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Summary 

This assessment report details the results of the Environment Protection Authority’s (EPA) nearshore marine monitoring, 

evaluation and reporting (MER) program for the Lower Spencer Gulf bioregion (LSG) undertaken during 2010. The 

bioregion is broken down into 6 biounits, which are areas of the gulf that have broadly similar geomorphology and 

ecological habitats, they typically encompass approximately 40 - 80 km of coastline, and they have been used as the 

reporting scale for the Aquatic Ecosystem Condition Reports (AECR). The six biounits examined were Jussieu, Dutton, 

Franklin, Tiparra, Wardang and the Pondalowie biounits. For logistical reasons the nearshore MER program could not 

assess the Dutton and Pondalowie biounits in the 2010 sampling year. 

Monitoring the condition of habitats within South Australia’s nearshore waters is fundamental to ensure the actions of 

humans are not degrading the environments which will result in losses of productivity and “ecosystem services”, and 

would ultimately result in significant financial losses to South Australia. The nearshore MER program aims to investigate 

broad ecological condition by assessing the dominant subtidal seagrass, reef and unvegetated sediment habitats in the 

nearshore marine waters between 2-15 m deep across the lower Spencer Gulf during 2010. The methods used in this 

report are documented in the EPA report “The South Australian monitoring, reporting and evaluation program for aquatic 

ecosystems: Rationale and methods for the assessment of nearshore marine waters”. These methods use multiple lines 

of evidence to determine the condition of habitats, and highlight whether the habitats is likely to be under stress from 

symptoms of nutrient enrichment of poor water clarity.  

In the assessment of condition the first step (Tier 1) was to undertake a desktop threat assessment for each biounit to 

determine the likely condition prior to undertaking the field program. This process allows for the optimisation of the 

number of sites in each biounit, and to identify potential locations which may be impacted due to particular activities, 

whilst ensuring the program’s objective of maintaining an ambient perspective is continued. The Tier 1 assessment 

generates the predicted1 condition of a biounit. The second step is a field work program (Tier 2) which assesses the 

observed average condition of the biounit. If the observed condition is similar to the predicted condition then we can be 

reasonably confident that we understand the risks posed by the level of human activity in the biounit, and the resulting 

impacts at a biounit scale. If the expected condition does not match the observed condition then we may not fully 

understand the risks, the impacts, or some of the biological and chemical processes that are occurring within that biounit, 

and further work may be required.  

An Aquatic Ecosystem Condition Report (AECR) is a communication product developed for each biounit and presented 

within this report and also on the EPA website (www.epa.sa.gov.au). The AECR represents the reporting component of 

the nearshore MER program for each biounit. Each AECR details complex scientific information in a web format that:  

 Displays the ecosystem condition in a simple, easy to understand manner (with dot point summaries, graphics, 

maps and videos) 

 Allows for more detailed information and explanation of the ecosystem condition if required, and 

 Highlights the key pressures that are relevant to each biounit, and the management responses that are designed 

to address those pressures. 

A more detailed scientific evaluation of the processes within each biounit is also provided within this document. It is 

accepted that this survey method is a rapid assessment of habitat condition and stressors taken at two discrete snap 

shots in time. In many cases more detail is needed to fully understand the ecological processes going on at each site and 

within each biounit, and this will highlight priorities for further research, or detailed scientific investigations (Tier 3). 

Nonetheless results of this broad scale assessment can show some of the early warning signs of habitat degradation (eg 

                                                        

1 Note that the aquatic ecosystem condition report uses the term “expected” condition although it explains that the expected 

condition is a “desktop” prediction based on the known threats to the biounit ecosystem.  

http://www.epa.sa.gov.au/
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nutrient enrichment) while highlighting the need for further information. A lack of detailed spatial and temporal resolution 

should not prohibit action to attempt to remedy some of the issues identified. 

The Jussieu biounit extends from Cape Catastrophe (including Thistle Island) through to Salt Creek north of Tumby Bay. 

The threat assessment and literature review (Tier 1 assessment) predicted that the Jussieu biounit is potentially in Fair 

condition due to a number of factors including multiple nutrient inputs, and areas of poor water exchange (eg Proper 

Bay). This Fair condition would be typified by areas where the habitat has been slightly impaired (eg sparse and/or 

patchy seagrass cover) leading to changes to ecosystem function including resilience, biodiversity, productivity and 

sediment stability. There are also likely to be symptoms of nutrient enrichment (eg epiphyte growth on seagrass) or 

suspended sediment, and these detrimental effects may extend throughout the biounit. 

In autumn and spring 2010, 23 locations were sampled for broad ecological condition throughout the Jussieu biounit and 

the sites were comprised largely of seagrass or bare sand habitats, with a small proportion being made up of rocky reef 

and scattered small algae. The results indicate that the biounit is in Good condition which is better than the expected 

condition of Fair. Detailed analysis of the data suggests that while there are areas of the biounit that had dense and intact 

seagrass, there are however areas which are showing significant symptoms of nutrient enrichment, which is likely to be 

causing the habitats to be under stress. These areas were typically coastal embayments where the water exchange may 

have been limited and where pollutants could accumulate. It is possible that without action to reduce nutrients entering 

this biounit loss of seagrass is possible. The pressures that are contributing to the stress on the system include the 

extensive sea cage aquaculture operations of both southern bluefin tuna (SBT) and yellowtail kingfish (YTK) throughout 

the biounit, the wastewater treatment plant at Billy Lights Point, stormwater from Port Lincoln, and agricultural runoff 

entering the biounit through the Tod River at Louth Bay. Primary Industries and Regions (PIRSA) are undertaking a 

number of activities to manage the impact of sea cage aquaculture on the receiving environment. This work includes the 

investigation of the transport and fate of nutrients within this region, which can be used to better inform the location and 

management of sea cage aquaculture throughout the lower Spencer Gulf. 

The Dutton biounit spans from Salt Creek, north of Tumby Bay, to Arno Bay on the central western side of Spencer Gulf. 

The adjacent land use of the biounit has been heavily modified for agriculture, but it is likely that there are very few 

occasions when creeks carrying agricultural runoff would connect to the sea. Dutton is used by the aquaculture industry 

for sea cage aquaculture of YTK, and the northern most part of the biounit which straddles the Franklin biounit at Arno 

bay is used for YTK and SBT aquaculture. The Tier 1 assessment predicted the biounit to be in Good condition, 

suggesting only limited signs of nutrient enrichment compared to reference condition. The nearshore MER program did 

not monitor Dutton in 2010 but priority will be given to this biounit in any future sampling.  

The Franklin biounit is located to the north of the Jussieu biounit, between Cape Driver at Arno Bay through to Victoria 

Point at the mouth of Franklin Harbor on the western side of Spencer Gulf. The Tier 1 assessment for the Franklin biounit 

identified that while the terrestrial landscape has been heavily modified, it is likely that there are very few occasions when 

creeks carrying agricultural runoff would connect to the sea. There is a land-based aquaculture facility located at Arno 

Bay, and sea cage aquaculture throughout the region for SBT and YTK. Franklin Harbor has large areas of shallow water 

which are subject to heating by ambient temperatures providing favourable conditions for algal growth, which provides 

food for the extensive oyster aquaculture throughout the bay. Additionally, the enclosed nature of Franklin Harbor is likely 

to reduce the exchange of water between the embayment and the Gulf resulting in longer residence times, which is likely 

to exacerbate the biological effect of excess nutrients. The biounit was predicted to be in Good condition with few 

indications of nutrient enrichment compared to what is considered to be an excellent or reference condition.  

In total, 4 sites were sampled in the Franklin biounit during both autumn and spring 2010 and the results determined that 

the biounit was in Good condition which is consistent with what was predicted. Seagrass throughout the biounit was 

generally in reasonable condition, but in all locations there were indicators of nutrient enrichment including extensive 

epiphyte loads on seagrass. It is important to note that these symptoms of excess nutrients were not limited to the sites 

within Franklin Harbor, but also at Arno Bay, and at a site located outside the harbor entrance. High turbidity was also a 

key factor in the Franklin biounit, with a number of sites being particularly elevated compared to reference locations, but 

the origin of this material is unknown. Further work is needed to investigate whether this is a natural state or if this is 

driven by an anthropogenic source. There are numerous pressures likely to be driving the condition of the Franklin biounit 

including sea cage aquaculture which is centred around Arno Bay, additionally many of the coastal towns treat sewage 
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using septic tanks which have been shown to transport nutrients into shallow groundwater where it could reach the 

nearshore waters. The District Councils of Franklin Harbour and Cleve are both considering development, or expansion 

of CWMS, to treat sewage at Cowell and at Arno Bay which aims to reduce nutrient entry into nearshore waters. 

The Tiparra biounit ranges from Point Riley just north of Wallaroo on the eastern side of Spencer Gulf, then south to 

Island Point just north of Port Victoria on Yorke Peninsula. There is considerable development in this biounit with many 

new large residential developments in the coastal areas. The threat assessment predicted that this biounit would be in a 

Good condition with some areas where the habitat has been impacted, compared to what is considered excellent 

condition. The results of the Tier 2 assessment determined that the Tiparra biounit was in Excellent condition, due to the 

expansive meadows of seagrass, and dense communities of large brown canopy algae on reefs. However the biounit had 

widespread and significant symptoms of nutrient enrichment with dense epiphyte loads on seagrasses at all sites, which 

is likely to be causing the seagrass to be under considerable stress. While the habitats are currently intact, if this stress 

continues, it is possible that the condition may decline. Rapidly expanding coastal development can put pressure on 

sewerage and stormwater infrastructure, which if poorly managed, can result in overflows or leakage to the environment. 

Disposal of sewage through septic tanks contribute nutrients into shallow groundwater where it can flow to the sea and in 

high densities, this nutrient load can be substantial. The District Council of the Copper Coast is currently upgrading the 

CWMS to treat sewage for Moonta, Moonta Bay and Port Hughes which previously had very high densities of septic 

tanks, similarly the Wallaroo CWMS is also being upgraded to allow for residential expansion. Stormwater is still a 

problem in this area with poor historical stormwater management resulting in cliff and beach erosion, and increased 

suspended solids in the nearshore waters. The council is preparing a stormwater master plan which will aim to improve 

stormwater management through the area. 

The Wardang biounit extends from Island Point just north of Port Victoria down the western side of the Yorke Peninsula 

to Corny Point. The Tier 1 assessment for the Wardang biounit indicated that while the terrestrial landscape has been 

heavily modified for agriculture, surface water runoff is unlikely to reach the sea due to the low rainfall. The Tier 1 

assessment concluded that the biounit is likely to be in Good condition. A total of 5 sites were assessed in the Wardang 

biounit and the results suggested that the biounit was in Poor condition. This result was largely due to sparse and patchy 

seagrass coverage, but the classification was affected by a number of locations having small algal communities which 

were unable to be classified using a condition gradient. What was clear, however, was that there were multiple indictators 

suggesting that the buiounit was nutrient enriched, including dense epiphyte growth on seagrass, and blooms of Hincksia 

sordida which is likely to be causing stress on the habitats. The pressures on the biounit were not obvious given that 

there are very few surface water flows into the marine environment. It is possible that nutrient rich groundwater from 

agricultural lands may flow towards the sea. Additionally sewage treatment from coastal towns is largely through septic 

tanks, which in high densities can contribute substantial loads of nutrients into groundwater which can flow to the sea. 

The District Council of Yorke Peninsula has established CWMS to service the shacks at Collins Beach, Point Turton, 

Hardwicke Bay and Bluff Beach with the aim of reducing reliance of septic tanks, and to reduce nutrient input into 

nearshore waters. Understanding the condition of small algal communities, whether these habitats have undergone 

change over time, and why, is a key question that requires further work in the Wardang biounit. 

The Pondalowie biounit extends from Corny Point south along the Yorke Peninsula to the south west tip of Yorke 

Peninsula at West Cape. A large proportion of the land adjoining the biounit is made up of National Park with very little 

modification. However, the biounit is used for recreation, which brings large numbers of people into the area particularly 

during summer, which puts extra pressure on the sewage treatment systems. The Tier 1 assessment predicted the 

Pondalowie biounit would be in Excellent condition which is considered no different to reference condition. Pondalowie 

was unable to be sampled in 2010, but will be made a high priority in the next sampling of the lower Spencer Gulf. 

Table 1 Lower Spencer Gulf biounits considered and AECR results for 2010 

Biounit AECR  

Tier 1 assessment 

AECR 2010 

Tier 2 assessment 

Jussieu Fair Good 

Dutton Good Not assessed 

Franklin Good Good 

Tiparra Good Excellent 

Wardang Good Poor 
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Pondalowie Excellent Not assessed 

This is the first bioregion-wide assessment of ecological condition of nearshore habitats undertaken throughout the lower 

Spencer Gulf. In most circumstances there is little published historical information of the bioregion which has been 

suitable to compare results against to then understand how conditions are changing. It is therefore hard to determine 

whether the conditions observed in the current program have changed over time as a result of anthropogenic inputs, or 

whether there is a large amount of natural variability which is considered “normal”. The results clearly show that all of the 

biounits within the lower Spencer Gulf are showing symptoms of nutrient enrichment, and these symptoms are likely to be 

exerting significant stress on nearshore habitats, particularly seagrass meadows. If these symptoms are long lasting it 

may result in habitat loss in the future, which would have a significant impact on ecosystem services including reduction 

in biodiversity and commercial and recreational fisheries production, reduction in nutrient assimilation and carbon 

sequestration, and potentially increases in beach erosion. Key areas that are under threat are many small coastal 

embayments where the water flushing is reduced, and can result in the accumulation of nutrient pollution and have a 

greater effect on nearshore habitats. Any future increase in nutrient loads should be discouraged, and action is needed to 

manage current nutrient loads in order to prevent significant habitat loss. 
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1 Introduction 

South Australia has over 4000 km of coastline which is diverse biologically and geo-morphologically. Healthy nearshore 

waters are essential in supporting productive commercial and recreational fisheries, maintaining beach and sand 

movement, nutrient and carbon cycling and storage, and providing safe and aesthetically pleasing waters which 

maintains our love of the ocean and our coastal lifestyle (Orth et al 2006). Monitoring the condition of habitats within 

nearshore waters is therefore fundamental in ensuring that the actions of humans are not degrading the nearshore 

environments, which will result in losses of productivity and “ecosystem services”, and ultimately result in significant 

financial losses (Costanza et al 1997; McArthur and Boland 2006). 

The nearshore MER program aims to investigate broad ecological condition based on the condition of the dominant 

subtidal habitats in the nearshore marine waters across South Australia. The dominant habitats throughout South 

Australia’s nearshore sub-tidal waters (<15 m depth) are seagrass, rocky reefs and unvegetated soft sediment (Edyvane 

1999b). It is therefore inferred that a healthy habitat will result in a healthy and biodiverse ecosystem. In order to 

undertake a nearshore MER program across the state with the current level of resources, monitoring and reporting must 

break the state’s waters down into smaller spatial units in order to use the available resources efficiently. The Integrated 

Marine and Coastal Regionalisation of Australia (IMCRA) (Commonwealth of Australia 2006) has used a spatial 

framework that delineates the marine environment throughout Australia’s coastal waters into “bioregions”. These 

bioregions are smaller spatial units based on collated biological data and inferred ecosystem patterns. Bioregions are an 

accepted tool in the description of ecosystem boundaries, and are considered to be a useful spatial scale for regional 

planning, and also supply a framework for smaller-scale ecologically relevant planning and management (DEH 2006).  

At a finer spatial scale within each bioregion are the “biounits”; the boundaries of which delineate a finer resolution of 

inferred ecological boundaries, and which can be measured in the 10’s of km inside each IMCRA bioregion (Edyvane 

1999a; Edyvane 1999b). The EPA nearshore MER program has been designed to report on a biounit scale, but has the 

capability to be rolled up to report at the bioregional scale for purposes such as the State of the Environment Report. In 

some cases it was seen as pragmatic to modify the IMCRA bioregions to align with the Edyvane (1999b) biounits to 

ensure consistency and also for logistical reasons. 

1.1 Nearshore marine monitoring framework 

The EPA report “The South Australian monitoring, reporting and evaluation program for aquatic ecosystems: Rationale 

and methods for the assessment of nearshore marine waters” (Gaylard et al 2013) details the framework and methods 

undertaken to assess broad ecological condition in South Australian nearshore marine environments. This report will not 

repeat the methodology in detail, so this report should be read in close association with Gaylard et al, (2013).  

The nearshore marine MER program has been designed using a 3 tier framework. The tiers described below outline the 

process to assess the condition of the marine environment within this MER program. 

 Tier 1 - a literature review and desktop threat assessment are reviewed or developed to assess pressures on 

nearshore ecological communities in each biounit. This information is used to review and update conceptual 

models and tailor the monitoring to address identifiable threats specific to each bioregion, if required. A 

predicted2 condition for each biounit is also developed using the threat assessment and available published 

literature. 

 Tier 2 - using the information from Tier 1 a rapid field assessment program is developed that reflects the level of 

threat (eg the number of sites selected). The monitoring for the nearshore MER program is undertaken 

                                                        

2 The term “predicted condition” is used in this report as an output from the risk assessment process. It is essentially the 

condition that we would expect the biounit to be in and it is exactly the same as the “expected condition” that is used on the 

aquatic ecosystem condition reports. 
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throughout each biounit using two monitoring periods to assess condition. These monitoring periods will be 

autumn and spring, and the results will be used to develop the observed condition.  

The information collected from Tier 1 and Tier 2 is used to prepare an aquatic ecosystem condition report 

(AECR) communication tool for each biounit. This rating serves as a broad assessment of the observed 

ecological condition at the time of sampling, identifies the main pressures that are likely to be driving the 

observed condition, and lists the main management responses that are designed to address the pressures 

identified.  

 Tier 3 - where there are noteworthy differences between the predicted and observed conditions for a biounit, 

suggesting gaps in our understanding of threats and/or biological responses, the biounit will be highlighted as in 

need of further research. The publication of the AECR will proceed with caution, and a statement of limitations 

will be made highlighting the need for further detailed work in this location. This further work may be undertaken 

by the EPA or another institution, and could investigate the origin of specific pollutants driving the observed 

condition, but will be subject to additional resources. 

1.2 The structure of the current report 

This report details the Tier 1 assessment including the predicted condition for each biounit, how this assessment was 

undertaken using historical information, and gives an assessment of threats to the nearshore marine environment. The 

report then details the results of the field program (Tier 2) undertaken to assess current condition of the nearshore 

habitats within the Lower Spencer Gulf Bioregion (Figure 1). This information has been analysed and interpreted to 

develop an Aquatic Ecosystem Condition Report (AECR) for each biounit as a part of the nearshore MER program. 

The current report focuses on the Lower Spencer Gulf bioregion and its associated biounits. The report details the Tier 1 

assessments for the six biounits defined for the Lower Spencer Gulf bioregion (Figure 1), including the predicted 

condition for each biounit, how this was developed using historical information, and an assessment of threats to the 

nearshore marine environment. The report then details the results of the field program (Tier 2) undertaken for 4 of the 6 

biounits to assess current condition of the nearshore habitats - including reefs, seagrasses and bare sand habitats - as 

well as parameters (termed modifiers) which could be more transient, but are well understood to result in impacts on 

habitats (eg seagrass epiphytes). The body of this document describes in detail the habitats assessed, the some of the 

ecological processes occurring within various strata that have been measured, and whether there are observable 

biological gradients present that may aid in a determination of the condition, keeping in mind the broad scale nature of 

the design of the MER program. The habitat information is distilled to develop an Aquatic Ecosystem Condition Report 

(AECR) for each biounit while there is also discussion on the modifiers which could be driving the condition of the habitat. 

The AECRs are designed to convey complex scientific information to the general public in an easily accessible format 

(Appendix 4). In addition to the AECR, the raw data and a 2 minute representative snapshot of the underwater video will 

be provided on the EPA website www.epa.sa.gov.au. 

 

http://www.epa.sa.gov.au/
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2 Tier 1 - assessment of the Lower Spencer Gulf bioregion 2010 

Figure 1 shows the Lower Spencer Gulf bioregion and the biounits delineated by Edyvane (1999b). The Lower Spencer 

Gulf bioregion has been modified from the IMCRA delineation for the Spencer Gulf and Eyre bioregions for a number of 

reasons. 

1. The Eyre bioregion was considered too large to sample with the current resources in one year 

2. The orientation of the eastern Eyre Peninsula coast was considered likely to support habitats that are more 

biologically similar to areas higher in the Gulf than habitats with a southern orientation which dominate the rest of 

the Eyre bioregion. 

Therefore the Lower Spencer Gulf bioregion spans from Cape Catastrophe and Thistle Island east to Wedge Island and 

linking to Yorke Peninsula at West Cape (Figure 1). The northern boundary spans from Victoria Point on the northern 

entrance to Franklin Harbor across to Point Riley. This boundary has been aligned with the Edyvane (1999b) biounits for 

consistency.  

The Lower Spencer Gulf is the southern most part of the large inverse estuary of Spencer Gulf. An inverse estuary is 

defined by having a higher amount of evaporation over the amount of freshwater inputs, resulting in an increasing salinity 

gradient towards the head of the gulf (north) (Nunes Vaz et al 1990). The effects of this salinity gradient are not as 

significant as in the Northern Spencer Gulf, but the ambient salinity of this bioregion is still slightly higher than open 

ocean (35 psu and 32 psu respectively). The water circulation through the gulf is generally northwards along the western 

side of the gulf, rotating in a clockwise direction. The salinity of the gulf is regulated through a natural hypersaline flow 

along the seafloor down the eastern side of the gulf in deeper waters during winter. This density driven current transports 

salt from the gulf, which prevents salt from slowly accumulating, particularly in the northern Spencer Gulf bioregion 

(Nunes 1986). 

