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EXECUTIVE SUMMARY

This report was commissioned by Ridley Corporation Ltd to examine issues associated 
with the release of fish from the Dry Creek salinas to Barker Inlet during the 
decommissioning of the Ridley salt fields. Ridley is decommissioning the salt fields 
situated at Dry Creek, north of Adelaide. An interdepartmental Strategy and Technical 
Advisory Group (S-TAG), chaired by the Office of the Chief Executive, Department of 
Planning, Transport and Infrastructure, is coordinating the planning and approvals 
process for the closure and rehabilitation of the Dry Creek salt fields.  

Most of the salinas in the salt field will be drained and dried during the decommissioning 
and rehabilitation process. However, S-TAG members consider that the retention of 
some of the salinas as permanent seawater wetlands would maintain some of the 
biodiversity values presently and provided by the coastal salinas in the Middle Creek and 
Port Gawler Sections. Retention and rehabilitation of these salinas as seawater wetlands 
will require progressive flushing of the salinas with seawater pumped from Gulf and tidal 
creek waters, and discharge of saline waters directly or indirectly back into the Gulf and 
Barker Inlet.  

Discharge of waters into the Gulf and Barker Inlet is regulated under South Australian 
legislation. The S-TAG raised specific concerns about the potential risks associated with 
the release of fish from the salinas into the Barker Inlet. CEE Consultants Pty Ltd was 
commissioned by Ridley to assist WSP Environmental with considerations of the South 
Australian Fisheries Management Act 2007 as it pertains to the approvals process of 
decommissioning the Dry Creek Salt Fields.  

The report incorporates existing information on the diversity of fish in the Dry Creek 
salinas, a targeted summary of the biology of the more common fishes in the salinas, 
considerations of fish population gene pool in the salinas and a health assessment of 
fishes in the salinas. The protocol for the fish health assessment was informed by the 
directions of PIRSA Aquatic Animal Health Officer and the expert advice and 
assessment by the Specialist Pathologist of South Australia’s State veterinary
laboratories. 

Fish in the salinas were sampled for subsequent health assessment using a purpose-
fabricated Fyke net that was placed across exchange outlet between salinas in the 
Middle Beach Section of the salt fields. A sub-sample of 30 of the total of 143 fishes 
caught in September 2013, were sent for disease screening via gross post mortem and 
histopathology at Gribbles Veterinary Pathology, and subsequent parasite assessment 
at the University of Adelaide. 
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The major findings of this report were that: 
 The fish populations in the Dry Creek salinas are derived from wild fish in Barker

Inlet and continued to receive eggs and larvae from wild populations in the Gulf 
and tidal mangrove creeks via seawater pumps in Second Creek.  

o Fish populations in the salinas are heavily preyed-on by a range of
seabirds and water birds, as well as predatory fishes within the salinas. 

o Fish biodiversity at Dry Creek is representative of species found locally in
Barker Inlet. No exotic species were found in historical or recent surveys 

o It is concluded that the fish populations in genetically continuous with wild
fish populations in Barker Inlet. 

None of the 30 fish from Dry Creek in September 2013 that were examined by the State 
specialist aquatic pathologist revealed any indication of notifiable disease 

o Fish were generally healthy and in good nutritional condition.
o However, a range of potential signs of health issues were observed in

many of the fish examined
 The majority of the fishes were parasitised by trematodes and/or

nematodes.
 The degree of parasitism varied within and between species

however the parasites did not pose significant health risks to the
fishes sampled.

 It was further concluded by specialist veterinary pathologist from
the University of Adelaide that the parasites observed in the salina
fish populations would pose little threat if released to the general
population outside the salinas

It is concluded that the incidental passage of fishes from the Dry Creek salinas into the 
Barker Inlet during the decommissioning of the Ridley salt fields does not pose a 
significant risk to the population of wild fishes in the Gulf or Barker Inlet. 
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1 INTRODUCTION 
Ridley Corporation Ltd is decommissioning the Dry Creek salt fields located on the northern 
shores of Barker Inlet, north of Adelaide. The salt fields extend over more than 28 km of 
shoreline from Dry Creek in south, through the St Kilda and Port Gawler sections to Middle 
Beach in the north (Figure 1). The closure of the salt fields includes draining most of the 
existing salinas (ponds where the seawater is concentrated to brine), rehabilitating the land 
and creating a permanent wetland in some of retained salinas closest to the Gulf in the Port 
Gawler section.  

Figure 1 Location of Dry Creek Salt Fields 
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Closure of the salt fields and rehabilitation of the land involves a series of stages. A range of 
regulatory agencies are involved in the planning and approvals process under the co-
ordination of the Strategy and Technical Advisory Group (S-TAG) chaired by the Office of 
the Chief Executive, Department of Planning , Transport and Infrastructure (previously 
known as the Interdepartmental Task Force). Plans for Environmental Protection and 
Rehabilitation (PEPRs) have and are being prepared to meet the regulatory requirements 
associated with the various stages of the closure and rehabilitation process.  

2 BACKGROUND 
A key process in the closure and rehabilitation of the salt fields (including converting some of 
the salinas in the Port Gawler section to seawater wetland lagoons) is the: 

 Maintenance of water flows through some of the salinas to keep them inundated; and
 Draining and drying of other salinas.

A range of options are being developed and assessed that involve pumping seawater from 
the Gulf of St Vincent through eastern Middle Beach salinas and or through Port Gawler 
eastern salinas and St Kilda salinas. These options involve discharge of through-flow waters 
back into the Gulf via the Gawler River or Barker Inlet at Pumping Creek and/or Dry Creek. 
Barker inlet has high natural biodiversity values, including marine protected reserves (south 
of Chapman Creek) and sanctuaries. Discharge of waters from the salinas into the Gawler 
River, Pumping Creek and Dry Creek and thence into Barker Inlet is controlled by 
regulations of the Environment Protection Act 1993 and the Fisheries Management Act 
2007. 

Approval for the preferred closure option will require consideration of certain sections of the 
South Australian Fisheries Management Act 2007– particularly Sections with respect to the 
release or translocation of potential pathogens into natural waters.  

2.1 Scope of work 
Ridley commissioned CEE Consultants Pty Ltd to assist WSP Environmental with 
considerations of Fisheries Management Act 2007 aspects of the approvals processes. The 
scope of work was to address specific concerns raised by government agencies with respect 
to the potential risks associated with fish that might reach Barker Inlet from the salinas 
during the draw down process( eg, emails 5 and 23 July 2013 from Ian Llewellyn,  STAG 
Chair to Stephen Butler, Ridley).  

The scope included consulting directly with: 
 Dr Shane Roberts, Aquatic Animal Health Officer, PIRSA Fisheries and Aquaculture;

and 
 Dr Daren Hanshaw, Fish Pathologist, Gribble Pathology, South Australia’s State

veterinary laboratories. 
Records of phone conversations with Drs Roberts and Hanshaw are appended. 
Dr Hanshaw’s assessment report is also appended. 
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3 SUMMARY OF DRAINAGE OF SALINAS WITH FISH 
POPULATIONS – MIDDLE CREEK AND PORT GAWLER 

Closure of the salt fields and rehabilitation of the land involves drawing down water levels in 
all Middle Beach salinas and upper Port Gawler salinas through the lower Port Gawler 
salinas and releasing some waters into Barkers Inlet at Pumping Creek. The intention at the 
commencement of CEE’s assignment was to pump seawater from the Gulf at Chapmans 
Creek into the lower Port Gawler salinas to dilute the salinity in those salinas as the higher 
salinity waters in the upper salinas drain into them. However, as discussed in Section 4.1, a 
range of scenarios are presently under consideration.  
 
Salinity in the top end of the Middle Beach section was measured on 5 September 2013 
using a calibrated Hydrolab. The salinity in the salinas ranged from 46.3 psu at the outlet of 
the seawater intake pumps at Second Creek at the north of the system, to 47.84 psu at the 
outlet siphon of XF 1, to 52.7 psu at the inlet siphon into XE 5. Since the cessation of 
seawater pumping into the system in April 2013, the salinity of the salinas is steadily 
increasing.  
 

 
Figure 2 Location of Port Gawler and Middle Creek sections 

 
 
3.1 Fish and environmental conditions in the salina system 
There are fish in the salinas in the Middle Creek section and those in the Port Gawler section 
that presently have lowest salinity (but substantially higher salinity than seawater). The 
range of salinities through the Middle Beach and Port Gawler section measured by Ridley 
operators in June 2013 are shown in Figure 4. Ridley measures salinity for the purposes of 
salt production management in density, kg/m3. For the purposes of this environmental report, 
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density measurements have been converted to the practical salinity scale of PSU using 
Flinders University conversion application at 15oC.   
 
Figure 4 shows that salinities in the Middle Beach salinas in June 2013 ranged from 44 psu 
to 52 psu, while those in the Port Gawler section range from 52 psu to 140 psu. The 
increasing salinity through the salinas represents the progression of concentration of 
seawater by evaporation through the salt production fields.  These salinities are substantially 
higher than normal seawater. Seawater salinity measured in nearshore waters in the Gulf of 
St Vincent at Port Stanvac ranged from 36 psu to 38 psu over the period July 2010 to 
November 2012 (Adelaide Desalination Plant ambient monitoring), while the salinity in the 
upper Gulf ranges from 38.5 psu to 42 psu (Matthews, Flinders University 2010, Kämpf et al 
2009).  
 
Fish in the salinas of these sections have originated from eggs and larvae that were living in 
the seawater that was routinely pumped from the Gulf via Second Creek into the northern 
Middle Beach salinas during the normal operations of the salt harvesting process until April 
2013 (Figure 3). Hence species in the salinas are representative of those commonly present 
as eggs and larvae and possibly small juveniles in the nearshore waters of the Gulf and the 
mangrove creeks such as Second Creek. The beds of the salinas provide a range of habitats 
from shellgrit, to sand, fine silts and seagrasses. The salinas are generally less than 1 m 
deep.  
 

 
Figure 3 Second Creek seawater intake pumps 
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Figure 4 Salinities (PSU) in salinas June 2013 
Adapted from Ridley seawater density monitoring data 

 
Operators of the salt harvesting system advise that the most fish are in the northern salinas 
of the Middle Beach section and include mullet and congolli (Figure 5), whiting (including 
King George whiting), Australian salmon, bream and hardyheads. These observations may 
be skewed towards to species that are favoured by anglers, and may not indicate the 
presence of less preferred, but possibly more common, species that are not usually caught 
by anglers. 
 

