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SUMMARY 
This report describes the benthic communities and habitats (BCH) within the Koombana Bay Marine 
Structures (KBMS) strategic proposal area and adjacent coastline based on desktop investigations and 
ground-truth field surveys. The information collated was used to provide an assessment of the potential 
effects of the proposals on BCH and recommendations for mitigating these effects. Environmental impact 
assessment and management requires investigation of the extent, severity and duration of the proposal 
activities. Also assessed are the cumulative effects when the impacts associated with the KBMS strategic 
proposal are added to historical and proposed impacts from other sources in the region. 

The assessment process for BCH was informed by the Environmental Protection Authority’s (EPA) technical 
guidance documents for the Protection of benthic communities and habitats (EPA 2016b) and Environmental 
impact assessment of marine dredging proposals (EPA 2021). 

In 2017, RPS mapped the extent of benthic communities and habitats within Koombana Bay and the 
coastline adjacent to Bunbury based on the interpretation of aerial imagery, ground truthing field 
observations and findings from previous studies. Five benthic habitat classes were documented, including: 

• Seagrass habitat comprised of Heterozostera sp. mixed with varying degrees of underlying Halophila 
sp. along most of the inshore area of Koombana Bay (but absent from Casuarina Harbour), 
predominantly at depths between 1.0–3.0 metres (m) 

• Assemblages of brown, green and red macroalgae, including canopy-forming brown macroalga 
(Sargassum sp.), attached to reef along the shore between the Dolphin Discovery Centre and the 
entrance channel to the Inner Harbour to a depth of approximately 1.5 m, as well as on discrete areas of 
reef approximately 1.5 kilometres (km) south-east and approximately 1.0 km east of the channel to 
Leschenault Estuary 

• Filter feeder communities (predominantly sponges) on a nearshore reef 0.5–1.0 km north-east of the 
channel to Leschenault Estuary 

• Several areas of turf algae interspersed along the shore at depths between 3.0–4.0 m 

• Bare sediment habitat throughout Casuarina Harbour and at all depths greater than 4.0 m throughout 
the rest of Koombana Bay. 

Proposal risks 
The KBMS strategic proposal will entail a range of activities that have the potential for impacts to intertidal 
BCH from: 

• Direct removal of BCH because of the construction of the marina / harbour water bodies and 
breakwaters 

• Indirect impacts to BCH, including irrecoverable and recoverable impacts from dredging and 
construction and due to altered sediment and water movement and flows caused by breakwaters and 
other coastal infrastructure 

• Reduction in marine environmental quality that supports healthy benthic communities and habitat during 
construction and operation of the marina/harbour. 

Capital dredging is the aspect of the KBMS strategic proposal with the greatest potential for causing loss or 
structural change to BCH. The dredging programme will result in the direct removal of BCH and generate 
elevated levels of suspended sediment concentrations and sedimentation, which can affect the functional 
processes of BCH and cause mortality. The dredging proposed includes a channel to a declared depth of  
-12.2 m Chart Datum. 

The total volume of dredged material is anticipated to be up to 266,000 m3 and it is expected that dredging 
will be undertaken over two steps outside of the port’s biannual March and September maintenance 
dredging programme: 

1. Casuarina Boat Harbour Phase 1 will be undertaken using a trailer suction hopper dredge and a 
backhoe dredge operating 24 hours a day over a period of approximately one month (28 days). Up to 
130,000 m3 of dredged material will be disposed of off shore in Commonwealth waters. 
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Koombana Bay Sailing Club (KBSC) marina dredging will be undertaken using a backhoe / cutter 
suction dredge for a period of up to 64 days. 

2. Casuarina Boat Harbour Phase 2, which will commence at least one year after Phase 1, will be 
undertaken using a backhoe dredge operating 24 hours a day over a period of three months (93 days). 

Most of the dredge material from the Casuarina Boat Harbour future proposal is proposed to be disposed of 
at the 36-hectare offshore disposal ground 10 km north-west of the KBMS strategic proposal (up to 
230,000 m3 from Phase 1 and Phase 2). Dredge material with elevated levels of tributyltin from the 
Casuarina Boat Harbour future proposal (up to 10,000 m3) will be disposed of onshore within a contained 
bund in Phase 2. Dredge material from the Koombana Bay Sailing Club (KBSC) marina (up to 26,000 m3) 
will be taken onshore for reuse with a reclamation area. 

Predicted impacts 
The cumulative direct and indirect loss of BCH associated with the KBMS strategic proposal include the 
irreversible loss of 8.86 ha (1.77%) of Halophila sp. and Heterozostera sp. Seagrass habitat from the LAU, 
without mitigations in place. 