Monitoring will focus on nearshore environments in a zone of 2–15 m depth, which has been identified as a balance 

between achieving sensible coverage relative to logistic constraints: 

 The ecosystems within this zone generally comprise rocky reef, seagrass, and/or bare sandy bottom for which there 

is a considerable and growing body of research related to their responses to disturbance, in particular declines in 

water quality.   

 The 2-m limit allows ready (and safe) access for boats and camera systems without the need to radically adjust the 

sampling methods, the simplicity and consistency of which is essential in establishing a long-term, spatially varied 

dataset. 

 Although light attenuation from shallow to deep water and distance from shore can vary substantially (see (Duarte 

1991; Masini et al 1995; Collings et al 2006), the 15 m lower limit is less likely to be light limited particularly in 

offshore areas of the gulfs and oceanic regions. The 15 m profile is considered to be the lower depth limit for many 

Posidonia species but certainly encompasses most of the perennial taxa for which seagrass loss is of primary 

concern (see summary in Westphalen et al 2004). Seagrass decline is often considered to occur in deeper areas first 

(Westphalen et al 2004, Collings et al 2006). A loss of condition or cover of seagrasses at depth may be the first sign 

of decline, although it is worth noting that on the Adelaide metropolitan coast, seagrass loss was largely in shallower 

nearshore areas. 

 The 15 m depth places a logistic limit on sampling across seabed with a low level of slope. Conversely, this depth 

also offers some capacity for spatial coverage in steeper, higher relief systems. 

 



 Bioregional assessment report: Lower Spencer Gulf  

 15 

 

Figure 1 Map of the Lower Spencer Gulf bioregion. The orange shows the original IMCRA_v4.0 boundary, while the 

dark green shows the EPA nearshore MER boundary. Labels are Edyvane (1999b) biounits. 

2.1 Threat assessment 

Available data, literature and risk assessments have been consulted to develop a coarse threat assessment to develop 

the Tier 1 predicted condition for each biounit (Table 2). This threat assessment details not only anthropogenic inputs into 

nearshore waters in each biounit, but also the transport of pollutants from one biounit into another (where information is 

available), and also some of the natural factors that may exacerbate nutrient enrichment of decreased water clarity. 

Table 2 Tier 1- Lower Spencer Gulf threat assessment 

Lower Spencer Gulf Jussieu Dutton Franklin Tipara Wardang Pondalowie 

Areas of restricted water movement or 
likely low residence time 

     

Agricultural runoff      

Coastal development      

Dredging      

Industrial discharges      

Historical inputs      

Shipping      

Septic tanks      

Stormwater      

WWTP      



Bioregional assessment report: Lower Spencer Gulf  

 16 

CWMS      

Seacage aquaculture      

Other aquaculture      

Upwelling region      

      

Sum of threats        

None 1 5 5 5 8 10 

Low 3 4 4 3 2 4 

Moderate 6 3 2 4 1 0 

High 4 2 3 2 3 0 

Total 27 16 17 17 13 4 

Expected condition Fair Good Good Good Good Excellent 

Threat assessment scores: 

Symbol Consequence Detail Score 

 Insignificant Localised impact with a short duration (days) 0 

 Low impact Localised impact but with a moderate duration (weeks to months) 1 

 Moderate impact Wide or long duration 2 

 High impact Wide & long duration 3 

Where there was significant uncertainty in the load, toxicity, or impact of a potential threat the uncertainty was treated by 

increasing the consequence level one level (ie: from low to moderate). 

2.2 Tier 1 results Jussieu  

Description 

The Jussieu biounit extends from Cape Catastrophe, including Thistle Island, through to Salt Creek north of Tumby Bay 

(Figure 2). This biounit includes the Sir Joseph Banks Group of Islands, but as these islands were included as a part of 

the assessment of reference condition in Gaylard et al (2013), and will be routinely evaluated in this context, they have 

been excluded from this assessment of Jussieu. 

The shoreline of Jussieu is primarily orientated in an easterly direction resulting in the biounit being dominated by 

offshore breezes and low wave energy (Edyvane 1999b). The National Benthic Habitat Mapping program within Jussieu 

in waters less than 15 m deep, suggests that 51% of the area was comprised of seagrass, while 25% unvegetated sand 

and 19% reef (SARDI 2004). To date Jussieu has not been mapped under the State Benthic Habitat Mapping program 

(DEWNR 2010).  

Seagrass meadows are dominated by Posidonia australis in waters to approximately 4 m and then Posidonia sinuosa 

and Posidonia angustifolia meadows in deeper waters (Edyvane 1999b). In some offshore waters there may be sparse 

Posidonia spp. as well as Halophila australis where sufficient light allows. Where there is rocky substrate, macroalgae 

can dominate and the composition of the reef can vary widely with differences in the wave exposure and complexity of 

the reef. Typically the fucoids Cystophora monoliformis and C. siliquosa are common in shallow waters with Ecklonia 

radiata, Seirococcus axillaris and Acrocarpia paniculata and a wide variety of understorey red and brown algae including 

Osmondaria sp., Placanium sp. and Caulerpa species in deeper waters (Edyvane 1999b).  
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The biounit includes the Sir Joseph Banks marine park whose outer boundaries span from South of Cape Donington, 

Point Bolingbroke eastwards past the Sir Joseph Banks Islands, and north past Tumby Bay. There are a number of 

sanctuary zones in this park including east of Point Bolingbroke, as well as one north of Tumby Bay (Figure 2). 

Tier 1 threat assessment 

The threat assessment process is outlined in Gaylard et al (2013), which highlights the use of any existing risk 

assessment information whether prepared by the EPA, or any other organisation that is applicable. If there are no 

existing assessments, then a coarse assessment of the number of threats to water quality and ecosystem degradation 

will be developed to predict the condition of the biounit based on the number and scale of inputs into each biounit. This 

process is not designed to be a quantitative risk assessment as this is outside of the scope of this program. 

The City of Port Lincoln is the largest urban centre in the biounit with 14,088 people recorded in the 2011 census 

(Australian Bureau of Statistics 2012). The SA Water Port Lincoln Wastewater Treatment Plant (WWTP) treats the 

sewage from the city and discharges treated effluent into Boston Bay at Billy Lights Point. In addition the town has 

numerous stormwater drains which flow directly into Boston Bay during periods of heavy rain. There are Community 

Wastewater Management Systems (CWMS) located at Tumby Bay and at Tulka which centralise the treatment of 

sewage waste from small communities that are not connected to the SA Water WWTP. Remaining properties use septic 

tanks. 

The Eyre Peninsula is predominantly an agricultural region, producing more than 45% of South Australia’s wheat and 

20% of its barley. Agricultural produce is mostly shipped out through the large deepwater port at Port Lincoln, which 

facilitates the import and export of large amounts of cargo, particularly grain and barley. In 2011, 3.14 million tonnes of 

cargo were moved through Port Lincoln in 131 vessel movements (Flinders Ports, 2012). 

The farming (or ranching) of the southern bluefin tuna (SBT) occurs in sea cages offshore from Boston Bay and is of key 

economic importance for Port Lincoln and South Australia (Figure 3). In 2010–11 the farm gate value of the aquaculture 

industry was $125 million, making up over half of the value of the seafood production in South Australia (Econsearch 

2012). Historically the sea cages were located inside of Boston Bay which would have contributed significant nutrient and 

organic loading to the Bay. On 11–12 April 1996 the remnants of tropical cyclone ‘Olivia’ travelled southeast over the 

Great Australian Bight and passed over Port Lincoln producing strong northeasterly winds for approximately 12 hours. 

This wind produced waves with sufficient energy to lift fine organic sediment from the sea floor into suspension 

(Petrusevics 1996; Grzechnik 2000). In combination with a dodge tide, these sediments are thought to have coated the 

gills of the fish (Clark 1996) and were likely to have decreased the dissolved oxygen in the water. The result was the 

death of over 1,700 tonnes of tuna comprising approximately 75% of the stock in the farms at the time. Since this event 

the majority of the SBT cages have been moved outside of Boston Island into deeper water where the current speeds are 

higher to dissipate wastes generated. 

Once the SBT are harvested, some are transported to the fish-processing factories in Port Lincoln. These facilities 

discharge nutrient-rich wastewater into the nearshore environment of Proper Bay. This has been on-going practice since 

before the aquaculture boom in the region, and has been implicated in the loss of over 40 ha of seagrass from the 

nearshore environment of Proper Bay (Shepherd 1986). While the load of nutrients has decreased over the years there is 

still evidence of nutrient enrichment (Gaylard 2009) and seagrass loss (Hart 1999; Cameron 2010) in Proper Bay.  

The Tod River is the most significant terrestrial discharge in this biounit which discharges near North Shields into Louth 

Bay. The EPA inland waters MER program has shown that this creek is in Poor condition with major changes in 

ecosystem structure and the way the system functions. There was obvious signs of gross nutrient enrichment and limited 

vegetation in the riparian zone (EPA 2012b). Records show that this creek flows regularly in winter into Louth Bay where 

it may impact on nearshore communities (Government of South Australia 2012). 
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Figure 2 Benthic habitats in the nearshore region of Jussieu biounit. Benthic habitats are from the National 

Benthic Habitat Mapping layer (SARDI 2004). 
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Figure 3 Aquaculture zones and licenses in the Jussieu biounit September 2012. From PIRSA Aquaculture Public 

Register www.pir.sa.gov.au/aquaculture/public_register. 

The lower Spencer Gulf is subjected to high influxes of nutrients into the region through upwellings, which occur by the 

deflection of surface waters offshore, where they are replaced by the upwelling of cold, nutrient rich water from the very 

deep submarine canyons at the continental shelf (Pattiaratchi 2007). These upwelling events generally occur through 

certain wind regimes, or interaction between surface and subsurface currents and submarine topography, which typically 

occur in summer. Upwellings have been shown to drive a high degree of biological activity by stimulating primary 

productivity especially large phytoplankton which can drive pelagic fish stocks (Pattiaratchi 2007). The eutrophication of 

coastal waters through anthropogenic discharges are in addition to the natural nutrient influx. While there is considerable 

uncertainty in the relative loads from each source, the deleterious effects of nutrient enrichment are the same, and this 

MER identifies those areas that are enriched from excess nutrients whether through natural or anthropogenic means. 

Trying to identify a source of those nutrients in highly stressed areas may be undertaken during a Tier 3 investigation. 

Throughout Jussieu there are a number of areas that have limited exchange and higher water residence times, including 

Proper Bay, North Shields and the northern region of Louth Bay including Peake Bay (Figure 4a and b) (Petrusevics 

1993; Hertzfeld et al 2009). These areas may be more susceptible to nutrient enrichment due to their slower water 

exchange, and the possibility of accumulating pollutants. 

The EPA undertook an ambient water quality monitoring program between 1997-2008 throughout Boston and Proper 

Bays. The program showed that while the nutrient levels measured in the water column were quite low compared to the 

Guidelines for Fresh & Marine Water Quality (ANZECC), there were many symptoms of excess nutrients with elevated 

chlorophyll concentrations, observed heavy epiphyte loads on seagrass (Gaylard 2009), and evidence of seagrass loss 

(Figure 5)(Cameron 2010). The conclusion from the monitoring was that there was an excess of nutrients in Boston and 

Proper Bays which has the potential to impact on benthic habitats, particularly in Proper Bay. The low current speeds and 

areas of high residence times are likely to be exacerbating the impact of nutrient inputs on benthic habitats. 

 

http://www.pir.sa.gov.au/aquaculture/public_register
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Figure 4 a) Winter depth averaged current velocity  b) Summer depth averaged current velocity (from Hertzfeld et al, 

2009). 

Expected condition of the Jussieu biounit 

The coarse threat assessment (Table 2) highlights the presence of activities or factors that may impact on water quality 

and ecological condition. It suggests that due to the level of potential threats to water quality, the level of terrestrial habitat 

modification, and the degree of use of the waters the ecological condition of the Jussieu biounit is Fair. The biounit is 

likely to have some habitats that have been slightly degraded which could be starting to affect ecosystem structure and 

function. 

 

 

a) b) 
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Figure 5 Map of benthic classification throughout Boston and Proper Bays between 1996-2009 (Cameron 2010).  

The substrate gain (red) is possible seagrass loss. Substrate loss (blue) may be seagrass expansion or 

could be presence of drift macroalgae ie: seagrass expansion cannot be directly inferred without detailed 

ground truthing. 
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2.3 Tier 1 results Dutton  

The Dutton biounit extends from Salt Creek north of Tumby Bay to Arno Bay on the central western side of Spencer Gulf 

(Figure 6). The shoreline of the biounit has an overall easterly orientation resulting in primarily offshore winds and low 

wave energy (Edyvane 1999b).  

The National Benthic Habitat Mapping undertaken by Edyvane (1999b) suggests that in water less than 15 m deep 

seagrass meadows represent 97% of the inshore areas in the biounit, rocky reefs 2%, and soft sandy bottom is only a 

negligible part of the biounit. The southern part of this biounit includes part of the Sir Joseph Banks marine park with a 

sanctuary zone on its northern boundary.  

In shallow waters the seagrass Amphibolis antarctica dominates with Posidonia sinuosa dominating in deeper waters. 

Rocky reefs on exposed coasts in this biounit are dominated by the kelp Ecklonia radiata and mixed fucoids including 

Sargassum linearfolium S. paradoxum, S. spinuligerum and S. lacerifolium as well as Cystophora expansa, C. 

monoliformis and C. brownii (Edyvane 1999 b).  

 

Figure 6 Benthic habitats in the nearshore region of the Dutton biounit. Habitats are from the National Benthic 

Habitat Mapping layer (SARDI 2004). 

Tier 1 threat assessment 

The Dutton biounit contains the township of Port Neill which has a permanent population of approximately 136 people 

(Australian Bureau of Statistics 2012). There are no EPA licensed WWTPs or CWMSs in this biounit resulting in all 

sewage disposal being through septic tanks. Septic tanks have been shown to  introduce nutrients into the shallow 

groundwater at a load of between 5-10 kg/dwelling/year (Reay 2004), which when the water move towards the coast can 

introduce nutrients into nearshore waters. 
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The land use of the terrestrial environment is dominated by agriculture with cereal farming of grain and sheep farming 

being the main commodities. The only small creek that could flow to the marine environment in this biounit is Salt creek 

near Tumby Bay. 2010 monitoring by the EPA showed that this creek is a shallow ephemeral creek that was in Very Poor 

condition, and the creek had obvious signs of nutrient enrichment; there was bank erosion and little riparian vegetation 

(EPA 2012a). In high flow events these nutrients and sediments would flow into Tumby Bay but this is considered to be 

rare.  

Dutton is used by the aquaculture industry for sea cage aquaculture of YTK (Figure 7), and the northern most part of the 

biounit which straddles the Franklin biounit at Arno bay is used for YTK and SBT aquaculture. The biounit is likely to have 

been trawled for western king prawns (Melicertus latisulcatus) which has the potential to significantly impact the benthic 

communities present (Tanner 2003; Tanner 2005; Svane et al 2009). 

The area has also been earmarked for the export of iron ore through deep water ports. However, these are still only 

proposals, so have not been considered in the threat assessment at this time. 

Expected condition of the Dutton biounit 

The threat assessment for Dutton suggests that the terrestrial landscape has been heavily modified resulting in increased 

nutrient and sediment flows from the land to the sea when it rains heavily. Fortunately this is a low rainfall area so the 

frequency of this is likely to be low. Table 2 details the main threats to water quality in the biounit and at the current level 

of potential threats. The ecological condition of the biounit is predicted to be Good, with only a small amount of 

impairment compared to what is considered to be unimpacted or reference condition (see (Gaylard et al 2013). 

 

Figure 7 Aquaculture zones and licenses in the Dutton biounit September 2012. 

2.4 Tier 1 results Franklin  

The Franklin biounit is located to the north of Dutton, between Cape Driver at Arno Bay, through to Victoria Point at the 

mouth of Franklin Harbor on the western side of Spencer Gulf (Figure 8). The biounit has a south easterly orientation 
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which results in some onshore winds during summer, and southerly winds with slightly higher wave energies compared to 

the more southern and eastern biounits (Edyvane 1999b). The region includes the large coastal embayment of Franklin 

Harbor which is connected to Spencer Gulf through a narrow entrance at Victoria and Germein Points.  

The Franklin biounit includes the Franklin Harbor marine park which spans from Port Gibbon north to Plank Point outside 

of the Franklin biounit. This marine park has a number of sanctuary zones within it including two offshore from Port 

Gibbon south of the Franklin Harbor entrance, and 2 sanctuary zones inside Franklin Harbor highlighting its 

environmental value in this Gulf.  

The total inshore (< 15 m) habitats mapped in the National Benthic Habitat Mapping program in the biounit are 

represented by 50% soft sandy bottoms, 26% seagrass habitats, and 23% rocky reefs3. On moderately exposed shores 

the rocky reef macroalgal communities are dominated by Ecklonia radiata and mixed fucoids including Sargassum 

linearfolium, S. spinuligerum and S. lacerifolium as well as Cystophora expansa, C. monoliformis and C. brownii. 

Seagrass habitats are dominated by the meadow forming species Posidonia sinuosa and Amphibolis antarctica (Edyvane 

1999 b). It should also be noted that some of the deeper offshore waters have not been mapped. 

 

Figure 8 Benthic habitats in the nearshore region of the Franklin biounit. Habitats are from the National and State 

Benthic Habitat Mapping layers (SARDI 2004; DEWNR 2010). 

Tier 1 threat assessment 

Cowell, a township on the shores of Franklin Harbor, is the largest coastal town in the biounit and had 1069 permanent 

residents, while Arno Bay, located further south has 227 residents. The main industries are farming grain and other 

                                                        

3 The State benthic habitat mapping program only captured a small proportion of the Franklin biounit as therefore the coarser 

National benthic habitat mapping data has been used. 
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cereal crops, and tourism - particularly for recreational fishing. The waters of Franklin Harbor are utilised for oyster 

aquaculture (Australian Bureau of Statistics 2012). Sewage treatment throughout the biounit is predominantly septic 

systems. 

Even though the terrestrial environment is highly modified by agriculture, there are very few creeks which flow into the 

marine environment even in large rainfall events. Therefore with the exception of small localised stormwater input, the 

region including the large coastal embayment of Franklin Harbor receives little to no runoff from the terrestrial 

environment.  

The Clean Seas Aquaculture hatchery is located at Arno Bay and rears juvenile fish (mainly YTK and some SBT) 

for grow out in sea cages offshore from Arno Bay. Figure 9 shows the aquaculture areas within the Franklin biounit 

including the finfish; YTK, and SBT near Arno Bay, oyster leases (Crassostrea gigas) within Franklin Harbor and 

one small finfish lease within Franklin Harbor, however advice from PIRSA indicates that this lease has not been 

stocked in recent years (P. Lauer (PIRSA) pers. comm.). The biounit is likely to have been trawled for western king 

prawns (Melicertus latisulcatus) which has the potential to significantly impact the benthic communities present (Tanner 

2003; Tanner 2005; Svane et al 2009). 

 

Figure 9 Aquaculture zones and licenses in the Franklin biounit in September 2012. 

Expected condition of the Franklin biounit 

The threat assessment for the Franklin biounit suggests that the terrestrial landscape has been heavily modified, however 

there are very few occasions when the creeks would connect to the sea. Table 2 details the potential threats to water 

quality and the degree of use of the waters. The biounit is predicted to be in Good condition, with only a small amount of 

impairment compared to what is considered to be unimpacted. 

2.5 Tier 1 results Tiparra  

The Tiparra biounit ranges from Point Riley just north of Wallaroo south to Island Point just north of Port Victoria on Yorke 

Peninsula (Figure 10). The biounit has a westerly orientation generating low to moderate wave energies (Edyvane 

1999b). Of the total inshore habitats (< 15 m) mapped in the State Benthic Habitat Mapping program, undertaken by the 

Department of Environment, Water and Natural Resources (DEWNR), habitats were comprised of 63% seagrass with 

meadows dominated by the meadow forming species Posidonia sinuosa, Amphibolis antarctica as well as Heterozostera 
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tasmanica. An estimated 33% of the nearshore habitats mapped were rocky reef and were likely to be dominated by the 

robust brown macroalgae Sargassum linearifolium and S. podacanthum (Edyvane 1999b), while only 4% of nearshore 

habitats mapped were comprised of unvegetated sand (DEH 2009).  

The Tiparra biounit encompasses the northern section of the Eastern Spencer Gulf Marine Park. This park has a 

sanctuary zone located to the south of Cape Elizabeth. 
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Figure 10 Benthic habitats in the nearshore region of the Tiparra biounit. Benthic habitats shown are a the National 

and State Benthic Habitat mapping layers (SARDI 2004; DEWNR 2010). 
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Tier 1 threat assessment 

The town of Wallaroo sits on the shores of the Tiparra biounit and in 2011 had 3,674 people (Australian Bureau of 

Statistics 2012). Other significant towns are Moonta Bay with 4,238 people and Port Hughes with 456 in 2011 (Australian 

Bureau of Statistics 2012). There is considerable coastal development in this biounit with many new dwellings and large 

residential developments in the coastal areas. The main industry is cereal crops, and there is a large port facility at 

Wallaroo to export grain. Historically the region was heavily used for copper mining with the foreshore area being used 

for smelting and export, which has likely resulted in areas of contamination. Tiparra has a large influx of tourists during 

the summer months who partake in boating and fishing throughout the waters. 

There are 2 community wastewater management systems in this biounit to treat, sewage but the capacity of these 

systems has been in question in the last few years with frequent overflows and poor management practices. There is also 

likely to be many septic systems in areas not connected to the CWMS. 