 

 
Figure 5 Fish caught in salinas 29th August 2013 

Top: Yelloweye mullet   Bottom: Congolli (Source: Ridley Corporation Ltd) 
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Table 1 Dry Creek fish biodiversity 
(Source: Ridley Corp) 

Common name Species name Common name Species name 
Black Bream Acanthopagrus 

butcheri 
Rock Flathead Platycephalus 

laevigatus 

Bluespot Goby Pseudogobius sp. 9 Sand mullet Myxus elongatus 

Bridled Goby Arenogobius 
bifrenatus 

Sculptured Goby Callogobius mucosus 

Cobbler/Soldier Gymnapistes 
marmoratus 

Smallmouth Hardyhead Atherinosoma 
microstoma 

Congolli Pseudaphritis urvillii Snapper Chrysophrys auratus 

Crested Weedfish Christiceps australis Southern Garfish Hyporhamphus 
melanochir 

Deepbody Pipefish Kaupus costatus Southern Longfin Goby Favonigobius lateralis 

Dusky Flathead Platycephalus fuscus Southern Red Scorpionfish Scorpaena 
ergastulorum 

Australian Salmon Arripis truttaceus Southern Sand Flathead Platycephalus 
bassensis 

Eastern Fiddler Ray Trygonorrhina fasciata Southern School Whiting Sillago bassensis 

Eastern Striped Grunter Pelates sexlineatus Mulloway Argyrosomus 
hololepidotus 

Flathead/Sea mullet Mughil cephalus Spotted Pipefish Stigmatopora argus 

Goldspot Mullet Liza argentea Toadfish Assorted 
Greenback Flounder Rhombosolea tapirina Widebody Pipefish Stigmatopora nigra 

King George Whiting Sillaginodes punctata Yelloweye Mullet Aldrichetta forsteri 

Mosquitofish Gambusia affinis Yellowfin Whiting Sillago schomburgkii 

Old Wife Enoplosus armatus Zebrafish Girella zebra 

 
Monitoring of biodiversity in the saltfields has previously documented over 35 species of fish 
in the salinas (Coleman and Cook, 2009). Some of these are listed in Table 1. Fish 
identifications have not been validated and the available data does not include ranked 
abundances. 
 
Operators have observed that the diversity of fish decreases with increasing salinity or 
(measured density). An example of fish species salinity tolerances observed by the 
operators is shown in Table 2.  
 

Table 2 Fish salinity tolerances observed by salt field operators  
Species Salina density, kg/m3 Salina salinity, psu 
Flathead 1.037 50 
Blue crab 1.040 54 
King George whiting 1.046 62 
Hardyheads, Bream* 1.062 82 
* Studies of a related species of bream, A. latus, showed that adult fish could survive gradual increases 

of salinity to 66 PSU – Juan et al 2003 
 
This suggests that the diversity of fish species found in the salina system decreases as 
salinity increases - a trend that is consistent with natural, periodically isolated lagoon 
systems such as the Coorong (Bice 2010, Ferguson et al 2010, Molsher et al 1994, Ye et al 
2012). The Coorong lagoons may provide a useful ‘natural’ analogy of environmental 

conditions and salinity gradients in the Middle Beach and Port Gawler sections of the Dry 
Creek salt fields. 
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The salt field operators have also observed that the morphology and colour of the fish varies 
according to the salinity of the salina where the fish live. Bream in high salinity salinas (80 
psu) are notably rounder in section and silver in colour compared to fish in the wild. Mullet in 
the salinas are more robust and silver in colour. This is likely to be due to salinity effects on 
the fish rather than genetic isolation (Section 4). In wild populations of barramundi in 
northern Australia, it is common for individuals that are isolated in freshwater to become 
darker in colour, deeper in girth and thicker in the tail compared to fish from the same 
population in saltwater (Barramundi Fact Sheet, Department of Fisheries, WA). 
 
Operators also have observed that fish aggregate in the vicinity of the outlet of the pumps or 
siphons that discharge water into the salina where they live. It is possible that the fish 
aggregate in the area for a range of reasons: 

 The salinity of the inflow is lower than the salinity of the salina where the fish live; 
 The dissolved oxygen content of lower salinity water is generally higher than the 

more saline water of the salina where the fish live;  
 There may be food associated with the inflow waters; and 
 Other abiotic factors such as temperature, depth or physical habitat within the siphon 

coffer dams. 
 
3.2 Environmental and ecological pressures on fish in the salinas 
The fish in the salinas may have additional environmental stresses compared to those in the 
wild such as wider annual ranges in temperature, dissolved oxygen and salinity due to the 
responses the shallow salinas to seasonal atmospheric differences. The environment of the 
salinas may not be suitable for breeding of species that require widespread dispersal of 
larvae, oceanic migration or breeding cycles, freshwater or low salinity life stages or 
breeding prompts or have narrow temperature, dissolved oxygen and salinity tolerances. 
Hence, the proportion of self- sustaining populations in the salinas is likely to be low, and the 
abundance and diversity of fish is likely to be low relative to those in Barker inlet. 
 
A range of seabirds are commonly present in an around the salinas including cormorants, 
pelicans, silver gulls, terns and sea eagles. Some of the fish in the salinas are also predatory 
including Australian salmon, flathead and congolli. The presence of these piscivores around 
the relatively shallow salinas with little habitat protection except for areas of seagrass 
indicates a moderate to high predation pressure on populations in the salinas.
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Table 3 Assessment of common fish in Dry Creek salinas 
Common name Species Habitat Biology Probability of inbreeding 

Hardyhead Atherinosoma 
microstoma 

Common schooling species in shallow 
coastal bays, estuaries, seagrass 
meadows and saline lagoons in 
southeastern Australia. 

A small fish with annual life cycle. Fish lay 
adhesive eggs on submerged surfaces annually 
and adults die following spawning. Tolerant of 
wide salinity range. Feeds on small zooplankton 
and small benthic invertebrates. Common prey for 
a range of fish and birds. Tolerant of high range in 
salinity from 3 ppt to > 100 ppt 

Possible, although inflow of eggs and larvae 
from Gulf and predatory pressure within salinas 
are likely to maintain genetic continuity with Gulf. 

Gobies Gobiidae Mostly bottom dwelling fishes in 
shallow marine and estuarine and 
environments. 

Life history strategies range from broadcast 
spawning to laying demersal egg clutches (Bray et 
al 2012). 

Possible, although inflow of eggs and larvae 
from Gulf and predatory pressure within salinas 
are likely to maintain genetic continuity with Gulf. 

Congolli (tupong) Pseudaphritis 
urvillii 

Possible segregation of sexes with 
females living in freshwater and 
males living in euryhaline 
estuarine/marine environments. 

Females are truly catadromous, migrating 
downstream to spawn whilst males are non-
diadromous only occasionally entering the lower 
freshwater reaches of rivers and streams (Crook 
et. al 2010). 

Due to the possible sexual differentiation in 
migration behaviours it is unlikely that this 
species is breeding in the salinas. It is possible 
that the different habitat use and migration 
patterns of each sex reflect protandry of a form 
of environmental/behavioural sex determination 
(Crook et al 2010). 

Black Bream Acanthopagrus 
butcheri 

Rivers, estuaries and occasionally 
coastal marine waters. 

Generally complete entire life cycle in estuary. 
Has wide environmental tolerances including very 
high salinities. Usually migrate upstream during 
drier times and downstream when rains flush 
freshwater into estuaries. Spawn during spring 
and summer usually at the boundary between 
fresh and brackish water (at the saltwater wedge). 
Eggs are pelagic and hatch after 2-3 days. Larvae 
remain the plankton for about four weeks and 
settle in upper estuaries to develop (Bray and 
Gomon 2011). 

Black Bream are not likely to breed in the salinas 
because of preference to spawn at the salt 
wedge. With a planktonic larval phase of four 
weeks it is likely that there will be gene flow from 
the natural population into the salinas when salt 
water is periodically drawn into the salinas. 

King George 
Whiting 

Sillaginodes 
punctata 

Bays, estuaries and coastal areas 
with seagrass, macroalgae or sandy 
habitats. Juveniles occur in seagrass 
beds in bays and estuaries. 

Adults spawn in offshore areas during late autumn 
and winter. Pelagic larval phase ranges from 80 to 
>120 days.  

Possible, however “…a minimal but consistent 
exchange of individuals (two or three fish per 
year) between subpopulations is sufficient to 
maintain them as genetically homogeneous 
(Taylor and Dizon 1996)” (Fowler et. al. 2011, pg 
16) 

Flathead Several species Sandy, muddy bottom in coastal 
nearshore waters. 

Generally external fertilisation with pelagic eggs 
and larvae. 

Possible, though inflow of wild eggs/larvae 
would maintain genetic continuity with Gulf. 

Yelloweye Mullet Aldrichetta 
forsteri 

Form schools in shallow waters, bays 
and estuaries with bare seabed or 
seagrass beds. May enter freshwater. 

Spawn in estuaries and open waters. Estuarine 
opportunists – can complete their lifecycle outside 
of estuarine environment (Higham et al 2005). 

Possible, though inflow of larvae/juveniles into 
salinas hence gene flow would maintain genetic 
continuity with Gulf. 
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4 GENETIC CONTINUITY BETWEEN SALINAS, GULF WATERS 
AND BARKER INLET POPULATIONS 

Fish from aquaculture or aquaria environments may develop different genetic characteristics 
from wild populations due to selective breeding, prolonged isolation from wild populations 
and controlled environmental conditions.  

Table 4 Comparison of fish population origins and stresses  
Population influence Barker Inlet Dry Creek Salinas Aquaculture Aquaria 

Temperature regime Natural variation 
in temperature 

Wide range  Wide range  Narrow range 
of 
temperatures 

Salinity Natural range of 
salinity 

Salinities higher than 
natural 

Natural range 
of salinity 

Salinity 
constant  

Depth range Intertidal to 3 m Fixed 0.5 m Nets, tanks Tanks 

Productivity (nutrients, 
Chl-a) 

Low range High range ? Low range Constant, low 

Dissolved oxygen 
range 

Narrow Wide Narrow Narrow 

Population 
recruitment 

Inlet, Gulf and 
dispersed  

Inlet, Gulf, salinas and 
dispersed  

Hatchery 
breeding 

Select breeding 

Gene pool Wild (Inlet, Gulf 
and dispersed ) 

Wild and salinas Select 
genotypes 

Select 
genotypes 

Gene flow In and out (eggs, 
larvae, juvenile, 
adult) 

In (eggs larvae) Isolated Isolated 

Genetic isolation Nil Low to moderate High Total 

Artificial selection Nil Low (indirect) High (Direct) High (Direct) 

Predation avoidance Natural range of 
depth and 
dispersion 

Very limited depth and 
dispersion 

No predation No predation 

Predation pressures Moderate: birds, 
fish, mammals 

Strong: birds, fish No predation No predation 

Migration for breeding Natural range Nil Breeding 
controlled 

Breeding 
controlled 

Larval dispersion 
requirement 

Natural range: 
Local, regional, 
farfield 

Limited range: local Larval 
requirements 
artificially 
created 

Larval 
requirements 
artificially 
created 

Food  and prey source Natural range of 
food and prey 

Reduced range of 
natural range of food 
and prey 

Artificial food  Artificial food  

Geographic range for 
influence response 

Population local 
and far field range 
to respond to 
competitive, food 
supply pressures 

Populations confined  to 
salinas, density reflects 
competition and food 
availability within 
salinas 

No competitive 
or food 
selective 
pressures 

No competitive 
or food 
selective 
pressures 

Disease Natural diseases 
from wild local and 
dispersed sources  

Natural diseases from 
local wild and dispersed 
sources  

Diseases 
isolated - 
antibiotics  

Diseases 
isolated - 
antibiotics  

Density pressure Population density 
low and variable 

Population density very 
low and variable 

Population 
density high 
and constant 

Population 
density high 
and constant 

Inbreeding Low low - moderate High High 
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As a consequence, some captive fish populations may represent a risk to natural 
populations due to the artificial selection of certain attributes that provide the captive bred 
fish ecological advantages over wild populations. However, conditions for fish populations in 
the salinas are very different from those in aquaculture environments or aquaria (Table 4).  