The total change of BCH resulting from the KBMS strategic proposal is low in a regional context. There has 
been minimal loss of BCH along the coast adjacent to Bunbury, other than within Koombana Bay. Minimal 
additional loss of BCH is predicted for the two of the three future proposals. There is no predicted loss of 
Posidonia and Amphibolis seagrass habitat, reef with macroalgae or filter feeder BCH associated with the 
KBMS strategic proposal. Sediment with turf algae were predicted to have the greatest cumulative loss 
(20.78%). The KBMS strategic proposal would mean that the cumulative loss within the LAU would be 
2.76%, an increase of 0.78% over the estimated current loss. 

It is noted that model outputs depict the aggregate extent of plumes generated during dredging activities for 
‘likely best’ and ‘likely worst’ case scenarios, although dredging is only proposed for a period of up to 185 
days over the two phases, comprising: 

• 130,000 m3 removed by trailing suction hopper dredge over 28 days during Casuarina Boat Harbour 
Phase 1 

• 26,000 m3 removed by backhoe / cutter suction dredge over a period of up to 64 days for KBSC marina 

• 110,000 m3 removed by backhoe dredge over 93 days in Casuarina Boat Harbour Phase 2. 

The ‘parallel’ modelled scenario for Phase 1 comprised some simultaneous construction of some of the 
KBMS strategic proposal elements: 

• First half of eastern breakwater construction (~1.5 months) 

• Simultaneous construction of the second half of eastern breakwater and Casuarina Boat Harbour 
trailing suction hopper dredging (~1.5 months) 

• Simultaneous construction of the first half of the northern breakwater and the entire western breakwater 
(~2.5 months) 

• Simultaneous construction of the first half of the northern breakwater and KBSC marina backhoe dredge 
with onshore disposal and decant to the marina (~1.5 months) 

• Second half of northern breakwater construction (~5 months). 

Therefore, the potential impacts may be significantly reduced once a proposed dredge schedule can be 
confirmed. 
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1 INTRODUCTION 
1.1 Proposal background 
The Environmental Protection Authority (EPA) set a “Strategic Proposal (Public Environmental Review” or 
SPER) level of assessment in April 2015 for the South West Development Commission’s (the proponent) 
Koombana Bay Marine Structures (KBMS) proposal. The KBMS strategic proposal includes three future 
proposals expected to be developed in stages within Koombana Bay, Bunbury (Figure A). These are the: 

• Casuarina Boat Harbour – includes a dredging and dredge spoil disposal component, a piling 
component, land reclamation and construction of a breakwater and revetment walls The marine 
infrastructure includes the construction and operation of floating jetties, boat ramps and boat pens 

• Koombana Bay Sailing Club (KBSC) marina – includes a dredging component, a piling component, land 
reclamation (including onshore dredge spoil disposal) and construction of breakwaters The marine 
infrastructure includes the construction and operation of floating jetties, boat ramps and boat pens 

• Dolphin Discovery Centre (DDC) finger jetty - includes a finger jetty, a piling component and a 
temporary onshore construction laydown area. 

The approved Environmental Scoping Document (ESD) for the proposal requires the proponent to address 
Benthic Communities and Habitats (BCH) as a key environmental factor in the environmental impact 
assessment and report. The potential impacts and risks, and the list of required work set out for the factor 
BCH in the ESD are shown in Table A and Table B, respectively. 

1.2 Scope of this study 
To inform the preparation of the SPER document, this study assessed BCH within and adjacent to 
Koombana Bay and predicted direct and indirect impacts to BCH associated with the future proposals. Note 
that the potential alteration of the BCH in the area caused by the introduction of invasive marine species is 
outside the scope of this study. A standalone Invasive Marine Species Survey (RPS 2022) was undertaken 
to inform the risk to BCH from invasive marine species. 

1.2.1 Limitations 

RPS has prepared this report on the basis of information provided by South West Development Commission 
and others (including government authorities), which has not been independently verified or checked beyond 
the agreed scope of work. RPS does not accept liability in connection with such unverified information, 
including errors and omissions in the report that were caused by errors or omissions in the information 
provided. The opinions, conclusions and recommendations in this report are based on conditions 
encountered and information available at the time of preparation. 

1.3 Assessment framework 
Habitat mapping and loss of BCH have been addressed in the context of the following guidelines: 

• EPA’s Environmental Factor Guideline – Benthic communities and Habitats (EPA 2016a) 

• Technical Guidance: Protection of Benthic Communities and Habitats (EPA 2016b) 

• Technical Guidance: Environmental Impact Assessment of Marine Dredging Proposals (EPA 2021). 

