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Samphire/saltmarsh complex at Site 5 adjacent to the Gawler River was in very good 
condition (Figure 20).  Sediments varied from fine grain mud close to the river through to 
coarser grained sand away from the river. 

The good condition of this site was attributed to more growing space between the high tide 
and the Cheetham Salt levee bank.  As seen in Figure 20, the large area of available land has 
promoted greater species diversity.  Deer tracks were found along the edge of the creek and 
extended out to the mangroves approximately 400m away.  General rubbish was found 
intermittently scattered on the site, mostly around the drainage channel from the Gawler 
River. 

 

Figure 20: Site 5, Samphires on the mouth of 
the Gawler River 

 

2.1.4 Mangrove Transects 25/02/08. 
Mangrove health for each site was evaluated using measures of plant height, 
pneumatophores clearance above sediment and trunk widths for each transect, Table 2. 

Table 2: Indicators of Mangrove Health 
Mangrove  Site 1 Site 2 Site 3 Site 4 Site 5 

Average Height (m) 2.5 1.6 0.75 4.16 4.2 

Average Trunk width (cm) 23.75 9.15 6.28 30.6 30 

Average Pneumatophores (cm) 20.6 6.63 5.92 13.3 15 

 

The five mangrove transect were categorised into two groups; large healthy robust trees at 
sites 1, 4 and 5, (Figure 21) and small trees suffering stress due to sediment build up and 
water inundation at sites 2 and 3 (Figure 22). 

Sites 1, 4 and 5 had the healthiest pneumatophores with clearances above sediment 
averaging between 13.3cm and 20.6cm.  These sites also had greater average heights and 
trunk widths.  

Sites 2 and 3 are located in an area with intermittent pooling of water and pneumatophore 
clearance is only 6.6cm and 5.9cm, indicating that sites 2 and 3 are at a greater risk of dieback 
associated with sedimentation (Figure 22 shows dead and stunted mangroves). Both sites 2 
and 3 are located in an area where small drainage channels cut through the area between the 
Cheetham Salt levee banks and mangrove stands.  These areas trap seawater and freshwater 
from the Gawler River during flood events, probably contributing to the degradation of 
mangrove stands in this area. 
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Figure 21: Site 1, Healthy mangroves 
 

Figure 22: Dead or dying mangroves and water 
pooling 

2.1.5 Summary of Mangrove and Saltmarsh/ Samphire Survey 
The field surveys undertaken for the purpose of this study do not encompass seasonal 
variations and associated fauna and flora assemblage changes between seasons.  However, 
the field surveys have confirmed the literature review that the coastal ecosystem to the west 
of the site supports abundant flora and fauna.  In general the mangrove forest and samphire 
habitats are in good to very good health.  At the same time the survey noted the significant 
anthropogenic impact on these habitats and signs of the gradual loss of mangroves and 
samphire were evident. 

The most significant impact is the physical barrier created by the Cheetham Salt levee banks 
that are blocking the retreat of mangroves and samphire as sediment and detritus is 
deposited in successive storms builds up.  Sedimentation around the pneumatophores 
increases mangrove mortality (Mifsud et al 2004).  Any rise in sea level will further restrict 
the available land for mangrove and samphire. 

Other environmental stressors on these habitats include trampling by deer predation by 
foxes and weed such as the African boxthorn observed growing on the levee banks.  Rubbish 
(discarded tyres, plastic bags and oil drums) and the more widely fluctuating flows of the 
Gawler and Thompson Rivers are also having an impact on the health of the mangroves and 
samphire habitats. 

2.1.6 Conclusion 
The remnant coastal plain is within reserves or unallocated Crown Land. It is understood the 
Department of Environment and Heritage has responsibility for the management of that 
land. 

Our survey of the coastal plain west of the Site found ecologically significant vegetation and 
habitat, but has suffered degradation from feral animals and general rubbish.  The impacts of 
Cheetham’s salt pans, with changes to land form and hydrology were also evident. 

The site, while adjacent to the coastal plain does not directly form part of its ecological 
systems. The proposal has therefore the potential to indirectly impact on the coastal 
environment. These potential impacts are discussed in Section 3 
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3. Marine and Coastal Environment Risk 
Assessment and Management 

This section is divided into two parts; the first describes the existing stressors to the coastal 
and marine ecosystems, the second part identifies potential risks that may arise from the 
Buckland Park proposal and presents a risk assessment with recommendations of 
appropriate control measures to reduce the level of risk on these ecosystems. 

3.1 Existing Stressors to the Marine and Coastal Ecosystems 

3.1.1 Coastal retreat 
The loss of extensive areas of seagrass along the Adelaide metropolitan coast has caused the 
mobilisation of exposed sediment.  Resuspended sediment moves northwards and is 
deposited on sand banks (such as Section Bank) off Outer Harbor and the northern beaches 
(Mifsud et al 2004, Fox et al 2007).  The build-up of sediment and detritus around the 
mangrove pneumatophores appears to be causing the loss of mangroves on the shore front; 
the mangroves retreat further inland if suitable land is available (Mifsud et al, 2004).  
However, in Buckland Park the Cheetham Salt levee banks west of the site, prevent the 
retreat of mangroves. 

Sea level rise, attributed to climate change, will increase the pressure on seagrass, mangroves 
and samphire communities to advance further inland, or retreat (Harvey 2002).  This will 
become more pronounced along coastlines that are characterised as low gradient, such as the 
upper Gulf St Vincent.  This topic is dealt in more detail elsewhere in proposal’s 
environmental assessment. 

The retreat of coastal vegetation as sea level rises is prevented by the Cheetham salt pans, 
which create a barrier at the eastern edge of the coastal plain.  Accordingly the proposal will 
not influence the outcomes of coastal retreat in this area. 

3.1.2 Sea level rise 
Sea level rise are predicted to effect developments near the coast.  The site is at a higher 
elevation than the Yorke Coast Protection District and does not constitute land that is “part 
of the coast” under the schedule Coast Protection Act of 1972 as shown inFigure 23.  Sea level 
rise will affect coastal land adjacent to the site through: 

• Increased intensity and frequency of storm surges and coastal flooding; 
• Increased salinity of rivers and coastal aquifers; 
• Increased coastal erosion; 
• Loss of mangroves and samphire flats; 
• Increased sedimentation and impact on marine ecosystems. 
 



 

B UCK LA ND P A RK  E NVI RONME NTA L I MP A CT S TA TEME NT 30  

 
Map s upp l i e d  by  W a lk e rs  Corpo ra t i on  ad ap t ed  f rom  Coas t  p ro t ec t i on  A c t  1972 .  

Figure 23: Site location with respect to the Yorke Coast Protection District 

The Intergovernmental Panel on Climate Change (IPCC) assessments in 2004 predict global 
sea level rise will range between 0.09m and 0.88m, averaging 0.48m by the year 2100.  During 
1991 the South Australian Coast Protection Board predicted sea level rise for SA to be within 
the range of 0.33m - 1.10m, averaging 0.65m by 2100, advising that any new coastal 
development should be capable of being reasonably protected by a 1m sea level rise by 2100 
(Harvey 2002). 
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The Coast Protection Board recommended in 1991 recommend that flood protected designs 
should incorporate extreme storm water events (Caton et. al 2007) and tidal surges, in 
addition to wave effects.  It is noted that more research into climate change predictions 
within this region are required including coastal vulnerability assessments for management 
purposes. 

As stated earlier in this report, general trends of elevated sea level are expected to cause 
mangroves and associated saltmarsh communities to retreat further inland to adapt to sea 
level rise resulting in changes to ecological zoning of both supra-tidal and inter-tidal 
communities including displacement of seagrass meadows (Harvey 2002, Caton et. al 2007). 

Further implications include the possibility of localised flooding in low gradient coastlines, 
raised groundwater levels, in addition to modifications of estuarine environments (Harvey 
2002).  Sea surface temperatures by 2070 are predicted to be 1-2 °C warmer, with the greatest 
warming to occur in SE Australia and the Tasman Sea due to a strengthening of the East 
Australian Current (Hobday et al. 2006). 

Accurate predictions for sea level rise, including thermal expansion and glacial melt, are 
constantly changing due to variations in opinions, data and predictive models. Currently 
there are no State or National management plans to advise coastal developments on accurate 
measures of sea level rise within South Australia.  Research is currently underway by the 
Coast Protection Board to make recommendations that will withstand 100 - 200 year 
planning for coastal development purposes with special regard to developments in low lying 
areas of between 1m and 5m. 

Implications of climate change likely to affect the Site include protection from the predicted 
more frequent storm surges and more frequent flooding events.  Hydrological studies for 
this EIS provide more specific information regarding water intrusion events from fresh water 
flooding and marine intrusion.  The levee banks currently in place at the Cheetham Salt 
operations may provide protection from incoming tidal surges within the area, see 
hydrological report  for more information <enter cross reference to W&G Consulting 
Engineers>). 

3.1.3 Stormwater Discharges 
Coastal urbanisation is known to modify flows from rivers entering the marine environment 
(DEH, 2007).  Stormwater and wastewater entering the sea can be high in sediments, 
nutrients and pollutants, including pesticides, detergents and other organic compounds.  
Urban developments are also known to change flow rates to more intermittent, higher 
velocity regimes, which cause erosion and increase sediment input into the sea (DEH, 2007). 

Turbidity and sedimentation have been identified as important contributors to seagrass loss 
(EPA 1988).  Studies undertaken by Shepherd et al. 1989 identified that the primary cause for 
seagrass decline within the Gulf St Vincent region was through anthropogenic disturbances 
that increases turbidity and nutrients resulting in the loss of light availability for 
photosynthetic process and reduced ability to fix carbon. 

Increased nutrients have also been associated with increased epiphyte load on seagrass 
blades reducing light availability and reducing the resilience to wave action.  The extensive 
loss of seagrass off Adelaide’s metropolitan coast has been attributed to many years of near-
continuous inputs of nutrient rich, turbid, and coloured water and wastewater (Fox et al 
2007). 

As seagrass meadows are known to sequester carbon, a decline in the ability of seagrass 
communities to fix carbon may have further implications for climate change strategies and 
objectives set out recently by both the State and Commonwealth Governments.  
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Additionally, increase in sedimentation within the water column coats the seagrass leaf 
blade and inhibits light penetration to the leaf surface (Shepherd et al. 1989).  As a flow on 
effect from a decline in seagrass health, degraded seagrass beds cause loss of sediment 
stability, further increasing turbidity within the water column.  Extreme cases of 
sedimentation are likely to result in complete burial and eventual dieback of seagrass beds 
(Harvey 2002) and mangroves (Mifsud et al 2004). 

The proposal will result in an urban population in a new location and has the potential to 
contribute to polluted stormwater discharge through the Gawler River and Thompson 
Channel Outfall. 

3.1.4 Coastal Acid Sulphate Soils 
Sediments containing iron sulphides and organic matter have the potential to generate acid 
on exposure to air.  Coastal Acid Sulphate Soils (CASS) are generally found within 
mangrove, estuaries and lakes and associated low energy areas such as the tidal flats found 
within northern Gulf St Vincent (DEH 2007).  On exposure to air CASS oxidise and release 
acid, sulphates, granules of iron, aluminium and heavy metals.  These pollutants may 
contaminate streams, pools and the receiving sea waters. 

A separate study testing soils and subsoils by Golders & Associates for acid sulphate soils 
found potentially acid generating soils in the southern portion of the property but are not 
likely to be intercepted by proposed land uses described in the proposal’s Masterplan 
.<include reference by Golders & Associates>. 

3.2 Environmental Risk Assessment and Risk Management for the 
Marine and Coastal Ecosystems 

The approach to risk management used in this study is based on the Australian Standard 
4360:2004 risk management framework, which consists of: 

• The identification of activities that may impact on the surrounding environment; 
• Implementing control measures to reduce the level of risk; and  
• Monitoring the effectiveness of the control measures. 
In this study we have added contingency plans for unpredictable failures of any control 
measures recommended and implemented. 