Genetic isolation, due to inbreeding or selective breeding (due to controlled environmental 
conditions) has not occurred within the salinas. The salinas have been continuously supplied 
with fresh, wild genetic stock from eggs and larvae in the mangrove creeks and Gulf waters 
via the intake pumps at Second Creek (Figure 6). Fish within the salinas are heavily preyed 
on by birds and fish. Stresses within the salinas such as regular salinity, temperature and 
dissolved oxygen fluctuations maintain persistent downward pressure on standing fish 
populations in the salinas.  

These factors result in turnover of adult stock in the salinas and resupply of juvenile stock 
from wild populations. Hence, the genetic composition of the fish populations in the salinas is 
the same as the wild populations supplying eggs and larvae to the Gulf. There is negligible 
likelihood of genetic disorders specific to the salina fish populations and there is negligible 
ecological risk to the Barker Inlet marine environment associated as a consequence of 
possible accidental release of fish from the salinas into Barker Inlet.  Dr Roberts (PIRSA) 
was of the same opinion (Roberts pers comm, 25 July 2013, record of conversation 
appended)).  

Figure 6 Seawater intake pumps at Second Creek, Middle Beach 
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4.1 Fish survival scenarios as salinas are lowered 
The salinas are very large and shallow lagoons, with uneven beds. For example, salina 
XE 1– 3 in the northern Middle Beach section, where most fish are located, is 285 ha in area 
with an average depth less than 1 m. The siphon outlet for this northern group of salinas 
(XE1-3, XF1 and XF2) is located at a low point of the salinas (Figure 7), but not at the lowest 
point of the salinas. The beds of the salinas contain the drainage lines, basins and rises of 
the previous coastal land forms.  Water velocities at 10 m from the siphon outlets are 
relatively low.  

Figure 7 Outlet and inlet and flow direction in XF 1 to XE 5 at Shellgrit Road 
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As the water level in a salina is lowered by drainage and evaporation, the shallower parts of 
the salina will dry first and deeper parts will remain (Figure 8), eventually forming a series of 
distinct, and ultimately disconnected ponds within the salina. The isolated ponds will 
decrease in size and increase in salinity as the falls in water levels become driven mostly by 
evaporation and not by drainages.  
 
Eventually, the area of the siphon will also become an isolated pond during the later phases 
of the draw down process. This will prevent fish from aggregating in the vicinity of the outlet 
siphon. Fish remaining in these isolated areas will be unable to escape predators including 
birds, foxes and other fish, while some will die as salinity increases or dissolved oxygen 
levels decrease as a result of organic decay in the ponds and be scavenged by a range of 
animals. 
 

 
Figure 8 Water level lowering in Salina XF 2 

 
4.2 Discharge options and implications for fish movement 
The aim to retain and rehabilitate some of the eastern salinas in the Middle Beach and or 
Port Gawler Sections of the salt fields as permanent seawater wetlands would require 
progressive flushing of the salinas with a through-flow of seawater pumped from Gulf and 
tidal creek waters through the salinas and discharge of saline waters directly or indirectly 
back into the Gulf and Barker Inlet.  
 
The options for pumping, though-flow and discharge to flush the salinas are being developed 
by Ridley and WSP Environmental for discussion with S-TAG. The current options are 
described in Ridley’s letter to EEPA dated 14 October 2013, as summarised for the 

purposes of this report in Table 5. 
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Table 5.  Discharge scenarios (Ridley letter to EPA, 14 October 2013) 
Scenario Water source Through-flow salinas Discharge 
1 Second Creek 

(Gulf) 
Eastern salinas in Middle Beach Section  
(Section 4) 

Gawler River  
(Gulf) 

2 Gawler River 
(Gulf) 

Eastern salinas in Port Gawler Section 
(Section 3) 

Pumping Creek 
(Barker Inlet) 

3 Section 3 salinas 
(Hypersaline salina) 

St Kilda Section salinas 
(Section 2) 

Dry Creek  
(Barker Inlet) 

 
Other options may include a combination of the three options described in the table, such as: 
pumping waters from Second Creek through the Middle Beach and Port Gawler Sections 
before discharging at Pumping Creek; pumping waters from Second Creek through the 
Middle Beach, Port Gawler and St Kilda Sections before discharging at Dry Creek, or; 
pumping waters from Gawler River through the Port Gawler and St Kilda Sections before 
discharging at Dry Creek. 
 
The process of discharging salina waters, and subsequently through-flow waters, to the Gulf 
and Barker Inlet may result in the passage of some fish from the salinas into the Gulf and 
Barker Inlet. Fish are present in the Middle Beach and north eastern Port Gawler Sections. 
However, the salinities in the remaining Port Gawler Section and all of the St Kilda Section 
are greater than 100 psu. As discussed in Section 7, it is unlikely that fish will be present in 
these salinas due to the present high salinities.  
 
Fish may only be present in discharges from salinas where fish are either: 

(1) presently inhabiting, or in the longer term 
(2) move into or colonise when salinities are suitable after sufficient flushing lowers 

salinities and carries eggs and larvae from the Gulf and possibly eggs, larvae and 
adults from upstream salinas. 

 
It follows that:  

 in the short term, fish may only be present in the discharge from Middle Beach 
salinas into the Gawler River; and 

 in the longer term fish may be present in the discharge from Port Gawler salinas into 
the Pumping Creek. 

 
In either case, the fish populations in the wetlands (as well as invertebrates) will be preyed 
on by a range of seabirds and water birds and will be refreshed with eggs and larvae that are 
pumped from the waters of the Gulf either at Second Creek or Gawler River pumping 
stations. The continuous through-flow of waters will maintain salinity in the wetlands at levels 
slightly higher than the Gulf.  
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5 POSSIBLE TRANSFER OF PATHOGENIC DISEASE 
Members of STAG were concerned that the release of fish from salinas to Barker Inlet, 
which could accompany draw down of salinas, may pose a risk to wild fish populations in 
terms of transfer of diseases from the salinas into Barker Inlet (emails to Ridley from ITF 
Chair Ian Llewellyn 5 July 2013 and 23 July 2013). At present there is no evidence of 
diseased fish in the salinas and there is no intention to deliberately release fish from the 
salinas into Barkers Inlet.  
 
 

Table 6 National List of Reportable Diseases of Aquatic Animals 

Disease Australian 
Distribution Environment 

Epizootic haematopoietic necrosis – EHN virus SA, Vic, NSW Freshwater 
Epizootic haematopoietic necrosis – European 
catfish virus / European sheatfish virus Exotic  
Infectious haematopoietic necrosis Exotic  
Spring viraemia of carp Exotic  
Viral haemorrhagic septicaemia Exotic  
Channel catfish virus disease Exotic  
Viral encephalopathy and retinopathy Everywhere 

except Vic 
Freshwater, 
estuarine, marine 

Infectious pancreatic necrosis Exotic  
Infectious salmon anaemia Exotic  
Epizootic ulcerative syndrome (Aphanomyces 
invadans) 

Everywhere 
except Tas 

Freshwater, 
estuarine, marine 

Bacterial kidney disease (Renibacterium 
salmoninarum) Exotic  

Enteric septicaemia of catfish (Edwardsiella ictaluri) NT, Qld, Tas Freshwater, 
estuarine 

Piscirickettsiosis (Piscirickettsia salmonis) Exotic  
Gyrodactylosis (Gyrodactylus salaris) Exotic  
Red sea bream iridoviral disease Exotic  
Furunculosis (Aeromonas 
salmonicida subsp. salmonicida) Exotic  

Aeromonas salmonicida - atypical strains Qld, NSW, VIC, 
SA, Tas 

Freshwater, 
estuarine, marine 

Whirling disease (Myxobolus cerebralis) Exotic  
Enteric redmouth disease (Yersinia ruckeri – 
Hagerman strain) Exotic  
Koi herpesvirus disease Exotic  
Grouper iridoviral disease Exotic  
Infectious spleen and kidney necrosis virus – like 
(ISKNV-like) viruses* Exotic  

Source: www.daff.gov.au 
 
The outlet from the salinas to Barker Inlet will be protected with netting and the outlet 
structure will be configured to minimise the chances of fish being entrained in the outflow 
during the pumping of waters from the salinas to Barker Inlet.  However, it is possible that 
some fish in the lower salinas may be entrained into the outflow and into the waters of 
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Barkers Inlet - this may be due to size susceptibility or behavioural factors. These are the 
populations that, by frequency rather than any susceptibility to disease, have greatest 
likelihood to transfer from the salinas into Barker Inlet and therefore greatest probability of 
transfer of disease. 
 
Hence, fish in the salinas with highest probable abundance in outflow waters were sampled 
and sample representative groups were screened by post mortem and histopathological 
examination for relevant diseases listed on the National List of Reportable Diseases of 
Aquatic Animals (Table 6). Of the 22 diseases listed in the Table 6, four are currently known 
to occur in marine or estuarine waters of South Australia. Parasitic infections common to wild 
fish populations, such as nematodes, trematodes and isopods, were also expected to occur 
in fishes from the Dry Creek salinas. 
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6 FISH HEALTH - SAMPLING RATIONALE AND CONCEPT 
The fish of highest priority for pathological examination are those that are most likely to be 
carried from the salinas via the outflow from salinas: 

 Supplied from Middle Beach and discharging into the Gawler River and thence into 
Gulf/Barkers Inlet; and 

 Supplied from Chapman Creek and discharging into Pumping Creek and thence into 
Gulf/Barkers Inlet  

These are likely to be the same as the most common fish in the present siphon through-
flows between the salinas in the Middle Beach Section. Hence, it was planned to set nets 
across the outlet of siphons presently transferring water from the lowest salinity salinas to 
those next in the sequence.  
 
Salina operators advised that the salinas with the highest fish populations at present in the 
Middle Beach Section were those in XE1-3 and XF 1, closest to the Middle Beach intake 
pumps. Salinas in the Middle Beach section are being used as transfer lagoons during the 
draw-down process as the more elevated lagoons close to the pumps are drained. Hence a 
large proportion of the remaining water volumes from the salinas with relatively high 
numbers of fish will flow through the existing siphon from Salina XF 1 to Salina XE 5 at 
Shellgrit Road (Figure 7). 
 
The process of conducting an initial lowering of water in the Middle Beach salinas provided 
an opportunity to passively sample fishes entrained in the water flowing from one pond to the 
next. Fyke netting is a passive method for sampling fish commonly used to monitor the 
abundance and diversity of fishes in aquatic environments. Fish sampled using fyke nets 
survive relatively unharmed making them suitable for use in histopathological examinations. 
 
6.1 Aim 
The purpose of sampling with a fyke net was to obtain a representative sample of fishes 
present in the salinas in order to: 

 Document the range of species that will be expected to be entrained in water as it is 
let out of the salinas; and 

 Collect fishes to be screened for disease. 
 
6.2 Number of fish and analysis 
PIRSA advised Ridley that thirty samples would provide 95% confidence that disease issues 
are < 10 % prevalent in the population (Ian Llewellyn letter to Ridley, 23 July 2013). Hence, 
30 fish were collected from the salinas and sent to the State Gribble Pathology for routine 
histopathology and gross post mortem examination to determine the disease risks of fish in 
the salinas. 
 