These describe how BCH are considered by the EPA in the environmental impact assessment (EIA) 
process, as well as techniques which should be applied when preparing information for assessment. 
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The EPA’s stated objective for BCH is “To protect benthic communities and habitats so that biological 
diversity and ecological integrity are maintained” (EPA 2016a). This is intended to encompass both the 
current benthic communities “that live in or on the seabed and are important for primary or secondary 
production” as well as recognised areas of benthic habitat “that have the necessary attributes, such as 
substrate type, water depth and clarity, degree of exposure to wave energy, to support these communities” in 
the future (EPA 2016b). The protection of areas of benthic habitat is a particularly relevant consideration for 
the KBMS strategic proposal given that previous studies (Section 1.5) have shown that communities of 
ephemeral seagrasses (with regular recruitment, expansion, and mortality of patches) occur within 
Koombana Bay. 

When assessing potential impacts to BCH, the EPA focusses on the extent, severity and duration of impacts 
and requires that proponents use a spatial assessment framework to determine and describe recoverable 
impacts and cumulative losses of BCH within a defined area (Sections 1.3.1–1.3.3.3) (EPA 2016a). 

1.3.1 Local assessment unit (LAU) 

The area that the assessment of recoverable impacts and cumulative losses of BCH is based within is 
termed the Local Assessment Unit (LAU) (EPA 2016b). LAUs typically include a 50 km2 rectangular area 
defined by a 10 km stretch of coastline extending 5 km offshore (EPA 2016b). The EPA recommends that 
key physical and biological attributes (e.g. bathymetry, water circulation patterns and habitat/substrate types) 
are considered in the delineation of a LAU. 

Habitats within Koombana Bay (where any impacts are likely to occur) are sheltered from the prevailing wind 
and swell and so differ from those that occur further north and south. However, to obtain a suitably sized 
LAU it was necessary to include benthic habitats from the adjacent coastline within the boundary. The LAU 
used to provide the spatial context for the present study is shown in Figure B and was based on the nominal 
50 km2 management unit centred on Koombana Bay presented in Oceanica’s (2008) marine habitat mapping 
report (Section 1.5). Note that it has been adjusted to include the pre-1986 (baseline) shoreline within 
Koombana Bay. 

The LAU does not include the Leschenault Inlet, Inner Bunbury Harbour or Leschenault Estuary. These have 
been excluded from the LAU because they are considered a separate ecological unit from the Koombana 
Bay coastal region for the purpose of this study. This is on the basis that prior to modification they were 
connected inshore, together constituting the historically much more extensive Leschenault Estuary (evidence 
of the historic modification is available in Appendix A: Figure A-1, Figure A-2, and Table A). Habitat mapping 
of Leschenault Inlet undertaken by Oceanica (2008) classified it as predominantly soft sediment, with a small 
area of soft sediment with turf algae near the inlet. 

The LAU incorporates approximately 2,873.4 ha of waters controlled by the Southern Port Authority (SPA) 
under the Port Authorities Act 1999 but no other significant tenure. The administrative boundaries of the area 
under the SPA’s tenure within the LAU is also shown in Figure B. 

1.3.2 Requirement for describing benthic communities and habitats 

The EPA requires that proponents provide proposal boundaries, and BCH information as geospatially 
referenced data for EIA. The objective of this factor is to protect BCH to maintain biological diversity and 
ecological integrity (EPA 2016a). Benthic communities and habitats are important components of the marine 
ecosystem, providing a wide range of ecosystem services. For the purposes of this assessment, a benthic 
community is defined as an assemblage of marine organisms that live in or on the sea bed, whereas a 
habitat is defined as an area of sea bed substrate comprised of specific environmental features. 
Classifications of benthic communities and habitats must be sufficiently accurate for monitoring changes in 
the long term (Olenin and Ducrotoy 2006). 
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A detailed understanding the extent and distribution of benthic habitats within the LAU is an integral 
requirement for assessing the potential direct and indirect impacts associated with the proposed 
developments (EPA 2016b). Descriptions and maps of the different benthic habitats should be fit for purpose 
and accompanied by clear descriptions of methods that were used to generate them (EPA 2021). In the 
present study, previous benthic habitat maps of Koombana Bay and the adjacent Bunbury coastline are 
reviewed (Section 1.5) and where appropriate have been combined (according to rules defined in Section 
2.2) to produce a full-coverage map of BCH throughout the LAU. To ensure that the BCH characteristics and 
boundaries are accurately described within and in close proximity to the area that will be impacted by the 
KBMS strategic proposal, habitat mapping within and proximate to the proposal area was updated based on 
recent high-quality aerial imagery and ground-truthing field survey observations (as described in 
Section 2.1). 