3.2.1 Activities that may impact on the surrounding environment 
A number of risks associated with various stages of the proposal have been considered 
including construction activities during the initial subdivision and subsequent activities, 
such as the construction of dwellings and ongoing occupation.  This risk assessment 
recognises that the proposal will take place in a staged manner over a 25 year period. 

A risk register for the marine and coastal environments used for this assessment is presented 
in Table 3. The level of risk if any they present to the coast and marine environment are 
evaluated in Section 3.3. This register is divided into three columns listing the aspects of the 
environment that may be affected; the specific components of that aspect; and the identified 
risk that may harm the marine or coastal ecosystem.  Note that the risks listed are registered 
for evaluation purposes and are not necessarily a real or significant risk to the coastal marine 
ecosystem. 

Table 3: Marine and Coastal Environments Risk Register 

Aspect Component Potential risk to the marine or coastal environment 

Air quality Odour and gaseous 
(volatile) emissions 

1. Petroleum hydrocarbon spills during construction may generate offensive odours 
that may affect fauna. 
2. Marine sediment and CASS disturbed by construction activities may generate 
offensive odours that may affect fauna. 
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 Dust (particulate) 
emissions 

3. Traffic and earth moving activities may generate dust that could cover vegetation 
and reduce biological production. 
4. Wind and vehicular activities may generate dust from exposed surfaces and reduce 
biological production. 

Noise Noise 5. Construction machinery may generate nuisance noise and disrupt breeding patterns 
of coastal fauna. 
6. Traffic and urban noise may generate nuisance noise that may disrupt breeding 
patters of sensitive coastal species. 

Surface 
water 

Surface water 
protection 

7. Stormwater runoff from the development may contaminate the Gawler River estuary 
and the sea. 

 Flow 8. Altered discharge regimes may result in prolonged dry periods or extended 
inundation that may affect vegetation and animals’ dependent of the ecosystem. 
9. Altered salinity regimes, either increased freshwater or increased saline water may 
alter the composition of coastal vegetation. 
10. Increased risk of storm surge caused by a combination of increased tide levels and 
the backup of runoff water from urban water shedding, which may result in the loss of 
coastal vegetation. 

Land - Soil Soils management 11. Vehicular access may cause soil compaction. 
12. Excavation of CASS may release acid and metals that will contaminate soil and 
affect plants and animals. 
13. Land use conversion from rural to urban may reduce or improve the opportunity for 
marine/ coastal plants and animals. 

Groundwater Groundwater Protection 14. Pollutants from urban occupation and acid leachate from disturbed soil may 
contaminate groundwater. 

Flora & 
Fauna 

Flora 15. Acid leachate may harm acid intolerant terrestrial plants. 
16. Turbidity may reduce production of marine flora.  
17. Nutrients may cause eutrophication. 
18. The introduction of exotic species will degrade the vegetative cover and reduce the 
availability of some animal food sources and refuge. 

 Fauna 19. Acid and metal leachate may be toxic to marine animals. 
20. The introduction of exotic species will compete with other animals for limited 
resources. 

Heritage Heritage 21. Human activities on the coastal plains may harm significant flora and fauna on the 
coastal fringe. 

Social Recreational 
 
Waste generation 
Commercial 

22. Coastal and marine focused recreational activities. 
23. Recreational fishing may result in overfishing of the mangrove habitat. 
24. Rubbish will adversely affect plant and animal life. 
25. Reduction of fisheries 

 

Risk is a function of impact (consequences) and likelihood (probability) of a harmful event 
occurring.  The level of risk can be reduced by implementing control measures and a 
management program. 

The level of risk posed to the marine environment from the proposal was determined 
qualitatively based on literature and data available at the time of undertaking this study; 
including the project description, field survey, site observations, professional experience and 
judgement. 

To evaluate the potential impacts of activities or events such as stormwater discharge, traffic, 
recreational activities and the generation of waste on the coastal and marine environment, 
the duration of the harmful event, the severity of the impact, the extent of the impact and the 
resilience of the ecosystem to the stressor were considered.  In this study the level of impact 
was evaluated using the matrix outlined in Table 4. 

Table 4: Impact assessment matrix 
Consequence \Level 1 2 3 4 

Duration of impact 
stress 

Immediate 
Few days. 

Short-term 
1 season. 

Medium-term 
1-2 years. 

Long-term 
> 2 years. 

Severity of impact Negligible 
Not detectable. 

Minor 
Temporary impact on 
few species. 

Moderate 
Effect significant 
proportion of population 
of one or more 

Severe 
Threatening the survival 
of one or more species. 
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significant species. Destruction of habitat. 

Scale of impact Local 
Within 100m. 

Embayment 
A few kilometres. 

Regional 
Tens of kilometres. 

Global 
Loss of an endemic 
species. 

Ecosystem resilience Good 
Small or temporary loss 
in productivity. 

Moderate 
Will recover within 1 
season. 

Poor 
Will not recover locally 
or take a few decades. 

Devastating 
Irretrievable loss. 

The likelihood of harming the marine environment is very dependent on the control 
measures implemented and enforced both during and after construction.  In this assessment, 
three levels of likelihood will be used to calculate the level of risk: 

• Low, the event could occur, but is not expected (1% probability or less), 
• Medium the event may occur but not always (between 1 and 20% probability), and 
• High the event is expected to occur frequently (probability of 50% or more). 
This level of risk calculation consists of adding the impact scores (consequences) from Table 
5 and multiplying by the likelihood of the event occurring where low is given the value of 1, 
medium the value 2 and high the value 3. 

Using this formula the lowest risk score is 4 and the highest risk is 48.  Note these are 
qualitative values and care should be taken in extrapolating beyond the limits of this study.  
For comparative purposes risk scores between 4 and 12 will be considered as an acceptable 
level of risk, scores from 13 to 24 are low level risk, scores from 25 to 36 are medium level of 
risk and 37 to 48 are a high level of risk. 

Table 5: Risk Matrix 
4 5 6 7 8 9 10 11 12 13 14 15 16 

8 10 12 14 16 18 20 22 24 26 28 30 32 

12 15 18 21 24 27 30 33 36 39 42 45 48 
C lea r  bo xes  =  s om e l eve l  o f  r i s k ,  G reen  =  l o w l eve l  r i s k ,  Y e l l ow =  m ed ium l eve l  o f  r i s k  and  Tan  =  
h i gh  l eve l  o f  r i s k .  

The control measures recommended in the following sections are intended to reduce the risk 
to an acceptable level.  This does not mean that they have no impact on the environment, for 
example the impact of increased recreational fishing on fish populations will never be zero 
because more fishers means more fish removed.  This type of assessment does not 
adequately factor in the community’s social values and issues that are addressed elsewhere 
in the environmental assessment. 

3.2.2 Assumptions: 
• It is assumed that the stormwater management philosophy is implemented as 

reported by the Proponent to ensure that runoff from the Site will meet the SA-EPA 
Schedule 2 water quality criteria for aquatic ecosystems (EPA 2003) and that 
groundwater levels and quality will not change from existing conditions. (Wallbridge 
and Gilbert) 

• It is assumed that flows to the Gawler Estuary and the coastal plains will not be 
altered by the proposal. 

• It is assumed that construction activities will not disturb acid sulphate soils 
commonly found on the wetlands and intertidal areas in the Gulf St Vincent, 
accordingly it is assumed that the proposal is not expected to directly cause the 
release of acid and metal bearing leachate into the coastal and marine environment. 

These assumptions were based on information provided by the proponent and discussed 
elsewhere in the environmental assessment. 
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3.3 Detailed Risk Assessment 
This Section evaluates the potential environmental impacts that may arise from the Buckland 
Park proposal, sets management objectives and proposes a control measure to achieve those 
objectives.  Each risk event identified in Table 5 is systematically evaluated assuming that the 
control measures proposed have been implemented.  That is the size of impact and 
likelihood of a specific event occurring are based on the control measures being in place and 
used to calculate the residual risk after control measures have been implemented. 

3.3.1 Air quality 
Risk 1: Petroleum hydrocarbon spills may generate offensive odours that may affect fauna.  Risk 2: 
Marine sediment and CASS disturbed by construction activities of generate offensive odours that may 
affect fauna. 

Potential impacts: Petroleum hydrocarbon spills or the disturbance of CASS or marine muds 
may generate offensive odours that may physically affect marine fauna or alter their 
behaviour or may be a public nuisance.  The Site is over 2 kilometres from the coastal 
ecosystems, it is envisaged that if an accidental petroleum spill occurs there will be 
considerable opportunity to control the spill before it reaches the coastal vegetation.  The 
proponent does not intend to disrupt acid sulphate soils and has generated maps of where 
this soil is likely to occur on the Site. 

Management Objective: To prevent petroleum spills and the excavation of CASS and 
marine muds. 

Control Measure: The proponent will ensure that all contractors working on the proposal 
have implemented Standard Operating Procedures (SOP) for all vehicles and equipment on 
site.  The proponent or their designated responsible person will check the SOP and verify 
that they are properly implemented.  The responsible person will have the authority to reject 
operating procedures that do not meet the management objective and / or stop unacceptable 
activities on site.  If these control measures are satisfactorily implemented the level of risk 
will be maintained at an acceptable level. 

Duration: [1] The odour emitted by hydrocarbons, decomposing organic matter and 
sulphides will last from a few days from any single emission event. 

Severity: [2] Odours gases will have a temporary effect on a few animal species and a 
nuisance factor to humans.  A loss of small sensitive animals may occur in the immediate 
vicinity of the source. 

Scale: local [1] These odours gases are expected to remain within a 100m of the site. 

Resilience: [1] The sense of smell will recover within a few hours of an exposure, the local 
effect of gases on fauna will not last more than a few days. 

Likelihood of risk event: Low to medium. There is a very low likelihood of hydrocarbon spills 
or excavation of CASS or anoxic marine mud to occur with the proposed control measures 
during development but a medium likelihood of a spill to occur or illegal excavation of CASS 
post construction, with less supervision. 

Residual Risk: 10, insignificant to low level of risk remaining 

Performance Indicator: No odours from petroleum or oil and no odours from excavated 
marine mud or CASS. 

Monitoring: The proponent will undertake routine site inspections to check for any signs of 
hydrocarbon spills or any excavation outside of the designated areas. 
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Contingency: If offensive odours are detected during construction the source will be 
identified and appropriate action taken.  This may consist of covering excavation with clay, 
neutralising or removing the odour generating material to a designated landfill.  Any 
petroleum or oil spill will be immediately removed using the appropriate oil spill response 
equipment and recycled or disposed in an environmentally safe manner. 

New control measures will be implemented to prevent the event from reoccurring; these 
may include reviewing the oil management plan or soil survey results (for classifying CASS 
or organic marine muds) and modify the work program to avoid excavation of potentially 
putrid soils. 

Risk 3: Traffic and earth moving activities may generate dust that could cover vegetation and reduce 
biological production. Risk 4: Wind generate dust from exposed surfaces and reduce biological 
production. 

Potential impacts: Airborne dust may cover plants and inhibit photosynthesis, which will 
lead to reduced biological productivity or loss of vegetation.  Fauna will be directly affected 
from nuisance value of fine dust and indirectly affected from the loss of habitat and food.  
Airborne dust may become a nuisance to people working or living nearby.  Most of the dust 
will fall out before reaching the coastal vegetation over 2 kilometres from the Site.  

Management Objective: To prevent excessive dust generation. 

Control Measure: Activities that have the potential to generate dust will be restricted to 
periods of low wind and the surface kept moist to prevent dust from leaving the site.  
Exposed surfaces that may generate dust will be sprayed with water or a dust suppressant 
until they are sealed and revegetated. 

Duration: [4] over the construction period (25 years). 

Severity: [2] temporary impact on some plants and animals particularly insects. 

Scale: [1] local within few 100m of the Site. 

Resilience: [2] vegetation will recover within one season. 

Likelihood of risk event: Low likelihood of dust generation after control measures because of 
the unpredictable nature of winds and the rate of soil drying are medium but distance from 
site reduce the likelihood of impact on the coastal ecosystem. 

Residual Risk: 7, low level of risk remaining 

Performance Indicator: No build-up of dust on coastal vegetation. 

