 7th September due to a high volume 
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of boat traffic in the area” (Vision Environment 2011c).  Logger site BG4 was located just 
south of the entrance to Grahams Creek and east of the northern tip of the bund wall, while 
BG1, BG2 and C1 were located due east of the bund wall and amongst the main construction 
and dredging activity.  It appears prudent to seek from GPC the exact reasons why these 
particular sites were removed from water quality monitoring, given their removal could 
have influenced the integrity and continuity of water quality data collection.   

Faced with rapidly declining water quality greatly exceeding the environmental conditions 
imposed on the project, it is now apparent that GPC engaged consultants BMT-WBM to 
conduct a modelling investigation to try to determine the source of the excessive turbidity.  In 
their preliminary report dated 4th November 2011, BMT-WBM (2011a) identified the following 
potential sources and mechanisms for generation of suspended sediments:  

• Tide, wind and wave resuspension of bed sediments both naturally and as may have 
been modified by works to date.  

• Direct dredge related suspended sediment loads at the various dredging locations.  
• Flow through/under the reclamation bund wall carrying suspended sediment and/or 

scouring, particularly during spring tides. This is in response to the bund wall being 
porous and may include direct dredge material placed adjacent to the wall as well as 
diffuse sources along the wall.  

• Increased suspended sediment loads from the shallow embayment to the north of the 
Fisherman’s Landing reclamation area as a result of increased currents with associated 
sediment resuspension/scour. This is in response to changes to the hydrodynamic and 
coastal processes in the area as a result of the bund wall construction and is affected by 
the reclamation shape as well as the porosity of the wall.  

• Increased boating traffic with wake and propeller wash resuspending sediment; and  
• Various point sources from works along Curtis Island and elsewhere within the harbour.  

Natural sources of additional turbidity (e.g. flooding) were, therefore, not considered by BMT-
WBM (2011a) to be relevant or related to the rapid increases in turbidity observed after 5th 
September 2011.  Their subsequent modelling work (BMT-WBM 2011b) confirmed this, and 
concluded that the observed excessive turbidity in September-October 2011 in Port Curtis 
could not be explained by natural (base case or baseline) forces, but could only be explained by 
a combination of maximum dredging effort (6 dredges) as well as leakage of 50 kg/sec (3 
tonnes/min) of dredged sediment from the bund wall.  Indeed, BMT-WBM (2011b) calculated 
the total sediment release rates into the Port Curtis system by 5 dredges and as designed 
tailwater discharge from the cutter suction dredge was only 16.25 kg/s (975 kg/min).  In other 
words, in their memorandum dated 24 November 2011, BMT-WBM clearly stated that the 
excessive turbidity levels in Gladstone Harbour in September-October 2011 could only be 
explained if the bund wall was leaking at a rate that was triple the normal background levels 
of turbidity generated by dredging alone.   

BMT-WBM (2011b) concluded that, “These results indicate that the porosity of the bund may 
be the key cause of widespread elevated total suspended sediment levels, since material 
discharged into the reclamation area by the CSD can migrate into the harbour.”   This is an 
extremely important point, given that both of the memorandum documents (BMT-WBM 
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2011a, 2011b) as well as the Vision Environment water quality reports for September and 
October 2011 (Vision Environment 2011c,d) did not appear in the reference list provided by 
the Gladstone Fish Health Scientific Advisory Panel (2012).  Instead, the Gladstone Fish 
Health Scientific Advisory Panel, (which was established on the 27th September) was informed 
by DERM (2011) in October 2011 that “water quality in the Harbour and the two estuaries 
(Boyne River Estuary and Calliope River Estuary) was consistent with historical trends, 
apart from the impacts of flooding in January 2011”, even though the credibility of the 
DERM water quality report was questioned at the time3,4 by independent water quality experts 
(Hart 2011).  Given the existence of the memorandums by BMT-WBM (2011a, 2011b) on 2 
November and 24 November 2011, respectively, and the fact that the Advisory Panel had its 
last meeting on 9 December 2011, there appears to have been ample time for the GPC to 
provide these reports to the Gladstone Fish Health Scientific Advisory Panel, as well as 
updated water quality reports (Vision Environment 2011b,c,d) prior to the latter producing its 
final report in early January 2012.  The reason why these critical data were withheld from 
the Fish Health Advisory Panel needs to be fully investigated. 

Further scrutiny of the water quality monitoring data suggests that the failure of the bund wall 
to contain sediment resulted in reduced water quality over quite large scales.  Indeed, the 
testing conducted at the offshore spoil dumping ground by Vision Environment (2012a) found 
that iron and aluminium levels at SGW1 (located off the mouth of the Boyne River and inshore 
from the offshore spoil dumping site, see Figure 7) were relatively low in January, April and 
July 2011, suggesting little influence from river flow events at this location, but these metals 
jumped dramatically in October 2011 (Figure 8), which was the first set of data published for 
that sampling site after the bund wall began leaking.  As noted by Vision Environment (2012a), 
in Gladstone Harbour both iron and aluminium are found in a predominantly particulate form 
bound to sediments.  Because of this, these two metals can be used as markers of turbidity to 
demonstrate that the outer Gladstone Harbour areas became increasingly affected by dredging 
related activities (spoil dumping offshore and possibly also the bund wall leaks) from October 
2011 onwards.  This suggests that the area footprint of water affected by the failure of the bund 
wall to contain dredge spoil extended a considerable distance from the reclamation area into the 
middle and outer parts of the harbour close to the spoil dumping ground (Figures 7, 8), which 
was even further to the south than the modelling done by BMT-WBM (2011b) indicated.   

Provision of modelling by contractors working for project proponents often underestimates 
actual environmental impacts compared to data collected by compliance authorities (Grech et 
al., 2013, and see Section 4.5 for more comments on this point).  However, in this case the 
modelling done by BMT-WBM (2011b) was fitted to the environmental data then available, so 
it is likely to be reasonably accurate, although stochastic environmental conditions (particularly 
wind forcing) would not be predictable by modelling and thus could influence real world data.  

                                                   
3 http://www.gladstoneobserver.com.au/news/scientist-criticises-curtis-report/1161490/  
4 http://www.gladstoneobserver.com.au/news/water-health-questions/1161971/ 
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Figure 8.  Data for total aluminium, iron and manganese from the loggers near the offshore 
dredge spoil dumping ground from January 2011 till January 2012.  Graphs from Fig.7 of 
Vision Environment (2012a). 
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4.3 Biological consequences of water quality reduction 

Diseases of fishes occur when susceptible fishes are exposed to pathogens under certain 
environmental stress conditions (Snieszko 1974).  It is also well established that water quality 
is a critical factor influencing both infectious and non-infectious disease in aquatic animals 
such that the relationship between water quality and aquatic animal health is universal, and 
intimate (Kinne 1984, Rohde 1984, Sindermann 1996, Roberts 2001, Noga 2010).  Because of 
this, finfish are normally good integrative indicators of ecosystem and environmental health 
(Gladstone Fish Health Scientific Advisory Panel 2012), though other species of benthic 
aquatic animals (e.g. shellfish such as filter feeding bivalve molluscs), and corals are often even 
more sensitive indicator species (Esselmont et al. 2004, Hedge et al. 2009).  In Australia, and 
other countries where the environmental impacts of dredging has been studied, this activity has 
been shown to have at least some (often significant) negative impacts on water quality, 
especially in relation to the unavoidable resuspension of sediments and remobilization of 
legacy pollutants (Rice and White 1987, Bonnet et al. 2000, Nayar et al. 2004, Esselmont et al. 
2004, Cave et al. 2005, Knott et al. 2009, Hedge et al. 2009, Burton and Johnston 2010, Petus 
and Devlin 2012), some of which can then become bioavailable (Eggleton and Thomas 2004, 
Sturve et al. 2005, Hedge et al. 2009) to the detriment of ecosystem functioning (Esselmont et 
al. 2004, Knott et al. 2009, Burton and Johnston 2010).   