The State veterinary laboratories fish pathologist (Gribble Pathology) was consulted to 
determine appropriate pathology tests to screen fish from the salinas for potential disease 
including nationally listed reportable diseases. Dr Daren Hanshaw advised that a 
combination of external post-mortem examination and microscopic histopathological 
sections would be appropriate procedures to screen for potential diseases in representative 
fish from the salinas. Dr Hanshaw advised on the requirements for fish to be supplied to the 
laboratories for examination. These procedures are included in the methods described in the 
next section. 
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6.3 Sampling  
6.3.1 Equipment 
As discussed above, species of fish that pass through the siphons during drainage of the 
salinas may be those that are most representative of those fish that may escape from the 
salinas during discharge of salina waters to Barker Inlet. Hence, it is desirable to selectively 
catch and sample such fish. 
 
The most appropriate and selective fish capture method was determined to be stationary 
fyke netting. This was originally suggested to Ridley by Nathan Bicknell, Executive Officer, 
Marine Fishers Association and meets all the requirements for selective sampling of fish 
passing through the outlet siphons in the salinas.  

 The wings of the fyke net can be set across the outlet. The wings direct fish from the 
through flow waters from the siphon into the cod end of the net. 

 It is known that fish from elsewhere in the salina may aggregate at the outlet to feed 
on small fish and other organic material in the flowing waters. Hence the wings of the 
net across the inlet may prevent fish from elsewhere in the salina entering the cod-
end. 

 The net can be left in place for any period of time to continue catching until sufficient 
numbers of fish for assessment area caught. 

 Fyke nets induce less stress on captured fish than do entanglement gears and most 
captured fish survive being caught in fyke nets.  

 
A purpose designed net was designed by CEE for sampling fish from the salinas based on 
the dimensions of the outlet to the coffer dams and water depths adjacent to the mouth of 
the dam. The mesh size was chosen to optimise the flow of water through the net and to 
retain a range of fish sizes.  
 
The 12 mm knotless mesh fyke net was custom made by T and L Netmaking. The 
dimensions of the fyke net are included in Appendix A. The fyke net was designed for 
application in the XE-5 salina where the water depth in front of the incurrent channel is less 
than 1 m. The smaller mesh size was selected to enable sampling of smaller fish listed in 
Table 1. 
 
6.3.2 Methods 
The channel from XF 1 to XE 5 was opened on 18 September 2013 at approximately 
1500hrs and flow from XF 1 to XE 5 commenced at that time. The fyke net was installed at 
the XE 5 incurrent channel at 1100hrs on 19 September 2013 according to the procedure 
outlined in Appendix A (Figure 9).  It was noted that (1) the irregularities in the bed of the 
salina resulted in the gaps beneath the wings of the fyke net, and (2) the current from the 
outflow pulled the surface floats of the wings slightly below the water surface. These factors 
may have allowed fish resident in XE 5 to enter the cod end. 
 
6.3.3 Fish capture and handling 
The fyke net catch was checked after one hour of deployment at 1200hrs on 19 September 
and fish were removed from the net. At the same time Ridley personnel sampled fish in XE 1 
using fishing rods. The fyke net was reset on 19 September at 1400hrs with bait, left 
overnight and cleared of fish at 0800hrs on 20 September 2013. 
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Live fish removed from the fyke net and caught by rod were euthanized immediately in a 
clove oil/ambient water mixture and stored on ice insulated boxes. Fish were photographed 
on gridded background for subsequent recording of size categories. A total of 30 fish over a 
range of species and size classes were transported to the State veterinary laboratory 
(Gribble Pathology) for gross post mortem examination and pathological analysis. 
 
 

 
Figure 9 Fyke net at XE-5 incurrent channel 

 
6.4 Fish health assessment 
As discussed previously, 30 fish were considered a suitable sample size for assessment of 
health of the populations in the salinas. Fish were to be selected for pathological 
examination on the basis of (1) frequency of occurrence in the samples (2) representation of 
trophic level and (3) age or size class. Selected fish were sent to the State veterinary 
laboratories fish pathologist (Gribble Pathology) for external post-mortem examination and 
microscopic histopathological sections to determine the presence of nationally listed 
reportable diseases and other potential diseases in fish from the salinas. Gribble Pathology 
later sent sections of fish containing parasites to specialist a veterinary pathologist at The 
University of Adelaide for examination. 
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7 RESULTS OF FISH SAMPLING 
A total of 141 fish were caught in the fyke net and 2 individual fish (one yellow-eye mullet 
and one Australian salmon) were caught by line (Table 7). The fish caught comprised six 
identifiable species of hardyheads, gobies, mullet (yellow-eye and gold spot), Australian 
salmon and one rock flathead. A summary of the fish caught and size is shown in Table 7. 
 

Table 7 Fish caught September 2013 

Scientific name Common name Number caught 
Size, mm 

Mean Min Max 

Atherinosoma microstoma Smallmouth hardyhead 130 4.3 2 6.9 

Pseudogobius oolorum Goby 5 5.6 4.5 7.0 

Liza argentea Goldspot mullet 4 25 3.5 36 

Aldrichetta forsteri Yelloweye mullet 2 44 41 46.5 

Arripis truttaceus Western Australian salmon 1 57 57 57 

Platycephalus laevigatus Rock flathead 1 61 61 61 

 
The table shows that the most common fish caught in the fyke net were small mouthed 
hardyheads (Atherinosoma microstoma). These small fish are common in saline lagoons in 
southeastern Australia including the Coorong, where they eat small planktonic and benthic 
invertebrates. They have been found to breed over salinity ranges from 9 g/L to 94 g/L in the 
Coorong and were present in parts of the Coorong at salinity to 149 g/L (Molsher et al 1994). 
They are recognised as one of the most salinity tolerant species in the world and are an 
important prey species for piscivorous birds (Molsher et al 1994). Other fish present in the 
Coorong at high salinities included yellow-eye mullet (64 g/L), congolli (83 g/L) and blue spot 
goby (87 g/L) (Molsher et al 1994). 
 
The other fish caught (gobies, mullet, Australian salmon and rock flathead) are common 
species to shallow embayments and seagrass habitats in southern Australia.  
 
7.1 Fish selected for pathological examination 
Fish were to be selected for pathological examination on the basis of (1) frequency of 
occurrence in the samples (2) representation of trophic level and (3) age or size class. In 
view of the number of fish of the six species caught, the distribution of fish analysed for 
pathological condition is shown in Table 8. Selection of hardyheads from the total catch for 
pathology was haphazard and covered a size range from 2.5 cm to 6.9 cm, with an average 
length of 4.8 cm. Details of the 30 fish submitted to Gribbles Veterinary Pathology for gross 
post mortem and histopathology are appended. 
 

Table 8 Fish species and number examined for pathology 
Species Number examined 

Smallmouth hardyhead 17 

Goby 5 

Goldspot mullet 4 

Yelloweye mullet 2 

Flathead 1 

Western Australian salmon 1 
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7.2 Pathology 
All fish listed in Table 8 were assessed for general health and disease indications by gross 
post-mortem examination and examination of cross-sectional slides of body or organs by the 
specialist veterinary pathologists at the State nominated Veterinary Laboratory (Gribbles 
Veterinary Pathology). The results of the examination and assessment are appended 
(APPENDIX C. Pathology results) and are summarised in Table 9.  
 
7.2.1 General outcome of assessment 
The assessment showed that fish were in good nutritional condition, healthy, with no 
physical abnormalities and no indication of reportable fish diseases listed in Table 6, or any 
other diseases.  
 
7.2.2 Gross post-mortem 
The gross post mortem external examination found that fish were in good nutritional 
condition, healthy, with no physical abnormalities and no indication of disease.  
 
The gross post mortem commentary indicated that the larger fishes (Fish 1, 2, 8 and 9) had 
superficial skin abrasions and some gill trauma that was attributed to handling of the fishes 
during capture. 
  
7.2.3 Histopathology 
The microscopic examination of tissue from each of the fish provided found no indications of 
significant disease in the fish, but varying degrees of endoparasitism (internal parasites) in 
20 of the fish.  
 
The parasites included nematodes (roundworms) and trematodes (flukes) and were found in 
the intestine, liver, pancreas, peritoneal cavity, pharynx, heart, eye and head. Trematodes 
were present as adult stage and larval cyst stage. There was some mild inflammation 
associated with the parasitic infections as well as the build-up of proteinaceous fluid in the 
peritoneal cavity of some fishes. The level of parasitism was not considered sufficient to 
affect the health of the fish or to be atypical of wild fish populations. 
 
Other signs of disease included granulomas, mild infections of the bile duct (chronic 
cholangitis), inflammation of the small intestine and fatty degeneration of the liver (hepatic 
steatosis). The cause of these symptoms was unknown but was considered by the specialist 
veterinary pathologist to be most likely attributable to either parasitic or bacterial infection. 
Acid-fast staining showed no sign of infection of mycobacterium associated with the 
granulomas. These pathological indications were not considered sufficient to affect the 
health of the fish population or to be atypical of wild fish populations. 
 
7.2.4 Specialist examination of parasites 
Cross-sections of fish containing parasites were sent to Dr Stephen Pyecroft, Senior 
Lecturer in Veterinary Pathology at The University of Adelaide for examination. Although the 
species of nematodes and trematodes could not be determined from the cross-sections Dr 
Pyecroft concluded that none of the parasites in the sections “…would be regarded as 

significantly pathogenic to fish other than those they are infecting” (Appendix B). Dr Pyecrof 
based his conclusion on his expert knowledge of parasite epidemiology and the following 
assumptions: 
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 The salinas are frequented by water birds that are primary hosts of trematode 
parasites that use fish as intermediate hosts; 

 Fish in the Dry Creek salinas are geographically close to wild populations in the 
Barker Inlet; and 

 Trematode parasites rely on a definitive host, possibly a bird host, which would 
frequent both estuarine and open shore waters. 

 
Dr Pyecroft was of the opinion that “…the parasites as observed in (the) sections would pose 
little threat to fish outside the compound, which may be exposed when the fish are released.” 
 
7.3 Conclusion to assessment of fish disease in salinas 

 A representative number of fish to determine the disease status of fish in the Salinas 
were screened for health status by post mortem examination and histopathology 
assessment by specialist veterinary scientists at the State veterinary laboratories and 
University of Adelaide.  

 The post-mortem examination revealed that fish from the Salinas were in good 
nutritional condition, healthy, with no physical abnormalities and no indication of 
disease 

 Histopathology found no indications of significant disease in the fish, but varying 
degrees of endoparasitism (internal parasites) in 20 of the fish 

 Specialist parasitological examination of the prepared fish sections concluded that 
the parasites in the fish posed no threat to fish other than those infected  

 The overall conclusion of the assessment was that there was no gross or 
microscopic evidence of significant disease risk that would preclude release of the 
fish from the Salinas into the external sea environment. 