Monitoring: The proponent will undertake routine site inspections to check for any signs of 
airborne dust, install and monitor dust deposition gauges to demonstrate the effectiveness of 
dust suppression. 

Contingency: If dust generation should exceed the management objective the activity will be 
stopped until remedied; exposed surfaces will be immediately sprayed with water or dust 
suppressant and sealed or vegetated as soon as practicable. 
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3.3.2 Noise 
Risk 5: Construction machinery may generate nuisance noise and disrupt breeding patterns of coastal 
fauna.  Risk 6: Traffic and urban noise may generate nuisance noise that may disrupt breeding 
patters of sensitive coastal species. 

Potential impacts: construction noise particularly during the breeding season may result in 
birds that use the coastal wetlands to abandon their nests.  The impact of noise on other 
animals is not clearly documented but anecdotal evidence suggests that noise limits the 
opportunities for predation by some animals such a snakes.  It is not anticipated that noise 
levels reaching the coastal habitats will be higher then background levels.  

Management Objective: To prevent excessive noise generation. 

Control Measure: Since blasting is not proposed the main sources of noise will be 
construction equipment and vehicles. All construction equipment and vehicles will meet the 
relevant Australian noise standards. 

Duration: [4] Up to 25 years during the construction phase  

Severity: [2] temporary impact on some animals particularly birds. 

Scale: [1] local within few 100m of the construction zone. 

Resilience: [1] most animals will recover with small loss in production, although a few birds 
may miss a breeding season. 

Likelihood of risk event: low likelihood of significant noise reaching the coastal habitats from 
the Site. 

Residual Risk: 8, low level of risk remaining 

Performance Indicator: No disruption to breeding season. 

Monitoring: The proponent's designated person will check for nuisance noise and follow-up 
on complaints attributable to noise from the Site during construction. 

Contingency: If loud noise attributable to construction activities is detected the source will 
be identified and shut down until it can be repaired or an alternative is found.  All potential 
noise sources that are related to construction activities will be inspected to ensure that the 
nose baffling control measures are in place and operating to specifications. 

3.3.3 Surface water 
Risk 7: Stormwater runoff from the development may contaminate the Gawler River estuary and the 
sea. 

Pollutants associated with urban projects include nutrients, oil/grease, detergents, 
particulate and soluble metals, organic chemicals, suspended particulates, turbidity, salinity 
and increased acidity or alkalinity.  These pollutants will affect coastal and marine 
vegetation and animal life (see impacts under flora and fauna below). 

Potential impacts: Loss of seagrass beds, mangroves and associated ecosystems. 

Management Objective: To prevent release of water that does not meet the EPA-SA water 
quality criteria (marine). 

Control Measure: All effluent from the site will be piped to SA Water treatment facilities at 
Bolívar.  Stormwater will be intercepted and treated or diverted for reuse. 

Duration: [4] Several hundred years starting from stage 1 and over the life of the proposal. 
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Severity: [3] Loss of seagrass, mangroves and associated ecosystems. 

Scale: [2] Local within the Gawler estuary and embayment. 

Resilience: [3] Seagrass will take decades to recover and possibly a hundred years if there is 
no active seagrass replanting.  Mangroves are also slow to regenerate but take less time, 
around one or two decades to recover.  The problem with mangrove recovery in this area is 
that there is very limited suitable land available to re-establish especially if other species 
establish first. 

Likelihood of risk event: low likelihood of the release of nutrients and sediment from the Site 
because all sewage effluent will be piped to the SA Water treatment facilities and stormwater 
runoff from the proposal will be intercepted and treated to meet the EPA-SA Water Quality 
(Marine) Criteria (EPA, 2003) prior to discharge. 

Water temperature was not considered to be an issue because ambient water temperature 
from runoff would be similar to the surrounding surface water from the catchment area. 

Residual Risk: 12, low level of risk remaining 

Performance Indicator: All runoff and stormwater leaving the development will meet the SA 
EPA Water Quality (Marine) Criteria see Table 6. 

Table 6: SA EPA Water Quality (Marine) Criteria 
Pollutant Schedule 2 water quality 

criteria EPA - SA (Marine) 

Antimony Total (mg/L) 0.5 

Arsenic Total (mg/L) 0.05 

BOD (5 day @ 20oC) 10 

Boron Total (mg/L) 0.3 

Cadmium Total (mg/L) 0.002 

Chlorine Total (mg/L) 0.0075 

Chromium VI (mg/L) 0.0044 

Colour (Colour Unit) 15 

Copper Total (mg/L) 0.01 

Lead Total (mg/L) 0.005 

Mercury Total (mg/L) 0.0001 

Nickel Total (mg/L) 0.015 

Nitrogen - Ammonia (mg/L) 0.2 

Nitrogen - Oxidised (mg/L) 0.2 

Nitrogen - Total (mg/L) 5 

Phosphorus – Dissolved (mg/L)  0.1 

Phosphorus - Total (mg/L) 0.5 

Selenium Total (mg/L) 0.07 

Silver Total (mg/L) 0.001 

Thallium Total (mg/L) 0.02 

Total Organic Carbon (mg/L) 10 

Total Suspended Solids (mg/L) 10 

Turbidity (NTU) 10 

Zinc Total (mg/L) 0.05 
A dap t ed  f rom  EP A  (2003)  
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Monitoring: The proponent will implement a water quality monitoring program to verify 
that all surface water leaving the property (through the Thompson Channel Outlet and 
groundwater) meets the SA EPA Water Quality (Marine) Criteria.  In the longer term, as the 
proponent’s role in the proposal ends, this monitoring program will be handed over to 
Playford City Council, as ultimate owner of the open space and stormwater systems. 

Permanent turbidity, salinity, pH and water temperature monitoring stations will be 
established prior to the outlet of artificial lakes or water holding facilities to provide an early 
warning system of the eminent release of potentially poor quality water, and on the 
Thompson Channel Outlet and on strategic groundwater monitoring bores to demonstrate 
that the water is in compliance with the criteria. 

Automatic water samplers triggered by a flow event will be used to sample water for testing 
nutrients, suspended solids, metals, organic chemicals (including synthetic pollutants such 
as pesticides and fungicides.), hydrocarbons (petroleum products) detergents and other 
suspected pollutants to ensure they meet the SA EPA water quality criteria. 

Contingency: The release of polluted water that would have an immediate effect is not 
considered likely.  However, if contaminated water is accidentally released a detailed review 
of the water quality control system will be initiated by the proponent or the Playford City 
Council and new control measures will be implemented to address the unforseen event from 
reoccurring. 

Risk 8: Altered discharge regimes may result in prolonged dry periods or extended inundation. Risk 
9: Altered salinity regimes, either increased freshwater or increased saline water. Risk 10: Increased 
risk of storm surge caused by a combination of increased tide levels and the backup of runoff water 
from urban water shedding. 

Potential impacts: Prolonged dry periods caused by the reduction of water flow from either 
the interception or redirection of flow will result in the loss of coastal vegetation and 
dependent animals.  Changes in salinity regimes will alter the composition of coastal 
vegetation, and may lead to the loss of mangroves.  Increased storm surge may increase the 
damage to samphire flats.  Hydrological models by the Proponent’s engineers have shown 
that there will be no change to the natural groundwater level or salinity, storm water 
discharge will be primarily through the Thompson Channel Outlet and is expected to 
increase the catchment stormwater discharge by between 3% and 5%, (Section 1.4). 

Management Objective: To ensure that the proposal does not significantly alter surface 
water flow and does not cause the loss of coastal vegetation. 

Control Measure: release clean surface water in sufficient quantities and in a timely manner 
that will maintain the coastal vegetation healthy.  Details of storm water management are 
found elsewhere in the environmental assessment <cross reference to storm water 
management plan>. 

Duration: [2] one season 

Severity: [2] temporary loss of biological production 

Scale: [2] a few kilometres between the site and the sea. 

Resilience: [1] small temporary loss in production 

Likelihood of risk event: medium, whilst every effort will be made to maintain normal flows it 
will be difficult to manage in perpetuity. Risk 10 will have no significant impact on coastal 
vegetation. 

Residual Risk: 14, acceptable level of risk remaining 
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Performance Indicator: No loss of coastal vegetation or associated fauna 

Monitoring: No monitoring is proposed by the Proponent. 

Contingency: Should flows not be sufficient or released in a timely manner the proponent 
will re-engineer the water diversion systems to restore natural flows into the coastal plain 
and if necessary revegetate the samphire to their previous species diversity and abundance. 

3.3.4 Land & Soil 
Risk 11: Vehicular access may cause soil compaction and damage to the ecosystem. 

Potential impacts: Vehicular access to the samphire flats will cause soil compaction and 
damage vegetation and associated fauna. 

Management Objective: prevent vehicular access onto coastal vegetation. 

Control Measure: Vehicles associated with the proposal and its construction will not be 
permitted to drive onto the samphire flats.  It is unlikely that vehicles will enter the coastal 
floodplains, which are off site and separated by Cheetham’s salt pans, and private property. 
To reach Buckland Lake and the nearby coastal vegetation, vehicles would have to travel 
north along Port Wakefield Drive, across the Gawler River, and east along Port Gawler Road, 
and potentially through fenced and private property. No parts of the coastal plain are on any 
logical construction route. 

Duration: [3] compacted soil may take more than 2 seasons to recover 

Severity: [2] loss of biological production for a few seasons 

Scale: [2} tracks can extend a few kilometres on the samphire flat 

Resilience: [3] vegetation will not recover for a few seasons 

Likelihood of risk event: Low, good signage and lack of access roads coupled with adequate 
policing will prevent vehicular access, however, over the life of the proposal it is foreseeable 
that some future residents will ignore signs, overcome physical barriers and defy the law. 

Residual Risk: 10, low level of risk remaining 

Performance Indicator: No vehicle damage to coastal soil or vegetation. 

Monitoring: The Department of Environment and Heritage is responsible for reserves or 
unallocated Crown Land. 

Contingency: The DEH assisted by the Police, will apprehend and prosecute offenders.  In 
the unexpected event that the offenders are employed or contracted by the Proponent, the 
Proponent will repair any damage done by vehicles to vegetation by revegetating the tracks 
with the same species. 

Risk 12: Excavation of Acid Sulphate Soils may release acid and metals that will contaminate soil and 
affect plants and animals. 

Potential impacts: Acid leachate from exposed (Coastal) Acid Sulphate Soils (CASS) will 
reduce water quality, damage estuarine environments, decrease wetland biodiversity, and 
reduce fisheries production (R.W. Fitzpatrick et al, 2008).  Potential Acid Sulphate Soils 
(PASS) have been identified on the site.  Most of the high risk PASS is around the drainage 
lines, the proposed detention basins, and proposed residential areas in the southern area of 
the site.  Other proposed residential areas are in areas identified as having a medium risk of 
PASS, while the remainder of the site is at low risk (Golder “Draft Preliminary ASS 
Investigations” Nov 2008) 
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Management Objective: No contamination of soil or loss of vegetation from acid leachate. 

Control Measure: PASS soils have been accurately mapped on the Site (Golder 2008).  All 
engineering control measures recommended by Golder for exposing PASS will be adhered to 
by the Proponent and will be a condition of any land division or construction approval 
issued by government.  

Duration: [4] CASS may release acid for several years 

Severity: [2] Leachate from exposed CASS may result in the loss of some coastal plants and 
fauna that depend on them downstream of the Site but very limited in extent to around the 
Thompson Outfall Channel. 

Scale: [1] local within a 100m of Thompson Outfall  

Resilience: [3] Vegetation will not recover for a few seasons until the soil pH rises. 

Likelihood of risk event: Medium, All excavation for foundations and detention ponds will 
strictly adhere to Golder’s recommendations, which will be implemented by the proponent 
during any earthworks associated with land division. 

Residual Risk: 20, low level of risk remaining 

Performance Indicator: Soil pH to remain within 1 unit of background levels or not fall 
below pH4.5. The vegetation around Thompson Outfall Channel should remain healthy. 

Monitoring: DEH is responsible for managing vegetation on the Coastal Plains in this 
region. 