There are a number of aquaculture zones within the Tiparra biounit (Figure 11) but only a small number of licenses for 

bivalves, which are likely to be lightly stocked due to possible changes in ownership (C. Mathews (EPA), pers. Comm. 

25/09/2012). The biounit is likely to have been trawled for western king prawns (Melicertus latisulcatus) which has the 

potential to significantly impact the benthic communities present (Tanner 2003; Tanner 2005; Svane et al 2009). 

 

Figure 11 Aquaculture zones and licenses in the Tiparra biounit September 2012. 

Expected condition of the Tiparra biounit 

The threat assessment for the Tiparra biounit indicates that the terrestrial landscape has been heavily modified by 

agriculture, however there are very few occasions when the creeks would connect to the sea. Table 2 details the potential 

threats to water quality and the degree of use of the waters. This assessment considers that the ecological condition of 

the biounit is predicted to be Good with largely intact habitats, but there is likely to be some areas where the habitat has 

been impacted, changing ecosystem structure and function compared to what is considered reference condition. 
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2.6 Tier 1 results Wardang  

The Wardang biounit extends from Island Point just north of Port Victoria down the western side of the Yorke Peninsula 

to Corny Point (Figure 12). The biounit faces west into Spencer Gulf and has Wardang Island offshore from Port Victoria. 

The biounit is exposed to moderate to high wave energies, particularly on the outside of Wardang Island. Behind 

Wardang Island and south towards Point Turton the wave energies are low (Edyvane 1999b). Extensive seagrass 

meadows occur in Hardwicke Bay and Port Victoria which represent approximately 63% of habitats in water less than 15 

m deep (DEWNR 2010). These seagrass habitats are dominated by the meadow forming species Posidonia sinuosa, P. 

angustifolia and Amphibolis antarctica (Edyvane 1999b). While macroalgal reefs on exposed rocky shores are dominated 

by mixed communities of the robust brown macroalgae Cystophora expansa, C. monilifera and C.monoliformis and 

Sargassum sonderi, S. spinuligerum and S. heteromorphum. On moderately exposed coasts the robust brown alga 

Cystophora botryoides and C. expansa mixed with Sargassum lacerifolium, C. linearifolium, S. spinuligerum and S. 

heteromorphum (Edyvane 1999b). Rocky reef areas comprise approximately 28% of the Wardang biounit, while 

unvegetated sand represent approximately 9% of the area mapped less than 15 m deep in the State Benthic Habitats 

Mapping program,.(DEWNR 2010). 

There are no creeks that regularly flow to the marine environment in this biounit. 

The biounit includes the southern part of the Eastern Spencer Gulf marine park which ends near Wauraltee Beach and 

the Southern Spencer Gulf marine park which commences at Port Minlacowie. There are a number of small sanctuary 

zones in these parks including the northern section of the bay at Point Pearce and Goose Island. 
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Figure 12 Benthic habitats in the nearshore region of the Wardang biounit. Habitats are from the National and State 

Benthic Habitat Mapping layers (SARDI 2004; DEWNR 2010). 

Tier 1 threat assessment 

The Wardang biounit has only a small number of towns with the largest being Port Victoria, which in 2011 had 316 

permanent residents, and Hardwicke Bay with 127 permanent residents (Australian Bureau of Statistics 2012). Port 

Victoria was historically used to export grain and is surrounded by agricultural land with cereal crops dominating the 

entire Peninsula. 

Sewage treatment from these towns is via septic tanks, which in sandy soils has the potential to introduce nutrients into 

groundwater and could travel towards the coast. There are a number of locations where the water exchange may be 

limited due to natural geomorphology, and this may exacerbate the impact of pollutant discharges. 

There are a number of aquaculture zones in the Wardang biounit, including abalone development licenses offshore from 

Hardwicke Bay (Figure 13). The biounit is likely to have been trawled for western king prawns (Melicertus latisulcatus) 

which has the potential to significantly impact the benthic communities present (Tanner 2003; Tanner 2005; Svane et al 

2009). 

Expected condition of the Wardang biounit 

The threat assessment for Wardang suggests that the terrestrial landscape has been heavily modified by agriculture, 

however surface water runoff is unlikely to regularly reach the sea. Table 2 details the potential threats to water quality 

and the degree of use of the waters. The assessment considers that the ecological condition of the biounit is predicted to 

be Good, where the biounit is likely to have some habitats that have been slightly degraded which could be starting to 

affect ecosystem structure and function. 
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Figure 13 Aquaculture zones and licenses in the Wardang Biounit September 2012. 

2.7 Tier 1 results Pondalowie  

The Pondalowie biounit extends from Corny Point south along the Yorke Peninsula to the south west tip of Yorke 

Peninsula at West Cape (Figure 13). The biounit faces to the west and receives high wave energies. There are no creeks 

that flow to the marine environment in this biounit. 

Interrogating the State Benthic Habitat Mapping data shows that the total inshore (< 15 m) habitats mapped in the 

Pondalowie biounit were comprised of 27% soft sandy bottoms, 68% are rocky reefs and only 5% are seagrass meadows 

(DEH 2009). On exposed coasts the macroalgal communities on rocky reefs are likely to be comprised of Ecklonia 

radiata and Scytothalia dorycarpa with red algal understorey commonly made up of Plocanium, Peyssonnelia and 

crustose corallines (Edyvane 1999b). On moderately exposed coasts the deeper macroalgal communities are largely 

dominated by Carpoglossum confluens, Homeostrichus sinclairii and Cystophora grevellia and an understorey of mixed 

reds. In low wave energy locations rocky reefs are dominated by Cystophoa monoliformis and C. monilifera, Ecklonia 

radiata and Caulerpa cactoides and Scytothalia dorycarpa (Edyvane 1999b). While seagrasses only make up a very 

small part of this biounit they are mainly comprised of Amphibolis antarctica and Posidonia sinuosa. 

The entire Pondalowie biounit is located within the Southern Spencer Gulf Marine Park, however under the current 

proposal there are no sanctuary zones. Much of the terrestrial environment adjacent the Pondalowie biounit is made up 

of the Innes National Park. 
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Figure 14 Benthic habitats in the nearshore region of the Pondalowie biounit. Habitats are from the National and 

State Benthic Habitat Mapping layers (SARDI 2004; DEWNR 2010). 
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Tier 1 threat assessment 

There are no coastal towns in close proximity to the Pondalowie biounit, however there is a small fishing village 

comprised of 15-20 dwellings within the sand dunes at Pondalowie Bay. This area is used for recreation which brings 

large numbers of people into the area particularly during summer. This puts extra capacity pressure on the septic 

systems. 

As stated above a large proportion of the land adjoining the biounit is made up of national park with very little 

infrastructure. There is also no aquaculture within the biounit. 

Expected condition of the Pondalowie biounit 

The threat assessment for the Pondalowie biounit suggests that the terrestrial landscape has only been slightly modified. 

Table 2 details the potential threats to water quality and the degree of use of the waters. The assessment considers that 

the ecological condition of the biounit is predicted to be Excellent, with ecosystems that could be considered natural or 

unimpacted. 
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3 Tier 2 methods 

Methods used in the nearshore MER program can be found in Gaylard et al (2013), so this document will only briefly 

describe the methods used in the nearshore MER program for the Lower Spencer Gulf bioregion. For detail of the metrics 

used in the interpretation of the data see the conceptual models in Appendix 2 and Gaylard et al (2013). 

The nearshore MER program has a nested design that operates across different spatial scales for monitoring and 

reporting. These scales include bioregion  biounit  site (Figure 15). This document details the results of the MER 

program for the biounits within the Lower Spencer Gulf bioregion. Results of individual sites within a biounit will detail 

reasons behind differences, or gradients seen, within the biounit. Results will be compared to observations of reference 

condition determined by Gaylard et al (2013), which used the same methodology in areas remote from anthropogenic 

disturbance to assess habitat condition, and snap shots of water chemistry in order to set a benchmark for comparison. It 

is accepted that it is unlikely that any location in South Australia is completely unimpacted, and it is unlikely that these 

locations (Flinders and Pearson islands and the Sir Joseph Banks Group of Islands) would serve as adequate “control” 

sites for all locations being assessed. Regardless these locations do provide a starting point to develop the conceptual 

models and a point of comparison. 

 

 

Figure 15 Nested design of nearshore marine monitoring and evaluation program. 

3.1 Site selection 

The number of sites within each biounit was initially based on the Tier 1 assessment taking into account a higher number 

of sites with a perceived increase in potential disturbance, however this was also limited by available resources and 

logistics. In future years the results of monitoring will allow greater efficiency in site selection. Given finite resources it is 

unlikely that an optimal number of sites in every biounit will be achieved, but this will at least allow for knowledge of 

uncertainty. Sites were allocated using a stratified random design which overlaid a numbered 500 m x 500 m grid over 

the waters less than 15 m deep throughout the biounit. A random number generator was used to select grid locations 

typically allocating double the number of required sites. Final site locations were selected from the random locations by 

excluding locations in close proximity to hazards such as breaking or potentially dangerous waters, known industrial 

discharges, to ensure an ambient perspective was maintained and clusters of sites were also reduced. Final site 

positions are included in the attached maps for each biounit and in Appendix 4.  
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3.2 Methods at each site 

In order to characterise habitats over a site, ten x 50 m underwater video belt transects were undertaken at randomly 

chosen locations in water between 2 - 15 m deep (Figure 16). Transects were undertaken using a geo-referenced 450 

line analogue video camera (Scielex/Kongsberg) in a custom made housing angled at 90 degrees to the seafloor. A live 

video feed ran directly from the camera to an audio and video encoding system (Geostamp) which overlays a GPS 

location, direction, speed, date and time strings to the video and recorded to a hard drive. A surface screen allowed the 

operator to position the camera approximately 1 m from the substrate in order to maximise image quality and resolution. 

This set-up provided a field of view of approximately 1 m2, whereby each belt transect equates to approximately 50 m2. 

Videos were analysed upon return from the field using an in-house video analysis software package. At times, the 

resolution of the analogue video camera can pixilate when finer detail may be warranted. Therefore a full high definition 

(HD) video camera (GoPro Hero 2) was synchronised with the analogue camera, the image from which could be 

employed when analysis demanded a higher resolution for taxonomic identification or finer detail (eg rocky reef 

assessment). Videos were assessed for a range of biological parameters outlined below:   

 Habitat type (seagrass, rocky reef, unvegetated sand)  

 Seagrass species, area, density, patchiness, distance between patches 

 Seagrass epiphyte load 

 Abundance of opportunistic macroalgae 

 Cover of large brown canopy algae, cover of small brown algae, cover of filamentous algae, cover of bare 

substrate, cover of turfing algae 

 Epi-fauna (crabs, ascidians, bryozoans etc.), faunal tracks, bioturbation, microphytobenthos 

 Substrate type, particle size, sediment colour, 

 Potential marine invasive species (position highlighted for further investigation) 

 Presence of any debris, plastics, litter etc. 

Quantifying water chemistry at each site was undertaken by sampling three replicate 2.5 L water grab samples at each 

transect location mixed into a 25 L container. After three transects the water in the container was mixed thoroughly, sub 

sampled and then discarded. This process is repeated across the site for all transects (n = 9) to provide a snap shot of 

water nutrient concentration (total nitrogen, total ammonia, total kjeldahl nitrogen, total oxidised nitrogen, total 

phosphorus and filtered reactive phosphorus) and turbidity. Samples for soluble nutrients were immediately filtered using 

a 0.45 µm filter and frozen as soon as practical prior to analysis. At each site one 2 L grab sample was taken for 

chlorophyll analysis and immediately iced and placed in darkness. The samples were filtered using a 0.45 µm filter at the 

end of each day and the filter paper frozen prior to analysis. All samples were frozen and analysed within the laboratory 

holding times. Compositing water samples in the above manner is commonly used to reduce analytical costs of 

environmental sampling, and with careful planning may reveal the same information as analysing many samples while 

still retaining, if not increasing, the precision of sample-based interferences (Patil 1995). A full description of the method 

for compositing water samples obtained under the nearshore MER program is described in Gaylard et al (2013).  
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Figure 16 Example of 10 random sampling locations within a site. 

In the event of water chemistry results being below the reporting limit (LOR) (ie below the detection limit of the analytical 

equipment), a method of substituting the censored value with half the reporting limit has been adopted. For example the 

total ammonia LOR is 0.005 mg/L; if a result is recorded as <0.005 mg/L then the result used is 0.0025 mg/L (Ellis and 

Gilbert 1980). This arbitrary approach does have limitations (see (Helsel 1990) but in the nearshore MER program it was 

considered appropriate due to the amount of data generated, the low number of ‘non-detects’, and the unbiased nature of 

using half the reporting limit compared to methods that substitute for the reporting limit or allocation to a value of zero 

(Helsel 1990). All water samples were sent to the Australian Water Quality Centre for analysis. 

A multi-parameter sonde (YSI 6920 v2) was used to log water quality parameters including electrical conductivity, pH, 

dissolved oxygen and chlorophyll a at 10 second intervals for a total of approximately 2.5 mins at 0.5 m from the surface 

at each location (n = ~15 per transect and ~150 per site).  

These methods are the same as what was used to define reference condition within the conceptual models outlined in 

Gaylard et al (2013). 

3.2.1 Conceptual models 

Gaylard et al (2013) detailed the monitoring methods undertaken to broadly assess ecological condition for the nearshore 

MER program and reporting using the AECR classification system. It included development of generic conceptual models 

that have been used to suggest processes of degradation based on established literature and a condition gradient 

(Appendix 1 and 2). Conceptual models that describe the response of an ecosystem to stress have been used in 

developing strategies for natural resource management that put emphasis on the maintenance of important ecological 

characteristics. The condition gradient is a type of conceptual model that relates an observed ecological response to 

increasing levels of human disturbance (Davies and Jackson 2006). This gradient assumes that habitat condition 

deteriorates as the degree of human disturbance in the surrounding and adjacent environment increases, and 

conversely, the best condition occurs where there is little to no human disturbance of the environment (Appendix 1).  

Conceptual models have been developed which use existing knowledge linked to data collection in the development of 

this program (Gaylard et al 2013). They establish a biological condition gradient in response to nutrient enrichment and 

reduction in water clarity for seagrass, rocky reef and unvegetated sediment habitats in shallow (2-15 m) nearshore 

waters in South Australia. A description of these models is provided in Appendix 2 and their development is provided in 

(Gaylard et al 2013). Results of the Tier 2 assessment in this program are compared to these conceptual models to 

describe condition. 
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3.2.2 Data analyses 

The biological, water chemistry and physical data were analysed in order to evaluate a number of different desired 

outcomes. Each outcome, or question, was assessed by using either univariate statistics to test whether a population is 

different to another (eg reference population), or multivariate statistics which assess a combination of many parameters 

to look at how similar (or dissimilar) each population is to each other, or a combination of both types of test. There are a 

number of different spatial units the data can be looked at including the entire Lower Spencer Gulf bioregion which will 

discuss a very high level evaluation of results and broadscale changes. Key outcomes at the bioregion scale include: 

 Has data acquisition been representative of the known broad habitat types? 

 How do various indices change across the bioregion – are there large scale biological gradients present?  

 What are the major determinants in any differences between biounits within the bioregion?  

A more detailed assessment can be undertaken on the results of the sites within each biounit. This is the unit of 

assessment used for the AECR score, and allows finer spatial assessment with respect to the location of known pollution 

sources and smaller scale perturbations. The key outcomes of the biounit level assessment include: 

 Has data acquisition been representative of the known broad habitat types? 

 What is the Aquatic Ecosystem Condition Report outcome for the biounit?  

 How does this compare to the Tier 1 assessment?  

 How does the biounit compare to the reference condition? 

 Are there any biological gradients within the biounit? 

 Is there any relationship between index scores and water quality and physical observations within the biounit?  

 How reliable are the indicators to show differences?  

Univariate tests were used to look for differences for specific variables (eg total nitrogen or seagrass epiphyte load) at a 

number of levels including whether there were differences between biounits and the reference condition, or whether sites 

are different to each other within a biounit. Given the highly skewed nature of environmental data (eg water chemistry), 

the non parametric Mann Whitney U test was used to test for equality of two test population medians (Helsel 1987; Helsel 

and Hirsch 2002). All Mann Whitney U tests were undertaken using Minitab 14 with α = 0.05. 

Multivariate statistics were used to explore similarities within the biological data, which can be used to infer biological 

gradients within a biounit, or within the bioregion. Groupings can also be used to show how similar in multivariate space 

the biounits within the bioregion, or sites within a biounit, were to the reference condition. Groupings were defined using a 

SIMPER analysis after converting to a Bray Curtis similarity matrix. Non metric multi-dimensional scaling (nMDS) 

ordination plots were used to visually see similarities between sites as well as between biounits (Clarke and Warwick 

2001). In most circumstances a stress value of below 0.1 was acceptable as this is generally considered to give a good 

ordination with no real prospect of misleading similarities (Clarke & Warwick, 2001). Principal components analysis (PCA) 

was undertaken on water chemistry data after the Euclidian distance was normalised and transformed using either the 

square root or the log (x+1) transformation (Clarke & Warwick, 2001). All multivariate statistics were undertaken using 

Primer 6.0. 
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Statement of limitations 

Gaylard et al (2013) details the rationale and methods the nearshore MER program uses to define and assess ecological 

condition. It should again be stressed that the ecological condition rating developed for this monitoring program is 

designed to be a broad overview using rapid assessment techniques, this is then reviewed by a panel of experts to 

ensure consistency with the conceptual models and in line with the current level of understanding in the marine 

environment. The MER program is thus designed to be iterative and may change relative to increased understanding of 

disturbance gradients, seagrass, temperate reef and sandy bottom systems in South Australia is developed.  

The broad regional focus of the Tier 1 and Tier 2 aspects of the MER program is not designed to provide scientific 

certainty or casual relationships between specific potential pollution sources and observed environmental impacts. 

Rather, site specific uncertainty and casual relationships may be further investigated by specific projects under Tier 3 

(Section 1.1).  

A key overlying premise is that the program assumes clear gradients and the vast diversity of southern Australian marine 

systems, coupled with any number of response gradients makes categorisation of habitats based on broadly based index 

scores difficult. We should therefore not blindly follow index results if our common sense suggests otherwise. All technical 

reports are peer reviewed by experienced independent South Australian marine scientists as to whether the index results 

align with our understanding of marine systems, and with common sense. If discrepancies are highlighted then further 

work will be needed to investigate where these lie, and whether the conceptual models need reviewing for that biounit, or 

whether our understanding on the marine environment is accurate. 

It is accepted that even though there are problems with the concept of ecological ‘health or condition’ and ‘report cards’ 

due to the over-simplification of inherently complex multi-dimensional systems, the potential benefits arising from the 

increased accessibility of the biological information to the wider community makes it a useful concept. It is hoped that a 

diagnosis of Poor condition will raise community and political concern, and result in action to manage the issues 

highlighted (Deeley and Paling 1999). It should also be noted that an assessment of Poor condition does not necessarily 

mean that a particular location is degraded due to anthropogenic means, and where possible this will be conveyed 

through the AECR format. 
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4 Tier 2 – evaluation of the ecological condition - bioregion 

This section documents the results of the field monitoring program in the LSG bioregion in 2010, and the analysis behind 

the development of the Aquatic Ecosystem Condition Reports. The results are presented for the entire bioregion 

discussing broad composition of habitats monitored and similarities between sites across the bioregion investigating both 

the habitat information, as well as the factors that can modify the condition of the habitat such as epiphyte load and water 

chemistry. 

The findings within each biounit are then discussed in detail with similarities between sites, using both the habitat as well 

as modifiers, being considered using both multivariate as well as univariate statistical tests to investigate where 

significant differences lie. Within the discussion of each biounit smaller spatial groupings may be mentioned, such as 

standout areas within a biounit that are in especially Good or Poor condition. In these circumstances there may be a 

notation on the proximity to discharge sources. 

The EPA’s nearshore MER program undertook monitoring throughout autumn and spring in 2010 throughout the LSG. 

Site allocations are outlined below: 

 36 sites in four biounits sampled during 2010: autumn (20th April – 19th May) and spring (14th – 29th September) 

The MER program for the LSG bioregion during 2010 was constrained to 4 of the 6 biounits. The biounits that were not 

monitored will be made a high priority for future monitoring. In addition to the biounits that were unable to be monitored 

there were a number of sites that in both seasons were not able to be sampled, or data was lost due to corrupted video 

files. These circumstances were considered rare and are highlighted in the individual biounit assessment. It was 

considered unlikely to have impacted the overall biounit results. 

Analyses/comparisons for the LSG bioregion include; 

- Has data acquisition been representative of the known broad habitat types? 

- How do various indices change across the bioregion – are there biological gradients present? 

- What are the major determinants in any differences between biounits within the bioregion?  

4.1.1 Habitat 

Seagrass was the most dominant habitat with 59.6% of the 36 sites having some seagrass composition, while 34.0% 

were comprised of bare sand (Figure 17). Only one whole site had an appreciable amount of rocky reef (m0133: Cape 

Elizabeth in both autumn and spring), while m0130: Hardwicke Bay in spring was comprised wholly of small algae, which 

was considered not to be a rocky reef according to descriptions in (Turner et al 2007a) which would allow sampling 

outlined within the conceptual models (Appendix 2). This site was comprised of seagrass and bare sand during the 

autumn sampling which demonstrates the heterogeneous nature at this location, and is consistent with the DEWNR 

mapping undertaken in this area (discussed more later). The National Benthic Habitat Mapping data for the bioregion 

suggests that the habitats in waters less than 15 m deep are comprised of 47% seagrass, 24% macroalgal reef and 27% 

bare sand habitats (Edyvane 1999b). It should be noted that this MER program is not designed to be a mapping exercise, 

and that there is considerable variability with the National Benthic Habitat Mapping outputs. This comparison is only 

intended as a guide to demonstrate that this MER broadly assessed a comparable proportion of habitats, with the 

exception of rocky reefs which were under represented. 
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Figure 17 Average benthic habitat composition for sites within the Lower Spencer Gulf bioregion. 