 

Table 9 Pathology results 

Fish Notifiable 
Disease 

Gross Post 
Mortem Histopathology Parasites 

1 No 

Superficial skin 
abrasions, mucus 
on gills, discoloured 
spleen 

Gill trauma associated with 
capture, granulomas in 
spleen and mild 
abnormalities associated 
with bile duct and liver 

Nematodes and trematodes 
in the intestinal lining 

2 No 

Superficial skin 
abrasions, patchy 
reddening on 
underside, mucus 
on gills 

Gill trauma associated with 
capture 

Trematodes within the 
intestinal lining 

3 No None 
Mild abnormalities 
associated with gills and 
base of fins 

Moderate numbers of larval 
trematodes encysted within 
the liver, pancreas and 
peritoneal cavity 

4 No None 

Mild abnormalities 
associated with gills, 
moderate abnormalities 
associated with liver and 
peritoneal cavity 

Low numbers of larval 
trematodes encysted 
beneath liver cavity 

5 No 
Superficial skin 
abrasions on left 
side 

Gill trauma associated with 
capture, moderate 
abnormalities associated 

None 
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Fish Notifiable 
Disease 

Gross Post 
Mortem Histopathology Parasites 

with bile duct and some 
abnormalities associated 
with liver 

6 No None 

Gill trauma associated with 
capture, mild abnormalities 
associated with bile ducts, 
moderate abnormalities 
associated with liver 

None 

7 No None 

Moderately congested gills, 
mild to moderate 
abnormalities associated 
with bile ducts and liver 

None 

8 No 
Mucus on gills, 
bleeding from 
opercula 

Gill trauma associated with 
capture, moderate 
abnormalities associated 
with liver 

None 

9 No 
Skin covered in 
white mucus, 
mucus on gills 

Moderately congested gills, 
moderate abnormality 
associated with liver 

None 

10 No None Mild abnormality associated 
with liver None 

11 No None Marked abnormality 
associated with liver None 

12 No None Marked abnormality 
associated with liver None 

13 No None Marked abnormality 
associated with liver None 

14 No None 

Moderate to marked 
dilation and congestion of 
the gills, moderate 
abnormality associated with 
liver 

None 

15 No None Mild abnormality associated 
with abdomen 

Nematode embedded in 
abdominal fat 

16 No None Mild abnormality associated 
with peritoneal cavity 

Low to moderate numbers 
of larval trematodes 
encysted beneath liver 
capsule, peritoneal cavity, 
adventitial connective tissue 
of pharynx, pericardial sac 
and behind the eye 

17 No None Mild abnormality associated 
with peritoneal cavity 

Moderate to high numbers 
of larval trematodes 
encysted beneath liver 
capsule, peritoneal cavity, 
pericardial sac and behind 
the eye,  microsporidian cyst 
within peritoneum 

18 No None 
Mild abnormalities 
associated with the liver 
and peritoneal cavity 

Moderate numbers of larval 
trematodes encysted within 
the peritoneal cavity and 
behind the eye, few adult 
trematodes within intestinal 
lumen 

19 No None Mild abnormality associated 
with peritoneal cavity 

Low to moderate numbers 
of larval trematodes 
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Fish Notifiable 
Disease 

Gross Post 
Mortem Histopathology Parasites 

encysted within the 
peritoneal cavity and behind 
the eye with few 
granulomas, several adult 
trematodes in the intestinal 
lumen 

20 No None Mild abnormality associated 
with the liver 

Low numbers of larval 
trematodes encysted within 
the peritoneal cavity and 
behind the eye 

21 No None 
Mild abnormalities 
associated with liver and 
peritoneal cavity 

Low numbers of larval 
trematodes encysted within 
the peritoneal cavity, 
microsporidian cyst within 
peritoneum 

22 No None None 
Low numbers of larval 
trematodes encysted behind 
the eye 

23 No None Mild abnormality associated 
with peritoneal cavity 

Moderate numbers of larval 
trematodes encysted 
beneath liver capsule, 
peritoneal cavity and behind 
the eye and an adult 
trematode within intestinal 
lumen 

24 No None None 

Moderate to high numbers 
of larval trematodes 
encysted beneath liver 
capsule, peritoneal cavity 
and behind the eye 

25 No None Mild chronic enteritis 

Moderate numbers of larval 
trematodes encysted within 
peritoneal cavity, connective 
tissue of pharyngeal wall, 
pericardial sac and cranium 
and adult trematodes within 
intestinal lumen 

26 No None None 

Low numbers of larval 
trematodes encysted within 
peritoneal cavity and 
pancreas 

27 No None 

Moderate abnormality 
associated with liver and 
mild to moderate 
abnormality of peritoneal 
cavity 

Moderate numbers of larval 
trematodes encysted 
beneath liver capsule and 
peritoneal cavity, a single 
trematode in intestinal 
lumen 

28 No None 
Moderate abnormality 
associated with peritoneal 
cavity 

Moderate to high numbers 
of larval trematodes 
encysted beneath liver 
capsule, peritoneal cavity, 
pericardial sac and behind 
the eye 

29 No None 
Moderate abnormality 
associated with peritoneal 
cavity 

Moderate to high numbers 
of larval tremtodes encysted 
within liver, peritoneal cavity 
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Fish Notifiable 
Disease 

Gross Post 
Mortem Histopathology Parasites 

and cranium, nematodes 
within peritoneal cavity 

30 No None Granuloma on peritoneal 
wall 

Nematode embedded within 
peritoneal granuloma 

 
 
8 CONCLUSIONS 
A total of 143 fish were caught in the through-flow from the Middle Beach salinas at Shellgrit 
Road. The species of fish caught were representative of small to large fish found in the 
Barkers Inlet region. No exotic species were caught. Previous ecological surveys of the 
salinas also indicated that species diversity in the salinas was reflective of local fish diversity 
in the Barker Inlet. 
 
A sub-sample of 30 fish were selected for pathological examination as suggested by PIRSA. 
 
Pathological examinations were advised by the State veterinary fish pathologist to include 
gross post-mortem examination and examination of tissue and organs by histological 
section.  
 
The post-mortem external examination revealed that fish from the Salinas were in good 
nutritional condition, healthy, with no physical abnormalities and no indication of notifiable 
disease or other disease. 
 
Histopathology found no indications of significant disease in the fish, but varying degrees of 
endoparasitism (internal parasites) in 20 of the fish, comprising mostly trematode flukes.. 
 
Specialist parasitological examination of the prepared fish sections concluded that the fish 
were intermediate parasite hosts to water bird or seabird parasites and that the parasites in 
the fish were species specific and could not transfer from fish to fish – even of the same 
species. Hence parasites in fish released from the salina posed no threat to other fish. 
 
The overall conclusion of the assessment was that there was no gross or microscopic 
evidence of significant disease risk that would preclude release of the fish from the Salinas 
into the external marine environment of the Gulf of St Vincent or Barker Inlet. 
 
While the risk of disease appears to be negligible, it may be appropriate to include simple 
mitigation measures on the outlets to the salinas that will (1) maintain fish populations in the 
salinas and (2) reduce numbers of fish from leaving the salinas in the seawater outflows. 
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APPENDICES 
 
APPENDIX A. FYKE NET SAMPLING PROCEDURE 
This protocol provides information on collection of fishes from the Barker Inlet salinas using 
fyke nets. 
 

 
Figure 1. Fyke net 

 
Equipment: 

 Fyke net 
 3 X star pickets or stakes 
 Mallet 
 PPE – chest-high waders, sunscreen, hats etc 
 Spare floats and weights 
 Extra rope 
 2 fish bins 
 Eskys/bins to transport fish 
 Ice 
 Pens, pencils 
 Data sheet and clip board 
 Fish ID sheet 
 Dip net with 20 cm wide mouth for scooping fish 
 Camera – to photograph cryptic species for later identification 
 30 cm ruler 
 Large plastic chopping board or fish bin lid for photographing fish 
 200 ml clove oil 
 1L plastic bottle 
 Zip seal bags 
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Fyke net specifications: 
The fyke net should be made of 12 mm knotless mesh. The recommended dimensions of a 
fyke net to be deployed in 1 m of water are shown above in Figure 1. 
 
Methods: 
Deployment 

The fyke net should be set so that the net mouth and wings are situated in less than 1.2 m of 
water to prevent fish from escaping from the inlet or entering from the salina. Net 
deployment and retrieval requires at least two personnel. Personnel may prefer to practice 
this procedure on dry land before attempting to set fyke nets in ponds. 
 
Preparing the net: 
 

1. Before setting the net stretch it out and check for holes, making sure the wings are 
weighted on the bottom and with floats on top. 

2. Make sure the cod end is tied off. 
3. Gather the net up so that it can be deployed easily. Starting at the tips of the wings, 

using two fish bins or wide buckets gather each wing into a separate bucket working 
in towards the mouth of the net and making sure not to twist or tangle the net. This 
will make the process of laying out the wings easier in the field. 

4. Once the length of the wings are in fish bins gather up each section of the fyke net, 
again making sure it is not twisted. 

 
Setting the net: 

1. Both personnel (each carrying one of the tubs holding the wings) wade out into the 
pond to anchor the cod end with a star picket or stake at a suitable distance from the 
channel. Depending on the selected configuration of the net this may be anywhere 
from 5-10 m away from the channel. 

2. Stretch the fyke net out towards the channel keeping it taught and making sure it is 
not twisted. 

3. Once the net has been stretched out and the mouth is submerged start to stretch out 
the wings of the fyke net making sure the floats are at the surface and the weights 
are on the bottom. The fish bins/buckets help here as they float on the surface 
essentially leaving personnel with two hands to feed the wings out whilst ensuring 
they are not twisted or tangled. 

4. With a star picket or steak anchor the wings close to the shoreline as depicted in 
Figure 2. 

 
Two possible configurations of the fyke net are shown in Figure 2. When properly set, the 
wings of the fyke net should be vertical and not twisted and the mouth of the net and internal 
frames should be upright. In shallow, soft bottom environments fyke nets are suspended by 
placing floats on top of each opening frame. This prevents the nets from sinking into the soft 
sediments. 
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Figure 2. Fyke net arrangements 
Collection 

To limit fish mortality, fyke nets should be checked approximately every 24 hours. When 
collecting fish from fyke nets it is often easier to remove the fish before the net is completely 
hauled in as this poses fewer problems with fish becoming entangled in the net. 
 

1. As one person detaches the cod end from its anchoring point a second person lifts 
the mouth of the net up to prevent any fish from escaping. 

2. Beginning at the mouth of the net, each frame is lifted one at a time and any fish 
present in each section are shaken down into the next section until all of the fish are 
in the cod end. 

3. Remove any entangled fish whilst working through each section. 
4. Untie the cod end and empty the contents into fish bin or other container filled with 

water. 
5. Reset the net if necessary. 

  
Sorting and Identification 

A photographic identification guide should be collated listing the more common and easily 
identifiable fishes. A data sheet will also need to be created. 
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1. In the plastic bottle mix approximately 100ml of clove oil in 500ml of water. 
2. Pour the solution into the tub with the fish, the fish will slowly go to sleep. 
3. Use the dip net to scoop up fish from the fish bin. 
4. Identify each fish, photograph it and record it on the data sheet. 
5. Photograph and record any gross signs of disease listed in Table 10. 
6. Each fish will be packed individually in plastic zip seal bags and placed on ice for 

transport to Gribbles Pathology 33 Flemington St Glenside SA 5065. 
 