Contingency: Should acid leachate be detected and it is attributed to construction of the 
proposal, the exposed soil will either be removed to an appropriate landfill or treated in situ 
using neutralising material such as lime and covering the exposed soil with 1 to 2 m of clean 
topsoil.  The proponent will replace dead or poor vegetation within one season of 
remediating the soil. 

Risk 13: Land use conversion from rural to urban may reduce or improve the opportunity for marine / 
coastal plants and animals. 

Potential impacts: Some plants and animals will benefit from the proposal through 
improved resource opportunities such as insects and some reptiles others will be adversely 
affected from the proximity to the proposal <reference to Flora Fauna section>.  The 
downstream impacts or benefits on marine flora and fauna may include the increase of 
nutrients, the potential loss of food resources and predators of marine species. 

Management Objective: To protect and maintain the ecosystem. 

Control Measure: Develop educational literature to explain the coastal ecosystem and 
function and how new residents can help to maintain the balance and minimise disturbance 
of animals particularly during the breeding season. 

Duration: [4] New residential areas will remain for decades. 

Severity: [3] Loss of some species that are sensitive to human occupation 

Scale: [2] Few kilometres around the development 

Resilience: [3] species that are not tolerant of human habitation will not return. 

Likelihood of risk event: Medium, it will be difficult to protect the ecosystem from a nearby 
urban population particularly from the introduction of weeds and feral animals. 
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Residual Risk: 24, low level of risk remaining 

Performance Indicator: Species diversity and abundance will remain within the existing 
range. 

Monitoring.  DEH is responsible for managing vegetation on the Coastal Plains in this 
region. 

Contingency: If the ecosystem is affected by activities at the Site, the proponent will identify 
the cause(s) and take action and were possible to restore the ecosystem.  If this is not possible 
the proponent will fund local sustainability projects to offset the lost environmental benefit 
of the native flora and fauna. 

3.3.5 Groundwater 
Risk 14: Pollutants from urban occupation and acid leachate from disturbed acid sulphate soil may 
contaminate groundwater, which will pollute the marine environment with nutrients, synthetic 
compounds and heavy metals. 

Potential impacts:  Nutrients, heavy metals, organic chemicals, detergents and hydrocarbons 
that may be transported via groundwater to the coastal and marine habitats may result in 
loss of plants and animals or loss of productivity (see impacts on flora and fauna). 

Metals mobilised by acid leachate may accumulate in animals and move through the food 
chain.  High nutrient loads will lead to eutrophication, algal blooms and loss of seagrass.  

Management Objective: To ensure that groundwater is not polluted. 

Control Measure: See Risk 12. 

Duration: [3] groundwater contamination will last several years 

Severity: [3] Some plant species may be lost 

Scale: [1] groundwater plume may spread several hundred meters from the source. 

Resilience: [3] groundwater quality will not recover for a few years 

Likelihood of risk event: Medium, while surface water will be intercepted and treated, there is 
still a likelihood that groundwater may be contaminated by fertilizers and other urban 
pollutants.  There is also a risk of metals leaching from PASS into the ground and surface 
water. 

Residual Risk: 20, low level of risk remaining 

Performance Indicator: groundwater quality does not change over time. 

Monitoring:  Groundwater observation bores have been installed in strategic locations to 
monitor groundwater level and quality.  Testing will include nutrients, pH, conductivity, 
metals, oils, organic and domestic chemicals. 

Contingency: if groundwater is contaminated the source will be identified and removed or 
treated.  The groundwater may require treatment such as applying lime to neutralise acid or 
removing oil. < Cross reference to SKM’s report> 
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3.3.6 Flora & Fauna 
Risk 15: Acid leachate may harm acid intolerant terrestrial plants.  

Potential impacts: Australian coastal plants can tolerate relatively low soil pH but acid 
leachate may drive soil pH below 4.5 resulting in extensive loss of vegetation.  The 
proponent will not be excavating within 2 kilometres of the coastal vegetation. 

Management Objective: Prevent the acid generation 

Control Measure: see Risk 12 

Duration: [4] soils will remain acid if untreated for many years. 

Severity: [1] loss of vegetation can be extensive on acid soils. 

Scale: [1] localised to within 100m of the exposed soil. 

Resilience: [3] plants are not tolerant to low soil pH 

Likelihood of risk event: Low The proponent will not excavate acid sulphate soils off site and 
any disturbance of acid sulphate soil on Site will be minimised and managed.   

Residual Risk: 9, acceptable level of risk remaining 

Performance Indicator: No plants lost to acid leachate 

Monitoring: Coastal vegetation is monitored by DEH. 

Contingency: Should plants be damaged by acid leachate from the site the proponent will 
remediate the site and revegetate with local species (see risk 12). 

Risk 16: Turbidity may reduce production of marine flora.  

Potential impacts: turbid water reaching the Gulf of St Vincent will reduce available light for 
photosynthesis by seagrass and therefore reduce productivity.  Precipitates from lime 
treatment of PASS may increase the level of turbidity in run off water. 

Management Objective: Turbidity in runoff water from the site will not exceed the EPA-SA 
Water Quality (Marine) Criteria. 

Control Measure: Settling ponds and silt traps will be constructed prior to the 
commencement of works on the site as required to reduce water turbidity.  Water will not be 
released until it is in compliance with EPA-SA Water Quality (Marine) Criteria. 

Duration: [2] turbidity from stormwater discharge may be visible for a few days. 

Severity: [1] the amount of turbidity and volume of water generated over the development 
site is expected to be small compared to the available catchment area. 

Scale: [2] the turbidity plume would spread over a few kilometres. 

Resilience: [1] small loss in seagrass productivity 

Likelihood of risk event: Low, wetlands are effective filters and used successfully by the 
Salisbury Council. 

Residual Risk: 6, acceptable level of risk remaining 

Performance Indicator: turbidity in surface water remains below Schedule 2 water quality 
criteria EPA - SA (marine) NTU = 10. 
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Monitoring: see risk 7 for surface water quality monitoring 

Contingency: Should the EPA-SA Water Quality (Marine) Criteria be exceeded the 
contingency plan described for Risk 7 will be initiated and the impact on seagrass beds will 
be determined by the monitoring program outlined in Risk 17. 

Risk 17: Nutrients may cause eutrophication. 

Potential impacts: Nutrients may cause eutrophication in shallow pools that may result in 
the loss of fauna; nutrients at sea will increase the level of fouling organisms, increase the 
risk of algal blooms (red tide) and the loss of seagrass. 

Management Objective: Nutrients in water leaving the proposal will not exceed the EPA-SA 
water quality criteria (marine). 

Control Measure: Educational literature will be provided by the proponent to inform new 
residents on the proper use of fertilisers and how to properly dispose of organic matter.  The 
proposed artificial lakes and wetlands will reduce the amount of nutrients washing off 
properties and buildings, and a maintenance program will be implemented to ensure that 
nutrients do not build-up in the lakes. 

Duration: [4] the effect of nutrients on seagrass particularly Posidonia spp. may last 
indefinitely as happened off the Adelaide metropolitan beaches. 

Severity: [3] Posidonia and Amphibolis species will be severely affected as will other seagrass 
species. 

Scale: [2] within a few kilometres to tens of kilometres off the coast. 

Resilience: [3] Posidonia is not likely to recover for many decades once lost. 

Likelihood of risk event: Low, nutrients will be mopped up by the proposed wetland system, 
however, it is still likely that nutrients in groundwater will build-up over the years and 
gradually seep into the sea. 

Residual Risk: 12, acceptable level of risk remaining 

Performance Indicator: Nutrients in surface water remain below Schedule 2 EPA Water 
Quality (Marine) Criteria -  see Table 6 

Monitoring: The proponent during operations will monitor surface and groundwater as 
described in Risk 7 and Risk 14. 

Contingency: See Risk 7 and 14 for managing nutrient levels if they exceed the EPA-SA 
criteria. 

Risk 18: The introduction of exotic species will degrade the vegetative cover and reduce the 
availability of some animal food sources and refuge 

Potential impacts: Exotic plants may become weeds on the samphire plains, replacing native 
species and degrading habitat resources for some animals. 

Management Objective: No exotic plants (weeds) to invade the samphire flats. 

Control Measure: Select appropriate species for public gardens and open species and 
contribute to public education regarding suitable vegetation to plant around home gardens.  
Conduct an annual weed control campaign to stop exotic plants from spreading into the 
samphire plains. 

Duration: [4] exotic species (weeds) will remain for many years unless removed. 
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Severity: [3] loss of some species from smothering or competition for resources. 

Scale: [2] Weeds will spread a few kilometres around the residential development. 

Resilience: [3] native species will not recover unless the weeds are removed. 

Likelihood of risk event: Low-Medium, It is likely weeds will escape the Site; however, with the 
annual weed eradication program the risk of these establishing on the samphire plains is low 
to medium.  Weeds are more likely to invade samphire than mangrove forest. 

Residual Risk: 24, low level of risk remaining 

Performance Indicator: No new weeds found in the coastal ecosystems. 

Monitoring: The proponent will operate a register of weed sighting during the construction 
phase to help target weed species and undertake a biannual flora survey to demonstrate the 
effectiveness of the weed control measures. 

Contingency: If exotic species (weeds) establish on the samphire plains they will be removed 
by the proponent for up to one year after handover.  Weed control measures include physical 
removal, biological control and spot spraying with "safe" herbicides. 

Risk19: Acid and metal leachate may be toxic to marine animals. 

Potential impacts: Acid and metals in runoff water may be toxic to some sensitive species; 
for example fish are very sensitive to copper or changes of 1 pH unit from background.  
Other metals may accumulate in certain species such as cadmium in bivalves and even 
magnify up the food chain such as mercury in sharks or dolphins. 

Management Objective: All runoff and stormwater leaving the site will meet the EPA  Water 
Quality (Marine) Criteria see Table 6 

Control Measure: Same as Risk 7, 12 and 14. 

Duration: [4] An acid pulse may sterilise small ponds and soil near the source. Metals will 
stay in seawater for a few months before they settle on the seabed and a few years before 
they become biologically unavailable in sediment.  Bottom dwellers are still exposed to 
metals for a few years until the contaminated sediment is covered by "clean" sediment. 

Severity: [3] Some animals will die if exposed to rapid pH changes or increase in heavy 
metals. 

Scale: [2] Large dilution effects combined with precipitation of many metals by seawater will 
limit the distribution of metals from a few hundred meters to kilometres of the site. 

Resilience: [3] Once metals are in the system sensitive species will take several seasons to 
recover.  Some animals (particularly invertebrates) are known to develop a resistance to 
heavy metals over decades of exposure. 

Likelihood of risk event: Medium, It is likely that acid sulphate soils will be disturbed during 
construction.  Management and monitoring will be in place during construction.  

Residual Risk: 24, acceptable level of risk remaining 

Performance Indicator: No accumulation of metals in animals or animal deaths through 
water quality issues.  Water released off the Site will meet the EPA-SA Water Quality (Marine) 
Criteria. 

Monitoring: As for Risk 7, 12 and 14. 
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Contingency: Should metals be released to the marine environment there is little that can be 
done to remediate the situation; however, these will eventually precipitate or fall out of 
suspension.  Fish, crustaceans and bivalves will be monitored if high cadmium or mercury 
levels are detected in runoff water (this not likely to occur in an urban proposal). 

Risk 20: The introduction of exotic species will compete with other animals for limited resources. 

Potential impacts: Pets including horses, dogs, cats, rabbits and other exotic animals will 
compete with or kill native animals, disrupt breeding patterns and destroy vegetation. 

Management Objective: Prevent domestic animals accessing the coastal ecosystem. 

Control Measure: The proponent will develop an education program through welcome 
packs and Design Guidelines to illustrate the damage that domesticated animals can cause to 
native flora and fauna. 

Duration: [4] Domesticated animals and exotic species will remain a problem for hundreds 
years while the proposal is occupied by people. 

Severity: [4] Feral animals such as deer are already exerting pressure on the coastal habitats 
the introduction of more grazing and predatory pressure will severely affect the coastal flora 
and fauna.  

Scale: [2] Domesticated animals will roam and hunt over a few kilometres around the 
residential areas. 