1.3.3 Cumulative loss 

To provide a basis for considering the degree to which the natural proportionality of the different BCH 
classes will be maintained, the EPA requires that proponents determine the cumulative loss of BCH within 
the LAU since European habitation of Western Australia. Cumulative loss is the sum of all irreversible loss 
(i.e. direct permanent loss and/or indirect serious damage where recovery is unlikely within five years) to 
BCH over the past 200 years (EPA 2016a). ‘Loss’ in this context means both change in characteristics of 
BCH from one class to another, or total loss of benthic habitat (e.g. due to development of infrastructure or 
reclamation). Calculating cumulative losses within the LAU relies on three fundamental pieces of spatial 
information: 

1. Estimates of the areas of BCH prior to all human-induced disturbance (hindcasting of baseline 
characteristics) 

2. Estimates of the extent of historic and approved losses 

3. Predictions of the additional losses associated with the current proposal (EPA 2016b). 

Determining these values requires characterising the existing communities within the LAU, mapping the 
spatial extent of BCH, identifying areas of historic and approved upcoming BCH loss, and use of appropriate 
models to identify the range of potential impacts to BCH associated with a proposal. 

1.3.3.1 Baseline characteristics and areas of historic loss 

An estimate of the spatial extent of each benthic community type and its associated habitat that existed prior 
to human-induced disturbance is used to set the baseline from which to determine cumulative loss (EPA 
2016b). The benthic environment within Koombana Bay has been modified significantly several times over 
the past 120 years, beginning with the development of the Port of Bunbury and Outer Harbour Breakwater in 
1897 (Seashore Engineering 2013). Where the impacts pre-date aerial photography, the EPA (2016b) 
guidance document advises that it is “reasonable to equate areas of BCH loss to areas occupied by 
infrastructure footprints and accounting for any ‘halo’ effects around infrastructure perimeters and 
considering the environmental tolerances of the relevant benthic communities. By adding areas of loss 
determined using this type of approach to the currently mapped areas of different BCH, and by applying 
clearly articulated assumptions as necessary, proponents can generate reasonable estimates of areas of 
benthic communities and associated habitats that are likely to have been present in the local assessment 
unit prior to development.” 

Consideration of only infrastructure footprints and their ‘halos’ for the evaluation of loss was insufficient for 
the present study, given the extent that indirect impacts associated with the addition of historic infrastructure 
have had on BCH. Human-induced disturbance have modified key physical processes within Koombana Bay 
(e.g. wave action, erosion, longshore drift and sediment deposition) and significantly altered the shoreline, 
bathymetry and availability of benthic habitats. For example, 40 years after the installation of the Outer 
Harbour breakwater, the shoreline had prograded approximately 200 m from the pre-1986 coastline to its 
current location (Appendix A: Figure A-2). In such situations, EPA 2016b advises that proponents identify the 
spatial extent of the area that has been impacted, including areas unoccupied by infrastructure, and 
determine the communities likely to have been lost by taking into account knowledge of environmental 
requirements and knowledge gained through establishing the current spatial extent of the benthic 
communities. 
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1.3.3.2 Current extent and areas of approved losses 

Establishing the current spatial extent of BCH is similarly necessary to determine the change in the 
proportion of the different BCH types from the baseline conditions. Providing a realistic estimate of the area 
of BCH that will remain after the future proposals are complete also requires identifying any areas of 
approved but currently unrealised loss (i.e. DevelopmentWA’s Marlston North waterfront development) and 
subtracting them (including a ‘halo’ effect around infrastructure perimeters) from the current benthic habitat 
map. 

1.3.3.3 Additional impacts associated with the proposal 

The EPA provides technical guidance on how impacts on BCH are to be considered during an EIA for the 
protection of BCH (EPA 2016b and EPA 2021). This approach is based on the extent, severity and duration 
of any residual changes to the environment caused by a proposed activity after mitigation. 