Table 10 Gross signs of disease 
Changes in the colour, texture and opacity of 
flesh Haemorrhaging with associated anaemia 

Tissue necrosis and lesions Granulomas 

Pustules  Exophthalmos (popeye) 

External spots Ascites (accumulation of fluid in peritoneal 
cavity) 

Changes in surface colour Petechial haemorrhages (pinpoint bleeding in 
skin and mucous membranes) 

Secondary fungal or bacterial growth Ecchymotic haemorrhages (bleeding or bruising 
beneath the skin or mucous membranes) 

Deformities and tumours Excessive mucus on gills and skin 

Swollen or discoloured organs or faecal castes Dropsy (accumulation of fluid in body tissues) 

White midgut line Protrusion of scales 

Lesions or ulcers of skin or gills  
Source: Aquatic Animal Diseases Significant to Australia: Identification Field Guide, 4

th
 Ed 

 
 
When photographing fish: 

 Scoop each fish out with the dip net 
 Lay each specimen on its side on the plastic chopping board or other flat surface 

next to the ruler 
 Similar sized fishes may be photographed together 
 Capture the fish and the ruler in the photo 
 Hold the camera as close as possible to the fish without cutting any part of the fish 

out of the shot (see Figure 3) 
 For smaller fish, hold the camera closer in order to capture more detail 
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Figure 3. Example of how to photograph fish for identification 
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APPENDIX B. FISH ANALYSED FOR NOTIFIABLE DISEASES 
Fi

sh
 

D
at

e 

Lo
ca

tio
n 

M
et

ho
d 

Species Common 
name 

Total  
length 
(cm) 

1 19/09/13 XE-1 Line Aldrichetta forsteri Yelloweye mullet 46.5 
2 19/09/13 XE-1 Line Arripis truttaceus Western Australian Salmon 57 
3 19/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 2.9 
4 19/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 2.5 
5 20/09/13 XE-5 Fyke net Liza argentea Goldspot Mullet 36 
6 20/09/13 XE-5 Fyke net Liza argentea Goldspot Mullet 29 
7 20/09/13 XE-5 Fyke net Liza argentea Goldspot Mullet 30 
8 20/09/13 XE-5 Fyke net Aldrichetta forsteri Yelloweye mullet 41 
9 20/09/13 XE-5 Fyke net Platycephalus laevigatus Flathead 61 
10 20/09/13 XE-5 Fyke net Pseudogobius oolorum Goby 7 
11 20/09/13 XE-5 Fyke net Pseudogobius oolorum Goby 5.5 
12 20/09/13 XE-5 Fyke net Pseudogobius oolorum Goby 5.5 
13 20/09/13 XE-5 Fyke net Pseudogobius oolorum Goby 4.5 
14 20/09/13 XE-5 Fyke net Liza argentea Goldspot Mullet 3.5 
15 20/09/13 XE-5 Fyke net Pseudogobius oolorum Goby 5.5 
16 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 6.5 
17 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 5.3 
18 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 5 
19 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 4.7 
20 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 6 
21 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 6.2 
22 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 3 
23 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 4.7 
24 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 6.9 
25 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 5.8 
26 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 4.5 
27 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 5.2 
28 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 4.7 
29 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 3.9 
30 20/09/13 XE-5 Fyke net Atherinosoma microstoma Smallmouth Hardyhead 3.4 
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APPENDIX C. PATHOLOGY RESULTS 
From: vets@gribbles.com.au [mailto:vets@gribbles.com.au]  

Sent: Saturday, 19 October 2013 5:00 PM 

To: chidgey@cee.com.au; ncalder@cee.com.au 

Subject: PATH RESULTS: CALDER N, (Fi) [13-2762216] 
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                    HISTOPATHOLOGY FROM NECROPSY 

 

 

REF: 2013/V2107/ml 

CLINICAL HISTORY 

Fish from dry creek - Chisholm salt near Port Gawler. Please screen for  

notifiable disease/general abnormalities. All caught in fyke net  

overnight or by line. Post mortem to exclude notifiable disease and  

general abnormalities. 

 

 

MACROSCOPY 

30 individually labelled pots of formalin fixed tissue transferred from  

the necropsy hall. 

Representative sections into the following cassettes: 

FISH 1 (Yellow-Eye Mullet, 47 cm): Gill 1A2, spleen, liver x 2 1B3,  

ovary kidney x 3 1C3, skeletal muscle skin, heart 1D2, skeletal muscle  

skin 1E2, stomach, pyloric caeca, brain 1F3, gut 1G3, 1H3. 

FISH 2 (Australian Salmon, 62 cm): Gill 2A2, liver x 2, spleen 2B3,  

kidney x 2, fat 2C3, heart, brain 2D2, gut, stomach 2E2, gut x 2,  

skeletal muscle/skin 2F2, gut 2G2, skeletal muscle/skin 2H3. 

FISH 3 (Hardyhead, 2 cm): Whole fish embedded longitudinal section 3A1. 

FISH 4 (Hardyhead, 2 cm): Whole fish embedded longitudinal section 4A1. 

FISH 5 (Sea Mullet, 34 cm): Gills 5A2, spleen, heart, liver x 2, 5B4.  

kidney x 2, brain 5C4. Stomach, pyloric caeca, gonad 5D3, gut 5E3,  
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skeletal muscle/skin 5E3. 

FISH 6 (Sea Mullet, 35 cm): Gills 6A2, liver x 2, spleen x 2, 6B4,  

kidney x 2, heart 6C3, stomach, pyloric caeca, gut 6D3, gut, gonad,  

brain 6E3, gut 6F3, skeletal muscle/skin 6G3. 

FISH 7 (Sea Mullet, 32 cm): Gill 7A2, liver x 2, spleen x 2, heart 7B5,  

kidney x 2, brain, stomach 7C3, gut 7D3, 7E2, skeletal muscle/skin 7F3. 

FISH 8 (Sea Mullet, 39 cm): Gill 8A2, liver x 2, spleen, heart 8B4,  

stomach, brain, fat 8C3, pyloric caeca, gut 8D3, gut x 2, gonad, kidney  

8E3, skeletal muscle/skin 8F3. 

FISH 9 (Sand Flathead, 63 cm): Gill 9A2, liver x 2, brain 9B3, heart,  

kidney, spleen, 9C3, spleen, fat, gonad 9D3, stomach, oesophagus, 9E3,  

gut pyloric caeca 9F3, 9G3, skeletal muscle/skin, 9H3. 

FISH 10 (Goby, 6.5 cm): Bisected in longitudinal section. 10A1, 10B2. 

FISH 11 (Goby, 5.5 cm): Bisected in longitudinal section. 11A1, 11B2. 

FISH 12 (Goby, 5 cm): Bisected in longitudinal section. 12A1, 12B2. 

FISH 13 (Goby, 4.5 cm): Bisected in longitudinal section. 13A1, 13B2. 

FISH 14 (Sea Mullet, 34 cm): Gills 14A2, heart, spleen, liver x 2 14B4,  

brain, kidney x 2, 14C3, stomach, pyloric caeca, gonad 14D3, gut 14E3,  

skeletal muscle/skin 14F3. 
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FISH 15 (Goby, 5 cm): Bisected in longitudinal section. 15A1, 15B2. 

FISH 16 (Hardyhead, 6.5 cm): Bisected in longitudinal section. 16A2,  

16B2. 

FISH 17 (Hardyhead, 5.5 cm): Bisected in longitudinal section. 17A3. 

FISH 18 (Hardyhead, 5 cm): Bisected in longitudinal section. 18A3. 

FISH 19 (Hardyhead, 5 cm): Bisected in longitudinal section. 19A3. 

FISH 20 (Hardyhead, 6 cm): Bisected in longitudinal section. 20A1, 20B2. 

FISH 21 (Hardyhead, 6.5 cm): Bisected in longitudinal section. 21A1,  

21B2. 

FISH 22 (Hardyhead, 3.5 cm): Embedded whole in longitudinal section.  

22A1. 

FISH 23 (Hardyhead, 4 cm): Bisected in longitudinal section. 23A3. 

FISH 24 (Hardyhead, 6.5 cm): Bisected in longitudinal section. 24A1,  

24B2. 

FISH 25 (Hardyhead, 6 cm): Bisected in longitudinal section. 25A1, 25B2. 

FISH 26 (Hardyhead, 4.5 cm): Bisected in longitudinal section. 26A3. 

FISH 27 (Hardyhead, 7 cm): Bisected in longitudinal section. 27A3. 

FISH 28 (Hardyhead, 4.5 cm): Bisected in longitudinal section. 28A3. 

FISH 29 (Hardyhead, 4 cm): Bisected in longitudinal section. 29A2. 

FISH 30 (Hardyhead, 4 cm): Bisected in longitudinal section. 30A2.    

(dh) 

 

 

MICROSCOPY 

FISH 1 (Yellow-Eye Mullet, 47 cm): 

-     There is moderate to marked branchial congestion and with  

 occasional fragmented primary lamellae and interlamellar haemorrhage  

    (traumatic capture) 

-     Within the spleen, there are two focal chronic granulomas in which  

the central necrotic tissue has dropped out of section. No acid-fast  

organisms are detected with ZN staining method. 

-     Multifocally, there is mild peribiliary fibrosis and sparse  
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inflammatory cell infiltration. There is mild hepatocellular vacuolation 

-     Multiple nematode and trematode parasites are observed within the  

intestinal lumen, in association with segmental (distal) chronic  

enteritis 

-     Multiple trematode parasites are embedded within the gastric mucosa 

 

 

FISH 2 (Australian Salmon, 62 cm): 

-     There is marked branchial congestion and areas of fragmented  

 primary lamellae with haemorrhage (traumatic capture) 

-     Few small gravid trematode parasites within the intestinal lumen 

 

 

FISH 3 (Hardyhead, 2 cm): 
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-     Mild hyperplastic branchitis 

-     Trematode metacercaria encysted within liver, pancreas and  

peritoneal cavity  moderate numbers 

-     Mild dermal mononuclear inflammatory cell infiltration at base of  

fins 

 

 

FISH 4 (Hardyhead, 2 cm): 

-     Mild hyperplastic branchitis 

-     Trematode metacercaria encysted beneath the liver capsule  low  

numbers 

-     Moderate to marked vacuolar hepatopathy (fatty change) 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites)  

moderate 

 

 

FISH 5 (Sea Mullet, 34 cm): 

-     There is moderate to marked branchial congestion with few  

 fragmented primary lamellae and patchy haemorrhage (traumatic capture) 

-     Multifocally, intrahepatic bile ducts show moderate peribiliary  

fibrosis with light to moderate inflammatory cell infiltration and  

accumulation of sloughed cells/cellular debris and sparse mucinous bile  

within duct lumina. There is patchy hepatocellular vacuolation 

 

 

FISH 6 (Sea Mullet, 35 cm): 

-     There is marked branchial congestion with fragmented primary  

 lamellae and extensive haemorrhage (traumatic capture) 

-     Multifocally, intrahepatic bile ducts show mild peribiliary  

fibrosis with light inflammatory cell infiltration and accumulation of  

sloughed cells/cellular debris and sparse mucinous bile within duct  

lumina. There is moderate hepatocellular vacuolation (fatty change) 
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FISH 7 (Sea Mullet, 32 cm): 