Resilience: [3] Some animal species will not recover; for example migratory birds may not 
return to the area. 

Likelihood of risk event: Medium, despite barriers and educational campaigns people 
inadvertently let pets roam unattended, some pets will escape and some people will ignore 
educational material and regulations.  There is significant evidence of deer, feral cats and 
foxes already damaging the coastal ecosystems 

Residual Risk: 26, medium level of risk remaining 

Performance Indicator: No loss of native fauna or destruction of breeding grounds by 
domestic or feral animals.  Note the existing feral animals on the coastal plains are the 
responsibility of state government and will not become the responsibility of the proponent 
unless they encroach the site. 

Monitoring: The proponent will operate a register to report sightings of exotic species in 
coastal habitats; these reports will be followed by spot surveys to target feral animals.  The 
DEH monitors the Coastal Habitats. 

Contingency: If feral animal numbers increase the proponent will undertake a trapping 
campaign or as a last resort an eradication program to remove the feral animals from the 
area. 

Risk 21: Human activities on the coastal plains may harm significant flora and fauna. 

Potential impacts: Human activities on the coastal plains may uncover and harm rare flora 
or fauna that were not previously recorded in the area or known to science.  Ongoing 
pressure from small incidents caused by nearby human habitation could also harm 
significant species. 

Management Objective: No rare or endangered flora or fauna are to be harmed or removed 
from their site. 
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Control Measure:  The proposal does not include any clearing or excavation beyond the site 
boundaries.  All land clearing and excavation activities during construction are to be 
carefully mapped, inspected and approved by the responsible authorities to ensure that the 
activities are not encroaching on coastal habitats.  It is assumed that the DEH and Playford 
City Council will continue to enforce biodiversity regulations.  The DEH and Playford 
Council, assisted by the Police will monitor and control trespassing.   

Duration: [4] the risk of harming rare or endangered species will be ever present with human 
habitation near sensitive habitats. 

Severity: [4] the damage to a species of heritage significance (rare or endangered) could be 
irreversible. 

Scale: [2] the influence of human activity may extend a few kilometres from the proposed 
development. 

Resilience: [3] the harm or loss of species may be irreversible or take decades to recover. 

Likelihood of risk event: Medium. Several significant plants and animals were found in the area 
(see Section 1). Over decades or centuries of human habitation 2 to 5 kilometres from the 
coast the likelihood of the loss of significant species is considered to be medium. 

Residual Risk: 26, medium level of risk remaining 

Performance Indicator: No loss of species of heritage or cultural significance. 

Monitoring: The DEH currently manages the coastal habitats.  The proponent can assist by 
undertaking a biannual flora and fauna survey of the marine and coastal ecosystems with an 
emphasis on significant species.  New residents will be provided with educational material. 

Contingency: If despite the control measures implemented to protect native flora and fauna, 
the population of a significant species diminish, a detailed scientific investigation will be 
undertaken by the proponent or DEH and new control measures by implemented to resolve 
the issue. 

Risk 22: Coastal and marine focused recreational activities.  Risk 23: Recreational fishing may result 
in over fishing of the mangrove habitat. 

Potential Impacts: General access to the coast may degrade the sensitive samphire habitat.  
The effect of physical disturbance from trampling and collecting throughout sensitive 
intertidal mudflats has been known to have a negative impact on both the faunal and floral 
communities’ existing within these environments (Rossi et al. 2007). 

The site is within 5 kilometres of the coast.  The boat ramp facilities at St. Kilda and to a 
lesser extent Port Gawler are expected to experience an increase in boating activities off the 
northern Adelaide coastal waters.  Although this is not easy to quantify it is likely to reduce 
fish, crustacean and shellfish population from increased fishing pressures.  Anchors have 
been observed to damage seagrass meadows and razorshell beds (Mifsud and Wiltshire, 
2005). 

Damage to intertidal zone from boat propellers particularly on an outgoing tide, and an 
increase in pollution levels traditionally associated with recreational boating and fishing, 
such as fuel spills, plastic bags, drink bottles and cans, and organic waste.  Other activities 
such as crabbing, bait collecting or playing in the mudflats will also harm the habitat and 
harm native flora and fauna. 
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Management Objective: To ensure increased boating and recreational fishing activities do 
not impact on the marine environment.  To ensure that crabbing, bait collecting and other 
recreational activities in the samphire or mangrove habitats do not damage these areas. 

Control Measure: Operational management of the boat ramps is out of the control of the 
proponent and is the responsibility of the St. Kilda and Port Gawler boat ramp operators.  
The Department of Primary Industries and Resources SA currently distributes educational 
material to advise boat users how to behave responsibly to protect the marine and coastal 
environment.  Bag limits and fishing seasons reduce the overall impact and provide 
protection to populations of target species. 

Public amenities such as the boat ramps within the area may need to be assessed for 
potential increase in capacity and if necessary the proponent will contribute towards 
improving these facilities. 

Duration: [4] the impact is long term, although there may be seasonal fluctuations. 

Severity: [3] some loss of species and seagrass habitat depending on appropriate management 
of activities. 

Scale: [3] the impacts from boating and fishing activities can extend tens of kilometres along 
the northern Adelaide coastal waters. 

Resilience: [3] Poor recovery of fish and crustacean stocks due to the existing pressures from 
the Adelaide Metropolitan area. 

Likelihood:  Low. It is feasible that increased pressure from fishing and boating activities will 
affect marine flora and fauna; this impact is largely beyond the control of the proponent. 
However, bag limits and fishing seasons provide some protection to populations of target 
species. 

Residual Risk: 13, medium level of risk remaining 

Performance Indicator: No increased impacts on the marine and coastal environment 
attributable to the new development. 

Monitoring: Fisheries in the northern Adelaide Coastal waters are currently monitored by 
PIRSA. 

Contingency: PIRSA is responsible for fisheries in South Australia. 

Risk 24: Rubbish will adversely affect plant and animal life. 

Potential impacts: Rubbish consisting of construction and domestic waste may accumulate 
on the samphire flats, in the mangrove forest and eventually out to sea increasing the level of 
stress on these habitats and adversely affecting plant and animal life. 

Conversely, rubbish dumping currently occurring is facilitated by the remoteness of the area. 
The introduction of an urban community, will increase surveillance, discouraging dumping, 
and will also bring services to the area, such as Council clean ups and maintenance 
programmes. 

Management Objective: Prevent human waste and rubbish from the site accumulating on 
the coastal environment. 

Control Measure: Provide waste disposal facilities during the construction phase and 
rubbish collection service post development. 
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Duration: [4] rubbish from the site particularly plastics and other non-biodegradable material 
will remain for hundreds of years. 

Severity: [3] many animals may be lost or injured from entanglement or trying to digest 
rubbish. 

Scale: [2] careless disposal of waste and rubbish from the Site may spread a few kilometres. 

Resilience: [3] some animals will eventually adapt (learn to avoid) human waste and rubbish 
but this may take several decades. 

Likelihood of risk event:  Low. People are becoming better educated and government action to 
reduce the level of waste and rubbish such as banning plastic shopping bags are expected to 
reduce the level of rubbish. 

Residual Risk: 12, medium level of risk remaining 

Performance Indicator: No additional waste or rubbish to be found on coastal habitats near 
the site. 

Monitoring: During construction regular site inspections will ensure that all waste and 
rubbish is collected and properly recycled or disposed.  This will be addressed in the 
Construction Management Plan. During operations the build-up of waste and rubbish will 
tracked during the biannual coastal flora and flora surveys. 

Contingency: Should rubbish accumulate on the coastal habitats during construction the 
proponent will clean up the rubbish and review the Construction Management Plan to 
prevent further occurrences.  During operations the Playford City Council will implement 
normal urban rubbish management policies.  The DEH will continue to manage unallocated 
crown land within the adjoining coastal plain. 

Risk 25: Reduction of commercial fisheries. 

Potential impacts: The lucrative Prawn Fishery established within Gulf St Vincent is reliant 
on the Port River, Barker Inlet and Gawler River estuaries as an important resource for 
prawn larval recruitment and as a nursery habitat (AMLR 2007).  The Marine Scale Fishery 
also relies on these estuarine ecosystems as many targeted fish and crustacean species spend 
a part of their life-cycle within these estuarine environments (AMLR 2007). 

Management Objective: Protect the crab, prawn and fish nurseries associated with the 
Gawler River and the mangrove forest. 

Control Measure: Intercept and treat stormwater and divert wastewater to avoid harming 
important fish and prawn nurseries and linked habitats.  Prevent as far as practical physical 
harm or public access to the intertidal or estuarine areas. 

Duration: [4] Human occupation near the coast will place pressure on the coastal and marine 
habitats. 

Severity: [2] If the Gawler River and associated coastal nursery habitats are harmed the 
portion of fisheries will be reduced. 

Scale: [2] the extent of the nursery habitat for commercial fisheries that may be affected will 
be restricted to the Gawler River estuary and surrounds. 

Resilience: [3] some animals will adapt or find new habitats to shelter and feed in but it would 
take several seasons for this to occur. 
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Likelihood of risk event:  Low. The control measures implemented to protect the coastal 
ecosystems, including managing water quality, and the inaccessibility of the mangrove forest 
and coastal plains near the Site will ensure that harmful events or activities are infrequent. 

Residual Risk: 11, acceptable level of risk remaining 

Performance Indicator: No degradation of coastal habitats. 

Monitoring: Groundwater and discharge water quality will be monitored to demonstrate 
that no potentially harmful pollutants are entering the Thompson Outlet Channel, the 
Gawler River estuary or the sea from the Site. 

Contingency:  Should the commercial fisheries be harmed as a result of the loss of the 
nursery grounds due to the proposal; the proponent, PIRSA and DEH will compensate for 
the loss of income and remediate the damaged habitats. 

3.3.7 Risk Rating 
The overall risk rating for the development is presented in Table 7.  The level of risk has been 
quantified by assigning scores for the assessed impact using Table 4 and a score of 1 (low) to 
3 (high) for the likelihood assessment.  The risk score has been determined by summing the 
impact scores and multiplying by the likelihood score, see Section 3.2.1. 

Table 7: Qualitative Risk Calculation Matrix 
RISK Duration Severity Scale Resilience Likelihood Level of Risk 

 

1. Odour from hydrocarbon spill 1 2 1 1 2 10 

2. Odour from marine sediment and CASS 1 2 1 1 2 10 

3. Dust from vehicles. 4 2 1 2 2 7 

4. Dust from exposed surfaces  4 2 1 2 2 7 

5. Noise from construction machinery 4 2 1 1 1 8 

6. Noise from traffic and urbanisation. 4 2 1 1 1 8 

7. Stormwater runoff from development 4 3 2 3 1 12 

8. Altered flow regimes. 2 2 2 1 2 14 (x) 

9. Altered salinity regimes. 2 2 2 1 2 14 (x) 

10. Storm surge 2 2 2 1 2 14 (x) 

11. Soil compaction by traffic. 3 2 2 3 1 10 

12. soil contamination from leachate 4 2 1 3 2 20 (x) 

13. Land use conversion 4 3 2 3 2 24 (x) 

14. Groundwater pollution. 3 3 1 3 2 20 (x) 

15. Acid leachate on flora. 4 3 1 3 1 9 

16. Turbidity on seagrass 2 1 2 1 1 6 

17. Eutrophication. 4 3 2 3 1 12 

18. Weeds 4 3 2 3 2 24 (x) 

19. Acid leachate on fauna. 4 3 2 3 2 24 (x) 

20. Feral animals. 4 4 2 3 2 26 (xx) 

21. Reduction of significant species. 4 4 2 3 2 26 (xx) 

22. Boating impact on seagrass beds. 4 3 3 3 3 13 (x) 

23. Recreational fishing. 4 3 3 3 3 13 (x) 

24. Impacts from rubbish  4 3 2 3 1 12 

25. Reduction of commercial fisheries 4 2 2 3 1 11 

* Level of risk where a score less than 12 indicates no significant risk, higher scores require further attention and are grouped as 
low level of risk (x), medium level of risk (xx) and high level of risk (xxx), note no high risk scores were found. 
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The highest risk to the coastal and marine environment come from activities/events 20 
(introduction of feral animals and weeds) and 21 (ongoing human pressure on significant 
flora and fauna).  These activities/events remain a medium level of risk because they relate 
to human behaviour and expectations. 
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4. Conclusion 
The Buckland Park proposal is located between 2.4 to 4 kilometres from the Gulf St. Vincent 
shoreline.  The Cheetham salt pans are between the southern boundaries of the Site and the 
natural coastal ecosystems, while Buckland Park Lake and the Port Gawler Conservation 
Park are to the north and east of the Site, they are separated by the Gawler River. 