 

Figure 18 Average seagrass HSI in the lower Spencer Gulf Bioregion. Error bars indicate the standard error. HSI is 

out of 100 (0 = Poor condition; 100 = Good condition). 

Tiparra had the highest seagrass condition measured by the habitat structure index (HSI) and this biounit was also the 

least variable (Figure 18). Conversely, Wardang had the lowest seagrass condition and was also the most variable. 

Wardang was also the only biounit that showed any apparent substantial difference between seasons with the autumn 

sampling covered more seagrass than in spring, however, this is related to equipment failure (see Section 4.6) rather 

than habitat heterogeneity or change in seagrass cover over time.  
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Figure 19 Average biounit reef lifeform composition in 2010 in the Lower Spencer Gulf bioregion. The number of 

reefs surveyed in each biounit is indicated by (n). Note that while reef habitat was scored in the habitat 

composition for Wardang it was not considered comparable to other biounits. 

There was a small number of reefs sampled in the nearshore MER for the Lower Spencer Gulf. This is consistent with the 

largely seagrass dominated sandy substrate in the bioregion (Edyvane 1999b). There were two small isolated sections of 

reef assessed in Jussieu, while one large area of reef sampled in Tiparra. The results show that Tiparra had extensive 

cover of large brown canopy algae (eg Cystophora spp. and Sargassum spp.) which have been considered to indicate a 

reef in Good condition in nearshore waters along the Adelaide Metropolitan and Yorke Peninsula coasts (Turner et al 

2007b). The cover of the large brown macroalgae within Jussieu reefs was more variable, and the proportion of bare 

substrate or turfing algae was higher suggesting a Poor condition. It should be noted that differences between reefs is not 

uncommon due to differences in substrate complexity, wave energy and other local environmental variables, which affect 

species composition on reefs.  
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4.1.2 Modifiers 

Gaylard et al (2013) details a range of parameters which investigate factors or processes that can contribute to the stress 

on the habitat, and if sustained lead to the degradation and possible loss of habitats (Kendrick and Burt 1997) but using 

the methods in this nearshore MER program, could be seen as seasonal or episodic. In many cases the duration of their 

influence is critical (eg seagrass epiphytes) and this may have a substantial effect on the condition of the habitat over 

time (Neverauskas 1988). The modifiers assessed in this program are discussed in Section 3.2, but briefly include 

seagrass epiphyte load, water chemistry parameters (total nitrogen, total phosphorus, ammonia, oxidised nitrogen and 

filtered reactive phosphorus and turbidity) and opportunistic macroalgae. 

Gaylard et al (2013) suggests conceptual models describing the change in the modifier with increasing disturbance, and 

as this MER program is only able to look at two snap shots throughout the year, there is uncertainty as to whether these 

modifiers are actually degrading the habitat condition or are transient. These parameters have not be included in the 

calculation of the ecosystem condition rating, but will be discussed as their role on habitat modification is well understood 

and this program can show whether the habitats observed may be under stress (Gaylard et al 2013). 

In order to see how the sites relate to a disturbance gradient, a number of reference points were created according to the 

conceptual models (in Appendix 2) to show sites in Excellent condition, a number of sites in Very Poor condition, and a 

number of sites that were approximately half way between these two states. It is accepted that this is a gross 

oversimplification of the natural environment but using the parameters within the conceptual models it provides context as 

to how well the conceptual models capture the range of conditions throughout the bioregion. Five replicate sites were 

used to demonstrate variability within the condition in terms of differences in individual or multiple parameters within the 

conceptual models (Figure 53, Appendix 2). This plot shows that the sites that are in Excellent condition are generally 

less variable than sites in Poor condition as defined by the conceptual models. This is not surprising given that symptoms 

of nutrient enrichment included in the assessment (epiphyte load and opportunistic macroalgae) are very low or absent in 

sites that are in Excellent condition, and therefore introduce little variability for these parameters. However, as nutrient 

enrichment increases there is more variability within these parameters. This model is consistent with numerous authors 

who concluded that variability increases with increased disturbance, and in fact that an increase in variability can be a 

symptom of stress in marine environments (Odum et al 1979; Odum 1985; Warwick and Clarke 1993; Attrill and 

Depledge 1997; Fraterrigo and Rusak 2008). 

The similarities between the biological indicators (including habitat variables and modifiers, but not water chemistry) 

within the biounits was investigated to see if there were any clear patterns or gradients in the data. The nMDS shows that 

the Jussieu and Franklin biounits are quite similar between seasons, and also to each other, and in close proximity to the 

Moderate reference points (Figure 20). Tiparra was also very similar within seasons but is separated from the other 

biounits due largely to higher amounts of seagrass present, and these sites were closer to the Excellent reference points. 

The parameters where seasonal changes may be expected to become apparent are epiphyte load and the opportunistic 

macroalgae (such as Ulva spp. and Hincksia spp.). In many cases these types of algae have shown to have a distinct 

seasonality in their abundance and composition (Borowitzka et al 2006), including in South Australia (Bryars et al 2011) 

which is where some of the variability within the nMDS plot may lie. For example there were differences in opportunistic 

macroalgae between seasons that were apparent particularly in the Jussieu biounit (discussed in detail later). Wardang 

was very different to all other biounits due to its low proportion of seagrass cover and it was also quite different to itself 

between seasons (for the reasons outlined above and in Section 4.6). It was located between the Moderate and Very 

Poor reference points suggesting that the biounits assessed cover a broad spectrum of condition which fits within the 

scope of the conceptual models (Figure 20).  
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Figure 20 nMDS plot for habitat composition, seagrass density and patchiness, seagrass epiphyte load and 

opportunistic macroalgae at all monitoring sites with conceptual model sites overlaid. Symbols show 

different biounits. 

Seagrass epiphyte loads were considerable throughout the entire Lower Spencer Gulf bioregion, but particularly on the 

eastern side of the Gulf throughout Tiparra and Warding (Figure 21). While there were slight variations in epiphyte load 

within each biounit across each sampling season, these changes at the bioregion level were seen as trivial. Tiparra 

biounit had the highest seagrass epiphyte load suggesting that almost all seagrass observed at all sites, in both autumn 

and spring, had dense covering of epiphytes. If this epiphyte load is prolonged there is a risk that seagrass habitats will 

become degraded or totally lost. 

Across the bioregion there was an interesting finding with the occurrence of opportunistic macroalgae such as Hincksia 

spp. and Ulva spp.. Literature suggests that in nutrient enriched nearshore waters Hincksia sordida can bloom during 

summer, as observed in Port Phillip Bay, Victoria (Campbell 1999; Campbell 2001), while blooms are prevalent during 

late spring to early summer in Noosa, Queensland (Phillips 2006; Lovelock et al 2008). The factors that affect these 

blooms are likely to be local nutrient availability, light and water temperature (Thomsen et al 2006; Lovelock et al 2008). 

The opportunistic macroalgae data throughout LSG indicated a strong seasonal difference evident in all biounits, but was 

particularly large in the Jussieu biounit (Figure 22). This seasonal growth increase was during spring rather than in 

autumn, which is the opposite to what would be expected if the growth was being driven by higher water temperatures 

during late summer as seen in other studies (Chavez et al 1999). Lovelock et al (2008) however highlights that local 

nutrient availability is often a key driver in macroalgal growth. This finding will be discussed further in each biounit section 

to allow for notation of site specific factors such as localised nutrient availability and hydrodynamics. It is also worthy to 

note that the conceptual models suggest that there should be little to no opportunistic macroalgae at locations that are 

indicative of Excellent condition (Appendix 2), which is consistent with observations in remote areas including Flinders 

and Pearson Islands and the Sir Joseph Banks group of islands (Gaylard et al 2013). 
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Figure 21 Average biounit seagrass epiphyte load in lower Spencer Gulf in 2010. Error bars represent the standard 

error. 

 

Figure 22 Seasonal differences in the presence of opportunistic macroalgae in the lower Spencer Gulf in 2010. Error 

bars represent the standard error. 
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It is noted that water chemistry is variable through space and time, and that these snap shots are not sampled over the 

same time scales that the biological information represents (months to years), and as such cannot provide the same 

confidence in similarities and differences as what can be held with the habitat information. For these reasons this 

information was not included in the nMDS above. Notwithstanding that, the water chemistry data provides a useful insight 

into the nutrient availability at the time of sampling, and how this may relate to the presence of epiphytes and 

opportunistic macroalgae to provide a more complete picture of nutrient status. 

In many circumstances sampling of water chemistry in marine waters focuses on the dissolved (inorganic) fractions of 

nutrients as they are the fraction that are immediately available to plants and algae, and are therefore a more immediate 

indicator for potential primary productivity (Guildford and Hecky 2000; Hoyer et al 2002; Smith 2006). However in low 

nutrient water with high biological activity the concentration of dissolved inorganic nitrogen (DIN), and the rapid uptake by 

biological material results in the inorganic fractions being removed form the water column, are largely undetectable by 

analytical methods (Guildford and Hecky 2000). Souchu et al, (2010) has shown that total nitrogen (TN) may be a better 

indicator than DIN to manage eutrophication in some marine systems. It has also been shown that, consistent with 

freshwater environments, the identity of the primary growth limiting nutrient for marine phytoplankton is predictable from 

water column total nitrogen to total phosphorus (TP) ratios (Hoyer et al 2002; Smith 2006). The typical threshold ratio of 

TN:TP (in moles) at which strong nitrogen limitation occurs are typically less than 20:1 (Smith 2006), and in coastal 

waters is typically close to 16:1 (Downing 1997; Downing et al 1999). This ratio has been shown to be broadly consistent 

with seawater and with phytoplankton (see Redfield (1958)), but it is accepted that the molar ratio within natural systems 

can be quite variable.  

In order to investigate whether there were any gradients or patterns in the water chemistry and chlorophyll throughout 

LSG, a PCA was undertaken on the data which shows similarities using all of the water chemistry data. This plot shows 

that there were differences across all biounits, with a clear delineation between the seasons in all biounits, which is likely 

due to high turbidity results throughout a number of biounits sampled during spring (see later) (Figure 23). The two axes 

of the plot account for 34.1% and 27.8% of the variation in the ordination which is a reasonable representation, but does 

suggest that over 38% of the variability within the data is not represented in this plot, highlighting the variable nature of 

water chemistry sampling.  

Generally in nearshore marine waters, nitrogen is the nutrient that limits primary productivity. In some cases this can vary 

between seasons or between difference algal species (Van Ruth et al 2009). The median biounit TN concentrations were 

compared to the reference data compiled by Gaylard et al (2013). This comparison showed that all biounits were 

elevated compared to what is considered reference (or unimpacted), however the DIN concentrations were consistently 

lower than what has been observed in reference locations. This is likely to be due to biological uptake of DIN by 

seagrass, the observed dense covering of seagrass epiphytes, and opportunistic macroalgae in the biounits. It again 

highlights the variable nature and complex interactions between chemistry and biology inherent in natural waters. 

The water chemistry results for LSG were assessed to investigate the total nitrogen to total phosphorus ratio, to better 

understand the potential nutrient limitation or portioning of nutrients, and to explain patterns in the biological growth 

observations. Figure 24 shows the average TN:TP ratio in each biounit in relation to the typical TN:TP ratio that suggests 

nitrogen content in a ratio optimal for plant or algal growth of around 16-20:1 (Downing 1997; Downing et al 1999; Smith 

2006). This figure shows that in a number of biounits there is a seasonal influence in the TN:TP ratio and this is 

particularly evident at Jussieu, and to a lesser extent the Franklin biounits. Overall the data shows that the condition of 

the nearshore habitats throughout the lower Spencer Gulf ). This result shows a large discrepancy in the nutrient balance 

between nitrogen and phosphorus in Jussieu during autumn. Changes in nutrient availability as well as changes in plant 

and algal biomass are likely to contribute to seasonal changes, but also changes in local nutrient discharges between 

autumn and spring. A more detailed assessment of the TN:TP ratios is provided for each site in the relevant biounit 

section, highlighting specific locations where the nutrient stoichiometry suggests enrichment of nitrogen.  
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Figure 23 PCA plot of average biounit water chemistry and chlorophyll results in autumn and spring 2010. 

 

Figure 24 Biounit TN:TP ratio between autumn and spring 2010. Error bars are the standard error. The typical mean 

molar ratio of TN:TP suggesting an excess of nitrogen is above 16 - 20:1 is as indicated by the shaded  

area. Error bars represent the standard error. 

Overall the data shows that the condition of the nearshore habitats throughout the lower Spencer Gulf were in variable 

condition. Some areas were Excellent highlighting large areas of dense and intact seagrass meadows and reef 

communities dominated by large brown canopy macroalgae. Other biounits were in Poor condition with sparse and 

patchy seagrasses. The overwhelming finding was that throughout the bioregion the symptoms of nutrient enrichment 

were consistently present. Some biounits were under particular stress with large proportions of the seagrass habitats 

covered in dense epiphytes, which have the potential to block light reaching seagrass, and also frequent opportunistic 

macroalgae suggesting excess nutrients in many locations. A finding confirmed in many cases by the water chemistry. 
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5 Evaluation of ecological condition – Biounit 

This section documents the results of the Tier 2 monitoring program in the biounits within the Lower Spencer Gulf 

bioregion in 2010. The key questions being assessed within each biounit are: 

 What is the Aquatic Ecosystem Condition Report outcome for the biounit?  

 How does this compare to the Tier 1 assessment?  

 How does the biounit compare to the reference condition?  

 Are there any biological gradients within the biounit?  

 Are there any relationship between index scores and water quality and physical observations within the biounit? 

 How reliable are the indicators to show differences? 

Resource limitations dictate that the nearshore MER program can only sample with this spatial resolution, one bioregion 

each year, with the bioregion sampled cycling around the coastline of South Australia until all have been completed in a 

five year cycle (Gaylard et al 2013). Therefore the monitoring undertaken in 2010 will serve as a baseline for temporal 

comparisons in future years where no other data is available. 

5.1 Tier 2 results Jussieu biounit 

The Tier 1 assessment suggests that the Jussieu biounit was potentially in Fair condition, due to a number of factors 

including multiple nutrient inputs and areas of poor water exchange (eg Proper Bay) (section 2.2 & Table 2). 23 locations 

were sampled for broad ecological condition throughout the biounit (Figure 25) and the sites were comprised largely of 

seagrass or bare sand habitats with a small proportion being made up of rocky reef and scattered small algae (Figure 

26). Only one site was recorded to be wholly bare sand with no seagrass on any transect in each season. Site m0112: 

Louth Bay was investigated as to whether there were any obvious factors that may exclude seagrass at this location 

which would impact on the application of the conceptual models defining seagrass condition. In order to establish 

whether it was likely that this site has ever had seagrass present, a literature search of historical information was 

undertaken as well as a more detailed investigation of the video data. The variables considered were an estimate of wave 

energy based on fetch, sediment particle size, light availability, other evidence of nutrient impacts, and the presence of 

stressors that may have contributed to loss.  

Table 3 shows the results of the qualitative assessment for historical seagrass presence at site m0112: Louth Bay and an 

assessment of whether there are any obvious factors excluding seagrass at this site. Given the coarse nature of this 

assessment the information is considered speculative, but intends to highlight areas which might have the potential for 

seagrass growth. The National Benthic Habitat Mapping (www.naturemaps.sa.gov.au) shows that this site is located in 

bare sand and to date there has not been any State Benthic Habitat Mapping in this location. The parameters assessed 

through video analysis, or an estimate of physical characteristics of that location, suggest that this location was 

dominated by bare sand with a particle size of approximately fine sand, with no obvious rocky substrate, and the wave 

energy is likely to be low to moderate given the protection afforded by Louth Island. Additionally the mapping indicates 

there is seagrass in close proximity to this site. This assessment therefore concludes that from the available information 

there appears to be no obvious natural factors excluding seagrass growth at this location. Key points at this location also 

include the close proximity to significant nutrient sources including finfish aquaculture, and the agricultural discharge from 

the Tod River, and the other recorded symptoms of nutrient enrichment at this site detected in the current MER program. 

Therefore it is reasonable to use the conceptual models focused on seagrass for this location. 

http://www.naturemaps.sa.gov.au/
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Table 3 Seagrass likelihood reconstruction assessment for m0112: Louth Bay 

Parameter Outcome 

Depth 5 - 10 m 

Particle size Sand (63um-2mm) 

Profile Flat (<25cm) 

Wave energy Moderate 

Adjacent seagrass Very close (< 500 m) 

Significant stressors 

Aquaculture in close proximity, agricultural 

discharge in close proximity 

Other evidence High bioturbation 

Conclusion Potential for seagrass in area 
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Figure 25 EPA monitoring sites sampled in the nearshore region of the Jussieu biounit in 2010. Benthic habitats 

shown are from the National Benthic Habitat mapping layers (SARDI 2004; DEWNR 2010). 
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5.1.1 Habitat 

Sites were dominated by seagrass with 61.7% of the area assessed comprised of seagrass, 35.6% of bare sand, while a 

further 2.7% was rocky reef (Figure 26). In order to assess whether the monitored habitats within Jussieu were 

representative of the known habitats, the National Benthic Habitat Mapping program (SARDI 2004) was interrogated for 

comparison. This program documented that in less than 15 m, 51% of the biounit was comprised of seagrass, 25% was 

unvegetated sand and 19% of the habitat was mapped as being rocky reef. It should be noted that this MER program is 

not designed to be a mapping exercise, and there is considerable variability with the National Benthic Habitat Mapping 

outputs. This comparison is only intended as a guide to demonstrate that this nearshore MER for Jussieu is broadly 

comparable to the proportion of habitats mapped, with the exception of rocky reefs which were under represented. 

 

Figure 26 Average benthic habitat composition of the sites within the areas sampled within the Jussieu biounit. 

The average seagrass habitat structure, which has been used as a measure of seagrass condition, was 59 out of 100 

across the biounit, and showed very little variability between seasons. As described in Appendix 2, an average seagrass 

habitat structure index (HSI) value of over 90 is considered to be in Excellent condition and conversely areas with low 

average HSI values would represent areas that are likely to have been degraded (within the assumptions around the HSI 

method). The sites within Proper Bay (m0100, m0101, and m0102) all were found to have Very High HSI values in both 

seasons, similarly m0118: Spalding Cove and m0122: Donington, indicating dense and continuous seagrass at these 

locations (Figure 27). The majority of sites on the inside of Boston and Louth Bays all were found to have very Low HSI 

scores and these were also more variable between the seasons (Figure 27). 

There was little influence of season on the biological composition of the seagrass habitats (Figure 27), which is what 

would be expected with relatively long lived climax communities such as Posidonia spp. seagrass meadows, and the very 

infrequent occurrence of more ephemeral seagrass species such as Heterozostera spp. and Halophila spp. (Clarke and 

Kirkman 1989). There were a small number of sites which did show considerable change between seasons and these 

were: m0109: Inside Boston Island, m0113: Point Boston and m0114: Peake Point. Analysis of the individual site data 

shows that these sites had a change in the cover of seagrass due to the presence of seagrass in patches or mixed 

habitat in dispersed with reef, suggesting within site heterogeneity rather than any change in seagrass cover. With this 

heterogeneity in mind, a power analysis was undertaken on the benthic habitat composition data from the Jussieu biounit. 

The results of this analysis indicated that across the biounit a 25% change in seagrass coverage could be detected with a 

power of 0.77, or a 30% change with a power of 0.9. This level of power is reasonable given the high amount of spatial 

variability that occurs naturally in Posidonia spp. and Amphibolis spp. meadows (H. Kirkman, pers. comm.).  
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Figure 27 Average seagrass condition (HSI) in 2010 and 2011 in the Jussieu biounit, Error bars indicate the 

standard error. HSI is out of 100 (0 = Poor condition; 100 = Good condition). 

In total 2.7% of the area monitored in the nearshore MER program supported rocky reef communities (Figure 26). Two 

reefs were assessed in Jussieu, which included a small section of reef at m0111: Louth Island, and a larger reef at 

m0114: Peake Point (Figure 28). During assessment of the reef video it was deemed necessary to combine the two 

variables of bare substrate and turfing algae, due to the uncertainty in identification between these two measurements 

using video analysis. Turner et al (2007a) suggests that the amounts of these two variables in reefs that are in relatively 

Good condition are likely to be at a similar proportion (turfing algae below 25 % and bare substrate below 20 %). In future 

years a high definition camera (GoPro HERO 2) will be used to quantify rocky reef habitats which will allow differentiation 

between these two habitat types.  

The rocky reef habitats were in Moderate condition according to the very simplistic rapid assessment technique of a 

limited number of locations. At times the video methodology does not provide the capability in confidently discriminating 

between smaller brown species and the large brown canopy species such as Sargassum spp. that shed much of their 

fronds in autumn (Kendrick and Walker 1995; Turner 2004). The average lifeform cover of the two reefs monitored is 

displayed in Figure 28. It shows that the main difference between the reefs was the abundance of brown canopy algae, 

which was higher at Peake Point, while the foliaceous red algae were more prevalent at m0111: Louth Island. At m0114: 

Peake Point there was a large change in robust brown macroalgae between the two seasons, where during autumn, the 

robust brown algae covered only 1.6% of the area assessed and small brown algae was 45.6%, while in spring this 

switched to 42.5% robust brown and only 3.7% small brown algae.  