For example, Esselmont et al. (2004) used live coral skeletons as biomonitors and found 
concentrations of copper and other metals spiked to two to 3 times background levels when 
corals were exposed to fine sediments resuspended during dredging of Townsville Harbour 
(906,190 tonnes, or c. 510,000 m3 or around 1.1% of the planned scale of the WBDDP).  
Knott et al (2009) and Hedge et al. (2009) studied the impacts of another relatively small 
dredging program at Port Kembla (325,000 m3 or less than 1% of the planned scale of the 
WBDDP) in NSW and found large perturbations in the marine environment such that Knott et 
al. (2009) stated “resuspension of sediments pose a real ecological threat to organisms in 
contact with the contaminated water-column. Containment measures (e.g. silt curtains) are, 
therefore, essential and further engineering innovations (e.g. dredging designs and operations) 
are necessary to reduce resuspension during the dredging and deposition of sediments.  In 
addition, this study demonstrates that past pollution events can cause current ecological 
impacts that extend well beyond those habitats recognized as being contaminated”.  Given the 
huge scale of the WBDDP, planned to be around 2 orders of magnitude larger than these two 
examples of dredging programs from Townsville Harbour and Port Kembla where significant 
biological impacts were measured, it must be considered inevitable that significant biological 
effects will also result from the WBDDP.  The question then becomes, how will the biological 
effects present themselves, and over how great an area will the impacts be observed ? 

The GPC agreed that there would be environmental impacts from the WBDDP, and stated as 
such in its community fact sheet; “The disposal of dredged material at the East Banks offshore 
disposal site will have a localised impact in the vicinity of the disposal site, which is located 
outside the Great Barrier Reef Marine Park boundary. The environmental impact is estimated 
to be medium to long term but experience has shown sea disposal rehabilitates to a natural 
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state given sufficient time” (Gladstone Ports Corporation 2012).  Even independent reviewers 
(Nowak 2013) have noted that “There is no doubt that (the WBDDP) resulted in resuspension 
of sediments, increased boat traffic, increasing risk of boat strikes to turtles and mammals and 
increased noise from increased boat traffic, pile driving and dredging.”  But could dredging, 
spoil disposal and bund wall leaks from the WBDDP have adversely affected fish health ? 

The Gladstone Fish Health Advisory Panel (2012) reviewed the data on barramundi (Lates 
calcarifer) that exited Awoonga Dam into Gladstone Harbour via the Boyne River.  Their 
findings concur with observations that barramundi that stayed in the dam or in the freshwater 
reaches of the Boyne River remained healthy (Appendix 1), and by April 2011 most had fully 
recovered from injuries sustained as they topped the dam wall (Diggles 2011).  However, once 
river flows ceased and saltwater from the harbour worked its way back up river, these fish were 
exposed to marine parasites such as the monogenean Neobenedenia sp., (see Deveney et al. 
2001) to which they would have been naïve.  This, together with high densities of fish and 
dropping water temperatures as winter approached, would have predisposed the barramundi in 
the Boyne River to eye fluke disease, as evidenced by the eye lesions reported by both 
commercial and recreational anglers (Gladstone Fish Health Advisory Panel 2012).  However, 
this hypothesis would not explain the diseased barramundi sampled from the Boyne River in 
2012 without Neobenedenia sp. infections, eye lesions or EUS, but with haemorrhagic skin 
lesions and peritoneal effusion (Landos 2012). 

Furthermore, many other species of elasmobranchs and finfish besides barramundi and catfish 
from Awoonga Dam were also observed to be exhibiting haemorrhagic (red) skin rashes in 
Gladstone Harbour that were not “red spot disease” EUS (Gladstone Fish Health Advisory 
Panel 2012).  Some of these were first reported by commercial fishers in April 2011 in fish 
(cobia, queenfish, black jewfish, sharks) caught near the dredge spoil dumping ground (Landos 
2012), and the frequency of these reports increased from July 2011 onwards.  For these species, 
the Fish Health Advisory Panel observed that “Finfish (n = 24) were found with lesions and red 
skin, but at a low prevalence within their populations (approx 5%)”, and that “No bacteria, 
parasitic or fungal pathogens were found which could explain these skin lesions”.   

It must be noted that the Gladstone Fish Health Advisory Panel did not conduct any of its own 
on-water investigations of diseased fish.  Instead, the panel relied on reviews of existing studies 
(mainly Biosecurity Queensland fish pathology reports) which, before October 2011, were 
based on samples and data collected opportunistically not by qualified Biosecurity Queensland 
veterinary fish pathologists, but by Fisheries Queensland observers who had little or no 
professional aquatic animal health qualifications, training or experience.  This was confirmed 
by BD personally on 20 January 2012 when he was examining fish captured in gill nets near 
the dredge spoil dumping ground (Figure 8).  BD witnessed two Fisheries Queensland 
observers (who were examining the same population of fish) overlook parasitic infections and 
lesions that were obvious to me and that would have been observed by a competent fish health 
professional.  The same Fisheries Observers later confirmed to BD they felt they weren’t 
sufficiently trained to perform the tasks they were being assigned, and also that they failed to 
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pick up all lesions that were present on the diseased fish.  To my (BD) knowledge, Biosecurity 
Queensland veterinary fish pathologists were not present on the water in Gladstone Harbour at 
any time during August- December 2011, as they were required to remain in the laboratory 
working up samples that were often several days old by the time they got to them (which 
greatly reduces the usefulness of any pathological or bacteriological findings, see Nowak et al. 
2005, La and Cooke 2011).  Because of this, problems with data availability, but also data 
quality, greatly reduced the ability of the Gladstone Fish Health Scientific Advisory Panel to 
determine the cause(s) of the disease syndromes observed in aquatic animals at the time they 
made their deliberations in late 2011 (Gladstone Fish Health Scientific Advisory Panel 2012).   

As an example of new fish health data that became available after the Advisory Panel report 
was published, the information for Talang queenfish (Scomberoides commersonnianus) one of 
us (BD) sampled near the offshore dredge spoil dumping ground on 20 January 2012 makes a 
useful case study.  Some of these data were already presented by Landos (2012), but the data is 
re-presented here in more detail, together with baseline health data for normal queenfish, to 
provide some perspective on the health status of pelagic fish in outer Gladstone Harbour in 
January 2012.  Offshore disposal of dredge spoil begins with dredges filling large barges with 
sediment, followed by transport of the sediment offshore to the disposal site, often leaking from 
the barge as it moves along if the barge doors do not seal properly (BD, personal observations).  
Once at the disposal site, the barge doors are opened and the dredge spoil is dropped through 
the entire water column onto the sea bottom (Figure 9). 

 

Figure 9.  Depth sounder readout of the dredge spoil disposal process at 8.42 am on 20 January 
2012 in 15.5 meters of water at the offshore spoil dumping ground (23°52.065 S, 151°27.905 
E).  The dumped sediment (arrows) affects the entire water column, not only the sea bottom.  
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This process therefore not only covers the sea bottom with sediment, it also contaminates the 
entire water column, as shown by the depth sounder trace in Figure 9.  Because of the nature of 
this process, it is evident that aquatic organisms throughout the water column (particularly 
benthic, but also pelagic) in the vicinity of dredge spoil dumping activity can be affected by the 
dumping process.  Talang queenfish are a neritic-pelagic species that occurs throughout the 
tropical and subtropical Indo-West Pacific (Griffiths et al. 2006).  They are active predators 
occupying a high trophic level, with juveniles occuring within estuarine nursery areas, while 
mature adult fish occur over inshore reefs up to around 15 km offshore (Griffiths et al. 2006).  
The areas around outer Gladstone Harbour therefore would be considered typical habitat for 
adult S. commersonnianus.  Queenfish do not live in Awoonga Dam and adult queenfish are 
very unlikely to spend much (if any) time in the Boyne River.  Data collected by BD at dawn 
on 20 January 2012 at the site where the queenfish were captured (23°55.962 S, 151°31.031 E, 
see Figure 7) found full strength seawater (36 ppt), water temperature 26.1°C, dissolved 
oxygen 95% (6.4 mg/L) and a secchi depth reading of 4 meters.  Salinity data were consistent 
with no freshwater influence, especially considering no significant rainfall (over 40 mm/day) 
was recorded in the previous month (Vision Environment 2012b), and over 7 months since 
river flow ceased in the Boyne River (Appendix 1).  