The coastal and marine ecosystems range between good quality samphire and mangroves 
around the Gawler River estuary to poor quality east of the Cheetham salt pans.  All sites 
surveyed showed some degradation from feral animal grazing, weeds and general rubbish, 
however, much of the Conservation Park land appears to be in good condition. 

Offshore from the Site are the Adelaide Dolphin Sanctuary, St. Kilda-Chapman Creek 
Aquatic Reserve and the Barker Inlet-St. Kilda Aquatic Reserve.  These coastal habitats 
provide for many animals from nurseries to commercially significant fish and crustaceans, to 
shelters for migratory bird species. 

The area is well regarded by birders for its many species including some rare species such as 
the orange bellied parrot, southern emu wren, the Cape Barren goose and the samphire 
thornbill.  Twelve migratory birds found in the coastal wetlands are listed on the CAMBA, 
JAMBA and the Bonn Convention. 

Marine species identified for conservation significance or vulnerable include the 
Syngnathidae Family (Pipefish), the Clinidae Family (Weedfish and Snake-bleeny) and the 
Apogonidae Family (Cardinal fishes) the Congolli, Common Galaxias or Jollytail, Mountain 
Galaxias, Flathead Gudgeon, Magpie Fiddler Ray and invertebrate species including the 
brown or black striated sea anemone and barnacles. 

The most significant interaction between the proposal and coastal habitats will be through 
groundwater and surface runoff.  Both water quality and natural flows will be maintained by 
the proposed water management plan (provided elsewhere in this proposal).  The proponent 
intends to manage groundwater levels and water quality such that not detectable changes 
from the existing regimes will occur. 

Surface water from the Site will be intercepted and treated such that on release from the Site 
it will meet the South Australian Environmental Protect Authority Water Quality Criteria 
(EPA, 2003).  Surface water runoff will be controlled so that minimal changes from natural 
flows will occur.  Modelling has shown that an increase in flow from the Western Virginia 
catchment which discharges into the Thompson Outfall Channel will have a net overall 
increase in runoff for the entire catchment of about 3% to 5% of the overall volume.  This 
increase in runoff from the proposal is due to the combined effect of not practically being 
able to capture the highest of the peak flows on an annual basis. 

A qualitative environmental risk assessment found that the highest risks to the coastal and 
marine habitats are from feral animals and the reduction of natural vegetation though 
increased illegal trespass.  Other environmental risks that can be managed include weeds 
and rubbish.  Population pressures will also generate impacts on the coastal habitats, 
people’s behaviour is managed through education and legislation enforced by the DEH, the 
Police and the Playford City Council. 
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Glossary 
Bioregions Marine bioregions are biogeographic regions containing 

distinctly recognisable patterns of biodiversity. These are on 
the scale of 100s of square kilometres and are as diverse as the 
regional marine conditions they are found in, in the study 
area the bioregions have flora and fauna adapted to the cold, 
exposed waters of the lower south-east which are distinct 
from those of the warmer, sheltered waters of upper St 
Vincent Gulf. 

Biounits Biounits were delineated on the basis of major coastal 
physiographic features and the representation and 
distribution of major marine habitats and are on the scale of 
10s of square kilometres. The seaward boundary of the gulfs 
biounits was defined using the 30 m bathymetric contour, on 
the basis that major habitat changes are known to occur in 
deeper waters, beyond the photic zone. Similarly, the seaward 
boundary of the oceanic biounits was defined using the 50 m 
depth contour, on the basis that the photic zone is known to 
occur deeper in the clearer oceanic waters of South Australia. 

Thirty five biounits have been identified along the inshore 
coastal waters of South Australia. These include 30 coastal 
biounits and 5 offshore biounits, which comprise offshore 
islands and waters without adjacent mainland coasts (i.e. 
Nuyts, Flinders, Investigator, Gambier, and Sprigg). 

Oligotrophic waters  Having low mineral content, an oligotrophic ecosystem offers 
little to sustain life. The term is commonly utilized to describe 
bodies of water or soils with very low nutrient levels. 

Benthic Pertaining to the seabed ecosystem. The benthic zone is the 
ecological region on the sea bed or lake bottom it includes the 
sediment surface and the organic sub-surface layers. 
Organisms living in this zone are called benthos. They 
generally live in close relationship with the substrate bottom; 
many such organisms are permanently attached to the bottom. 

Taxa Plural of taxon or taxonomic unit, is a name designated to a 
group of organism in biological nomenclature. 

Pneumatophore A specialized root that grows upward out of the water or mud 
to reach air and obtain oxygen for the root system of 
mangroves. 

Anthropogenic Made by people or resulting from human activities. 

Eutrophication An increase of nutrients in the ecosystem that results in 
excessive plant growth and decay, which often results in a 
reduction of water quality, oxygen and aquatic animals. 
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Appendix A: Comprehensive List of Coastal and Marine Fauna and Flora in the Buckland Park Area 

This appendix was adapted from detailed work by Peri Coleman of Delta Environmental.  The flora and fauna recorded in this list were 
observed over a 15 year period and include opportunistic observations (flora and fauna) as well as some vouchered surveys (flora). Some 
taxonomic changes have occurred during this period. Please refer to the Census of SA Flora for the most recent specific epithets". 

Key to habitats  

  Tidal flats   Salina - marine salinity 

  Mangroves   Salina - low hypersaline 

  Mid and low saltmarsh   Salina - mid hypersaline 

  Higher saltmarsh   Salina - highly hypersaline 

  Freshwater tidal swamps (saltmarsh backswamps)   Salina - near to post saturation NaCl 

  Buckland Park Lake and surround   Saltbush country 

  Chenier ridges & dunes   Mallee 

  Seawall and other embankments   Sabkhas 

  Tidal creeks   Stormwater treatment wetlands 
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Macroalgae & periphyton 

Bryopsis plumosa                 x x                 

Caulerpa sp x                                   

Centroceras sp (red)                 x x                 

Ceramium sp (red)                 x x                 

Chaetomorpha billardierii x               x x               x 

Chara sp         x           x             x 

Chondrei sp                 x x                 

Cladophora sp x               x x                 

Codium duthiae                 x x                 

Codium sp                 x x                 

Enteromorpha intestinalis x x             x x                 

Enteromorpha linza                 x x                 

Enteromorpha prolifera x x             x x                 

Enteromorpha spp x               x x               x 

Gelidium sp x               x x                 

Hypnea sp (red) x               x x                 

Polyphysa peniculus x               x x x               

Polysiphonia spp                 x x                 

Ulva lactuca x               x x                 

 

 

 

 

 

Plankton and benthic mat 
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Acanthes sp                   x x               

Achnanthes brevipes                   x x               

Achnanthes exigua                   x                 

Achnanthes javanica x                 x                 

Actinocylus subtilis x                 x                 

Actionoptychus splendens x                 x                 

Alexandrium minutum x x             x x x               

Alexandrium spp x x             x x x               

Amphora angusta                   x                 

Amphora bigibba                   x                 

Amphora coffeaeformis                   x x               

Amphora holsatica                   x x x             

Amphora ocellata                   x                 

Amphora proteus                   x                 

Amphora ventricosa                   x x x             

Anabaena circinalis                 x x             x x 

Ankistodemus sp x x x           x x               x 

Bacillaria paradoxa x                 x                 

Beggiatoa spp x x                                 

Biddulphia pulchella                   x                 

Biddulphia toumeyi                   x                 

Camplyodiscus incertus                   x                 

Caloneis sp                   x                 

Chaetoceros sp x x x           x x               x 

Chlamydomonas sp   x x           x x               x 

Chlamydomonas sp x x x           x x x             x 

Chromatium spp                     x x             

Chroococcus turgidous                   x x x             

Cocconeis distans                   x                 

Cocconeis pediculis                   x x               
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Licmophora Thomas sp3                   x                 

Limophora flabellata                   x                 

Lyngbya sp x               x x               x 

Mastogloia baldjikiana                   x x               

Mastogloia erythraea                     x               

Mastogloia  exigua                   x                 

Mastogloia exilis                   x                 

Mastogloia pumila                   x x               

Melosira granulata                   x                 

Melosira nummuloides                   x                 

Microcoleus sp                     x x             

nannoplankton   x             x x x x             

Navicula avenacea                   x                 

Navicula lyra                   x                 

Navicula granulata                   x                 

Navicula ramosissima                   x x x             

Navicula salinarum                   x                 

Navicula spp x x x           x x x x           x 

Nitzschia apiculata                   x                 

Nitzschia constricta                   x                 

Nitzschia dissipata                   x                 

Nitzschia fluminesnis                   x                 

Nitzschia granulata                   x                 

Nitzschia hungarica                   x x               

Nitzschia hummii                   x   x             

Nitzscgia longissima 
 var reversa                   x x               

Nitzschia marina                   x x               

Nitzschia obtusa 
 var scalpelliformis                   x x               
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Nitzscia punctata                   x                 

Nitzschia rostellata                   x x x             

Nitzschia sigma                   x x               

Nitzschia sp x x x           x x               x 

Nitzschia stundlii                   x                 

Nitzschia tryblionella                   x                 

Nitzschia vidovichii                   x                 

Odentella levis                   x                 

Opephora martyi                   x                 

Oscillatoria miniata x               x x x           x   

Peridinium sp x x x           x x               x 

Pinnularia sp                       x             

Plagiogramma staurophorum                   x                 

Plagiotropis lepidoptera                   x                 

Pleurosigma rigidum                   x                 

Pleurosigma spp x x x           x x                 

Prorocentrum spp x x x           x x                 

protozoans x x x   x x     x x                 

Rhoicoshenia sp                   x                 

Rhopalodia gibberula                   x x               

Rhopalodia musculus                   x x               

Schizothrix sp                       x             

Spirulina sp                   x x               

Stephanoptera sp                     x x         x   

Surirella fastuosa                   x                 

Synechococcus sp                     x x           x 

Synedra fasciculata x x             x x x               

Synedra laevigata var hyalina                   x                 

Synedra crystalina                   x x               

Tabularia fasciculata                   x x               
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Melaleuca halmaturorum         x x   x                   x 

Melaleuca lanceolata             x                     x 

Shrubs                                     

Acacia cupularis           x x x                     

Acacia ligulata           x x                       

Acacia longifolia var sophorae             x                     x 

Acacia paradoxa             x                       

Acacia pycnantha             x                       

Adriana klotchzii             x x                     

Alyxia buxifolia             x                       

Asclepias rotundifolia*             x x                     

Atriplex cinerea (Coast saltbush)             x x                   x 

Atriplex paludosa ssp cordata (Marsh saltbush)       x     x x             x     x 

Atriplex (Lagoon saltbush)       x     x x                     

Dissocarpus biflorus             x x             x       

Dodonea viscosa             x                     x 

Enchylaena tomentosa var tomentosa             x x             x     x 

Exocarpus aphyllus             x                       

Frankenia pauciflora     x x     x x                   x 

Geijera linearifolia             x x                     

Halosarcia flabelliformis     x                           x   

Halosarcia halocnemoides       x       x                 x x 

Halosarcia indica     x x       x                 x   

Halosarcia pergranulata       x     x x                 x x 

Halosarcia pruinosa       x     x                       

Halosarcia syncarpa       x     x x                     

Lawrencia squamata         x   x               x       

Lycium ferocissimum*             x x                     

Maireana brevifolia           x x x             x     x 

Maireana erioclada                                 x   
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Maireana oppositifolia       x     x x                 x x 