There are a number of potential explanations for this including small scale variability between the seasons due to the 

random nature of the transects, operator misclassification, or it may also be due to the large brown species shedding 

their fronds over the winter period. In order to ensure accurate classification, the videos were reassessed by independent 
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operators and the results of the reanalysis confirmed that the difference was not due to operator misclassification. The 

cues for the large brown species to shed their fronds are not well understood. It is possible that the autumn (April - May) 

sampling may have captured the period after the shedding, while significant regrowth may have started during the spring 

sampling period (September). In order to overcome seasonality in the assessment of large robust brown algae in the reef 

condition the maximum brown algal cover was taken over the two periods, rather than the average. 

 

Figure 28 Average cover of reef lifeforms in the Jussieu biounit. Number of quadrats assessed indicated by (n). 

5.1.2 Aquatic ecosystem condition report 

The nearshore MER program determined that the habitat condition of the Jussieu biounit, when adjusted for the 

proportion of habitats monitored, was 59 out of 100 which is classified as Good. This was better than predicted in the Tier 

1 assessment of Fair. The biounit was quite variable with areas of dense and intact seagrass, but also a number of 

locations with Poor habitat condition. These poor areas were particularly evident in north of the biounit, in areas that have 

reduced water flow such as Boston, Louth and Peake Bays. The AECR is attached in Appendix 4. 

5.1.3 Modifiers 

Multivariate statistics were used to look for biological gradients or similarities between sites across the biounit. An nMDS 

displays the averaged site data with the conceptual model reference points (Appendix 2) overlaid. One site (m0122: Cape 

Donington) is notable as being positioned among the “Excellent” reference sites (Figure 29). This site was characterised 

by 100% of the area monitored being moderate to dense continuous seagrass with low epiphyte load and no observable 

opportunistic macroalgae, suggesting it being very similar to the reference condition of Excellent. The majority of the 

points formed a number of distinct groups close to the “Moderate” group of reference points. In most cases these small 

clusters correspond to sites within similar coastal embayments. For example group “A” (Figure 29) are sites within the 

upper reaches of Proper Bay (m0100-2) including Spalding Cove (m0118). These sites were characterised as all having 

above 97% seagrass area in dense continuous meadows, and all sites had very dense epiphyte loads on seagrasses. 

Similarly, group “B” (m0106, m0112, m0116) sites are positioned in deeper water in Boston Bay and Louth Bay where 
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seagrass was sparse and patchy, inhabiting less than 10% of the area monitored. The point at the bottom of the plot 

represents m0114: Peake Point that is positioned away from the rest of the groups because it had the highest area of 

reef (22%) and had patchy and sparse seagrass (Figure 29). 

 

Figure 29 Non metric multi-dimensional scaling plot of habitat composition, seagrass density and patchiness, 

seagrass epiphyte load and opportunistic macroalgae at all sites in the Jussieu biounit averaged over 

autumn and spring 2010 including conceptual sites. 

The dominant feature throughout the biounit was the high load of epiphytes on the seagrass with 35% of the seagrass 

surveyed having a “dense” epiphyte load, compared to only 15% having a “sparse” epiphyte load. It is widely regarded 

that an increase in epiphyte load is likely to be a symptom of excess nutrients, which if prolonged can lead to the thinning 

out (decrease in density) and eventual loss of seagrass (Shepherd et al 1989; Walker and McComb 1992). 

Comparatively, the epiphyte load in areas considered to be in reference condition was very low (Gaylard et al 2013). 

Figure 30 shows that in many locations throughout Jussieu 100% of the seagrass across a site had a dense covering of 

epiphytes, including areas that were previously thought to be remote from nutrient sources (eg Tumby Bay (Figure 31) 

and Thistle Island). Sites located in Proper Bay as well as m0113: Point Boston and m0118: Spalding Cove had dense 

epiphyte loads across the two seasons, while most other sites had a significant seasonal influence in epiphyte loads 

(Figure 30). With the exception of m0115: Inner Peake Bay, the majority of seasonal differences occurred with the higher 

loads in spring, particularly throughout Boston Bay and Taylors and Thistle Islands. There were only a small number of 

locations in the biounit where the epiphyte load was considered to be sparse and these included m0122: Cape Donington 

and m0105: North Shields. Sites with prolonged dense epiphyte loads may be at risk of seagrass loss if epiphyte loads 

continue. 
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Figure 30 Seagrass epiphyte index (0 = low epiphytes and 100 = dense) in Jussieu biounit in 2010. Locations within 

the biounit are indicated on the x axis. Error bars represent the standard error 

 

Figure 31 Example screen capture of “dense” epiphyte load on seagrass at m0125: Tumby Bay. 
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Total nitrogen concentrations and turbidity throughout the biounit were significantly higher than observed in reference 

locations (Mann Whitney p =0.0054 and p = 0.0000 respectively) (Table 4), but these concentrations were still lower than 

what may be typical of impacted sites as suggested by Gaylard et al (2013). DIN was significantly lower than reference 

locations (Mann Whitney p = 0.0024) (Table 4) suggesting uptake of dissolved nutrients by biological material (see later). 

The turbidity results showed significant seasonality with much higher values in spring than autumn (Mann Whitney p = 

0.0000).  

Table 4 Water chemistry and chlorophyll a descriptive statistics – Jussieu Biounit 

 

Dissolved 

Inorganic 

Nitrogen 

Total 

Nitrogen 

Filtered 

Reactive 

Phosphorus 

Total 

Phosphorus 
Turbidity Chlorophyll a 

(mg/L) (mg/L) (mg/L) (mg/L) NTU (µg/L) 

Median 0.004 0.203 0.004 0.014 0.280 0.710 

St Dev 0.012 0.069 0.002 0.005 0.174 0.308 

n 45 45 45 45 45 45 

Reference 

median 
0.018 0.150 0.005 0.015 0.190 0.627 

Mann 

Whitney 

significant at  

p < 0.05 

p=0.0024 p=0.0054 p=0.0004 Not significant  p=0.0000 Not significant  

Figure 32 shows a PCA ordination of the water chemistry data between seasons, indicating a discernible difference 

between autumn and spring. This was largely driven by an increase in turbidity throughout the whole biounit in spring. 

While this conclusion is reasonably straight forward, the variance attributed to the 2 axes accounted for 61.8% of the total 

variance (PC1: 35.7 & PC2: 26.1) suggesting that there were other factors exerting an influence on the PCA plot. While 

the spring data set was strongly influenced by the elevated turbidity, the autumn data shows some differences amongst 

sites such as the Proper Bay sites (m0100 & m0102), which were influenced by elevated DIN, and a number of sites 

throughout Boston and Louth Bays, which were influenced by relatively high chlorophyll concentrations (m0111, m0112 & 

m0113) (Figure 32). 

Table 4 shows the water nutrient chemistry throughout the Jussieu biounit was variable between sites. It is important to 

note that in this MER program the water chemistry is only a snap shot in time compared to the more integrated nature of 

the biological parameters. Notwithstanding this, the available data does suggest nutrient limitation (particularly nitrogen) 

at the time of sampling due to the high proportion of undetectable DIN particularly in spring (79%). However, the high 

load of epiphytes on seagrasses (Figure 30 and Figure 31), and the prevalence of opportunistic macroalgae at some 

locations, suggests that biological activity may be resulting in limitation in soluble nutrients (Iizumi and Hattori 1982; 

Hemminga et al 1991; Udy and Dennison 1997; Romero et al 2006). Figure 33 shows that in several areas the autumn 

TN:TP ratio exceeds 20:1, these locations include sites within Boston Bay and Louth Bay, suggesting that at these 

locations, the waters had an excess of nitrogen compared to phosphorus at the time of sampling. The average TN:TP 

ratio observed in reference locations was 6.1 indicating oligotrophic waters poor in nitrogen (Gaylard et al 2013). 

Soluble nutrients (DIN and FRP) were interrogated for the locations where the TN:TP was in excess of 20:1. In most 

circumstances these were shown to have a very high proportion of non detectable values (>63% for DIN; 40% for FRP) 

suggesting that while the TN:TP ratio was high, the amount of biological activity in the region was still resulting in 

nitrogen, and in some cases phosphorus, limitation. Biogeochemical modelling undertaken by Wild-Allen and Skerratt 

(2009) suggests that this area is seasonally limited by phosphorus in the summer months and there is a bloom of 
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phytoplankton in autumn, which is often composed of diatoms (Van Ruth et al 2009), indicating that further primary 

production may be limited by another nutrient such as phosphorus or silicate. 

Using the TN:TP ratio in this circumstance may not be suitable to indicate nitrogen limitation as suggested by Souchu et 

al (2010) as the majority of the inorganic nitrogen was below the limit of reporting, indicating that inorganic nitrogen was 

still limited. The high TN:TP ratio is likely due to a large amount of the nitrogen in the system being composed of organic 

nitrogen which can be comprised of either dissolved or particulate nitrogen, which is not immediately available to most 

plants and algae. Particulate N can be included in the water column through resuspension of sediment through high wind 

and wave action and it will also include phytoplankton and detritus in the water. Additionally a phytoplankton bloom would 

not account for the large increase in TN:TP as Redfield (1958) suggests that high abundances of algae should still have a 

TN:TP close to 16:1. 

 

 

Figure 32 PCA plot of water chemistry and chlorophyll samples taken in 2010. 

The high TN:TP ratio in some locations suggests a significant loading of nitrogen into the system which, through the 

processes of bacterial decomposition of the organic nitrogen into inorganic nitrogen and through benthic – pelagic 

coupling, may result in inorganic nutrient availability into the water column available for plant and algal growth (Kelly et al 

1985; Cornwell et al 1999; Lauer et al 2009). The rate at which this might occur is variable based on numerous spatial 

and temporal biotic and abiotic factors, but this process will be ongoing as long as the loading continues.  

The spring water chemistry shows that there is very little inorganic nitrogen in the water column, with a very high 

proportion of samples being below the detection limit (>78%). Additionally, there was a significantly lower amount of total 

nitrogen in the water column in spring compared to autumn, and predictably a significantly lower TN:TP ratio (Mann 

Whitney p = 0.0000 in both tests). This reduction in nitrogen load could be linked to the seasonal reduction in N input 

from sea cage aquaculture (see later) or a higher amount of biological uptake in non-phytoplankton biomass such as 

seagrass epiphytes and opportunistic macroalgae (Figure 22 and Figure 30), which would reduce water column inorganic 

nutrients, but is unlikely to contribute to the reduction in the organic component of N.   

The seasonal upwelling of cold, nutrient rich water from deep offshore may also be contributing to the seasonal nutrient 

load throughout the region. Differentiation of upwelling derived nutrients, nutrients from anthropogenic sources, nutrient 
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cycling in sediments, and phytoplankton are all issues that need further resolution. It is possible however, that an 

upwelling derived nutrient load would likely be dispersed across a widespread area rather than the localised nature of the 

chemistry results indicated here. It should also be reiterated that these results show only a snap shot in time and changes 

are likely to occur in both the spatial and temporal results. 
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Figure 33 Mean molar total nitrogen:total phosphorus ratios in the Jussieu biounit. Error bars are the standard 

error. Sites as well as site groupings within larger areas are highlighted on the x axis. A molar ratio of 

TN:TP greater than 16-20:1 is likely to be suggestive nitrogen loading indicated by the range highlighted 

in yellow. 

5.1.4 Conclusions 

Overall the condition of the Jussieu biounit spanning from Cape Catastrophe, including Thistle Island through to Salt 

Creek north of Tumby Bay, was found to be in Good condition using the nearshore MER program criteria. However there 

were several areas within the biounit that showed multiple symptoms of nutrient enrichment and may be under 

substantial stress. Factors such as local nutrient availability, as well as amount of water movement and water flushing 

times, are all critical in the condition of many habitats. Monitored locations where the water flow was relatively 

unrestricted and were remote from nutrient inputs were generally observed to have intact habitats with few indications of 

excess nutrients. While many areas with restricted water movement and in locations close to local nutrient input sources 

were observed to have habitats in variable condition and numerous symptoms of nutrient enrichment, which over time 

may lead to a further decrease in habitat condition. 

The Proper Bay and Spalding Cove sites were very similar with high and dense coverage of seagrass; however the 

habitat appeared to be under substantial stress due to dense covering of epiphytic algae during both seasons. Water 

clarity in this region was Excellent and the waters monitored were relatively shallow. It is possible that light may not be a 

limiting factor for the seagrass survival, even with the dense epiphyte loads. The water circulation in Proper Bay in 

particular has been demonstrated as being Poor where pollutants can accumulate and have a high residence time 

(Petrusevics 1993).  
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Numerous sites within Boston and Louth Bay showed habitats in variable condition and an excess in nitrogen during the 

autumn sampling which in time could contribute to blooms of fast growing algal species (opportunistic algae, 

phytoplankton etc.) that could impact on habitat condition. Some sites were observed to have dense epiphyte loads and 

there was an abundance of opportunistic macroalgae which are both likely to be symptoms of excess nutrients. Seagrass 

habitats with dense epiphyte loads are likely to be under stress due to reduced light availability and may change if these 

loads are sustained over time. The Boston and Louth Bay areas have only a small amount of seagrass which is curious 

given the environment appears to be suitable (see section 4.2). Further work is needed to assess whether seagrass has 

been lost from the bay and if the conditions observed during 2010 are stable, or whether benthic habitats are 

deteriorating further. 

Thistle Island, and to a lesser extent Taylors island, are located towards the entrance of the Spencer Gulf and are both in 

approximately -7 m AHD deep water and are surrounded by national park or remote island with minimal localised 

anthropogenic inputs. Both sites showed a large increase in opportunistic macroalgal and epiphyte growth in the spring 

sampling. Reasons behind this seasonal difference are unknown, although hydrodynamic and biogeochemical modelling 

for the aquaculture industry may highlight finer detail spatial patterns in nutrient flows, which may in turn provide insight 

into apparent nutrient enrichment in areas remote from land based nutrient sources. It is possible that natural nutrient 

enrichment due to seabird and seal populations may contribute to localised nutrient enrichment at offshore islands, or 

increased productivity from upwelling events may cause sustained algal growth over winter and spring throughout the 

biounit.  

This is the first program to assess the condition of the nearshore marine habitats between 2 – 15 m deep in the Jussieu 

biounit and as such it is not possible to know whether these habitats have changed over time to their current condition in 

2010, or are currently in transition to a more degraded state, or are stable in a state that is unchanged over time.  

5.1.5 Pressures and management responses 

Section 2.1 discusses the threat assessment for the Jussieu biounit and highlights the key nutrient input sources to the 

biounit which may influence the water quality and ecological condition. The largest nutrient input source in the Jussieu 

biounit is the southern bluefin tuna aquaculture sector, which discharges approximately 1200-2200 tonnes of nitrogen into 

the waters offshore from Port Lincoln each year, with the majority of this being generated during autumn (Fernandes et al 

2007a; Lauer et al 2009; Thompson et al 2009). This discharge largely consists of organic nitrogen either as dissolved or 

particulate forms (Fernandes et al 2007a; Fernandes et al 2007b; Fernandes and Tanner 2008). In addition to the SBT 

aquaculture, the YTK aquaculture sector is also a significant diffuse nutrient source in the region, particularly inside Louth 

and Boston Bays. Research has shown that the amount of nitrogen discharged by YTK is less than SBT per tonne of fish 

produced, but the estimated cumulative loads throughout the sector are possibly up to 800 tonnes per year depending on 

actual lease stocking rates (Fernandes and Tanner 2008). An additional pressure on the aesthetic values for the Jussieu 

biounit is the considerable marine debris that washes up on local beaches resulting in public outcry (ABC Online 2011). 

Recently marine debris clean up ‘Adopt a Beach’ days have been organised by the aquaculture industry and PIRSA to 

clean up debris on beaches down current of the aquaculture zones and have been very effective (PIRSA 2013). 

Other sources of nitrogen into the biounit include the Billy Lights Point wastewater treatment plant which discharged 4.5 

tonnes of nitrogen in 2010/2011 (Australian Government 2013), and the Tod River discharges approximately 6244 ML 

per annum (5 year annual average A5120500) (Government of South Australia 2013) with an estimated average nitrogen 

content of 1.0 mg/L (EPA, unpublished data), resulting in approximately 6.2 tonnes of nitrogen and an unknown amount 

of sediment into Louth Bay each year depending on the volume of rainfall.  

Stormwater from the City of Port Lincoln contributes nitrogen and sediment into the nearshore waters at a number of 

entry points throughout Boston, Proper and Porter Bays each time there is substantial rainfall. Actual loads are unknown 

but were quoted as being approximately 3.6 tonnes per year by Sinclair Knight Merz (2001) within Thompson et al 

(2009). 

There are a number of fish processing factories that discharge nutrient rich waste into the nearshore waters of Proper 

Bay. These discharges have been shown to have contributed to the loss of 38 ha of seagrass in Proper Bay in 1975 
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(Shepherd 1975), and a number of these discharges have continued since that time contributing to the nutrient 

enrichment of the localised area. 

This monitoring shows specific locations that are likely to be under stress from symptoms of nutrient enrichment. A large 

part of the nearshore MER program is investigating change in habitat condition or the level of stress over time so more 

definitive conclusions will be possible after subsequent monitoring periods. However further research is needed into the 

fate, transport and timing of nutrient loads from the major stressors to ascertain cause and effect at these specific 

locations, and management responses developed to reduce nutrient loads. Again it must be stressed that the findings in 

this MER program do not show causative links to any source, but only show the condition of the habitat and snap shots of 

some of the factors that can modify the habitats at the time of sampling.  

Further research on the timing, effect and fate of nutrients from upwelling events is needed to ascertain whether the 

nutrient enrichment observed throughout Jussieu is related to anthropogenic action, or yearly variability in nutrient loads 

from upwelling events. Given the disproportionate impact of nutrients on South Australian subtidal environments 

regardless of upwelling events, any increase in anthropogenic nutrient loads, particularly in, or where nutrients can be 

transported into small enclosed bays with limited exchange, should be discouraged or undertaken with extreme caution 

due to the possibility of increasing the stress on the habitats and the possibility of a decline in condition over time. 

Table 5 Pressures and management responses for the Jussieu biounit 2010 

Pressures Management responses 

The cumulative effect of intensive 

sea cage aquaculture contributes 

nutrients into the nearshore marine 

waters. 

The South Australian Research and Development Institute (SARDI) is preparing 

a report titled “Carrying Capacity of Spencer Gulf: Hydrodynamic and 

Biogeochemical Measurement, Modelling and Performance Monitoring”. This will 

investigate the transport and fate of nutrients within this region which can be 

used to manage the location and management of sea cage aquaculture 

throughout the Lower Spencer Gulf. 

Integrated Multi-Trophic Aquaculture (IMTA) has been proposed in the zone 

policy discussions particularly for the Louth Bay region, and could have the 

potential to reduce the overall nutrient load discharged within this biounit 

(http://www.pir.sa.gov.au/aquaculture) 

The Aquaculture (Zones - Lower Eyre Peninsula) Policy 2013 limits the 

maximum biomass of sea cage aquaculture animals that can be grown in the 

zoned area and is based on a carrying capacity model to determine the suitable 

amount of fish for each particular region without causing adverse environmental 

impacts (PIRSA website).  

The South Australian Research and Development Institute (SARDI) is preparing 

a report titled “Carrying Capacity of Spencer Gulf: Hydrodynamic and 

Biogeochemical Measurement, Modelling and Performance Monitoring”. This will 

investigate the transport and fate of nutrients within this region which can be 

used to manage the location and management of sea cage aquaculture 

throughout the Lower Spencer Gulf. 

The Aquaculture (Zones – Port Neill) Policy 2008 and the Aquaculture (Zones – 

Arno Bay) Policy 2011 limits the maximum biomass of sea cage aquaculture 

animals that can be grown in the zoned areas. It is based on a carrying capacity 

model to determine the suitable amount of fish for each particular region without 

causing adverse environmental impacts (http://www.pir.sa.gov.au/aquaculture).  

When assessing an individual licence application there is a strict set of 

guidelines that applies a semi-quantitative risk-based assessment, based on a 

nationally accredited ecological sustainable development assessment 

http://www.pir.sa.gov.au/aquaculture
http://www.pir.sa.gov.au/aquaculture
http://www.sardi.sa.gov.au/aquatic
http://www.pir.sa.gov.au/aquaculture
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framework (Fletcher et. al., 2004), to determine the sustainability and outcome of 

each individual application. The integrity of the assessment process rests on 

understanding both the nature of the environment in which aquaculture is 

practised, and the manner in which aquaculture interacts with or changes the 

environment that surrounds it. This includes assessment of approximately 40 

possible risk events considered directly relevant to potential aquaculture 

influences, and applies them on both site and regional levels. PIRSA also apply 

guidelines to minimise environmental harm by excluding aquaculture over areas 

of seagrass, reef and macroalgae considered significant to local ecology.  

Annual Environmental Monitoring Program (EMP) proformas are required to be 

submitted by all licence holders for each licensed site for each reporting year. 

These are reviewed (by PIRSA and EPA) prior to being sent out to licence 

holders to ensure appropriate information is being collected. Current data 

collected and assessed in EMP reports includes: 

 Site development and productivity 

 Feed and chemical inputs 

 Interactions with site infrastructure and marine vertebrates 

 Disease incidents 

 Debris incidents 

 Waste and refuse disposal. 

Annual Finfish Environmental Monitoring Program (FEMP) Environmental 

Monitoring Program sampling is conducted by the South Australian Research 

and Development Institute (SARDI). This program involves sampling sediment 

adjacent to actively farmed sites and using DNA profiling to measure changes in 

the benthic community compared to established control sites. PIRSA Fisheries 

and Aquaculture, the finfish industry, and SARDI determine which sites are to be 

sampled each year. The same group has responsibility for any follow up action 

that needs to occur as a consequence of poor results through the 10-point 

FEMP plan of action.   