-     There is moderate branchial congestion 

-     Multifocally, intrahepatic bile ducts show mild to moderate  

peribiliary fibrosis with light inflammatory cell infiltration and  

accumulation of sloughed cells/cellular debris and sparse mucinous bile  

within duct lumina. There is moderate hepatocellular vacuolation (fatty  

change) 

 

 

FISH 8 (Sea Mullet, 39 cm): 

-     There is marked branchial congestion and areas of fragmented  

 primary lamellae with extensive haemorrhage (traumatic capture) 

-     Moderate hepatic lipidosis 
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FISH 9 (Sand Flathead, 63 cm): 

-     Moderate branchial congestion with superficial mucus accumulation  

 and sloughed cells/debris 

-     Moderate hepatic lipidosis (fatty change) 

 

 

FISH 10 (Goby, 6.5 cm): 

-     Mild hepatic lipidosis (fatty change) 

 

 

FISH 11 (Goby, 5.5 cm): 

-     Marked hepatic lipidosis (fatty change) 

 

 

FISH 12 (Goby, 5 cm): 

-     Marked hepatic lipidosis (fatty change) 

 

 

FISH 13 (Goby, 4.5 cm): 

-     Marked hepatic lipidosis (fatty change) 

 

 

FISH 14 (Sea Mullet, 34 cm): 

-     There is moderate to marked dilation and congestion of the primary  

 lamellar vasculature 

-     Moderate hepatic lipidosis (fatty change) 

 

 

FISH 15 (Goby, 5 cm): 

-     Solitary nematode parasite embedded within the abdominal fat, with  

 thin rim of granulomatous inflammation and fibrosis 
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FISH 16 (Hardyhead, 6.5 cm): 

-     Trematode metacercaria encysted beneath the liver capsule,  

 peritoneal cavity, adventitial connective tissue of pharynx,  

    pericardial sac, retrobulbar connective tissue  low to moderate  

    numbers 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild 

 

 

FISH 17 (Hardyhead, 5.5 cm): 

-     Trematode metacercaria encysted beneath the liver capsule,  

 peritoneal cavity, pericardial sac, retrobulbar connective tissue  

    moderate to high numbers 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild 

-     Solitary protozoal (microsporidian) cyst within the peritoneal  

cavity, between intestinal loops. 
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FISH 18 (Hardyhead, 5 cm): 

-     Trematode metacercaria encysted within the peritoneal cavity and  

 retrobulbar connective tissue  moderate numbers 

-     Few adult trematodes within the intestinal lumen 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild 

-     Mild vacuolar hepatopathy (fatty change) 

 

 

FISH 19 (Hardyhead, 5 cm): 

-     Trematode metacercaria encysted within the peritoneal cavity and  

 retrobulbar connective tissue  low to moderate numbers, with few  

    granulomas 

-     Several adult trematodes within the intestinal lumen 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild 

 

 

FISH 20 (Hardyhead, 6 cm): 

-     Trematode metacercaria encysted within the peritoneal cavity and  

 retrobulbar connective tissue, low numbers 

-     Mild vacuolar hepatopathy (fatty change) 

 

 

FISH 21 (Hardyhead, 6.5 cm): 

-     Trematode metacercaria encysted within the peritoneal cavity, low  

 numbers 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild 

-     Mild vacuolar hepatopathy (lipidosis) 

-     Solitary protozoal (microsporidian) cyst located within the  

peritoneum ventral to the kidney, adjacent to the ovary. 



 

CEE Consultants 

 

 

FISH 22 (Hardyhead, 3.5 cm): 

-     Trematode metacercaria encysted within the retrobulbar connective  

 tissue  low numbers 

 

 

FISH 23 (Hardyhead, 4 cm): 

-     Trematode metacercaria encysted beneath the liver capsule,  

 peritoneal cavity, retrobulbar connective tissue  moderate numbers 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild 

-     Solitary adult trematode within the intestinal lumen 

 

 

FISH 24 (Hardyhead, 6.5 cm): 

-     Trematode metacercaria encysted beneath the liver capsule,  
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 peritoneal cavity, retrobulbar connective tissue  moderate to high  

    numbers 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

moderate 

-     Solitary large protozoal (microsporidian) cyst within the  

peritoneal cavity, ventral to the liver. 

 

 

FISH 25 (Hardyhead, 6 cm): 

-     Trematode metacercaria encysted within the peritoneal cavity,  

 connective tissue of pharyngeal wall, pericardial sac, and cranium  

    moderate numbers 

-     Several adult trematodes within the intestinal lumen, with mild  

chronic enteritis 

 

 

FISH 26 (Hardyhead, 4.5 cm): 

-     Trematode metacercaria encysted within peritoneal cavity and  

 pancreas low numbers 

 

 

FISH 27 (Hardyhead, 7 cm): 

-     Trematode metacercaria encysted beneath the liver capsule and  

 peritoneal cavity,  moderate numbers 

-     Single gravid trematode observed within the intestinal lumen 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites),  

mild to moderate 

-     Moderate vacuolar hepatopathy (fatty change) 

 

 

FISH 28 (Hardyhead, 4.5 cm): 

-     Trematode metacercaria encysted beneath the liver capsule,  
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 peritoneal cavity, pericardial sac, retrobulbar connective tissue 

moderate to high numbers 

-     Eosinophilic proteinaceous fluid in peritoneal cavity (ascites), 

moderate 

FISH 29 (Hardyhead, 4 cm): 

- Trematode metacercaria encysted within liver, peritoneal cavity, 

 cranium (retrobulbar space)  moderate to high numbers 

- Larger nematode parasites within free within the peritoneal cavity 

- Eosinophilic proteinaceous fluid in peritoneal cavity (ascites), 

moderate 

FISH 30 (Hardyhead, 4 cm): 

- Solitary large nematode parasite embedded within thin-walled 

 peritoneal granuloma that bulges into adjacent liver (possibly located 
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All Tests Complete  

within liver capsule or subcapsular hepatic parenchyma) 

DIAGNOSIS 

1. YELLOW-EYE & SEA MULLET, FLATHEAD, AUSTRALIAN SALMON: 

a. GILLS: CONGESTION, MODERATE TO MARKED, WITH MULTIFOCAL HAEMORRHAGE 

AND LAMELLAR FRAGMENTATION 

2. YELLOW-EYE MULLET (FISH 1): 

a. SPLEEN: GRANULOMAS, MULTIFOCAL, CHRONIC, MILD 

b. DISTAL INTESTINE: CHRONIC ENTERITIS, MODERATE, WITH NUMEROUS 

INTRALUMINAL NEMATODES & TREMATODES, HIGH NUMBERS 

3. SEA MULLET: 

a. LIVER: PERIBILIARY FIBROSIS, MULTIFOCAL, MILD TO MODERATE, WITH 

MILD CHRONIC CHOLANGITIS 

4. HARDYHEAD: 

a. PERITONEAL CAVITY, LIVER, PANCREAS, PERICARDIUM, RETROBULBAR 

TISSUE: ENCYSTED TREMATODE METACERCARIA, LOW TO HIGH NUMBERS, WITH 

ASCITES 

b.    PERITONEAL CAVITY (FISH 29, 30): FREE OR ENCYSTED NEMATODES, LOW  

NUMBERS 

c.    PERITONEAL CAVITY (FISH 17, 21, 24): MICROSPORIDIAN CYSTS, L0W  

NUMBERS 

d.    INTESTINE (FISH 18, 19, 23, 25, 27): INTRALUMINAL TREMATODES, LOW 

TO MODERATE NUMBERS 

5. GOBY (FISH 15): 

a. PERITONEAL FAT: ENCYSTED NEMATODE 

6. AUSTRALIAN SALMON (FISH 2): 

a. INTESTINE: INTRALUMINAL TREMATODES, LOW NUMBERS 
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COMMENTS 

The larger fish of various species (Yellow-eye and Sea Mullet,  

Australian Salmon, Flathead) had varying degrees of gill congestion and  

haemorrhage, with fragmentation of the lamellar architecture in some  

areas. These acute lesions are attributed to traumatic injury occurring  

during capture. 

 

 

Many of the fish had evidence of endoparasitism, notably the Hardyhead  

spp. This included trematodes (fluke) present within the gut as adults,  

or encysted within the body cavities and various tissues as larval  

stages (metacercariae); intraperitoneal or intestinal nematodes (round  

worm); and few intraperitoneal protozoal cysts suggestive of  

Microsporidian cysts. 

These parasites were generally associated with minimal inflammatory  
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response, although there was some indication of proteinaceous fluid  

accumulation within the peritoneal cavity of the Hardyhead fish,  

presumably reflecting irritation from the metacercariae or leakage via  

the liver capsule. The Yellow-eye Mullet (fish 1) also had evidence of  

chronic enteritis within the distal intestine, in association with  

intraluminal nematodes and trematodes. 

This fish also had few chronic granulomas within the spleen (observed  

grossly as small areas of brown discolouration). No organisms could be  

detected in these lesions and ZN staining for Mycobacterium was  

negative. The cause is unknown, but possibly chronic bacterial or  

parasitic granulomas. 

Several of the Mullet had evidence of mild chronic cholangitis with  

peribiliary fibrosis. No specific inciting cause could be identified,  

but such lesions are often due to bile duct parasites, e.g. trematodes 

or protozoa. In many cases, the aetiopathogenesis of the response is  

unknown. 

Many of the fish, especially the Gobies, had evidence of fatty change  

within the liver. Hepatic steatosis or fatty degeneration can occur in  

association with clinical illness, e.g. metabolic or nutritional  

disease, as well as toxic insults. However, various species of fish  

normally store large quantities of lipid within the liver, so  

interpretation as a true degenerative change is always made with caution 

in the absence of other significant liver pathology. 

I could see no microscopic evidence of notifiable diseases, such as EUS 

(Epizootic Ulcerative Syndrome), or any lesions that might be  

attributable to systemic viral infection or bacterial septicaemia. 
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The parasitism observed is likely incidental 'background' pathology in  

wild caught fish, and probably of little clinical significance to  

overall health. However, it is possible that parasite burden might be  

higher in these fish given that they have been effectively kept within a 

confined environment. 

I am going to forward slides that include the parasites to a specialist  

fish pathologist to see if I can obtain a better idea of parasite  

identification and significance, if any. Further comments will follow in 

a supplementary report. 

SUPPLEMENTARY REPORT                                  20/10/13 

Dr Stephen Pyecroft, Senior Lecturer in Veterinary Pathology at The  

University of Adelaide, has reviewed the sections of fish containing the 
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various parasites detailed above. I have included a brief summary of his  

comments below in parentheses. 

(Without a clear species ID of the fish it is a bit hard to specifically  

ID the parasites even to a genus level. However, it is assumed that the  

fish are living in a marine to estuarine environment in a relatively  

enclosed water compound. It would most likely be frequented by water  

birds and so act a perfect reservoir for many of the trematode parasites  

that utilise fish as intermediate hosts. None of the parasites isolated  

in the fish sections examined would be regarded as significantly  

pathogenic to fish other than those they are infecting in these  

sections. Given the possible closeness geographically of the compounded f 

ish and those in the more open water now, it is my opinion that the  

parasites as observed in these sections would pose little threat to fish  

outside the compound, which may be exposed when the fish are released.  