That morning BD examined 27 freshly caught queenfish (mean total length 79.6 cm) within 5 
minutes of their capture using gill nets during fishery independent fish health sampling (Landos 
2012).  A high proportion (66.6%) of these fish exhibited varying degrees of haemorrhagic skin 
lesions resulting in skin erythema, particularly on the pectoral girdle and ventrolateral surfaces 
of the body (Figures 10, 11), which was associated with high prevalence (100%) and intensity 
(mean intensity = 21.2 copepods/fish, range 4-46) of infestation of the ectoparasitic copepods 
Lepeophtheirus spinifer (“sea lice”, see Figures 12, 13).  Queenfish with skin erythema were 
infected with at least 10 and up to 46 L. spinifer, but fish with less than 10 L. spinifer did not 
present with noticeable skin erythema.  All queenfish infected with more than 35 copepods had 
very noticeable erythematous skin lesions of moderate to severe intensity (Figure 14). 

Neither fishers in Gladstone Harbour (Landos 2012), research scientists who studied queenfish 
throughout Australia (Shane Griffiths, personal communication), nor experienced recreational 
charter fishing guides who have caught over 25,000 queenfish from the Gulf of Carpentaria and 
Northern Australia over the past 2 decades (Dave Donald, personal communication), have ever 
previously observed skin erythema of this nature in queenfish in Australia.  I (BD) also have 
not observed similar lesions on many hundreds of queenfish examined at fish markets in South-
East Asia (Figure 15).  Furthermore, data collected by BD for other baseline fish health surveys 
of queenfish (n = 91, mean fork length 48.9 cm) captured in gill nets in rivers and harbours in 
the Northern Territory between August 2012 and October 2013 found no evidence of 
haemorrhagic skin lesions in queenfish, including fish infected with sealice (L. spinifer and 
Caligus spp.) (Table 1).  Intensity of sea lice infections in wild queenfish under normal 
conditions were similar to those observed in other wild fish species (Wootten et al. 1981, 
Tingley et al. 1997), occurring in the typical overdispersed distribution (i.e. most fish had few 
parasites, Figures 16, 17).   
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Figure 10.  Haemorrhagic lesions (erythema) on the pectoral girdle and ventrolateral surfaces of 

queenfish taken from outer Gladstone Harbour on 20 January 2012.   

 

Figure 11.  Pectoral girdle of another queenfish with skin erythema from outer Gladstone Harbour.  

Some parasitic copepods (Lepeophtheirus spinifer, also known as ‘sea lice”) are evident (arrows). 
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Figure 12.  Pectoral girdle of another queenfish with skin erythema from outer Gladstone 
Harbour, 20 January 2012. At least 6 L. spinifer are evident in this photograph (arrows). 

 

Figure 13.  Close up of queenfish pectoral girdle skin erythema, showing many parallel 
pinpoint haemorrhages - likely from penetration of sea lice appendages and /or feeding 
apparatus past the protective slime layer.  One L. spinifer is visible (arrow).                    .  
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In contrast, the sealice infections of queenfish from outer Gladstone Harbour were unusually 
intense, being significantly higher (ANCOVA P<0.0001 with fish length as covariate) than in 
healthy queenfish examined from the Northern Territory (Table 1, Figure 17) and at levels in 
some queenfish only previously seen for heavy L. spinifer infections of oyster cracker dart 
(Trachinotus blochii) aquacultured at high intensity in the Philippines which were infected by 
up to 50 Lepeophtheirus spinifer (see Cruz-Lacierda et al. 2011).  In that instance, heavily 
infected dart became emaciated, and exhibited haemorrhagic lesions on the body surface (Cruz-
Lacierda et al. 2011), in manner virtually identical to that observed in queenfish from outer 
Gladstone Harbour.   

Being in a position of being able to examine these fish immediately as they came from the 
water, BD was able to determine that the haemorrhagic lesions were due to pathological 
interaction between the sealice locomotory and feeding appendages and the protective slime 
layer of the fish.  It appeared that wherever the sealice had penetrated the slime layer with their 
appendages, the area was becoming irritated and haemorrhagic (Figure 13), and that site 
specificity of the sealice for the pectoral girdle and ventrolateral areas of the fish was 
responsible for the pattern of skin rashes that were visible to the naked eye.  What is very 
unusual about these haemorrhagic lesions is that, under normal circumstances, sea lice rarely 
occur in significant numbers or cause pathological effects on wild fish (Wootten et al. 1982).  
Indeed, the mean intensity of around 4 sea lice per fish found for queenfish in baseline 
conditions in the Northern Territory (Table 1), was found to mirror typical baseline infection 
levels of wild salmonids infected with sealice (mean abundance 4-6 copepods/fish, see Tingley 
et al. 1997), as was the overdispersed mode of infection (very few queenfish had heavy sealice 
burdens under normal circumstances), see Figure 17.  Under normal baseline conditions, no 
pathology is visible in the presence of low numbers of sealice (Figure 16).  In contrast, the 
queenfish from outer Gladstone Harbour were heavily infected and suffering from grossly 
visible lesions.  Literature review was undertaken to determine whether plausible mechanisms 
existed to explain the unusually intense infections and pathological reactions exhibited by the 
queenfish sampled from outer Gladstone Harbour. 

Review of scientific literature found that epidermal erosion can occur due to direct exposure of 
fish to sediments (Mondon et al. 2001, Nowak 2013).  Reduced epidermal thickness could 
make queenfish more susceptible to developing skin erythema or haemorrhagic skin lesions 
when infected with sealice, as it would be easier for the lice appendages to penetrate the 
protective slime layer.  Exposure to sediment alone can increase stress in fish (Redding et al. 
1987, Reid et al. 2003), while some sediment contaminants (e.g. metals) are potent immuno-
suppressants for fish at levels reported to occur in Gladstone Harbour waters during the 
WBDDP (see Zelikoff 1993).  Algal blooms that were suspected to occur in Gladstone Harbour 
from October to at least January 2012 based on indirect measurement of dissolved oxygen (see 
Vision Environment 2011d, 2012a) and limited microscopic studies (hindered by significant 
amounts of suspended solids in some algae samples, see Fabbro 2011) may also be stressful to 
fish, particularly if due to harmful algal species (Landsberg 2002).  Indeed, immunomodulation 
of fish hosts by environmental factors is why infections of some ectoparasites with direct 
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Queenfish 
 

Gladstone 
Harbour 

Northern 
Territory 

Number of fish sampled 27 91 
Mean length (cm) 79.6 (TL) 48.9 (FL) 
Range (cm) 78-81 20.9 -76.1 
Standard deviation 1.15 11.1 

Sealice infections   
Prevalence 100% 64.8% 
Mean intensity (copepods / 
infected fish) 21.2*** 3.68 
Standard deviation 13.72 4.65 
Range 4-46 0-26 
Haemorrhagic lesion prevalence 66.6% 0% 
Mean lesion intensity 1.78 n/a 

Table 1.  Data for sealice infections of queenfish examined by Dr B Diggles from gill nets during fish 

health monitoring projects in Gladstone Harbour (Jan 2012) and the Northern Territory (Aug 2012- Oct 

2013).  ***Intensity of sealice infections in Gladstone Harbour was significantly higher (ANCOVA 

P<0.0001, with covariate controlling for fish length).  Only fish from Gladstone Harbour exhibited 

haemorrhagic skin lesions. FL = Fork length, TL = total length.  Data from Gladstone Harbour from 

Landos (2012).  Data from Northern Territory from Cardno (2013a,b,c,d). 

 

Figure 15.  Large (c. 70-75 cm FL) net caught queenfish at a wet market in Brunei Darussalam, SE Asia 

in 2012.  Note normal colouration and absence of haemorrhagic lesions.  
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Figure 16.  The arrow shows the location of a single L. spinifer (arrow) on the pectoral girdle of a 

queenfish sampled from gillnets in the Northern Territory in August 2012.  Note absence of skin 

erythema. 

life cycles (like sea lice) tend to increase with increasing levels of pollution (MacKenzie 1999).  
Certainly, it has been shown that implantation of cortisol resulted in immune suppression and 
heavier sea lice infections in controlled experiments on coho salmon (Johnson and Albright 
1992), meaning that increased sea lice levels in wild fish (including queenfish) can be 
considered a reasonably reliable clinical sign of immunosuppression, without necessarily 
requiring direct measurements of immune status (e.g. via measurement of blood cortisol). 