Nutrient loads discharged by the 

Billy Lights Point wastewater 

treatment plant. 

Until 1994 raw sewage was discharged via an outfall to Proper Bay. In 1994 SA 

Water commissioned the Billy Light Point wastewater treatment plant which 

significantly improved the quality of the treated effluent discharged to the marine 

environment. Since 2004 SA Water has further reduced nutrient loads to the 

marine environment by diverting a proportion of the treated effluent for reuse via 

the City of Port Lincoln water recycling scheme. This scheme provides water for 

irrigation on Council parks and reserves. 

Stormwater runoff from urban 

coastal areas, discharging nutrients 

and sediments to the nearshore 

marine waters. 

City of Port Lincoln 

The City of Port Lincoln is undertaking the preparation of a Stormwater 

Management Plan (SMP) for Port Lincoln. The SMP includes a number of 

catchment specific objectives which include water quality improvement, and 

covers the area of nutrient export. The SMP details a number of strategies 

(some of which are still subject to further design development to confirm their 

viability) to meet the objectives.  

The two main strategies that are likely to reduce nutrient discharges to Boston 

Bay are: 

 Expansion of the Mallee Park basin that will intercept and treat (via a 
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wetland) a large portion of the township. These flows currently 

discharge directly into Boston Bay.  

 Manage pollutant point sources for areas likely to constitute higher than 

average pollutant sources including: 

o Car parking 

o Storage yards 

o Industrial land uses, and 

o Construction sites. 

The SMP also recommends the implementation of water sensitive urban design, 

and the retention of the existing natural gullies within the township (to encourage 

infiltration and vegetative filtering). This will assist in improving water quality and 

minimising stormwater flows, and hence minimise nutrient loads.  

The City of Port Lincoln are also pursuing the implementation of Water Sensitive 

Urban Design (WSUD) principles to enable stormwater run off to be filtered prior 

to discharge into the marine environment.  

The first completed was a 150m2 filtration basin constructed at Gawler Terrace, 

Port Lincoln. It filters stormwater collected off approx. 9.5 Ha of residential area 

through heavily planted reeds and sedges. This allows pollutants and sediments 

to settle out prior to flowing into Boston Bay. It was jointly funded between the 

City of Port Lincoln and the Eyre Peninsula (EP) NRM Board. 

Another example is a series of drainage swales constructed in Dennis Westlake 

Reserve to achieve the same results. 

The City of Port Lincoln have since received extra funding through the EP NRM 

Board to do more WSUD work at an existing stormwater detention basin at 

Bethany Court, Port Lincoln. This is an existing detention basin several 

kilometres off the coast, but ultimately the overflow from this basin eventually 

reaches the coast. We are aiming to keep more of the water upstream through 

the use of reed beds and passive irrigation to minimise how much water actually 

makes it all the way down the water course. 

District Council of Tumby Bay 

The District Council of Tumby Bay is planning to commence a Stormwater 

Management Plan (SMP) for Tumby Bay. The SMP objective will be to minimize 

stormwater impacts of existing and future developments on marine and coastal 

environments. This work will be jointly funded by council, the Stormwater 

Management Authority and the Natural Disaster Mitigation Program. The Eyre 

Peninsula NRM Board is a key stakeholder and has been involved in early 

project scoping. 

Failing and/or high density of onsite 

wastewater treatment (septic) 

systems in some coastal towns.  

Overflowing septic systems 

contribute nutrients to nearshore 

marine waters through shallow 

sub-surface or occasional overland 

flows. 

District Council of Tumby Bay 

Tumby Bay township has a community wastewater management scheme which 

collects and treats all residential and commercial areas of the township. On site 

disposal is limited to a relatively small number of properties on the outskirts of 

the township, generally well away from the coast. All new dwellings within the 

township boundary are required to be connected to the CWMS. 
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Tod River transports agricultural 

runoff with elevated nutrient and 

sediment loads into nearshore 

marine waters of Louth Bay. 

The Eyre Peninsula NRM Board promotes managing land to improve water 

quality. This includes incentives for: 

 Waterway and wetland fencing to exclude or limit stock from entering 

riparian zones and the best practice managements of springs, soaks 

and waterholes as stock water supplies  

 Revegetation programs around waterways and wetlands and stock 

exclusion as well as educating landholders about the importance of 

riparian vegetation in managing soil erosion. 

Fish processing facilities discharge 

nutrient rich effluent into the 

nearshore marine waters of Proper 

Bay. 

The EPA is working to ensure that all land based fish processors in the Port 

Lincoln region cease the discharge of untreated wastewater to the marine 

environment. The EPA will be working with the industry involved, as well as the 

City of Port Lincoln, regional development board, and other government 

agencies to achieve compliance with the Environment Protection (Water Quality) 

Policy 2003 requirement that all fish processing facilities incorporate a 

wastewater management system and do not discharge to the marine 

environment. 

 

5.2 Tier 2 results Dutton biounit 

The Tier 1 assessment in Section 2.2 suggests the Dutton biounit was predicted to be in Good condition. The Dutton 

biounit was not sampled in 2010 due to logistical and resource constraints. As a result no AECR has been developed, but 

the Dutton biounit will become a priority in the next sampling event for the lower Spencer Gulf. 
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5.3  Franklin biounit 

The Tier 1 assessment predicted that Franklin biounit would be in Good condition (section 2.3 and Table 2). Four sites 

were sampled in both autumn and spring 2010 (Figure 34). Three of the four sites were dominated by seagrass with the 

exception of m0119: Franklin Harbor, which was bare sand in both seasons (Figure 34 and Figure 35). 

 

Figure 34 EPA monitoring sites sampled in the nearshore region of the Franklin biounit in 2010. Benthic habitats 

shown are from the National and State Benthic Habitat mapping layers (SARDI 2004; DEWNR 2010). 

As outlined in Section 3, a fundamental part of assessing habitats using the conceptual models defined in Appendix 2 is 

an understanding of whether seagrass could naturally grow at a particular location if it is not present. This is followed by 

an assessment as to whether the site has been disturbed and seagrass lost, or whether seagrass is unlikely to grow 

naturally in that location. A coarse seagrass reconstruction process was undertaken for site m0119: Franklin Harbour. 

The results of this reconstruction showed (Table 6) that the site has been mapped as a part of the National and State 

Benthic Habitat Mapping programs, with both outputs revealing the site is located in bare sand. However, both of these 

mapping projects were carried out post 1995 and as such the seagrass loss may have already occurred, particularly 

when considering the large scale land clearance that occurred over 150 years ago. The threat assessment for the 

Franklin biounit (section 2.3) indicates that there are very few terrestrial inputs into Franklin Harbour, but the surrounding 

land has been heavily modified for farming since the mid 1800’s, which could introduce large amounts of sediment and 

nutrients into the bay after heavy rainfall events. Table 4 shows a number of parameters evaluated as a part of a 

seagrass reconstruction assessment using the analysis of the underwater video and published literature for this area. 
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Table 6 Seagrass likelihood reconstruction assessment for m0119: Franklin Harbour 

Parameter Outcome 

Depth 3 - 5 m 

Particle size Sand (63um-2mm) 

Profile Flat (<25cm) 

Wave energy Low 

Adjacent seagrass Very close (< 500 m) 

Other evidence High bioturbation, bacterial or algal mat 

Conclusion Potential for seagrass in area 

The assessment suggests that seagrass could have been in the area historically, particularly given the uniform sediment 

composition and the close proximity of existing seagrass, but it is not clear as to why this particular location does not 

currently support seagrass. The water chemistry shows this location was relatively turbid on both sampling occasions 

(average turbidity 1.57 NTU in autumn and 1.2 NTU in spring), and there were other symptoms of nutrient or organic 

enrichment through the observation of high bioturbation and bacterial or algal mats present on the site (see Section 

5.4.3). A study of the hydrodynamics of the bay would be required to determine whether this part of the bay may 

accumulate pollutants or result in prolonged poor water clarity, which could be hindering seagrass growth (or regrowth). 

Without further information, and considering the precautionary principle, this site will be assessed as a seagrass/sand 

habitat using the conceptual models in Appendix 3. 

5.3.1 Habitat 

The sites within the Franklin biounit were dominated by seagrass with the exception of one site that was bare sand 

(Figure 34 and Figure 35). Across the biounit the sites were comprised of 70.4% seagrass, 29.6% bare sand, and there 

was no reef monitored in this biounit (Figure 35). Seagrasses in the biounit were dominated by the Posidonia australis 

group with a small amount of Amphibolis sp. near Arno Bay (m0123). In order to assess the representativeness of the 

sites sampled, a comparison to the State Benthic Habitat Mapping program was undertaken, which shows that the 

habitats mapped comprised of 78% seagrass, 8% reef, and 13% unvegetated sand. Therefore the habitat composition of 

the current sampling is broadly comparable to the known habitat mapping.  

The average seagrass habitat structure index (HSI) for the biounit was 66.9 out of 100, but 3 of the 4 sites had a HSI of 

approximately 80 out of 100 or greater (Figure 36). The seagrass data showed that there was only a small amount of 

variability in the HSI across seasons.  
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Figure 35 Average benthic habitat composition of the sites within the areas sampled within the Franklin biounit. 

 

  

Figure 36 Seagrass habitat condition index (HSI) between seasons in Franklin biounit. Error bars represent 

standard error. 
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5.3.2 Aquatic ecosystem condition report 

The assessment in section 5.4 and Table 6 suggests that all 4 of the sites monitored in the biounit either had or was likely 

to be able to support seagrass growth. Therefore the overall condition of the Franklin biounit is 66.9, which is classified as 

Good. This result is consistent with the Tier 1 assessment (Section 2.4) which predicted that the biounit would be in Good 

condition.  

5.3.3 Modifiers 

Franklin Harbor has large areas of shallow water which are subject to heating by ambient temperatures, thus providing 

conditions favourable for algal growth. Similarly, the enclosed nature of Franklin Harbor is likely to reduce the exchange 

of water between the embayment and gulf waters, resulting in longer residence times, which is likely to exacerbate the 

biological effect of nutrient enrichment. 

Factors that can modify habitats through nutrient enrichment and poor light were investigated to assess whether habitats 

observed were likely to be under stress and at risk of being degraded. Throughout the biounit there are a number of 

symptoms of excess of nutrients, including frequent moderate to dense epiphyte loads on seagrasses. There were also 

occasional observations of opportunistic macroalgae, this was particularly evident at m0123: Arno Bay which had dense 

epiphyte loads and frequent opportunistic macroalgae especially during spring (Figure 37). Similarly m0121: Cowell outer 

also had dense epiphyte loads which was more prevalent in autumn. Interestingly both of these sites are located outside 

of Franklin Harbor indicating that nutrient enrichment is not limited to the enclosed waters with limited exchange. 

Phytoplankton results were quite variable throughout the biounit. A number of locations had relatively high chlorophyll a in 

autumn (m0119: Franklin Harbour 1.51 µg/L and m0120: Cowell inner 2.53 µg/L) which could be influenced by the 

enclosed morphology of Franklin Harbour. The biounit was relatively turbid with significantly higher turbidity compared to 

reference locations (Mann Whitney p = 0.0000). Three sites had turbidity values greater than 1.0 NTU, including m0123: 

Arno Bay which had the maximum turbidity result of 3.5 NTU in spring (Table 7). A comparison with chlorophyll results at 

this site suggests that the elevated turbidity is not correlated to phytoplankton in the water column, indicating that the 

turbidity is likely due to other material such as suspended sediment or organic material.  

There was a significantly greater amount of total nitrogen in the water column (Mann Whitney p = 0.0022) throughout the 

biounit compared to sites classified as reference. There was an average of 0.251 mg/L and a maximum of 0.37 mg/L at 

m0121: Cowell outer in autumn. Soluble nutrients (DIN and FRP) were both significantly lower than at the reference 

locations (Mann Whitney p = 0.0004 (DIN); p = 0.0443 (FRP)) suggesting there may be biological uptake of soluble 

nutrients, possibly being driven by the elevated epiphyte loads throughout the biounit. 

Figure 38 shows the TN:TP ratio within the Franklin biounit. As outlined in section 4.1 a molar ratio of over 20:1 suggests 

that nitrogen was in excess compared to phosphorus at the time of sampling, which may aid in the identification of risks 

of habitat degradation from eutrophication. The TN:TP ratio observed in reference location was 6.1 suggesting 

oligotrophic waters poor in nitrogen (Gaylard et al 2013). The results for the Franklin biounit indicate that site m0120: 

Cowell inner had an excess of nitrogen in the autumn sampling period with a TN:TP ratio of 27:1 while (similar to the 

Jussieu biounit) the inorganic nitrogen was below the limit of reporting. This indicates a large amount of organic nitrogen 

in the water column either as dissolved or particulate material. This location was dominated by uniform meadows of 

moderate density Posidonia sp. seagrass that had a moderate epiphyte load throughout the site. The location also had a 

high chlorophyll a concentration of 2.54 ug/L but low turbidity, suggesting that it could be phytoplankton in the water 

column rather than resuspended sediment which may be contributing to the organic nitrogen in the water, although this 

would not account for the high TN:TP (Redfield 1958). Regardless, these multiple indicators suggest the habitats may be 

under stress from the symptoms of nutrient enrichment at this site. 
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Figure 37 Seagrass epiphyte index (0 = low epiphytes and 100 = dense) in Franklin biounit in 2010. Locations within 

the biounit are indicated on the x axis. Error bars represent the standard error. 
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Figure 38 Mean molar total nitrogen:total phosphorus ratios in the Franklin biounit. Error bars are the standard 

error. Sites as well as site groupings within larger areas are highlighted on the x axes. A molar ratio of 

TN:TP greater than 16-20:1 is likely to be suggestive nitrogen loading indicated by the range highlighted 

in yellow. 
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Table 7 Water chemistry and chlorophyll a descriptive statistics – Franklin Biounit 

 

Dissolved 

Inorganic 

Nitrogen 

Total 

Nitrogen 

Filtered 

Reactive 

Phosphorus 

Total 

Phosphorus 
Turbidity Chlorophyll a 

(mg/L) (mg/L) (mg/L) (mg/L) NTU (µg/L) 

Median 0.008 0.251 0.004 0.013 0.974 0.863 

St Dev 0.005 0.051 0.002 0.005 0.802 0.765 

n 24 24 24 24 24 8 

Reference 

median 
0.018 0.150 0.005 0.015 0.190 0.627 

Mann 

Whitney 

significant at   

p < 0.05 

p=0.0191 p=0.0017 p=0.0000 p=0.0001 p=0.0011 Not significant  

5.3.4 Conclusions 

The overall condition of the Franklin biounit, which ranges between Cape Driver at Arno Bay through to Victoria Point at 

the mouth of Franklin Harbor on the western side of Spencer Gulf, was Good using the nearshore MER classification 

system.  

Unfortunately there is no historical information regarding the habitat composition of m0119: Franklin Harbor. There may 

be natural reasons why seagrass does not inhabit this location, and if this is the case then the ecosystem condition 

classification of Good may be underestimating the condition. However this program must take a precautionary approach 

due to the significant benefit that intact ecological communities play and their role in ecosystem services (Costanza et al 

1997; Orth et al 2006), and as a result has assumed that seagrass could grow at this site.  

The monitoring in this biounit has indicated that a number of sites are likely to be under stress due to nutrient enrichment. 

These sites were not limited to just within Franklin Harbor, but also at Arno Bay and at the site monitored outside the 

entrance of Franklin Harbor. This suggests that the symptoms of nutrient enrichment are not limited to the areas of low 

water exchange or high residence times.  

It is accepted that sampling only 4 sites is considered a small data set to compare a large spatial area. The quality of the 

collected data is high, based on the substantial replication at each site resulting in high confidence at the site level, and 

this should provide some confidence at the biounit level. It should be noted that this program is designed to be a broad 

overview of condition of habitats that are representative of the known habitats in water less than 15 m deep. Increasing 

the spatial coverage would increase the power in some of the statistical comparisons, but the overarching conclusion that 

the condition of the biounit is Good, but is under stress from nutrient enrichment is unlikely to substantially change. 

Similarly low spatial coverage should not stop action to reduce nutrients and attempt to increase the condition of habitats 

in the biounit. 

5.3.5 Pressures and management responses 

Section 2.4 highlights the geomorphology of Franklin Harbor as a factor in the observation of nutrient enrichment 

symptoms in the nearshore waters, albeit sites outside of this area were also nutrient enriched. The fact that these waters 

are shallow and influenced by heating from ambient air temperatures, as well as likely to have reduced exchange, 
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creates an environment favourable for algal growth which can exacerbate the effect of nutrient inputs. Therefore the 

geomorphology of the bay can be considered a pressure on the ecological condition in the bay. 

While there are no creeks or drainage lines of any significance in the Franklin biounit, the historical land clearance and 

intensive agriculture are likely to have significantly altered the landscape and the nature of surface and groundwater flows 

into Franklin Harbor, and the surrounding nearshore marine environment in periods of heavy rain.  

At Arno Bay there is significant SBT and YTK aquaculture (Figure 9) with a large land based hatchery and significant sea 

cage grow out of fish throughout the nearshore waters. The Arno Bay aquaculture sector is currently split into two zones, 

the inner which is located adjacent Arno Bay and the outer sector which is located in the Dutton biounit. The Arno Bay 

aquaculture zone policy permits the farming of 2800 tonnes of finish (typically YTK) in this inner zone. If this zone was 

fully stocked, using figures generated by Fernandes and Tanner (2008) it would produce between 493-546 tonnes of 

nitrogen waste each year into marine waters.  

The biounit has a significant oyster industry in the sheltered waters of Franklin Harbor. These organisms are not 

supplementary fed and filter material from the water column including phytoplankton and particulate organic material, so 

could be seen to have a net beneficial effect on water quality. However aspects including trampling of seagrass, shading, 

changes to hydrodynamic regimes, psuedofaecal deposition, and feral oyster populations, are all aspects that need to be 

considered to assess the overall effect of this industry, but is outside of the scope of this report. 

Stormwater from the township of Cowell will runoff into Franklin Harbor carrying nutrient and sediments into the 

nearshore waters after periods of rain. Additionally sewage disposal from the town’s population is primarily through septic 

tanks introducing nutrients into the shallow groundwater, which can flow towards the marine environment, contributing to 

the nutrient load in the bay.  

Table 8 Pressures and management responses for the Franklin biounit 2010 

Pressures Management responses 

Sea cage aquaculture is 

undertaken in nearshore waters 

adjacent to Arno Bay which 

introduces nutrient loads into the 

nearshore marine waters. 

The South Australian Research and Development Institute (SARDI) is preparing a 

report titled “Carrying Capacity of Spencer Gulf: Hydrodynamic and 

Biogeochemical Measurement, Modelling and Performance Monitoring”. This will 

investigate the transport and fate of nutrients within this region which can be used 

to manage the location and management of sea cage aquaculture throughout the 

Lower Spencer Gulf. 

The Aquaculture (Zones – Port Neill) Policy 2008 and the Aquaculture (Zones – 

Arno Bay) Policy 2011 limits the maximum biomass of sea cage aquaculture 

animals that can be grown in the zoned areas. It is based on a carrying capacity 

model to determine the suitable amount of fish for each particular region without 

causing adverse environmental impacts http://www.pir.sa.gov.au/aquaculture 

When assessing an individual licence application there is a strict set of guidelines 

that applies a semi-quantitative risk-based assessment, based on a nationally 

accredited ecological sustainable development assessment framework, Fletcher 

et al (2005) to determine the sustainability and outcome of each individual 

application. The integrity of the assessment process rests on understanding both 

the nature of the environment in which aquaculture is practised and the manner in 

which aquaculture interacts with or changes the environment that surrounds it. 

This includes assessment of approximately 40 possible risk events considered 

directly relevant to potential aquaculture influences, and applies them on both site 

and regional levels. PIRSA also apply guidelines to minimise environmental harm 

by excluding aquaculture over areas of seagrass, reef and macroalgae 

considered significant to local ecology.  

http://www.pir.sa.gov.au/aquaculture
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Pressures Management responses 

Annual Environmental Monitoring Program (EMP) proformas are required to be 

submitted by all licence holders for each licensed site for each reporting year. 

These are reviewed prior to being sent out to licence holders to ensure 

appropriate information is being collected. Current data collected and assessed in 

EMP reports includes: 

 Site development and productivity 

 Feed and chemical inputs 

 Interactions with site infrastructure and marine vertebrates 

 Disease incidents 

 Debris incidents 

 Waste and refuse disposal 

Annual Finfish Environmental Monitoring Program (FEMP) Environmental 

Monitoring Program sampling is conducted by the South Australian Research and 

Development Institute (SARDI). This program involves sampling sediment 

adjacent to actively farmed sites and using DNA profiling to measure changes in 

the benthic community compared to established control sites. PIRSA Fisheries 

and Aquaculture, the finfish industry and SARDI determine which sites are to be 

sampled each year. The same group has responsibility for any follow up action 

that needs to occur as a consequence of poor results through the 10-point FEMP 

plan of action.  http://www.pir.sa.gov.au/aquaculture 

The land based aquaculture 

facility at Arno Bay discharges 

wastewater into a small tidal 

creek which flows to the 

nearshore marine waters. 

 

As part of the licensing requirements, all aquaculture licence holders must 

complete and submit an annual environmental monitoring report to PIRSA, 

detailing (where relevant to that industry) monthly record of biomass of stock on 

site and feed inputs, incidences of disease, chemical use, water discharge, 

infrastructure development etc. In addition, under the Aquaculture Regulations 

2005, water quality sampling is required by land-based sites that discharge water 

into state waters. This information allows PIRSA to assess compliance to licence 

conditions and potential impacts to the environment. 