The trematode parasites are reliant on a final host, which is possible a  

bird host, which would frequent both estuarine and open-shore waters.  

Many of the microsporidian parasites are reliant on an intermediate  

host, which may not be present in open water and so reduces  

pathogenicity. The nematodes are usually host specific.) 

Overall: no gross or microscopic evidence of significant disease risk 

has been identified to preclude release of the fish contained within  

these salt pans into the external sea environment. 

Dr. Daren Hanshaw 

BSc, BVMS (Hons), Diplomate ACVP 

Specialist Veterinary Pathologist 

Gribbles Veterinary Pathology 
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Phone: (08) 8202 3301 

Validated by Dr Daren Hanshaw, Veterinary Pathologist. 
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APPENDIX D. RECORDS OF PHONE CONVERSATIONS

Subject: Fish testing for disease and genetic abnormality 

Date: Phone call 25 July 2013 

From: 
Scott Chidgey 
Principal marine scientist 
CEE Consultants Pty Ltd 

03 94294644 
chidgey@cee.com.au 

Client contacts:  
Stephen Butler, Ridley Corporation 
Nick Withers, WSP Group for Ridley 

Corporation 

To: 
Dr Shane Roberts 

Aquatic Animal Health Officer 
PIRSA Fisheries and Aquaculture 

08 8226 3875 
shane.roberts@sa.gov.au 

Conversation Items 
Dr Roberts has provided advice to DPTI on aspects of PIR SA concerns with respect to the 
Dry Creek Project. This record compiles topical items from a phone conversation with Dr 
Roberts on 25 July 2013. 

Regulatory requirement 
Dr Roberts restated that the fisheries regulatory requirements for incidental release of fish 
from the salinas to the South Australian marine environment were Sections 78 of the 
Fisheries Management Act 2007.  

Context of recent PIRSA concerns 
Dr Roberts explained that the context of concern regarding introduction of aquatic pathogens 
into Adelaide marine environment was recent fish kills, abalone kills and dolphin deaths in 
marine environment in South Australia. The events were serious and widespread impacts on 
marine ecosystem. They resulted in considerable public concern and pressure on PIR SA 
and Minister.  The primary trigger for these events appeared to be unusually high water 
temperatures that exacerbated blooms of natural algae and sensitivity to natural pathogens. 
The events heightened public sensitivity to other human activities that potentially impacted 
on the marine environment– notably desalination project.  

Risk of genetic abnormalities 
State that risk of introduction of genetic abnormalities from salinas was ‘low to negligible’ due 

to maintenance of gene pool in salinas by one-way supply of eggs and larvae to salina 
ecosystem via intake pumps. This issue was effectively closed off. 

mailto:chidgey@cee.com.au
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Context of Dr Roberts present understanding of risk of disease introduction 
from Dry Creek proposal 
During the course of the conversation Dr Roberts stated that he had little information on the 
(1) the nature of the fish communities in the salinas, (2) the health status of fish in the 
salinas, (3) the comparative health status of fish species in the natural marine environment 
outside the salinas, (4) the mitigation measures to reduce potential for fish to be entrained 
into the pump-out system.  Hence, risk of potential introduction of diseases from salinas to 
broader ecosystem via inadvertent release during pump-down remained.  

Dr Roberts acknowledged that the risks would be better understood if the range of fish and 
size classes likely to be entrained was known. The risk could be low if appropriate mitigation 
measures were followed and monitored. 

Dr Roberts understood that the salinas contained a variety of species in a relatively enclosed 
environment that could carry a range of endemic diseases, such as epizootic ulcerative 
syndrome (EUS). Anglers sometimes fished in the salinas and so there was the possibility of 
introduction of exotic diseases from bait from unknown sources. Hence, there is a plausible 
risk pathway for potential release/discharge of fish from the salinas to result in introduction of 
Notifiable Aquatic Disease to the marine environment of Barker Inlet and the Gulf. The 
likelihood for this pathway should be determined by an initial scan of potential diseases 
present in the fish stocks of the salinas. 

Number of fish to be sampled 
Dr Roberts considered that the recommendation for a total of 30 fish from a range of species 
(30 fish in total) was reasonable and based on epidemiological principals (ie. 95% 
confidence of detecting at least a 10% disease prevalance  

Nature of tests 
Dr Roberts was non-committal regarding the nature of the tests at this stage of his 
understanding of the species present and the conditions in the salinas. He offered that 
histological examination of collected fish provided a broad diagnostic of the disease or health 
status of fish. He considered that the State Veterinary Laboratories should be consulted for 
expert opinion on the range of standard test protocols for marine fish testing. 

Conclusion to conversation 
Dr Roberts provided his reasoning that the disease status of the fish in the salinas should be 
tested. The tests would provide documented evidence of the disease status of the fish in the 
salinas prior to pump-down. This would provide documented evidence for the assessment of 
risk of introduction of disease to the natural marine environment in a number of cases, 
including:  

(1) Primarily the documentation of the disease status will inform PIR SA and the Minister of 
the environmental acceptability of the option to maintain wetlands by pumping Gulf waters 
through, and out of, the selected salinas during the process of decommissioning the salt 
production salinas;  

(2) The documentation of the disease status will provide evidence of the condition of fish 
from the salinas in the possible event of outbreaks of fish disease in the natural marine 
environment of Barker Inlet or the Gulf during the salinas decommissioning process; and 
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(3) The documentation of the disease status in the salinas prior to pump down will provide 
evidence of fish from the salinas  prior to pump-down in the event of fish deaths that might 
occur during from acid-sulphate soil interactions in the drying salinas. 

Dr Roberts provided helpful, reasonable and balanced comment on the need to document 
the disease and health status of fish within the salinas.  

Scott Chidgey 
Principal marine scientist 
CEE Consultants Pty Ltd 
chidgey@cee.com.au 

26 July 2013 

Subject: Fish testing for disease and genetic abnormality - Histopathology 

Date: Phone call 29 July 2013 

From: 
Scott Chidgey 
Principal marine scientist 
CEE Consultants Pty Ltd 

03 94294644 
chidgey@cee.com.au 

Client contacts:  
Stephen Butler, Ridley Corporation 
Nick Withers, WSP Group for Ridley 

Corporation 

To: 
Daren Hanshaw 

Gribble Pathology 
South Australia’s State veterinary 
laboratories 

08 823023301 

Conversation Items 
Mr Hanshaw is South Australia’s State veterinary laboratories (contracted to Gribbles 
Pathology) veterinary pathologist. He is responsible for all veterinary pathology testing 
including fish. This record compiles topical items from a phone conversation with Mr 
Hanshaw on 29 July 2013. 

Routine health tests on fish 
Mr Hanshaw recommended that two routine tests should be performed on fish: (1) Gross 
post-mortem examination and (2) Routine histopathology. Mr Hanshaw also considered that 
viral and bacteriological tests could be required in the unlikely event of histopathological 
indications. Mr Hanshaw did not consider that parasitology was necessary.   

Nature of tests 

mailto:chidgey@cee.com.au
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Gross post-mortem examination would provide indications on health with respect to lesions, 
abnormalities and other external signs of disease. This test requires fresh whole fresh (not 
frozen) fish.  

Histopathology examines internal structures for indications of disease and for small fish may 
require preparation and examination of four or five slides per fish. Histopathological 
preparation requires fresh fish (chilled NOT frozen) or preferably live fish.  

Indicative cost of tests  
Mr Hanshaw advised that the cost of the tests was dependent on the size of the fish. On the 
basis of fish being relatively small (less than 150 mm):   
Gross post mortem examinations are conducted at $430 per hour. Examination of 30 
small fish could be completed in three to four hours. Hence allow approximately $2000 (plus 
GST) total for this test on 30 small fish. 

Histpathologicial examination costs include a start-up cost of $120 for the first slide, and 
$16 for every subsequent slide, with 4 to 5 slides per small fish.  Hence, allow $3,000 (plus 
GST) for this test on 30 small fish.  

Requirements for fish delivery 
Mr Hanshaw advised that fish should be delivered to the laboratory within the shortest 
possible time (hours) from capture. They should be whole, live on ice or in buckets. Fish or 
samples should not be frozen. Living fish would be humanely euthanased at the laboratory 
prior to testing.  

Scott Chidgey 
Principal marine scientist 
CEE Consultants Pty Ltd 
chidgey@cee.com.au 

29 July 2013 



30 January  2014 

Environmental Scientists and Engineers 

CEE CONSULTANTS Pty Ltd       ACN 084 201 730 ABN 22 084 201 730
Tel:       03 9429 4644 First Floor, 90 Bridge Road 
Fax:      03 9428 0021 PO Box 201 
Email:   chidgey@cee.com.au Richmond VIC 3121 

Mr Stephen Butler 
General Manager 
Ridley Land Corporation 
565 Bourke Street 
Melbourne VIC 3000 

Dear Mr Butler 

Re: Dry Creek Salt Fields- Fish Community Sampling and Health Assessment Report 

CEE Consultants Pty Ltd is pleased our final report “Dry Creek Salt Fields- Fish Community
Sampling and Health Assessment Report”, which was based on Ridley’s October 2013 strategy 
draw-down water in the Dry Creek salinas by discharging some of the hypersaline waters in the 
northern sections into the Gulf via the Gawler River or into Barker Inlet via Pumping Creek. The 
attached report includes some minor editorial changes suggested by Dr Roberts of PIRSA.  

Since the preparation of our report in October 2013, we understand that the preferred option for 
decommissioning the salinas is to drain waters in the Middle Creek and Port Gawler Sections 
southwards to salina PA5 in the St Kilda Section. Waters at PA5 will have a salinity of 150 ppt to 
250 ppt. The hypersaline waters will be pumped from PA5 to relatively fresh effluent flow in the 
outfall channel from the SA Water Bolivar wastewater treatment plant, which discharges into 
Barker Inlet at Fork Creek. 

The assessment of health risks to Barker Inlet that are discussed our November 2013 report do not 
reflect the possible pathway of fish disease risks to Barker under the most recent scenario. 
However, our November 2013 report shows that fish from the lower salinity salinas of the salt fields 
are (1) free of reportable disease and (2) unlikely to survive in salinas with salinities in excess of 
120 ppt. The salinity of the hypersaline waters in PA5 and the salinas draining into PA5 (150 ppt to 
250 ppt) will be too high for fish from the salt fields to survive. Therefore, in relation to the most 
recent preferred scenario, it is concluded that: 

 There is no likelihood of fish surviving the passage from the Middle Creek and Gawler
Sections to PA5; 

 There is no likelihood of fish being present in the discharge from PA5 to the Bolivar effluent
channel or into Barker Inlet under this most recent scenario and; 

 The proposed 2014 scenario presents negligible risk (lowest risk ranking) of transfer of fish
or fish disease from the salinas into Barker Inlet or the Gulf of St Vincent. 

We have enjoyed working with you and Mr Withers on this very interesting and unusual project and 
look forward to the opportunity to provide specialist environmental services to Ridley in the future.  

Yours faithfully 
CEE Consultants Pty Ltd 

Scott Chidgey 
Director 

Encl. 

mailto:chidgey@cee.com.au
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