Independent reviewer Nowak (2013) noted that “Skin lesions in marine animals which are 
mentioned in the report (of Landos 2012) are likely a result of resuspension of sediment and 
either physical damage or exposure to contaminants”, and in particular, “queenfish from 
Gladstone were reported to show erythema associated with Lepeophthirius spinifer (sea lice) 
with infection intensities of up to 46 copepods and a mean intensity of 21.2 copepods/fish. The 
relationship between the number of those parasites and lesion intensity in queenfish in 
Gladstone area shown in Figure 10 in the report is convincing and suggests that skin lesions in 
this species were associated with sea lice infection” (Nowak 2013).  With additional baseline 
data for sealice infections in queenfish now publically available (Cardno 2013a,b,c,d), it is now 
apparent that normal healthy wild queenfish in northern Australia generally have low numbers 
of sealice, which is consistent with sealice data available for other wild fish species.  It is 
therefore clear that, despite an apparent lack of exceedence of DERM action trigger levels for 
turbidity in outer Gladstone Harbour in January 2012 (Vision Environment 2012a,b), queenfish 
in that area were diseased and showing clinical signs of immunosuppression.   
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In this section, BD has presented data, temporal epidemiology and results from literature 
review that all show that elevated sea lice infections and haemorrhagic lesions in queenfish 
sampled from outer Gladstone Harbour in January 2012 could be caused by exposure of these 
fish to disposed dredged material.  Thus a causal relationship between dredge spoil disposal 
activities (including bund wall leaks) and reduced queenfish health in Gladstone Harbour in 
January 2012 remains plausible at this time.  Further investigation of this matter is required.  

4.4 Dredging operations not being conducted to best practice (G Diggles) 

It is important that dredging activities within or adjacent to sensitive marine ecosystems are 
managed well in order to mitigate potential ecosystem damage caused by the effects of 
excessive turbidity, and resuspension of metals and legacy pollutants that may occur in 
sediments (Sydney Ports 2009).  The types of environmental damage that can be caused by 
poorly controlled dredging includes smothering of seagrasses and corals, as well as declines in 
health and recruitment of fish and other aquatic organisms (ANZECC 2000, Airoldi 2003, 
Sturve et al. 2005, Partridge and Michael 2010).  Prominent scientists consider that for 
environments within and adjacent to the Great Barrier Reef World Heritage Area, it is 
important that dredging activity is undertaken using world’s best practice, otherwise it is likely 
that severe degradation of critical ecosystems of the Great Barrier Reef (and/or its adjacent 
estuarine nursery areas) will result (Brodie 2014).   

The Gladstone Ports Corporation has claimed for the WBDDP that “The operational method 
developed for the dredging operation is designed to minimise the impacts of dredging on the 
marine environment” (Gladstone Ports Corporation 2012).  However, from on water 
observations and photographs taken by BD of dredging activity in Gladstone Harbour on 27-28 
September 2011, and from numerous other photographs available of the WBDDP dredging 
operation that are publically available in the internet, it is clear that no “silt curtains” have been 
used to minimise or contain turbid water generated by dredging.  Silt curtains are designed to 
reduce the amount of dredged material and turbidity escaping into the surrounding water, and 
they are nearly always used on similar projects in Australia as their use represents best practice 
for mitigation and management of turbidity and other environmental damage that can occur due 
to dredging (e.g. Knott et al. 2009, Sydney Ports 2009).  I (GD) am at a loss as to why DERM 
has apparently not insisted on the use of silt curtains during the WBDDP project, as they have 
insisted on their use on all other dredging projects I have been involved with in my recent 
memory. 

Perhaps in part due to this failure to adhere to best practice, another observation I (GD) have 
noted regarding the WBDDP project is that present-day photographs of the harbour 
demonstrate that it has high background levels of turbidity now, even during neap tides.  This is 
a very different situation compared to the clean green water I observed there in the 1970s when 
I was on the sites of the wharves being constructed back then in the Fishermans Landing area.  
We both agree with the expert opinion of Professor Hart when he stated that the DERM report 
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of October 2011 was not credible in stating that water quality in Gladstone Harbour was 
“consistent with historical trends”.  Indeed, this may demonstrate that DERM was ignorant of 
(or deliberately ignoring) the data being collected by Vision Environment (2011a, b, c), and/or 
has little understanding of what natural baseline water quality in Gladstone Harbour was like as 
little as 40 years ago.  It is important to recognize when shifting baselines are (deliberately or 
otherwise) incorporated into planning processes, as baselines are important reference points, 
and sliding baselines erode our understanding of natural ecosystem processes and blur our 
ability to understand what a healthy ecosystem looks like (Pauly 1995, Dayton et al. 1998, 
Diggles 2013).   

4.5 Adequacy of monitoring of water quality and aquatic animal health 

Given the undoubted importance of accurate baselines as reference points for management of 
coastal ecosystems (Pauly 1995, Dayton et al. 1998, Diggles 2013), the failure to undertake 
baseline aquatic animal health studies prior to commencement of the WBDDP is, in hindsight, 
a glaring error.  Instead, the WBDDP appears to have relied almost entirely on water quality 
monitoring with reference to the AWQG (ANZECC 2000) to assess environmental impacts.  
While the AWQG water quality trigger values can be used as a rough guide for estimating 
likely environmental effects, they are in no way a substitute for proper biological monitoring 
and the guidelines themselves clearly state this (ANZECC 2000).  For example, water quality 
data do not provide information on bioavailability of contaminants such as metals, which only 
proper biological monitoring can do (e.g., see Rice and White 1987, Hedge et al. 2009).  It is 
also virtually impossible to monitor the full range of the many different types of contaminants 
or associated biological phenomena (e.g. algal blooms) that can precipitate outbreaks of disease 
in aquatic animals.  Hence when there are diseased animals in the water, it is scientifically 
incorrect for authorities to make statements in public announcements and technical/briefing 
documents to the effect that “water quality results suggest that dredging can’t be causing a 
problem” (i.e. in effect “this book says those diseased fish should be fine”) (see GPC (2011) 
and DERM (2011) for examples).   

Proper assessment of biological effects requires accurate baselines and actual biological 
monitoring, not just water quality assessments, while investigation of aquatic animal disease 
events also requires specialist skills and techniques (Nowak et al. 2005, La and Cooke 2011).  
Records show that these sorts of specialist techniques were not applied in Gladstone Harbour 
until well into the event (around October 2011) when Fisheries Queensland first sent up a team 
of dedicated investigators lead by people with aquatic animal health training.  This means that 
by the time proper investigations of aquatic animal health first started (i.e. fishery independent 
sampling by trained personnel on the water), the worst impacts had already passed (Gladstone 
Fish Health Scientific Advisory Panel 2012).  Indeed, the conspicuous lack of baseline aquatic 
animal health data and biological monitoring were key reasons why the Fish Health Advisory 
Panel could not determine with any certainty the cause of disease outbreaks in aquatic animals 
in Gladstone Harbour and surrounds in 2011 (Gladstone Fish Health Scientific Advisory Panel 
2012).   
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This is clearly a completely inadequate situation that, thankfully, it seems proponents of some 
other large coastal developments in northern Australia have learned from.  Indeed, to their 
credit proponents of some recent projects have seen fit to voluntarily include baseline and 
longitudinal aquatic animal health surveys as part of their environmental monitoring programs 
(Cardno 2013a-e).  To avoid a repeat of the problems experienced in Gladstone Harbour in the 
future, it would be very wise for Governments around the country to make baseline aquatic 
animal health surveys and biological monitoring (e.g Rice and White 1987, Hedge et al. 2009) 
compulsory components of environmental monitoring studies for all significant coastal 
developments.  This need could be addressed as part of the revisions of environmental 
monitoring and governance structures for these sorts of projects that prominent scientists are 
calling for (Grech et al. 2013, Brodie 2014). 