Failing and/or high density of 

onsite wastewater treatment 

(septic) systems in some coastal 

towns. This is probably most 

significant in Arno Bay and 

Cowell. Overflowing septic 

systems contribute nutrients to 

nearshore marine waters 

through shallow sub-surface or 

occasional overland flows.  

District Council of Franklin Harbour 

The council is considering a community wastewater management scheme for 

Cowell and this will be located approximately 3km inland to minimise potential for 

marine impacts. This will help to improve Franklin Harbour water quality. 

District Council of Cleve 

The council currently operates a small community wastewater management 

scheme for some shacks in the Arno bay area. Council is evaluating the feasibility 

of a larger scheme to include the whole town. The treated wastewater will be used 

for sub-surface irrigation around the local parks and gardens. 

The nutrient status within Franklin Harbour is likely to be naturally elevated by the 

natural geomorphology (refer to the report). Therefore there is limited tolerance for 

additional nutrient input via wastewater discharge. This needs to be considered 

http://www.pir.sa.gov.au/aquaculture
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Pressures Management responses 

when planning management strategies for wastewater treatment.   

Oyster aquaculture within 

Franklin Harbor will remove 

phytoplankton from the waters 

but will deposit organic material 

into waters under the structures. 

Primary Industries and Regions research has indicated that sedimentation due to 

oyster waste production has negligible impacts to the surrounding environment 

(see Wear et al 2004). 

 

5.4 Tier 2 results Tiparra Biounit 

The Tier 1 assessment predicted the Tiparra biounit would be in Good condition. There are a number of potential threats 

related to increasing coastal development including sewage disposal and stormwater, particularly around Wallaroo and 

Port Hughes that have the potential to impact on water quality. A total of 4 sites were sampled in both autumn and spring 

in 2010 to assess condition (Figure 39). 

5.4.1 Habitat 

Sites were dominated by seagrass making up 76.3% of the habitats sampled. There was also 23.5% of rocky reefs and 

only a very small proportion of bare sand (Figure 40). In order to assess how the sampling reflected the known habitat 

composition, the State Benthic Habitat Mapping of the biounit (less than 15m deep) was interrogated. This mapping 

suggests that the biounit was comprised of 86% seagrass, 8% rocky reef and 6% unvegetated bare sand. Therefore the 

current nearshore MER sites in Tiparra are broadly comparable to the known habitats, however the current program has 

over represented reef habitats, which is likely due to the low number of sites in the biounit. 

The monitoring showed that for 3 of the 4 sites, the seagrass habitat structure index was very high with an average of 94 

which is similar to the reference locations, indicating seagrass in dense and continuous meadows with very little 

variability throughout both seasons monitored (Figure 41). The fourth site was comprised of rocky reef habitat which was 

also found to be in Good condition using the rapid assessment methods, with over 60% cover of robust brown 

macroalgae (such as Cystophora spp. and Sargassum spp.) and very low cover of bare substrate or turfing algae (Figure 

42). There was also very little seasonal difference in the assessment of the reef habitat surveyed, resulting in the rocky 

reef index of 100. A nearby reef site “Cape Elizabeth” was surveyed as a part of the SARDI Reef Health project in 2005; 

this diver survey concluded that this reef was in “Good” condition using a 6-level index system (Turner et al 2007a). 
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Figure 39 EPA monitoring sites sampled in the nearshore region of the Tiparra biounit in 2010. Benthic habitats 

shown are from the National and State Benthic Habitat mapping layers (SARDI 2004; DEWNR 2010). 
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Figure 40 Average benthic habitat composition of the sites within the areas sampled within the Tiparra biounit 2010. 

 

Figure 41 Average seagrass condition (HSI) in 2010 and 2011 in the Tiparra biounit, Error bars indicate the standard 

error. HSI is out of 100 (0 = Poor condition; 100 = Good condition). 
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Figure 42 Average cover of reef lifeforms in the Tiparra biounit. Number of quadrats assessed indicated by (n). 

5.4.2 Aquatic ecosystem condition report 

The habitat condition of the Tiparra biounit was 96 out of 100, after results were adjusted for the proportion of habitats 

monitored, which classified the biounit in Excellent condition. This is better than the predicted condition of Good 

determined by the Tier 1 assessment (section 2.5).  

5.4.3 Modifiers 

All of the seagrass habitats monitored in this biounit were covered in very dense loads of epiphytes (Figure 43) with 

average values between 74-100 out of 100 for the three sites. This suggests an excess of nutrients throughout the 

biounit. There was also very little seasonal variation in epiphyte loads indicating that these sites may be under substantial 

stress. It is possible that long term high epiphyte loads may result in an impact on the seagrasses and a reduction in 

seagrass cover, and therefore ecosystem condition (Cambridge and McComb 1984; Borum 1985; Neverauskas 1987; 

Neverauskas 1988; Neverauskas 1989; Shepherd et al 1989; Bryars et al 2011).  
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Figure 43 Seagrass epiphyte index (0 = low epiphytes and 100 = dense) in Tiparra biounit in 2010. Locations within 

the biounit are indicated on the x axis. Error bars represent the standard error. 

 

Figure 44 Screen capture of dense epiphyte load on seagrass at site m0132: Moonta Inner in Autumn 2010. 
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The water chemistry throughout the Tiparra biounit showed that the total nitrogen was significantly higher than at 

reference locations (Mann Whitney p = 0.0017), and the DIN concentrations were significantly lower than in reference 

locations (Mann Whitney p = 0.0191) (Table 9), which is consistent with other biounits in the LSG. The TN:TP ratio 

suggests that in all locations there was not an excess of nitrogen compared to phosphorus, and it was only slightly 

elevated compared to reference locations (Figure 45), suggesting that there is uptake of nitrogen by biological material 

including the dense epiphyte loads throughout the seagrass dominated habitats. Turbidity results were variable with very 

clear water during the autumn sampling (median 0.188 NTU), however the clarity of the water decreased during the 

spring sampling to a median of 0.938 NTU. There was a substantial amount of rain throughout September 2010 with a 

monthly average of 95.2 mm at Moonta, which that majority fell in the first two weeks of September (Commonwealth of 

Australia 2013). The spring survey was undertaken immediately after a large rainfall event and is likely to have influenced 

the water chemistry due to runoff, particularly around the townships in the biounit. This runoff is likely to have introduced 

nutrient and sediment loads into the nearshore environment.  

Table 9 Water chemistry and chlorophyll a averages – Tiparra Biounit 

 

Dissolved 

Inorganic 

Nitrogen 

Total 

Nitrogen 

Filtered 

Reactive 

Phosphorus 

Total 

Phosphorus 
Turbidity Chlorophyll a 

(mg/L) (mg/L) (mg/L) (mg/L) NTU (µg/L) 

Median 0.009 0.190 0.002 0.011 0.440 0.526 

St Dev 0.016 0.099 0.001 0.002 0.451 0.122 

n 24 24 24 24 24 8 

Reference 

median 
0.018 0.150 0.005 0.015 0.190 0.627 

Mann Whitney 

significant at    

p < 0.05 

p=0.0191 p=0.0017 p=0.0000 p=0.0001 p=0.0011 Not significant  
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Figure 45 Mean molar total nitrogen:total phosphorus ratios in the Tiparra biounit. Error bars are the standard error. 

Sites as well as site groupings within larger areas are highlighted on the x axis. A molar ratio of TN:TP 

greater than 16-20:1 is likely to be suggestive nitrogen loading indicated by the range highlighted in 

yellow. 

5.4.4 Conclusions 

The sites monitored within the Tiparra biounit had intact seagrass habitats and rocky reef communities, and the condition 

of the biounit was classified as being in Excellent condition. Notwithstanding the Excellent classification, the seagrass 

habitats are likely to be under stress from substantial nutrient enrichment suggested by the dense epiphyte loads 

observed in both the autumn and spring indicating prolonged reduction in light reaching seagrasses. If these symptoms 

continue, it is possible that seagrass may be lost.  

5.4.5 Pressures and Management Responses 

Section 2.4 discussed nutrient or sediment inputs into the Tiparra biounit. These include the significantly expanding 

coastal development throughout the Wallaroo, Moonta Bay and Port Hughes area. These areas are contributing to the 

input of nutrients and sediment from numerous stormwater discharges into the nearshore environment throughout the 

biounit. This coastal development has expanded at a quicker rate than the sewerage network and treatment facilities can 

cope with, which is particularly stressed during peak holiday periods where there is a large influx of people into the 

region. This can result in overloaded community wastewater management systems and increased overflows. Additionally 

coastal development may result in an increase in the number and density of septic tanks, which can contribute to the 

nutrient load entering surface and ground waters which can reach the nearshore marine environment. 
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Table 10 Pressures and management responses for the Tiparra biounit 2010 

Pressures Management responses 

Failing and/or high density of onsite 

wastewater treatment (septic) systems 

in some coastal towns. This is probably 

most significant in the Moonta and Port 

Hughes areas. Septic systems are likely 

to contribute nutrients to nearshore 

marine waters through shallow sub-

surface or occasional overland flows. 

District Council of the Copper Coast 

The District Council of the Copper Coast is actively upgrading its 

wastewater treatment infrastructure: 

 A new Community Wastewater Management Scheme (CWMS) 

has been built to service Moonta, Moonta Bay and Port Hughes. 

 Additional sewage network infrastructure is being installed in 

Moonta to connect with the new CWMS. 

 The Wallaroo CWMS is being upgraded to allow for residential 

expansion. 

District Council of Yorke Peninsula 

The shacks at Balgowan on the Yorke Peninsula west coast are 

connected to a Community Wastewater management Scheme operated 

by the District Council of Yorke Peninsula. All developments are at least 

100m from the high water mark. 

Stormwater runoff from coastal towns  

transporting nutrients and sediment into 

nearshore waters. 

District Council of the Copper Coast 

The District Council of the Copper Coast has commissioned a stormwater 

management plan for Moonta. Stormwater management plans for Kadina 

and Wallaroo will also be prepared. 

5.5 Tier 2 results Wardang biounit 

The Tier 1 assessment predicted that the Wardang biounit would be in Good condition (see Section 2.6). A total of 5 sites 

were sampled in the biounit (Figure 46). However, at one site (m0127: Corny Point). The video data files containing the 

biological information of the underwater videos were corrupted resulting in only water chemistry data assessed from this 

location during the spring sampling.  

One location within this biounit (m0128: Point Souttar) was dominated by bare sand, and was subjected to an evaluation 

of the potential for seagrass growth using a seagrass reconstruction assessment described in section 3, as well as in 

(Bryars and Rowling 2008). This location was mapped as a part of the National and State Benthic Habitat mapping 

programs (www.naturemaps.sa.gov.au) and it was classified as bare sand in the National Benthic Habitat Mapping 

program (SARDI 2004), and as sparse seagrass in the State Benthic Habitat Mapping program (Figure 46) (DEWNR 

2010). The state program is generally considered to be more accurate due to the extensive ground truthing and the 

resultant finer mapping unit (1 ha) product (D. Miller (DEWNR) pers. comm). The mapping and associated video drop 

ground truthing points undertaken by DEWNR for this program show medium Zostera sp. and Halophila sp. seagrasses 

located adjacent to m0128 (Figure 47) (DEWNR 2010). There is evidence to suggest that these species can be 

considered colonising species for previously disturbed areas which can be replaced over time by the slower growing 

species Posidonia spp. and Amphibolis spp (Kirkman and Kuo 1990). The results of this assessment are detailed in 

Table 11 and it is concluded that there is the potential for seagrass to be present on the site, and therefore it would be 

reasonable to apply the seagrass/sand conceptual models in Appendix 3. 

http://www.naturemaps.sa.gov.au/
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Figure 46 EPA monitoring sites sampled in the nearshore region of the Wardang biounit in 2010 and 2011. Benthic 

habitats shown are from the National and State Benthic Habitat mapping layers (SARDI 2004; DEWNR 

2010). 

Table 11 Seagrass likelihood reconstruction assessment for m0128: Point Souttar 

Parameter m0128 

Depth 10 - 15 m  

Adjacent seagrass very close (< 500 m) 

Particle size Sand (63um-2mm) 

Profile Flat (<25cm) 

Wave energy Low 

Other evidence Nil 

Conclusion Potential for seagrass in area 
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Figure 47 State benthic habitat mapping and video ground truthing drop locations adjacent m0128. Green thatched 

polygon indicates patchy sparse seagrass, while green dots indicate video drop locations and 

classification (taken from www.naturemaps.sa.gov.au). 

5.5.1 Habitat 

The sites in the Wardang biounit were a mixture of bare sand (39.1%), seagrass (24.7%), and areas of rocky reef /small 

algal community (35.9%) (Figure 48). In order to assess how representative the sites sampled were in relation to the 

known habitat mapping, the State Benthic Habitat Mapping program was compared. This program documented the 

Wardang biounit and the habitats less than 15 m were represented by 63% seagrass, 28% reef and 9% unvegetated 

sediment (DEWNR 2010). Therefore the sites monitored in the current MER program are broadly representative of the 

known habitats mapped, however the monitoring has slightly under represented seagrass habitats. This is not surprising 

given the large areas of seagrass mapped that were not covered by sites in the current program due to the random 

nature of the site selection. 

http://www.naturemaps.sa.gov.au/
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Figure 48 Average benthic habitat composition of the sites within the areas sampled within the Wardang biounit. 

The average condition of the seagrass habitats in the Wardang biounit was 27 which reflected the sparse to moderate 

patchy seagrass cover in the biounit. One exception to this was the site m0127: Corny Point, which had largely dense 

and continuous meadows of Posidonia sp. seagrass (Figure 49) that can also be seen on the benthic habitat mapping 

(Figure 46). Unfortunately this was the site where the video file was corrupted in the spring sampling event. If the 

seagrass at this site was consistent with previous sampling during autumn then the average HSI for the biounit would 

have been slightly higher. The remaining seagrass habitats were largely comprised of Posidonia sp. and Amphibolis sp. 

seagrasses and the high degree of patchiness and variability, which may reflect Poor condition. 

Sites m0131: Port Victoria in both seasons, and m0130: Hardwicke Bay in spring, were dominated by small algal 

communities where large brown canopy algae were conspicuously absent. The sites had very low relief and algae were 

in dispersed with large amounts of sandy substrate (Figure 50). A small algal community on a rocky substrate in shallow 

waters could be seen as a rocky reef denuded of large brown canopy algae, or alternatively the reef may not be suitable 

for large brown algal growth (Shepherd and Sprigg 1976). Turner et al (2007a) assessed a reef in the nearshore waters 

adjacent Point Souttar and concluded that this reef was in Poor condition, but there was significant uncertainty due to the 

potential for low profile reefs in sheltered locations to be impacted by sedimentation. The authors concluded that the 

source of sedimentation, either natural or anthropogenic, was uncertain (Turner et al 2007a). Appendix 3 shows the 

conceptual models for the Lower Spencer Gulf biounit and currently there are no rapid assessment methods to assess 

the condition of small algal communities in South Australia. In this case what might be important is change in the habitat 

composition over time.  

For the purposes of the AECR classification the small algal transects within these sites has been excluded, however it 

has been included in the multivariate analysis, and also the assessment for other indicators such as opportunistic 

macroalgae. 
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Figure 49 Average seagrass condition (HSI) in 2010 and 2011 in the Wardang biounit, Error bars indicate the 

standard error. HSI is out of 100 (0 = Poor condition; 100 = Good condition). 

 

Figure 50 Screen capture of small algal community at site at m0131: Port Victoria 

5.5.2 Aquatic ecosystem condition report 

There is a paucity of biological survey information on shallow water small algal communities that are not considered rocky 

reefs in South Australia. As such there is very little reported on their condition to be able to generate a conceptual model 

and disturbance gradient for these habitats in response to increases in nutrient or sediment loads. In many cases there is 

uncertainty as to whether these are discrete habitats, or whether they are a seagrass, rocky reef or other habitat in 

transition from one state to another. Due to the considerable uncertainty as to whether these sites fit the conceptual 

models, the results have been excluded from the ecosystem condition calculation. This has resulted in a reduction in the 

power of the data from this biounit, which causes the variability in the data to have a larger influence on the results 

increasing uncertainty. 

Overall, the biounit was classified as being in Poor condition with a habitat score of 13.3 when the results were adjusted 

for the proportion of habitats within the biounit. The Tier 1 assessment predicted the Wardang biounit to be in Good 

condition, which is a large difference to the observed condition. This difference is partly due to the variability in the 
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seagrass habitats but also the inability to classify a ~35% of the habitats monitored in the biounit. This disparity in the 

predicted compared to the observed condition may also highlight a nutrient or sediment source that has not been 

highlighted in the threat assessment. 

5.5.3 Modifiers 

There were largely dense epiphyte loads on all the seagrasses monitored throughout the biounit, suggesting nutrient 

enrichment (Figure 51). Additionally, other indicators of nutrient enrichment were observed with frequent abundance of 

Hincksia sordida throughout the biounit especially in spring (Figure 52). These indicators suggest that there is an excess 

of nutrients in these areas which may be resulting in stress on the communities. If this stress is prolonged it can result in 

seagrass loss.  

 

Figure 51 Average epiphytic index for the sites in the Wardang Biounit in 2010 and 2011. Error bars are standard 

errors. Epiphyte load index (0 = sparse; 100 = dense). 

Chlorophyll a and turbidity showed no significant differences but, consistent with many of the other biounits, the spring 

water sampling data were affected by elevated turbidity which may reflect terrestrial runoff into the marine environment 

(Table 12). The biounit was significantly greater in total nitrogen concentration (Mann Whitney p = 0.0401) and 

significantly lower dissolved nutrients (Mann Whitney p = 0.0062), which is consistent with most other biounits and is 

likely to reflect biological uptake of soluble nutrients by the increased biological material (eg seagrass epiphytes and 

Hincksia sp.). All of these indicators are suggesting that the biounit is under stress from increased nutrients. 
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Figure 52 Screen capture of opportunistic macroalgae (Hincksia sordida) at m0129: Point Pearce in spring 2010. 

Table 12 Water chemistry and chlorophyll a values – Wardang Biounit 

  

Dissolved 

Inorganic 

Nitrogen 

Total 

Nitrogen 

Filtered 

Reactive 

Phosphorus 

Total 

Phosphorus Turbidity Chlorophyll a 

(mg/L) (mg/L) (mg/L) (mg/L) NTU (µg/L) 

Median 0.013 0.200 0.002 0.011 0.190 0.430 

St Dev 0.005 0.059 0.002 0.002 0.466 0.119 

n 25 25 25 25 25 9 

Reference 

median 0.018 0.150 0.005 0.015 0.190 0.627 

Mann 

Whitney 

significant at  

p < 0.05 

p=0.0062 p=0.0401 p=0.0005 p=0.0006 Not significant Not significant 

5.5.4 Conclusions 

The Wardang biounit spans from Island Point just north of Port Victoria down the western side of the Yorke Peninsula to 

Corny Point. The AECR result was Poor however there is considerable uncertainty in this result due to the condition of a 

large proportion of the habitats being unable to be assessed reliably. As outlined above small algal communities can 

appear as rocky reefs denuded of large brown canopy algae, and as such would be considered degraded, however in the 

current MER program the small algal communities were in dispersed with sandy substrate rather than rock and therefore 

it is likely that these communities are natural small algal communities rather than denuded reef. Further work is needed to 

assess small algal communities in response to nutrient and sediment loads.  

There are a number of other symptoms of nutrient enrichment that are less ambiguous, with dense seagrass epiphyte 

loads, opportunistic macroalgae and elevated nitrogen in the water, suggesting that the biounit is affected by excess 

nutrients.  
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5.5.5 Pressures and management responses 

Section 2.5 outlines the threats to water quality considered to develop the predicted condition. There are a small number 

of towns adjacent the biounit with the largest being Port Victoria and Hardwicke Bay, both with less than 500 permanent 

residents. Sewage treatment from these towns is via septic tanks, which in sandy soils has the potential to contaminate 

groundwater and travel towards the coast. The population of these areas swells in holiday periods, which is likely to put 

considerable strain on the sewerage infrastructure, and can then increase nutrient flows to the nearshore environment 

during these times. 

The Yorke Peninsula has been heavily cleared for agriculture with cereal crops dominating the entire Peninsula. This 

landscape clearance has changed the surface and groundwater patterns which is likely to have altered flows to the 

nearshore marine environment. 

An additional stressor in this biounit is prawn trawling, which is likely to have historically (and currently) trawled 

throughout this area. Prawn trawling (particularly undertaken historically) has caused significant alterations to the benthic 

communities, especially sessile taxa (Tanner 2003; Tanner 2005). More recent trawling is focused on waters greater than 

10 m deep as these waters are known to be favoured by the target species (PIRSA 2003), but it is possible that, if this 

area has been heavily trawled, it may have resulted in significant changes to the habitats present and could account for 

the condition of habitats present.  

Table 13 Pressures and management responses for the Wardang biounit 2010 

Pressures Management responses 

Failing and/or high density of onsite 

wastewater treatment (septic) systems in 

some coastal towns. This is probably 

most significant in the Port Victoria, 

Hardwicke Bay areas. Overflowing septic 

systems contribute nutrients to 

nearshore marine waters through 

shallow sub-surface or occasional 

overland flows. 

District Council of Yorke Peninsula 

The council has established Community Wastewater Management 

Schemes (CWMS) to service the shacks at Collins Beach, Point Turton, 

Hardwicke Bay and Bluff Beach. The CWMS at Bluff Beach was also 

extended and connected to other existing freehold properties. 

Subdivisions constructed in Point Turton and Port Victoria included the 

development of CWMS. The council will investigate future expansion of 

these schemes. 

Council also encourages existing shack owners on small allotments 

within 100 meters of high water mark to install holding tanks. 