Myoporum insulare             x x                   x 

Nicotiana glauca*           x x                       

Nitraria billardierei       x   x x x             x   x x 

Olearia axillaris             x x                     

Olearia muelleri             x                       

Pittosporum phylliraeoides             x                       

Rhagodia candolleana ssp candolleana             x x             x     x 

Sarcocornia blackiana     x     x                     x   

Sarcocornia quinqueflora     x   x x x                       

Sclerolaena diacantha       x       x                     

Sclerostegia arbuscula     x x                             

Sclerostegia tenuis       x                             

Senecio lautus       x   x x                     x 

Suaeda australis     x x x     x                   x 

Threlkeldia diffusa             x x                     

Grasses                                     

Avena barbata*             x x             x     x 

Bromus diandrus*             x x             x     x 

Bromus rubens*             x x             x     x 

Chloris truncata (Windmill grass)               x             x       

Danthonia caespitosa (Wallaby grass)             x               x       

Danthonia clelandi             x x                     

Distychlis distichophylla (Emu grass)       x     x x                     

Enneapogon nigricans (Bottle washers)                             x       

Enteropogon ramosus (Twirly umbrella grass)                             x       

Hordeum marinum*       x       x                   x 

Lagurus ovatus*             x               x     x 

Lolium rigidum*             x x                   x 

Molineriella minuta               x                     
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Parapholis incurva*       x                             

Puccinellia strictum (Austral saltmarsh grass)     x x                             

Rostraria cristata*       x     x                       

Schismus barbatus*       x     x                       

Setaria (Paspadilium) constricta (Pigeon grass)                             x       

Sphenopus divaricatus*       x                             

Sporobolis virginicus (Saltwater couch)               x                   x 

Stipa (Austrostipa) drummondii (Cottony speargrass)             x               x       

Stipa (Austrostipa) elegantissima             x x             x       

Stipa (Austrostipa) eremophila                             x       

Stipa (Austrostipa) nitida             x x             x       

Vulpia myorus*       x     x                       

Vines and Twiners                                     

Clematis microphylla             x                       

Comesperma volubile (Love creeper)             x                       

Muehlenbeckia cunninghamii (leafless)         x x                       x 

Muehlenbeckia gunnii (climbs on shrubs, has leaves)           x x x                     

Vicia sativa*               x                   x 

Sedges, Rushes and associated vegetation                                     

Bolboschoenus caldwellii         x                         x 

Cotula coronopifolia         x x                       x 

Dianella brevicaulis           x x x                     

Dianella revoluta         x   x x                   x 

Gahnia filum       x x   x                     x 

Isolepis nodosa             x                     x 

Juncus acutus*         x x                       x 

Juncus kraussii           x                         

Juncus bufonius       x x                         x 

Lomandra collina (now divided up - look up local one)         x x x                       

Phragmites australis         x                         x 
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Bembicium nanum (gastropod - striped mouth conniwink)   x             x x                 

Cominella spp (gastropods - whelks)   x                                 

Coxiella (gastropod - awl shaped salt lake snails)                   x                 

Eubittium (gastropod - awl shaped salt lake snails)                   x                 

Hydrococcus (gastropod - round snail)                   x                 

Lepsiella vinosa (gastropod - whelk)   x                                 

Nerita atramentosa (gastropod - black periwinkle)   x                                 

Pancarnassa pauperata (gastropod - poor dogwhelk)   x             x x                 

Salinator fragilis (gastropod- estuary sand snail) x x x                               

Salinator solida (gastropod) x x x x                             

                   

Bivalves                                     

Crassostrea gigas* (bivalve - pacific oyster)                 x x                 

Flavomala biradiata (bivalve - sunset shell) x               x x                 

Irus crebrelamellatus (bivalve - boring venerid) x               x x                 

Katelysia scalarina (bivalve - stepped venerid or cockle) x               x x                 

Lanternula recta (bivalve - rectangular lantern shell) x               x x                 

Modiolus inconstans (bivalve - mussel) x               x x                 

Ostrea angasi (bivalve -  oyster)                 x x                 

Pinna bicolor (bivalve - razor shell) x               x x                 

Semele exigua (bivalve - cockle) x               x x                 

Venerupis anomola (bivalve - bean cockle)                   x                 

Xenostrobus pulex (bivalve- estuarine mud mussel) x               x x                 

                   

Crustaceans                                     

Acartia clausi (crustacean copepod - calanoid)                 x x x x             

Amphitoe flindersii (crustacean - amphipod)                   x                 

Artemia franciscana* (crustacean - brine shrimp)                       x x x     x   

Austrochiltonia (crustacean - seaflea)                   x                 

Australocyris (crustacean - ostracod)                   x x               
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Synischia sp (crustacean isopod)                 x x x           x   

Zuzara venosa (crustacean isopod)                 x x                 

                   

Insects                                     

Cladotanytarsus sp (chironomid) x               x x x x x       x x 

Corixa (false boatmen)         x x                       x 

Ephydrdrella (brine fly)     x           x x x x x       x   

Lestidae sp (dragonfly larvae)           x                       x 

Notonectidae (water boatmen)         x x                       x 

Symphitoneuria wheeleri (caddis fly)           x                       x 

Tanytarsus barbitarsus (chironomid)                 x x x x x           

                   

Worms                                     

assorted nematode worms x x             x x x x             

Austronereis sp. (polychaete - baitworm) x   x                               

Neanthes vaalii (polychaete worm) x x             x x                 

Sabella spallenzani* (polychaete - euro fanworm)                 x x                 

                   

Assorted                                     

Anthopleura aureoradiata (estuarine anemone)   x             x x                 

Bryozoans (unidentified sea-mosses) x x             x x                 

Cassiopea sp (jellyfish)                 x x                 

Ciona intestinalis* (sea squirt)                 x x                 

Crichophorus nutrix (anemone)   x             x x                 

Hydracarina (water mites)         x x                       x 

Ophiuroidea (brittle star)   x             x x                 

Patirella exigua (biscuit star)                 x x                 

Asterina sp. (cushion star)                 x x                 

Zoobotryon verticillatus (bryozoan)                 x x                 

Edwardsia vivipara (burrowing anemone)                 x x                 
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Fish 

Gambusia affinis* (mosquito fish)         x                         x 

Acanthopagrus butcheri (black bream) x x             x x                 

Aldrichetta forsteri (mullet)   x             x x                 

Arenogobius bifrenatus (bridled goby)   x             x x                 

Argyrosomus hololepidotus (mulloway) x x                                 

Arripis trutta (Australian salmon) x x                                 

Atherinosoma microstoma (hardyhead)                 x x x x         x   

Chaetodon armatus (old wife)                 x x                 

Christiceps australis (crested weedfish)                 x x                 

Chrysophrys auratus (Snapper) x x                                 

Galaxias kayi (minnow)                                   x 

Gallogobius mucosus (sculptured goby)                 x x                 

Gobius lateralis (long fin goby)   x                                 

Gymnopistes marmoratus (SA cobbler)                 x x                 

Hyporamphus melanochir (garfish) x x             x x                 

Kaupus costatus (pipefish) x x                                 

Liza argentea (jumping mullet) x x                                 

Melambaphes zebra (zebra fish, pajama fish)                 x x                 

Mughil cephalus (sea mullet)                 x x                 

Myxus elongatus (sand mullet)                 x x                 

Pelotes sexlineatus (trumpeter/striped perch)   x             x x                 

Platycephalus bassesnsi (southern sand flathead) x               x x                 

Platycephalus fuscus (flathead)                 x x                 

Platycephalus laevigatus (rock flathead)                 x x                 

Pseudaphritis bursinus (congoli)         x                         x 

Pseudogobius olorum (blue spot goby)         x         x               x 
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Rhombosolea tapirina (greenback flounder)   x             x x                 

Scorpaena ergastulorum (red rock cod or gurnard)                 x x                 

Sillaginodes punctatus (spotted whiting) x x x           x x                 

Sillago bassensis (silver whiting)   x             x x                 

Sillago schomburgkii (yellow fin whiting) x x                                 

Stigmatopora argus (spotted pipefish)                 x x                 

Stigmatopora nigra (pipefish) x x             x x                 

Toadfish (assorted)                 x x                 

Trygonorhina guanerius (southern fiddler ray)                 x x                 

 
Terrestrial invertebrates 

Apis mellifera* (honeybees)           x x x                     

Beetles   x x x x x x x             x x x x 

Camponotus spp (black ants)       x     x x                   x 

Centipedes       x x x x x                 x x 

Delias spp. (Jezebels)       x x   x                 x     

Gasteracantha mirax (Christmas spiders)     x x       x                     

Hesperidae (skipper butterflies)       x x   x x             x     x 

Iridomyrmex spp (Meat ants)       x     x x                 x x 

Lycenidae (blue butterflies)       x x   x x             x x   x 

Ochlerotatus camptorhynchus (winter mozzie)       x x x                       x 

Ochlerotatus vigilax (saltmarsh mosquito)       x x x                       x 

Oligochaetes (earthworms)       x   x x                     x 

Phonognatha sp. (Leaf rolling spider)   x x x       x                     

Saldid bugs     x x x x                       x 

Scorpions             x x                     

Trioza sp. (Myoporum psylla)             x x                   x 

Utetheisa pulchelloides (day flying heliotrope moth)     x x x x x x                   x 
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Terrestrial vertebrates 

Reptiles                                     

Amphibolus barbatus (bearded dragon)             x x                     

Amphibolus pictus (painted dragon)             x x                     

Heteronotia binoei (Bynoe's geckoe)       x     x x                     

Phyllodactylus sp (geckoe)       x     x                       

Pseudonaja textilis (eastern brown snake)       x     x x                 x   

small skinks (at least 7 species)       x   x x x                 x x 

Tiliqua spp (Blue tongues, 2 species - western and eastern)       x     x x                     

Trachydosaurus rugosus (Sleepy lizard)       x   x x x                 x x 

Unechis flagellum (whip snake)             x                       

Varanus various (monitor or goanna)           x x                       

Acanthophis antacticus (Death adder)             x                       

various little dragon lizards             x                       

Amphibians                                     

Limnodynastes dumerlii (bonk frog, banjo frog, pobblebonk)           x                       x 

Limnodynastes tasmaniensis (Spotted grass frog, marsh frog)           x                       x 

Neobatrachus pictus (spotted burrowing frog)       x x x x                     x 

Mammals                                     

Dama dama* (fallow deer) x x x x x x x x                     

Lepus capensis* (hare)           x x x                     

Mus musculus* (house mouse)   x x x x x x x                 x x 

Oryctolagus cuniculus* (rabbit)         x x x x                   x 

Rattus rattus*   x x x x x x x                 x x 

Vulpes vulpes* (fox)   x x x x x x x                 x x 

Chalinlobus morio (chocolate wattled bat)   x x x x x x x                 x x 

Chalinolobus gouldii (Gould's wattled bat)   x x x x x x x                   x 

Hydromys chrysogaster (water rat)   x x         x x                 x 

Macropus fuliginosus (grey kangaroo)       x   x x x                     
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Appendix B: Field Survey 

Samphire Species Key 

Species. Description. 

Species 1 = Halosarcia spp 1. 0.1m to 0.5m tall, generally found one to two metres 
above the high tide line. 

Species 2 = Halosarcia spp 2. 0.5m to 1.2m tall, are very salt tolerant as they can 
be found growing between two metres above the 
high tide line and at the base of mangrove stands. 
This plant was almost always associated with H. 
haswellianus burrows (crab species). 

Species 3 = Sarcocornia spp 1. 0.1m to 0.2m tall, this generally small ground cover 
samphire can be found in high abundances in the 
mudflat zone between the high tide mark and the 
mangrove stands (generally surrounding intertidal 
muddy creeks). 

Species 4 = Disphyma crassifolium. 0.1m to 0.2m tall, commonly called round-leaf 
pigface is a ground cover that is commonly found in 
salty coastal soil above the high tide mark. 

Species 5 = Nitraria billardierei. 0.5m to 1.5m tall, this species is a woody, low 
spreading shrub is very tolerant to salt effected soils 
and can be found only a few metres above the high 
tide mark. 