The GPC in its public documentation stated that “An extensive environmental monitoring 
program provides an early warning capability to the Dredge Technical Reference Panel and 
day-to-day dredge operation well before the point where unacceptable environmental impacts 
occur from dredging activities” (Gladstone Ports Corporation 2012).  However, public and 
scientific faith in the veracity, integrity and objectivity of the GPCs WBDDP environmental 
monitoring program and its ability to mitigate environmental impacts was lost sometime in the 
period between September and November 2011, when it became clear from the persistence of 
disease in aquatic animals and illnesses in fishermen in the region (and the apparent absence of 
these problems anywhere else along the Queensland coast), that something was very wrong 
with the water in Gladstone Harbour, and that it was unlikely to be related to rainfall many 
months earlier.  Yet the GPC and other Queensland Government departments such as DERM 
(2011) persisted in informing the public (and the Fish Health Scientific Advisory Panel in 
October 2011) to the effect that “water quality in the Harbour and the two estuaries was 
consistent with historical trends, apart from the impacts of flooding in January 2011”.  It is 
notable that another document submitted to the Fish Health Scientific Advisory Panel by the 
GPC which was finalised on 27 September 2011 (Gladstone Ports Corporation 2011) failed to 
disclose the significant maintenance dredging and bund wall construction works that were 
undertaken as part of the WBDDP as early as January 2011 (Appendix 1).  Instead, Gladstone 
Ports Corporation (2011) briefed the Fish Health Advisory Panel with the following 
information; “The dredging companies started on 10 June 2011 with two small backhoe 
dredges. A third small grab dredge commenced operation in August and the main cutter 
suction dredge Almahaar, commenced operations on 5 September 2011” .  Around the same 
time, the GPC was investigating algal blooms (Fabbro 2011) and conducting its own internal 
investigations of what went wrong with the bund wall (BMT-WBM 2011a, b), while it was 
clear to any reasonably experienced person on the water in Gladstone Harbour with access to 
basic equipment like a camera and an internet connection (Figures 1,3,4), that there was a 
significant water quality problem related to the WBDDP.  In hindsight, with the belated release 
of detailed data on the leaking bund wall 2 years later (The Australian 2014), it has become 
clear that the public statements and briefings of the Fish Health Advisory Panel by GPC 
(Gladstone Ports Corporation 2011) and some Government departments (e.g. DERM 2011) 
during September and October 2011 were misleading, at best.  
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Brodie (2014) pinpointed that a major issue with the WBDDP was (and still is) the lack of a 
compliance water quality monitoring program fully independent from the developers.  This 
lack of independence is characteristic of most large developments in Australia (Grech et al., 
2013), but it introduces problems with transparency, data quality and acceptance of alleged 
science based reporting by monitoring groups that are, in effect, trapped in an intimate master-
servant relationship with the project proponents.  This arrangement may work as intended when 
projects are going smoothly, but the potential for misuse of science (Brodie 2014) quickly 
emerges under this arrangement whenever environmental problems arise, because the interests 
of the developer (the master) and the scientific monitor (the servant) diverge at that point.     

For example, in earlier water quality reports, statements were included for transparency such 
as: “All data manipulation is at the discretion of Vision researchers, but is always justified” 
(Vision Environment 2011a, page 5).  However, these sorts of statements were not present in 
later reports from August 2011 onwards (Vision Environment 2011b,c,d, 2012a,b, 2013), 
though references to “data processing” were sometimes included (Vision Environment 
2012a,b).  In other words, it is evident that raw water quality data were being manipulated, but 
how, by whom and why it was done was no longer transparent once significant fish health 
problems emerged.  Then on page 4 of their September 2011 report, Vision Environment stated 
“Under GPC instructions, weekly water quality sampling is no longer undertaken at sites BG1, 
BG2 and C1 but has now commenced at the outer harbour site B7” (Vision Environment 
2011c).  It is not clear why GPC saw fit to remove these particular inner harbour sites from the 
water quality monitoring.  Given their location in the area of the main construction and 
dredging activity, their removal could have influenced the integrity and continuity of water 
quality data collection, especially if water quality readings were being averaged over several 
data collection sites (which it appears they were in some instances).  Indeed, Brodie (2014) 
observed that it’s possible the dredging and dredge spoil disposal (and leaking bund walls) 
were associated with the aquatic animal health problems observed, but “the level of compliance 
monitoring and environmental oversight of the WBDDP were so poor, causative links were not 
able to be identified”.  This is clearly unacceptable if the true objective of an environmental 
monitoring program is to “provide an early warning capability…well before the point where 
unacceptable environmental impacts occur from dredging activities” (Gladstone Ports 
Corporation 2012).   

Allegations of misuse of science that have begun to appear in the peer reviewed scientific 
literature relating to coastal development adjacent to the Great Barrier Reef (Grech et al. 2013, 
Brodie 2014) are serious and, in the case of management of the WBDDP (for data relating to 
the bund wall failures in particular), these allegations are not without foundation.  For example, 
there is clear evidence that the Gladstone Fish Health Scientific Advisory Panel was not 
provided with all of the relevant water quality data that was available at the time it was 
deliberating, including data relating to the bund wall failure that almost certainly would have 
influenced the panel’s findings.  Because of this, and the other points raised above, from a 
scientific perspective the conclusions made by entities responsible for reviews of fish health 
matters in Gladstone prior to public disclosure of the information relating to the bund wall 
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failures (Gladstone Fish Health Scientific Advisory Panel (2012), Batley (2013) and Nowak 
(2013)) must be considered redundant.  Because we now know they were not provided with all 
the relevant information, these reviews cannot be relied upon to provide an accurate assessment 
of inter-relationships between water quality and fish health in Gladstone Harbour from the end 
of August 2011 onwards.  Similarly, data collected by Landos (2012) needs to be reviewed 
with these recent revelations in mind, as does the new information on baseline health of 
queenfish presented herein.  Given the desire of the general public to avoid a repeat of these 
apparent management failures in future developments that are planned for the Great Barrier 
Reef seaboard (Grech et al. 2013, Brodie 2014), calls by eminent scientists for revised 
environmental monitoring and governance structures for these sorts of developments (Grech et 
al. 2013, Brodie 2014) should also be heeded.  Furthermore, a proper fish health inquiry is 
required, one with access to all of the relevant data, if the relationships between the WBDDP, 
bund wall failures and disease outbreaks in aquatic animals in Gladstone Harbour from mid 
2011 into 2012 are to be better understood. 

Credentials and Declaration of Interest 

Dr Ben Diggles PhD (University of Queensland 1996) is the Director of DigsFish Services, a 
consulting company that has provided independent aquatic animal health services to fishing and 
aquaculture industries and Governments throughout Australasia since 2003.  Information on his 
20 plus years of relevant professional experience in the field of aquatic animal health can be 
found at http://www.digsfish.com/Ben_CV.doc and http://www.digsfish.com/publications.html.  
George Diggles (Certificate of Civil Engineering Drafting – QIT 1969) has 53 years experience 
in Civil Engineering (including 44 years in port developments), in the capacity of Draftsman, 
Chief Draftsman, Surveyor, Quantity Surveyor, Construction Engineer, Project Manager and 
Senior Estimator. 

Dr Diggles was not paid for field visits to the Gladstone region in January 2011, April 2011, 
September 2011 or October 2011, which were undertaken for the purposes of fishery dependent 
data collection (inspecting water conditions, fish health and interviewing fish hatchery staff and 
recreational and commercial fishers).  In November 2011, Dr Diggles was paid $1650 for a 
report assisting with interpretation of independent water quality testing performed by Gladstone 
Fish Markets. In February 2012, Dr Diggles was paid $14,000 from the Gladstone Fishing 
Research Fund to cover professional fees and costs incurred during 14 days of aquatic animal 
health fieldwork and laboratory analysis.  This work was done to assist Future Fisheries 
Veterinary Services (Landos 2012) with professional fish and shellfish parasitology expertise 
during fishery independent aquatic animal health field sampling trips conducted in January and 
February 2012.  Since August 2012, Dr Diggles has been contracted to provide professional 
aquatic animal health services to groups responsible for environmental monitoring of other 
dredging projects that are underway in northern Australia (Cardno 2013a-e).  Neither author 
were requested, induced, paid or sponsored by any party for the considerable time and effort 
required to research and write this report. 

http://www.digsfish.com/Ben_CV.doc
http://www.digsfish.com/publications.html


 
 

. 

  www.digsfish.com            - 32 – 

References 
 
Airoldi L (2003).  The effects of sedimentation on rocky coast assemblages.  Oceanog. Mar. Biol. 
Annual Review  41: 161–236. 
 
ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality. 
http://www.environment.gov.au/resource/australian-and-new-zealand-guidelines-fresh-and-marine-
water-quality-volume-1-guidelines  
 
Batey G (2013).  Scientific Review of: Investigation of the Causes of Aquatic Animal Health Problems 
in the Gladstone Harbour and Nearshore Waters by Matt Landos. 
http://www.environment.gov.au/system/files/pages/884f8778-caa4-4bd9-b370-
318518827db6/files/24gpc.pdf   
 
BMT WBM (2011a).  re: Gladstone Western Basin Dredge Monitoring - Preliminary Exceedence 
Investigation Findings.  2 November 2011. 
http://www.westernbasinportdevelopment.com.au/media/pdf/Memo%20of%20exceedance%20novembe
r%202011.pdf  
 
BMT WBM (2011b).  Port Curtis Dredging and Resuspension Monitoring.  24 November 2011.   
http://www.westernbasinportdevelopment.com.au/media/pdf/Memo%20resuspension%20and%20plume
%20modelling%20from%20BMT%202011.pdf  
 
Bonnet C, Babut M, Ferard JF, Martel L, Garric J (2000). Assessing the potential toxicity of 
resuspended sediment.  Environmental Toxicology and Chemistry 19: 1290–1296 
 
Brodie J (2014).  Dredging the Great Barrier Reef: Use and misuse of science.  Estuarine, Coastal and 
Shelf Science (2014), doi: 10.1016/j.ecss.2014.01.010 
 
Burton GA, Johnson EL (2010).  Assessing contaminated sediments in the context of multiple stressors.  
Environmental Toxicology and Chemistry 29:  2625–2643. 
 
Cardno (2013a). Research Fishing and Fish Health Monitoring Program Baseline Report Season 1, 
Ichthys Nearshore Environmental Monitoring Program. Report Number: L384-AW-REP-10009. 
Prepared for INPEX by Cardno NSW/ACT.   
http://www.ichthysproject.com/sites/default/files/Research%20Fishing%20and%20Fish%20Health%20
Baseline%20Report%201.pdf  
 
Cardno (2013b). Research Fishing and Fish Health Monitoring Program Baseline Report Season 2, 
Ichthys Nearshore Environmental Monitoring Program. Report Number: L384-AW-REP-10511. 
Prepared for INPEX by Cardno NSW/ACT. February 2013.  
http://www.ichthysproject.com/sites/default/files/Fish%20Health%20Baseline%20Report%20Season%
202.pdf  
 
Cardno (2013c).  Research Fishing and Fish Health Monitoring Program, Dredging Report Season 1.  
Ichthys Nearshore Environmental Monitoring Program.  L384-AW-REP-10217.  Prepared for INPEX 
by Cardno NSW/ACT, March 2013.   
http://www.ichthysproject.com/sites/default/files/Research%20Fishing%20Fish%20Health%20Monitori
ng%20Report%201.pdf  
 
Cardno (2013d).  Research Fishing and Fish Health Monitoring Program, Dredging Report Season 2.  
Ichthys Nearshore Environmental Monitoring Program.  L384-AW-REP-10512.  Prepared for INPEX 
by Cardno NSW/ACT, June 2013.   

http://www.environment.gov.au/resource/australian-and-new-zealand-guidelines-fresh-and-marine-water-quality-volume-1-guidelines
http://www.environment.gov.au/system/files/pages/884f8778-caa4-4bd9-b370-318518827db6/files/24gpc.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/Memo of exceedance november 2011.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/Memo resuspension and plume modelling from BMT 2011.pdf
http://www.ichthysproject.com/sites/default/files/Research Fishing and Fish Health Baseline Report 1.pdf
http://www.ichthysproject.com/sites/default/files/Fish Health Baseline Report Season 2.pdf
http://www.ichthysproject.com/sites/default/files/Research Fishing Fish Health Monitoring Report 1.pdf


 
 

. 

  www.digsfish.com            - 33 – 

http://www.ichthysproject.com/sites/default/files/Research%20Fishing%20and%20Fish%20Health%20
Monitoring%20Report%202.pdf  
 
Cardno (2013e).  INPEX Nearshore Environmental Monitoring Plan. L384-AH-PLN-003. Nov. 2013. 
http://www.inpex.com.au/media/36797/nearshore%20environmental%20monitoring%20plan%20revisio
n%204%20(l384-ah-pln-0003).pdf  
 
Cave RR, Andrews JE, Jickells T, Coombes EG (2005).  A review of sediment contamination by trace 
metals in the Humber catchment and estuary, and the implications for future estuary water quality.   
Estuarine, Coastal and Shelf Science 62: 547–557. 
 
Cruz-Lacierda ER, Erazo-Pagador G, Yamamoto A, Nagasawa K (2011).  Parasitic caligid copepods of 
farmed marine fishes in the Philippines, pgs. 53-62. In: Bondad-Reantaso MG, Jones JB, Corsin F, Aoki 
T (eds.). Diseases in Asian Aquaculture VII. Fish Health Section, Asian Fisheries Society, Selangor, 
Malaysia. 385 pgs. 
 
Dayton PK, Tegner MJ, Edwards PB, Riser KL (1998). Sliding baselines, ghosts, and reduced 
expectations in kelp forest communities. Ecological Applications 8: 309-322. 
 
Department of Environment (2014).  Independent Review of the Leaking Bund Wall at the Port of 
Gladstone.  Background Paper.  Provided by e-mail from BundWallReview@environment.gov.au on 13 
February 2014.  
 
DERM (2011).  Port Curtis and Tributaries.  Comparison of Current and Historical Water Quality.  
October 2011. 
http://www.westernbasinportdevelopment.com.au/media/pdf/DERM%20report%20comparison%20wat
er%20quality.pdf  
 
Deveney MR, Chisholm LA, Whittington ID (2001).  First published record of the pathogenic 
monogenean parasite Neobenedenia melleni (Capsalidae) from Australia.  Diseases of Aquatic 
Organisms 46:  79-82.  
 
Diggles BK (2011).  Case report:  Barramundi Health Check, Boyne R., April 2011.  DigsFish Services 
Pathology Report DF 11/25.  9 April 2011.  http://www.digsfish.com/Gladstonepathreport.pdf 
 
Diggles BK (2013). Historical epidemiology indicates water quality decline drives loss of oyster 
(Saccostrea glomerata) reefs in Moreton Bay, Australia. New Zealand Journal of Marine and 
Freshwater Research 47: 561-581. 
 
Eggleton J, Thomas KV (2004).  A review of factors affecting the release and bioavailability of 
contaminants during sediment disturbance events.  Environment International 30: 973– 980 
 
Esslemont G, Russell RA, Maher WA (2004). Coral record of harbour dredging: Townsville, Australia.  
Journal of Marine Systems 52:  51-64. 
 
Fabbro L (2011).  Results of water samples analysed for the presence of algae.  Report prepared by CQ 
University for Vision Environment, 18 October 2011.  In:  Vision Environment (2011).  WBDDP Water 
Quality Profiling, Stage 2 Report. Algae.  October 2011. 18 pgs.                      . 
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDDP%20Water%20Quality%20Profili
ng%20Stage%202%20Report%20Algae%20October%202011.pdf   
 
GHD (2009).  Gladstone Ports Corporation.  Report for Western Basin Dredging and Disposal Project.  Water 
Quality Report.  October 2009.  579 pgs. 
 
Gladstone Fish Health Scientific Advisory Panel (2012).  Final Report 5 January 2012.  47 pgs. 

http://www.ichthysproject.com/sites/default/files/Research Fishing and Fish Health Monitoring Report 2.pdf
http://www.inpex.com.au/media/36797/nearshore environmental monitoring plan revision 4 (l384-ah-pln-0003).pdf
mailto:BundWallReview@environment.gov.au
http://www.westernbasinportdevelopment.com.au/media/pdf/DERM report comparison water quality.pdf
http://www.digsfish.com/Gladstonepathreport.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDDP Water Quality Profiling Stage 2 Report Algae October 2011.pdf


 
 

. 

  www.digsfish.com            - 34 – 

 
Gladstone Ports Corporation (2011).  Briefing:  Western Basin Dredging and Disposal Project – 
Environmental Impacts.  27 September 2011.   
 