5.6 Tier 2 results Pondalowie biounit 

The Tier 1 assessment determined that the Pondalowie biounit was predicted to be in Excellent condition. Due to 

logistical and resource constraints the Pondalowie biounit was not sampled in 2010, so as a result no AECR has been 

developed. The Pondalowie biounit will become a priority in the next sampling event for the lower Spencer Gulf, 

particularly to validate the Tier 1 assessment of a biounit of Excellent condition. 
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6 Conclusions 

The lower Spencer Gulf is a large and diverse ecological environment that is shaped by geology, unique hydrodynamics, 

and its orientation to the wind and wave energies. The nearshore waters are dominated by seagrass meadows, and 

where rocky substrates exist macroalgal reefs are common. The bioregion is productive for commercial and recreational 

fisheries as well as a thriving aquaculture industry which contributes a significant amount of value to the State’s economy, 

and is a vital regional employer for South Australia. The productivity of these industries rely heavily on the ecosystem 

services provided by the maintenance of clean water and habitats in good condition.  

For ecosystem services to be sustained over time, the ecosystems providing them need to be able to continue 

functioning despite stress on the system (Levin and Lubchenco 2008). These ecosystem services can include the 

productivity of commercial and recreational fisheries resulting from the use of seagrass meadows as a nursery, food, and 

shelter for juvenile fish and invertebrates (Orth et al 2006; Waycott et al 2009a); or the assimilative capacity afforded by 

seagrass and reef systems to “absorb” small or localised nutrient inputs (Portmann and Lloyd 1986; Cairns Jr 1998). It is 

widely believed that an ecosystem in good condition is seen as being resilient to change (Scheffer et al 2001). Therefore 

there is considerable concern that in regions where multiple lines of evidence are suggesting significant nutrient 

enrichment, there is a risk of significant deterioration in ecosystem condition or even a system collapse (Scheffer et al 

2001; Elmqvist et al 2003; Levin and Lubchenco 2008).  

This report is the first bioregion-wide assessment of ecological condition of nearshore habitats undertaken in the Lower 

Spencer Gulf and as such it is hard to determine whether the observed conditions have changed over time as a result of 

many decades of anthropogenic inputs, or whether there is a large amount of natural variability which is considered 

“normal”. Throughout the process of developing an MER program to determine condition of nearshore habitats the EPA 

have developed conceptual models based on an understanding of a perceived reference condition, which has been 

tested in areas remote of nutrient and sediment inputs (Gaylard et al 2013).  

According to these conceptual models it is clear that there is a range of habitats throughout the bioregion and these 

habitats range from being in Excellent condition through to being in Poor condition when compared to the conceptual 

models outlined in this report and in Gaylard et al (2013). The condition of biounits within the Lower Spencer Gulf 

bioregion ranged from Excellent at Tiparra, throughout to Poor at Wardang. However the overwhelming multiple lines of 

evidence shows that habitats within all biounits are under some degree of stress due to an excess of nutrients. In some 

places this stress was considered severe and was observed during both sampling periods, which may indicate prolonged 

light reduction to seagrass meadows resulting in a high risk of habitat degradation. 

Pressures that are contributing to the nutrient load within the bioregion are wide and varied in both the load of nutrients 

discharged, as well as the location and timing of the discharges. These include the sea cage aquaculture of southern 

bluefin tuna and yellowtail kingfish, the discharge of treated sewage effluent from wastewater treatment plants, 

stormwater runoff from coastal towns, discharges from industries including fish processors, and leakage of septic tanks 

when in high densities to name a few. 

In some locations the symptoms of nutrient enrichment may be disproportionate due to the local hydrodynamics and 

geomorphology restricting water movement and reducing the flushing with ‘cleaner’ water. These locations may be more 

susceptible to impacts from nutrients and should be closely watched for changes over time. 

It is important to stress that this MER program does not show causative links to any source, but only show the condition 

of the habitat and snap shots of some of the factors that can modify the habitats at the time of sampling.  
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Glossary 

Ambient: an adjective that means surrounding, completely enveloping, encompassing. In terms of ambient water 

quality it generally refers to the environment not immediately impacted by a point source discharge. This means it is 

possible to describe the ambient water quality in a national park, broad-scale agricultural setting or even some 

urban catchments, but not immediately downstream from an industry discharge point or pipe.  

Condition: refers to the state in which things exist and can be quantified as a quality or rank. The term relies on 

defining the criteria to rate different states or levels of assessment in the case of water quality indicators.  

Diffuse pollution: typically refers to non-point source pollutants that run off or seep into waterways from broad 

areas of land such as agriculture or urban settings, as well as dispersal from airborne pollutant sources. Non-point 

sources are generally the largest contributors to water pollution at the catchment scale.  

Disturbance: refers to the negative change in condition of a system from a previous desirable state, can be 

mediated by natural (for example, storms) or anthropogenic (eg pollution) forces. 

Epiphyte: is a plant or algae that grows on another plant but is not parasitic. In the case of seagrasses epiphytes 

are typically alga that use seagrass leaves as substrate to grow. When epiphytes become dense the light reaching 

the seagrass leaf can be reduced which can potentially impact the seagrass 

Rating: refers to the condition classification or grade. This is intended as a simple communication tool, to 

summarise the relative condition in a single, simple to understand phrase.  

Opportunistic macroalgae: algae known to thrive in elevated nutrient environments. In southern Australia these 

can include Ulva spp. and Hincksia sordida. 

Point source pollution: refers to the entry of pollutants from well-defined locations, such as a pipe or sewer 

outflow. Industrial factories, sewage treatment plants, and stormwater outflow pipes are common point sources of 

water pollution. 

Reference: a benchmark that is typically used as a comparison of a state or condition against a natural, 

unaffected, preferred or desired state or range of states. 

Spatial: an adjective that refers to the nature of space, size, area or position. 

State: another term for condition, stage, rank or circumstances at any time. 

Sub-program: refers to the monitoring and assessment activities relating to different South Australian water 

types—nearshore marine, creeks, lakes and wetlands, groundwaters and estuaries. 

Temporal: an adjective that refers to the timeframe(s) over which monitoring and reporting occurs. 

Trend: refers to change with respect to time. This has typically been interpreted and assessed using standard 

statistical analyses which rely on showing a linear relationship between an indicator and time. There are a number 

of assumptions that need to be considered when using different statistical approaches, and in many cases it is 

arguable whether they are appropriate for highly variable water quality data. An increasing or decreasing linear 

trend in individual water quality parameters is of limited value in the context of assessing ecosystem status. With 

regard to the South Australian aquatic ecosystems MERP, changes in condition over time will be used to show 

trends in environmental quality for different waters in the state.  

Water: refers to all waters including inland, groundwater, estuaries and marine waters. 
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Water quality: in view of the complexity of factors and the large choice of variables used to describe the status of 

water bodies in quantitative terms, it is difficult to provide a simple definition of water quality. For EPA purposes 

water quality is a technical term that refers to the suitability of water to sustain various uses and processes. It is 

typically thought of and described in terms of the biological, physical, and chemical properties of an aquatic 

environment. 
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Abbreviations 

ACER Aquatic Ecosystem Condition Reports 

AHD Australian height datum 

CWMS Community wastewater management systems 

DEWNR Department of Environment, Water and Natural Resources 

DIN Dissolved inorganic nitrogen 

EMP Environmental Monitoring Program 

EP Eyre Peninsula 

EPA Environment Protection Authority 

FEMP Finfish Environmental Monitoring Program 

FRP Filtered reactive phosphorus 

HSI Habitat Structure Index 

IMCRA Integrated Marine and Coastal Regionalisation of Australia 

IMTA Integrated Multi-Trophic Aquaculture 

LSG Lower Spencer Gulf 

MER Monitoring, evaluation and reporting 

nMDS Non metric multi-dimensional scaling 

NRM Natural Resource Management 

PCA Principal components analysis 

PIRSA Primary Industries and Regions 

SARDI South Australian Research and Development Institute 

SASQAP South Australian Seafood Quality Assurance Program 

SBT Southern bluefin tuna 

SMP Stormwater Management Plan 

TN Total nitrogen 

TP Total phosphorus 

WSUD Water Sensitive Urban Design 
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WWTP Wastewater treatment plant 

YTK Yellowtail kingfish 
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Appendix 1 Ecological condition gradient 
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Appendix 2 Conceptual models lower Spencer Gulf 2010 

Gaylard et al (2013) detailed the monitoring methods undertaken to broadly assess ecological condition for the EPA’s 

Aquatic Ecosystem Condition Reports (AECR). This report detailed generic conceptual models that have been used to 

suggest processes of degradation based on established literature and develop a condition gradient (Appendix 3). The 

overarching assumption is that habitat condition is directly correlated to ecological condition, which holds true for many 

other temperate locations around the world (Duarte 2002; Waycott et al 2009b). Conceptual models that describe the 

response of an ecosystem to stress have been used in developing strategies for natural resource management that put 

emphasis on the maintenance of important ecological characteristics. The condition gradient is a type of conceptual 

model that relates an observed ecological response to increasing levels of human disturbance (Davies and Jackson 

2006). This gradient assumes that habitat condition deteriorates as the degree of human disturbance in the surrounding 

and adjacent environment increases, and conversely, the best condition occurs where there is little to no human 

disturbance of the environment.  

This section addresses whether the major habitats in the Lower Spencer Gulf allow the use of the generic conceptual 

models provided in (Gaylard et al 2013) in order to ensure that the assumptions of those models are still reasonable for 

this bioregion. 

Seagrass 

The ecological information summarised for each biounit in Lower Spencer Gulf (section 2) indicates that many of the 

biounits are dominated by seagrass meadows comprised mainly of Amphibolis antarctica and/or species from the 

Posidonia australis group (P. sinuosa, P. australis & P. angustifolia) with little to no recorded occurrences of Posidonia 

ostenfeldii group. This suggests that the conceptual model of seagrass degradation along a gradient of decreasing light 

outlined in Gaylard et al (2013) would be applicable in this bioregion. 

A fundamental aspect of this MER program is the assessment of whether the benthic habitats have changed over time. 

Humans have altered the landscape around Port Lincoln for over 150 years which is likely to have influenced, in some 

part, the nearshore benthic habitats. Without knowledge of historical (pre 1970’s) benthic habitat composition and extent, 

it can be hard to determine whether habitats including seagrass may have existed in an area, or have been lost due to 

disturbance, or whether bare sand is a natural state. In order to establish whether seagrass may have been present 

naturally at a site, this program has used methods adapted from Bryars and Rowling (2008), who established a coarse 

habitat reconstruction for each sampling area to determine if seagrass has been present prior to monitoring. If seagrass 

is currently present in the sampling area then it is likely that it was historically (ie pre-European settlement) present. As 

used by Bryars and Rowling (2008), this assumption is robust in gulfs and sheltered bays due to the slow growing and 

colonising ability of the dominant Amphibolis and Posidonia genera. In areas where seagrass is absent and there is no 

historical evidence of seagrass presence, an assessment will be made based on a range of known variables to attempt to 

determine whether seagrass was likely to have been present historically to determine the likelihood of change over time 

due to current activities (Gaylard et al 2013). 

Seagrass condition is described for areas that are considered to be likely to be suitable for seagrass growth and use the 

Habitat Structure Index (HSI) described in (Irving et al 2013). This HSI method quantifies habitat condition using seagrass 

density, seagrass area, species (or genus) and the proximity between patches to describe the continuity of a meadow in 

relation to a dense and continuous meadow as found in Posidonia australis complex and Amphibolis spp. genera (Irving 

et al 2013). As outlined by (Irving et al 2013) the HSI does not consider seagrass genera that may not grow in continuous 

meadows such as the Posidonia ostenfeldii complex. Seagrass condition has been described using the conceptual 

seagrass condition gradient described in Table 1 and detailed in (Gaylard et al 2013). 
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Table 14 Conceptual seagrass condition gradient 

Component Excellent Very Good Good Fair Poor Very Poor 

Seagrass 

Posidonia 

australis 

complex 

seagrass 

cover. 

 

Dense 

meadows of 

seagrass 

typically 

Posidonia 

australis 

group. and/or 

Amphibolis 

spp. 

 

Generally 

dense 

seagrass 

meadows. 

Seagrass 

condition may 

start to 

become more 

variable 

Moderate 

density or 

dense patches 

of seagrass. 

 

Moderate 

density of 

seagrass in 

frequent 

patches or 

uniform 

sparse 

seagrass 

coverage.  

 

Seagrass 

would typically 

be sparse and 

patchy. 

 

Seagrass 

totally lost 

where 

previously 

inhabited.  

 

Seagrass 

condition 

using the 

habitat 

structure 

index (HSI) 

HSI  > 90 Habitat 

structure 

reducing 

and/or 

becoming 

more variable.  

HSI between 

70 -89 

HSI between 

50 -69 

HSI between 

30 and 49 

HSI between 

10 and 29 

HSI below 10 

Rocky reefs in lower Spencer Gulf 

With respect to rocky reef communities, Edyvane (1999b) outlines the key species that dominate both shallow and 

deeper reefs in the LSG bioregion. The canopy species noted are largely consistent with the broad premise that in waters 

less than 15 m deep large canopy forming brown algae dominate reefs throughout southern Australia (Shepherd and 

Sprigg 1976; Turner et al 2007b). Rocky reef systems are complex multi-layered communities and a rapid assessment 

based on remote observations may not fully capture the level of accuracy compared to measurements obtained using 

SCUBA. However the use of photo quadrats and video has become increasingly popular to assess canopy assemblages 

(Leujak and Ormond 2007; Lirman et al 2007; Lirman et al 2008; Parravicini et al 2009), and for the broad scale 

assessment used in this MER program is deemed sufficient. The condition of rocky reefs was described using the 

conceptual rocky reef condition gradient in Table 2, and described in detail including the numerous assumptions and 

limitations within (Gaylard et al 2013), based on the Turner et al (2007) reef status indices. 

Table 15 Conceptual rocky reef condition gradient 

Component Excellent Very Good Good Fair Poor Very Poor 

Robust brown 

macroalgal 

cover 

(Fucales & 

Laminariales) 

Reef dominated by Fucales or Laminariales with 

areal cover of robust brown macroalgae greater 

than 40 % 

Cover of robust  brown macroalgae below 40 %  

Turfing algae Areal cover of turfing algae less than 25% 

 

Areal cover of turfing algae greater than 25% 

Bare Bare rock substrate on reef less than 20% Bare rock substrate greater than 20% 
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substrate 

  

Un-vegetated sediments 

Unvegetated sediments dominate areas that are unsuitable for seagrass or macroalgal growth for a range of factors 

including water current speeds/wave energy, light availability (depth) and/or unsuitable/unstable substrate. Our 

knowledge of ecological processes and responses of bare sandy substrate to disturbance in Southern Australian 

unvegetated habitats is limited, and often based on very costly sampling and analysis of infauna. Establishing a condition 

gradient is thus difficult when using remote video assessment methods. Brown et al (1987) and also Cheshire (1996) 

have described a range of epi-faunal indicators of organic enrichment radiating from sea cage tuna farms, which suggest 

a shift in species composition towards an increase in deposit feeding organisms, compared to control locations. These 

species may be amenable to video monitoring techniques, depending on image quality (Cheshire 1996). The condition of 

unvegetated sediments will be described using the simplistic conceptual condition gradient described in Table 3, but note 

the limitations and assumptions outlined in (Gaylard et al 2013). 

Table 16 Conceptual condition gradient for unvegetated sediments 

Component Excellent Very Good Good Fair Poor Very Poor 

Unvegetated 

sediments 

   Prevalence of 

deposit 

feeding epi-

benthic 

animals 

Dominance in 

deposit 

feeding epi-

benthic 

animals 

compared to 

reference 

condition  

 

Within lower Spencer Gulf the dominant habitat on soft sediment is seagrass. As a seagrass habitat degrades for 

whatever reason the habitat generally becomes bare sand. The delineation between seagrass habitats, severely 

degraded seagrass habitats where the seagrass has been lost due to disturbance, and naturally unvegetated sediments 

is very difficult especially when reaching deeper depths where light may naturally limit the extent of seagrass. The 

nearshore MER program has set a cut off point of 15 m depth which is designed to help overcome this delineation where 

natural light attenuation through water may be a key factor in seagrass survival. Gaylard et al (2013) describes a process 

of assessment undertaken where unvegetated sediment habitats are encountered in the LSG. This assessment looks at 

a number of key factors that may contribute to the likelihood of seagrass being able to survive or have previously 

survived at that location. Where seagrass is determined not to be able to survive a coarse conceptual model of the 

condition of unvegetated sediment (Table 3) will be used to describe condition.  

Multivariate comparisons 

The conceptual models and the data compiled in Gaylard et al (2013) reflect the physical, biological and chemical 

attributes that may be typical in South Australian nearshore habitats that are in located in waters between 2 – 15 m deep 

when in “Excellent” condition. This work also shows how attributes may change along a disturbance gradient relating to 

declining condition (Appendix 2). In order to demonstrate how sites assessed in this MER program fit within the 

conceptual models, reference points were created using the information within the models to show how these attributes 

changed in comparison to data collected in this MER program and displayed using a (nMDS) plot (Figure 53). Overlaying 

the sites sampled in this MER with the reference points will show where the composition of the sites fit with the 

conceptual models, and whether there are biological gradients present in the data or other patterns that may help 

interpret the data in relation to pollution sources, natural variation, or other factors.  
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Figure 53 Reference points reflecting the conceptual models of habitat disturbance in GSV nearshore marine 

environment incorporating habitat composition, seagrass density and patchiness, seagrass epiphyte load 

and opportunistic macroalgae. Based on models in (Gaylard et al 2013). 

 

Table 17 Conclusions for the broad scale condition of the biounit based on the conceptual models 

Component Excellent Very Good Good Fair Poor Very Poor 

Ecosystem Structure and 

function of 

habitats 

considered in 

natural or 

unimpacted 

condition. 

Nearshore 

waters are 

likely to be 

oligotrophic. 

Adequate light 

for a 

maximum 

photic zone. 

 

Habitat 

structure 

considered 

natural, but 

some 

detectable 

changes 

compared to 

Excellent 

state. 

Habitat 

changes are 

unlikely to be 

leading to 

changes in 

ecosystem 

function. 

Any 

Habitat 

structure 

slightly 

impaired with 

initial 

symptoms of 

nutrient 

enrichment or 

suspended 

sediment.  

May be some 

initial changes 

to ecosystem 

function. 

Detrimental 

effects limited 

to site level 

changes but 

Habitat 

structure has 

been impaired 

with impacts 

from nutrient 

enrichment or 

suspended 

sediment.  

These habitat 

changes are 

likely to be 

changing 

ecosystem 

function 

including 

resilience, 

biodiversity, 

productivity, 

Habitat 

structure has 

been severely 

impaired 

leading to 

significant 

changes to 

ecosystem 

function 

including 

resilience, 

biodiversity, 

productivity, 

and sediment 

stability. 

Significant 

impacts of 

nutrient 

Ecosystem 

function and 

structure totally 

lost.  

Nearshore 

waters are 

likely to be 

eutrophic  

Detrimental 

effects at a 

regional scale 

and recovery 

may not be 

possible.  
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detrimental 

effects are 

limited to 

small pockets 

and quickly 

reversible. 

 

limited to short 

term recovery. 

and sediment 

stability. 

Detrimental 

effects may 

extend to 

numerous 

sites or small 

areas where  

longer term 

recovery is 

required. 

enrichment or 

suspended 

sediment. 

Detrimental 

effects may 

extend to 

numerous 

sites and 

possibly long 

term recovery. 
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Appendix 3  List of site numbers and locations 

Site  Latitude  Longitude Description 

m0100 -34.8005 135.8086 Tulka 

m0101 -34.7686 135.8570 Murray Point 

m0102 -34.7971 135.8907 East of Horse Rock 

m0103 -34.6926 135.8620 Axel Stenross 

m0104 -34.7152 135.8629 Lincoln town jetty 

m0105 -34.6364 135.8801 North Shields 

m0106 -34.6692 135.8780 Inside Boston Bay 

m0107 -34.6262 135.9055 West Maria Point  

m0108 -34.7592 135.9120 Billy Lights Point 

m0109 -34.7037 135.9186 Inside Boston Island 

m0110 -34.7239 135.9379 Rotten Bay 

m0111 -34.5786 135.9612 Louth Island 

m0112 -34.5513 135.9530 Louth Bay 

m0113 -34.6279 135.9650 Point Boston 

m0114 -34.5193 136.0020 Peake Point 

m0115 -34.4923 136.0399 Peake Bay inner 

m0116 -34.5347 135.9450 Point Warna 

m0117 -34.5144 136.0560 Inside Bolingbroke 

m0118 -34.7768 135.9720 Spalding Cove 

m0119 -33.7488 136.8996 Franklin Harbour 

m0120 -33.7768 136.9670 Cowell inner 

m0121 -33.6944 136.9506 Cowell outer 

m0122 -34.7298 136.0003 Cape Donington 

m0123 -33.9227 136.5779 Arno Bay 

m0124 -34.8430 135.9759 Taylor Island 

m0125 -34.3637 136.1300 Tumby Bay 

m0126 -34.9356 136.0835 Thistle Island 

m0127 -34.9001 137.1206 Corny Point 

m0128 -34.9045 137.3383 Point Souttar 

m0129 -34.4762 137.3998 Point Pearce 

m0130 -34.8651 137.4309 Hardwicke Bay 

m0131 -34.5120 137.4536 Port Victoria 

m0132 -34.0331 137.5406 Moonta inner 

m0133 -34.1436 137.4370 Cape Elizabeth 

m0134 -34.0251 137.4930 Moonta Bay 

m0135 -33.9440 137.5446 Wallaroo 

 