Species 6 = unidentified woody shrub. Is an algae and was found sporadically in some of 
the drainage creeks associated with stagnant 
freshwater from the Gawler River (yet to be 
identified) 

Species 7 = Sarcocornia spp 2. 0.1m to 0.2m tall, similar to Species 3 is found in the 
mudflat/ marsh zone, this samphire is tolerant of 
extremely saline conditions and was only found in 
one site in small abundances growing next to a 
saline intertidal creek. 

 

Mangrove Identification Key  

Species 1 = Dead individuals 

Species 2 = Alive individuals 

Pne = Pneumatophores clearance above sediment (mangrove roots). 

 

 

 

Samphire Site 1, (34,42,20S, 138,27,40E) 
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Site 1; consisted of firm heavy brown clay that has partly been eroded from the nearby levee 
bank to the 9.5m transect mark.  From the 9.5m mark to the 25m mark the soil consisted of 
dark grey to black mud associated with small drainage channels between Sarcocornia spp 1.  
Plants in this area were generally healthy, although they appeared to be restricted between 
the high tide line and the levee bank to the evaporation ponds. 

 

 

Mangrove Site 1. (34,42,20S, 138,27,40E) 

Detritus ground cover, 
heavy brown clay soil. 

H.haswellianus burrows 
associated with Samphire  
Spp 2. 

Black mud very fine, 
sinking to 0.7m. 
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Pneumatophores at Site 1 were concentrated around the base of the mangrove trunk; root 
diameter around trunks was between 1m and 1.5m and seemed to correlate with height.  
Leaves in this area were either falling off or yellow, which is not unusual but indicates 
prolonged periods of hypersalinity.  No crab burrows were found in this area as the mud 
was unstable and not suitable to promote structural diversity.  Mangrove habitat was only 
5m fromthe levee bank. 

 

 

Samphire Site 2, (34,41,07S, 138,27,46E) 

Sediment was all black mud 
which continued to a depth of 
0.7m. 

3m tall, pne 2cm, trunk 40cm 

2m tall, pne 15cm, trunk 15cm 

3m tall, pne 50cm, trunk 40cm 

 

 

1.5m tall, pne nil, trunk 10cm 

 

 

4m tall, pne 50cm, trunk 20cm 

 

 

 

Only just alive, 2m tall, pne 5cm, 
trunk 20cm. 

 

 

2.5m tall, pne 40cm, trunk 30cm 

 

 

2m tall, pne nil, trunk 15cm 
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Samphire in this site was restricted to narrow band from the face of the levee bank, the 
mudflat and marsh area.  From 12.5m to 25m mark was a complex system of soft mud 
drainage channels.  Channels are influenced by the intertidal nature of the site, pools were 
formed by freshwater runoff and seawater ingress.  Trampling of samphire is an issue in this 
area as deer and fox tracks and scats were found throughout this site, along with walking 
tracks that have been carved out between the levee bank and the high tide mark.  Grazing 
gastropod S. Solidus was noted in the mudflat area. 

 

 

Managroves Site 2, (34,41,07S, 138,27,46E) 

Heavy orange to brown clay, 
with detritus forming a thick 
organic layer 

H. Haswellianus burrow, soil 
heavy brown clay 

The area consisted of black to 
grey mud and soft to 0.2m.  Small 
creeks, runoff from levee banks 
and the Gawler River drained 
through this area.  Small grazing 
gastropods were observed. 
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Mangrove Site 2 had a greater percentage of mortalities with varying levels of health.  Poor 
health and mortalities were generally linked to inundation and smothering of 
pneumatophores by sediment.  Dwarfing was also occurring with some thicker trunked 
plants having yellow or little to no foliage.  This area seems to be a pooling area for water 
runoff from the levee banks (35m away) and the Gawler River. Small pools and creeks 
contained H. haswellianus, S. solidus and small fish species most likely a gobbididae (lateralis). 

 

 

Samphire Site 3, (34,40,57S, 138,27,51E) 

Firm brown layer of mud, 
area slightly elevated and H. 
haswellianus burrows in 
between mangroves approx 
65 per m2 

Intermittent soft black mud and 
firm brown clay.  H. haswellianus 
burrows were observed with 
brown clay.  Increased evidence 
of mangrove mortalities and 
dwarfing. 

3.5m tall, pne 10cm, trunk 25cm 

3m tall, pne 10cm, trunk 15cm 

2m tall, pne nil, trunk 30cm (dead) 

1.5m tall, pne 15cm, trunk 5cm 

 

0.5m tall, pne 5cm, trunk 3cm  

2m tall, pne nil, trunk 15cm 

2m tall, pne 10cm, trunk 5cm 

1.2m tall, pne 15cm, trunk 5cm 

2.5m tall, pne nil, trunk 5cm (dead) 

 

2m tall, pne nil, trunk 15cm (dead) 

 

4 small mangroves all 1 to 1.2m tall, 
pne 8 to 10cm, trunks 4cm 

0.5m tall, pne 5cm, trunk 5cm 

 

1m tall, pne 5cm, trunk 5cm 

1m tall, pne 5cm, trunk 5cm 

2m tall, pne 10cm, trunk 10cm 

1.5m tall, pne nil, trunk 10cm (dead) 

0.5m tall, pne 10cm, trunk 5cm 

1m tall, pne 5cm, trunk 10cm 

0.5m tall, pne 15cm, trunk 5cm 

0.5m tall, pne 10cm, trunk 5cm 

 

0.5m tall, pne 5cm, trunk 2cm 
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Samphire Site 3 featured a levee bank at 1.5m above the flood plain near the start of the 
transect then dropping to the high tide level at 7m transect mark.  The tidal flat extends out 
for 35m to the mangrove stand, small intertidal/ drainage creeks are found throughout the 
tidal flat at this Site.  Most samphire species are restricted to the Cheetham Salt levee bank, 
which cuts off as further coastal retreat. 

 

 

 

Mangrove Site 3, (34,40,57S, 138,27,51E) 

Heavy red/ brown clay, firm 
under foot.  Spp 6 represents an 
algal bloom in a small drainage 
creek.  Areas with out vegetation 
have marine detritus covering 
the ground. 

Black extremely soft mud, Spp 3 
dominating this area with almost 
100% cover. This area is 
described as a low lying drainage 
area from the Gawler River, 
small intertidal/ freshwater 
drainage creeks dominated by 
algal species.  Small fish were 
present in creek system and crab 
species M. latrifrons was recorded 
in this area. 
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Mangroves in this area are interceted by a band of intertidal/ drainage creeks similar to Site 
2.  Mangrove health in this area is intermediate consisting of a complete row of dead 
individuals, the cause is not evident, although areas of mortalities are associated with 
intertidal creeks/ drainage areas (stunted trees also noted in this area).  Rubbish was found 
in this area, which may have been depositied be recent flooding events.  Mangroves are 
approx 40m from Cheetham Salt levee bank. 

 

 

 

Samphire Site 4, (34,40,44S 138,27,54E) 

Crust layer formed on sediment in 
the mangroves, this was associated 
with a band crab burrows. 

Intertidal creeks and soft black 
mud.  Grazing gastropods and 
small fish species were observed at 
he end of the transect. 

Small mangroves generally at the 
base of larger trees, area slightly 
elevated above high tide line hence 
small mangroves are not 
distributing with tidal movement. 

0.5m tall, pne 10cm, trunk 2cm 

0.5m tall, pne 10cm, trunk 2cm 

 

 

1m tall, pne 5cm, trunk 5cm 

1m tall pne 5cm, trunk 10cm 

4 small mangroves all 0.5m tall, pne 
10cm, trunks 5cm 

2 small mangroves 0.5 tall, pne 5cm, 
trunks 4cm. 

1.5m tall, pne 10cm, trunk 10cm 

1m tall, pne 10cm, trunk 5cm 

2m tall, pne nil, trunk 20cm (dead) 

40cm tall, pne 5cm, trunk 2cm 

 

1.5m tall, pne 5cm, trunk 5cm 

1.0m tall, pne 5cm, trunk 5cm 

0.5m tall, pne 5cm, trunk 20cm 

12 small mangroves approx 0.5m tall, 
pne 3cm, trunk 1cm 

2m tall, pne nil, trunk 50cm (dead) 
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Samphire Site 3 is restricted between the Cheetham Salt levee bank and a large intertidal 
creek approximately 10m beyond the end of the transect line.  This has caused a drainage 
channel to form in the middle of the samphire. Mangroves previously occupied this area but 
most are now dead.  This area seems to receive periodical events of high water flow and 
sedimentation.  The Samphire stand has deer tracks throughout; trampling seems to be 
damaging vegetation in this area. 

 

 

Mangrove Site 4, (34,40,44S 138,27,54E) 

Heavy brown clay associated 
with levee bank. Deer have 
trampled this site.  H. haswellianus 
burrows found only in 
association with samphire Spp 2. 

Small drainage creek at the base 
of levee bank associated with 
90% mortality rate in mangroves, 
large amounts of rubbish found 
in this area. 

Low lying area that is raised 
slightly above pools of water. 
Healthy samphire in firm black 
mud. 

Spp 2 established in an area that is 
elevated above Spp 3 zone. Spp 2 in 
this area is found directly at the base 
of mangrove stands, with H. 
haswellianus burrows. 
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Mangrove health in this area is generally good with large trees having been established for 
many years.  At this Site the area of pneumatophores around the base of individual trees is 
higher then other sites (diameter 4m to 5m).  The mangrove stand is 27m from the Cheetham 
Salt levee bank. 

 

 

 

Samphire Site 5 (Gawler River Mouth), (34,40,39S 138,28,08E) 

4.5m tall, pne 20cm, trunk 42cm 

 

4.5m tall, pne 20cm, trunk 45cm 

 

 

 

 

4.5m tall, pne 15cm, trunk 30cm 

 

 

 

 

 

4.75m tal, pne 15cm, trunk 25cm 

 

 

 

 

 

4.75m tall, pne 5cm, trunk 35cm 

 

2m tall, pne 5cm, trunk 7cm 

Mangroves in this area are 
elevated above the drainage 
creeks in the samphire zone. The 
Gawler Creek, the main drainage 
channel in the area that contains 
saline water even at low tide, lies 
directly behind this site. Crab 
burrows were much more 
abundant at this site than any 
other as the sediment consisted of 
heavy brown clay complementing 
structural diversity. 



 

B UCK LA ND P A RK  E NVI RONME NTA L I MP A CT S TA TEME NT 84  

                                                                         

Site 5 incorporated an intertidal creek that is also the main drainage creek during floods. 
Samphire in this area was generally in good health with the exception of yellow stained 
sediments next to the creek bed. Deer activity in the site was the observed in this survey, 
with defined tracks that extend out to the mangroves approximately 400m away.  H. 
haswellianus burrows were evident on the levee bank side of the creek system and small fish 
were observed in the creek.  General rubbish was also recorded in this area. 

 

 

Mangroves Site 5 (Gawler River Mouth), (34,67,66S 138,46,70E) 

Intertidal creek, sediment in 
creek was generally hard under 
foot.  Small fish were present in 
large numbers, as well as grazing 
gastropods 

This area had a steeper slope 
from the levee bank, as is evident 
through the mix of species 
recorded. This area was heavily 
impacted by rubbish; deer 
trampling and salt spray from the 
neighbouring evaporation ponds. 
Concentrated foam/ salt from the 
evaportation ponds covered and 
damaged samphires. 
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The mangroves closest to the Gawler River were in very good health. H. haswellianus burrow 
were abundant with 80 to 90 per m2, as was S.solidus.  Also samphire species 2 was found at 
the base of mangrove stands.  Sediment consisted of brown heavy clay and was firm under 
foot. 

 

 

 

4m tall, pne 20cm (very dense 
and wide spread, trunk 40cm 

 

 

 

 

4m tall, pne 15cm very dense and 
wide spread, trunk 30cm 

 

 

 

5m tall, pne 15cm very dense and 
wide spread, 30cm trunk 

 

4m tall, pne 10cm very dense and 
wide spread, trunk 30cm 

 

4m tall, pne 15cm very dense and 
wide spread, trunk 20cm. 