Gladstone Ports Corporation (2012).  Community Fact Sheet.  Managing the impacts of the project.   
http://www.westernbasinportdevelopment.com.au/media/pdf/Fact%20Sheet%20Offsetting%20Impacts
%20june%202013.pdf  
 
Grech A, Bos M, Brodie J, Coles R, Dale A, Gilbert R, Hamann M, Marsh H, Neil K, Pressey B, 
Rasheed M, Sheaves M, Smith A (2013). Guiding principles for the improved governance of port and 
shipping impacts in the Great Barrier Reef. Marine Pollution Bulletin 75: 8–20. 
 
Griffiths SP, Fry GC, van der Velde TD (2006).  Population dynamics and fishery benefits of a large 
legal size of a pelagic sportfish, the Talang queenfish, Scomberoides commersonnianus, in northern 
Australia.  Fisheries Research 82:  74-86. 
 
Hart B (2011).  Port Curtis and Tributaries:  Comparison of current and historical water quality. QLD 
DERM, October 2011.  Review by Professor Barry Hart for Fitzroy Basin Authority 10 October 2011.  
2 pgs.  http://www.digsfish.com/hartreport.pdf  
 
Hedge LH, Knott NA, Johnston EL (2009).  Dredging related metal bioaccumulation in oysters.  Marine 
Pollution Bulletin 58:  832-840. 
 
Johnson SC, Albright LJ (1992).  Effects of cortisol implants on the susceptibility and histopathology of 
the responses of naïve coho salmon Oncorhynchus kisutch to experimental infection with 
Lepeophtheirus salmonis (Copepoda: Caligidae).  Diseases of Aquatic Organisms 14:  195-205. 
 
Kinne O (1984).  Diseases of Marine Animals. Volume IV, Part 1, Introduction, Pisces. Biologische 
Anstalt Helgoland.  Hamburg.  539 p.  
 
Knott NA, Aulbury JP, Brown TH, Johnston EL (2009).  Contemporary ecological threats from 
historical pollution sources: impacts of large-scale resuspension of contaminated sediments on sessile 
invertebrate recruitment.  Journal of Applied Ecology 46: 770–781 
 
La VT, Cooke SJ (2011).  Advancing the science and practice of fish kill investigations.  Reviews in 
Fisheries Science 19: 1-13.  
 
Landos, M. (2012). Investigation of the Causes of Aquatic Animal Health Problems in the Gladstone 
Harbour and Nearshore Waters, Future Fisheries Veterinary Service Report, 190 pp.  1 October 2012.  
http://www.cccqld.org.au/docs/Gladstone_Landos_report.pdf  
 
Landsberg JH (2002).  The effects of harmful algal blooms on aquatic organisms.  Reviews in Fisheries 
Science 10:  113-390. 
 
MacKenzie K (1999).  Parasites as pollution indicators in marine ecosystems: a proposed early warning 
system.  Marine Pollution Pollution 38: 955-959. 
 
Mondon J, Duda S,  Nowak B. (2001). Histological, growth and 7-ethoxyresorufin 0-deethylase 
(EROD) activity responses of greenback flounder Rhombosolea tapirina to contaminated marine 
sediment and diet. Aquatic Toxicology 54: 231-247. 
 
Nayar S, Goh BPL, Chou LM (2004).  Environmental impact of heavy metals from dredged and 
resuspended sediments on phytoplankton and bacteria assessed in in situmesocosms.  Ecotoxicology and 
Environmental Safety 59: 349–369 
 

http://www.westernbasinportdevelopment.com.au/media/pdf/Fact Sheet Offsetting Impacts june 2013.pdf
http://www.digsfish.com/hartreport.pdf
http://www.cccqld.org.au/docs/Gladstone_Landos_report.pdf


 
 

. 

  www.digsfish.com            - 35 – 

Noga E (2010).  Fish Disease.  Diagnosis and Treatment.  2nd Edition.  Wiley Blackwell.  519 p. 
 
Nowak B (2013).  Scientific Review of: “Investigation of the Causes of Aquatic Animal Health 
Problems in the Gladstone Harbour and Nearshore Waters”.  (Dr M. Landos, 1 October 2012). 
http://www.environment.gov.au/system/files/pages/884f8778-caa4-4bd9-b370-
318518827db6/files/24gpc.pdf   
 
Nowak B, Crane M, Jones B (2005).  Aquatic Animal Health Subprogram: Development of national 
investigation and reporting protocols for fish kills in recreational and capture fisheries.  June 2005.  
FRDC Project No. 2005/620.  53 pgs. 
 
Partridge GJ, Michael RJ (2010). Direct and indirect effects of simulated calcareous dredge material on 
eggs and larvae of pink snapper  Pagrus auratus.  Journal of Fish Biology 77: 227–240. 
 
Pauly D (1995). Anecdotes and the shifting baseline syndrome of fisheries. Trends in Ecology and 
Evolution 10: 430. 
 
Petus C, Devlin M (2012).  Using satellite maps to document the extent of sediment plumes associated 
with dredging activity in Gladstone Port’s western basin, Queensland.  Catchment to Reef Research 
Group, James Cook University, Final report 31 May 2012.  ACTFR Research Publication 12/02.  38 
pgs. 
http://research.jcu.edu.au/research/tropwater/resources/12%2002%20Using%20satellite%20maps%20to
%20documents%20the%20extent%20of%20sediment%20plumes%20associated%20with%20dredging
%20activity%20in%20Gladstone%20Ports%20western%20basin,%20Qld.pdf  
 
Redding JM, Schreck CB, Everest FH (1987).  Physiological effects on coho salmon and steelhead of 
exposure to suspended solids.  Transactions of the American Fisheries Society 116:  737-744. 
 
Reid SM, Isaac G, Metikosh S, Evans J (2003).  Physiological response of rainbow trout to sediment 
released during open-cut pipeline water crossing construction.  Water Quality Research Journal of 
Canada 38:  473-481. 
 
Rice CP, White DS (1987).  PCB availability assessment of river dredging using caged clams and fish.  
Environmental Toxicology and Chemistry 6: 259-274 
 
Roberts RJ (2001).  Fish Pathology.  3rd Edition.  W.B. Saunders 472 p. 
 
Rohde K (1984).  Ecology of marine parasites.  Heloglander Meeresuntersuchungen 37:  5-33. 
 
Service B, Hornsey W (2013). Gladstone Harbour Dredged Spoil Disposal Area Bund Wall- What went 
wrong ?  Presentation presented 21 August 2013 at Griffith University Gold Coast Campus. 
http://www.engineersaustralia.org.au/events/gold-coast-gladstone-harbour-dredged-spoil-disposal-area-
bund-wall-what-went-wrong-technical-   
 
Sindermann CJ (1996).  Ocean Pollution:  effects on living resources and humans.  CRC Press.  275 p. 
 
Sniesko SF (1974). The effects of environmental stress on outbreaks of infectious diseases of fishes.  
Journal of Fish Biology 6:  197-208. 
 
Sturve J et al. (2005). Effects of dredging in Goteborg Harbor, Sweden, assessed by biomarkers in eelpout 
(Zoarces viviparous).  Environmental Toxicology and Chemistry 24:  1951-1961. 
 
Sydney Ports (2009). Port Botany Container Terminal Expansion Project.  Managing and Monitoring 
Turbidity During Dredging and Reclamation Activities.  

http://www.environment.gov.au/system/files/pages/884f8778-caa4-4bd9-b370-318518827db6/files/24gpc.pdf
http://research.jcu.edu.au/research/tropwater/resources/12 02 Using satellite maps to documents the extent of sediment plumes associated with dredging activity in Gladstone Ports western basin, Qld.pdf
http://www.engineersaustralia.org.au/events/gold-coast-gladstone-harbour-dredged-spoil-disposal-area-bund-wall-what-went-wrong-technical-


 
 

. 

  www.digsfish.com            - 36 – 

http://www.sydneyports.com.au/__data/assets/pdf_file/0014/10526/PBE_-_QA_-
_Turbidity_QA___July_09.pdf  
 
The Australian (2014).  Driven over a leaky wall.  By Graham Lloyd.  Environment Editor. 13 Jan 2014. 
pge 9. http://www.theaustralian.com.au/news/features/driven-over-a-leaky-wall/story-e6frg6z6-
1226800156832#mm-premium  
 
Tingley GA, Ives MJ, Russell IC (1997).  The occurrence of lice on sea trout (Salmo trutta L.) captured 
in the sea off the East Anglian coast of England.  ICES Journal of Marine Science 54:  1120-1128. 
 
Vision Environment (2011a).  BPPHA Water Quality Logger Summary.  15th April – 1st May 2011.  
http://www.westernbasinportdevelopment.com.au/media/pdf/BPPHA%20Water%20Quality%2015%20
April%20-%201%20Mayl%202011.pdf  
 
Vision Environment (2011b).  WBDEM water quality data summary.  August 2011.  34 pgs. 
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDEM%20water%20quality%20data%
20summary%20August%202011.pdf  
 
Vision Environment (2011c).  WBDEM water quality data summary.  September 2011.  26 pgs. 
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDEM%20water%20quality%20data%
20summary%20September%202011.pdf  
 
Vision Environment (2011d).  WBDEM water quality data summary.  October 2011.  41 pgs. 
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDEM%20water%20quality%20data%
20summary%20October%202011.pdf  
 
Vision Environment (2012a).  Dredge Material Placement Area (DMPA) water quality monitoring. 1st 
January – 15th January 2012.  32 pgs. 
http://www.westernbasinportdevelopment.com.au/media/pdf/DMPA%20water%20quality%20monitori
ng%201%20Jan%20-%2015%20Jan%202012.pdf  
 
Vision Environment (2012b).  Dredge Material Placement Area (DMPA) water quality monitoring. 15th 
January – 1st February 2012.  26 pgs. 
http://www.westernbasinportdevelopment.com.au/media/pdf/DMPA%20water%20quality%20monitori
ng%2015%20Jan%20-%201%20Feb%202012.pdf  
 
Vision Environment (2013).  WBDDP 2013 Event Sampling.  March 2013. 58 pgs. 
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDDP%202013%20Event%20Sampling
%20March%202013.pdf  
 
Wootten R, Smith JW, Needham EA (1981).  Aspects of the biology of the parasitic copepods 
Lepeophtheirus salmonis and Caligus elongatus on farmed salmonids, and their treatment.  Proceedings 
of the Royal Society of Edinburgh.  Section B.  Biological Sciences 81:  185-197. 
 
Zelikoff JT (1993).  Metal pollution-induced immunomodulation in fish.  Annual Review of Fish 
Diseases 1993:  305-325. 

http://www.sydneyports.com.au/__data/assets/pdf_file/0014/10526/PBE_-_QA_-_Turbidity_QA___July_09.pdf
http://www.theaustralian.com.au/news/features/driven-over-a-leaky-wall/story-e6frg6z6-1226800156832#mm-premium
http://www.westernbasinportdevelopment.com.au/media/pdf/BPPHA Water Quality 15 April - 1 Mayl 2011.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDEM water quality data summary August 2011.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDEM water quality data summary September 2011.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDEM water quality data summary October 2011.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/DMPA water quality monitoring 1 Jan - 15 Jan 2012.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/DMPA water quality monitoring 15 Jan - 1 Feb 2012.pdf
http://www.westernbasinportdevelopment.com.au/media/pdf/WBDDP 2013 Event Sampling March 2013.pdf


 
 

. 

  www.digsfish.com            - 37 – 

Appendices 

Appendix 1.  Timeline outlining the key events discussed in section 4 of this submission. 

Date Events 
December 
2010 
 

Several maintenance dredging projects underway in Gladstone Harbour1,2; 
Significant rainfall events in early and late December promote river flow events from 
early December1 

January 
2011 
 

Barramundi in Awoonga Dam healthy3,5;  
Maintenance dredging projects continue in Gladstone Harbour1,2; 
28 Jan, Construction commenced on Fisherman’s Landing bund wall4 

February 
2011 

Barramundi in Awoonga Dam healthy5;  
Maintenance dredging projects continue in Gladstone Harbour1,2 

March 
2011 
 

Significant rainfall promotes river flow events in early March1; 
Between December and March a total of around 30,000 barramundi escape over 
Awoonga Dam into Boyne River7 

April 2011 
 

7-8 Apr, Awoonga Dam still flowing slightly into Boyne River, but water is clean and 
clear3;   
Barramundi in freshwater reaches of Boyne River sampled and found to be healthy 
and largely recovered from going over dam wall3,5,6; 
Barramundi in Awoonga Dam healthy (and remain so throughout the rest of the 
year)5; 
Maintenance dredging projects continue in Gladstone Harbour1,2; 
First reports of diseased marine fish (not barramundi) reported at spoil dumping 
ground with skin redness and excessive mucous excretion2 

May 2011 
 

20 May, Capital dredging for WBDDP commenced1; 
Barramundi in freshwater and saltwater reaches of Boyne River remain healthy5,7 

June 2011 
 

Flow over Awoonga Dam wall finally ceases5 

July 2011 
 

First records of diseased barramundi with eye lesions/Neobenedenia infection in 
Boyne and Calliope Rivers2;  
Barramundi in Awoonga Dam remain healthy5; 
11 July, Nearmap satellite pictures taken of bund wall showing it and dredging 
activity to be a significant source of turbidity8;   
21 Jul, Bund wall closed4 

August 
2011 
 

Turbidity, suspended solids and metals exceedences in the Fishermans Landing area 
increase in magnitude and frequency1;  
Reports of disease in elasmobranchs and finfish species other than barramundi 
increase in frequency2 

September 
2011 
 

5 Sept, placement of dredging spoil behind bund wall commences4;  
Significant increase in turbidity, suspended solids and metals exceedences1;  
Reports of disease in elasmobranchs and finfish species other than barramundi 
continue to escalate2 
16 Sept, Fisheries closure commences7;  
27 Sept, Fish Health Advisory Panel announced7;  
27 Sept, GPC “Environmental Impacts” briefing report (GPC 2011) last updated 
before submission to Fish Health Advisory Panel7 
27-28 Sept, Dr Ben Diggles photographs water conditions and fish hatchery 
equipment in Grahams Creek and Auckland Inlet, respectively3 

October 
2011 
 

Turbidity exceedences continue throughout the month1; 
8 Oct, Dr Ben Diggles photographs water conditions in Auckland Inlet3; 
18 Oct, potentially toxic algal species detected in some water samples, but high 
suspended solids levels hinder identification10; 
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DERM water quality report (DERM 2011) submitted to Fish Health Advisory Panel7; 
November 
2011 
 

Turbidity exceedences continue throughout the month1; 
2 Nov, BMT-WBM memo on turbidity exceedence received by GPC9; 
24 Nov, BMT-WBM modelling on water quality and bund wall leaks available9 

December 
2011 

Turbidity exceedences continue1; 
9 Dec, final meeting of Fish Health Advisory Panel7 

January 
2012 
 

5 Jan, Fish Health Advisory Panel report released7;  
7 Jan, Gladstone Fishing Research Fund engages an Independent Fish Health testing 
program2;   
20 Jan, Independent aquatic animal health sampling commences, diseased queenfish 
sampled near offshore spoil dumping ground2;  

February 
2012 

15-16 Feb, Independent aquatic animal health sampling continues2;  
28 Feb, Independent aquatic animal health trawl sampling2 

 
Sources of timeline data: 
 
1.  Vision Environment (2011a,b,c,d, 2012a,b);  2.  Landos (2012);  3.  Dr B Diggles, personal 
observations;  4.  Service and Hornsey (2013);  5.  Gladstone Area Water Board (GAWB) data, cited in 
Landos (2012);  6.  Diggles (2011);  7. Gladstone Fish Health Scientific Advisory Panel (2012);  8. 
www.nearmap.com, (see Figure 1);  9.  BMT-WBM (2011a,b);   10. Fabbro (2011).   
 
 

http://www.nearmap.com/
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