Determining the additional area of BCH that would be lost following implementation of the proposal requires 
predicting the residual impacts from each of the future proposals after avoidance and mitigation options have 
been applied. The ESD requires that impact predictions are to “include the likely extent, severity and duration 
of direct and indirect impacts of each of the future proposals on benthic communities and habitats. This is to 
be done through spatially defining the zones of high and moderate impact and the zone of influence and is to 
include management targets based on the lower end of the range of likely impacts (EPA 2021). Predictions 
for each of these zones, for both construction and operational impacts, are to include the most likely scenario 
and the best- and worst-case scenarios that are most likely to occur”. EPA (2021) sets out guidance for 
predicting impacts to BCH from dredging activities. It advocates a spatially based zonation scheme for 
describing the extent, severity and duration of impacts to BCH from dredging activities. The scheme consists 
of three zones that represent different levels of impact, as follows: 

• Zone of High Impact (ZoHI) – where irreversible impacts (i.e. no recovery within five years) are 
expected due to direct permanent loss and indirect serious damage 

• Zone of Moderate Impact (ZoMI) – the area within which predicted impacts on benthic communities and 
habitats are likely to be recoverable within a period of five years following completion of dredging 
activities associated with the future proposals 

• Zone of Influence (ZoI) – the area within which changes in environmental quality associated with dredge 
plumes are predicted and anticipated during the dredging operations, but where these changes would 
not result in a detectible impact on benthic biota. 

A dredging and construction plume impact assessment has been undertaken using outputs from numerical 
modelling in accordance with technical guidance provided by the EPA to predict the indirect impacts on BCH. 
This means that the values used in this assessment are based on the most likely cases for summer and 
winter (EPA 2016b). The Marine Environmental Quality Modelling (GHD 2023) report is provided as part of 
the SPER documentation. 

The spatial extents of the ZoHI, ZoMI and ZoI were determined based on the dredging and construction 
plume modelling. These zones of impact were created based on suspended sediment concentrations and 
sedimentation tolerance limits of the different BCH classes within the ZoI (Table 1). The suspended sediment 
dredge plume ZoHI represents the predicted area of irreversible loss and the ZoMI represents the predicted 
recoverable impacts on BCH (the impact zones for sedimentation are more localised than and the impact 
zones do not occur outside of the suspended sediment dredge model outputs). 

1.3.3.3.1 Zone of impact threshold determination 

A total suspended solids (TSS) concentration of 2 mg/L above background was chosen as the threshold for 
environmental impact for each of the three zones. The conservative assumption that the visible plume of 
dredging, which is 2 mg/L above background, will reduce light intensity below the minimum light 
requirements for sensitive seagrass species has been applied. The TSS threshold determination was 
underpinned by a review of relevant literature and empirical field study data (Collier 2006; Collier et al. 2009; 
Erftemeijer and Lewis 2006; McMahon and Lavery 2008), which identified 2 mg/L above background as a 
conservative threshold for environmental impact. 
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The technical investigations and environmental impact assessments completed for the KBMS strategic 
proposal to address the ESD requirements where undertaken prior to release of EPA’s technical guidance 
(2021). The TSS thresholds outlined in the EPA’s technical guidance (2021) are based on mean light 
intensity (mol photons m-2 d-1) values. To implement and model light thresholds an empirical study 
determining the relationship between TSS and light intensity would need to be derived for Koombana Bay. 
This information was not requested in the ESD or collected as part of the baseline studies for the KBMS 
strategic proposal. It was considered unnecessary to retrospectively conduct this analysis because the TSS 
threshold employed was already conservative. It is important to note that the 2 mg/L TSS threshold is more 
conservative than those identified in the EPA’s technical guidance (2021) and that the guidance is based on 
tropical seagrass species from the north-west of Australia. Tropical seagrass species are likely to have 
different light requirements to temperate species. 

The duration threshold for the ZoI is at least one model time step during a scenario (30 minutes) where TSS 
exceeds the 2 mg/L threshold (i.e. point at which visible plume) and represents what would constitute a 
visible plume if the suspended sediment reach the sea surface. While the duration threshold for the ZoMI is 
based on the number of days Zostera marina, a species highly sensitive to shading, can spend shaded 
below minimum light requirements without lasting adverse effects. This threshold is considered conservative 
for Koombana Bay as the seagrass species present are considered likely to be more resilient than Zostera 
marina. For example, the highest conservation value seagrasses, the perennial genre Posidonia and 
Amphibolis which are present within Koombana Bay, can withstand light reduction pressure for >90 days. 

The ZoHI duration threshold was based on the number of days perennial Posidonia can spend shaded below 
minimum light requirements prior to loss, which is considered very long-term or permanent reduction in 
seagrass cover. The more ephemeral species such as Zostera marina and Halophila ovalis have quicker 
recovery capacities (Kilminster et al., 2015) and would not be permanently lost from the affected area due to 
TSS loading. Temporary loss or reduction in productivity is not considered a high level of impact. 

Sedimentation ZoMI and ZoHI thresholds used are also more conservative than the thresholds outlined in 
the EPA’s technical guidance (EPA 2021) and are based on the burial levels (cm) resulting in 50% mortality 
of Halophila ovalis (2 cm) and Zostera marina (4 cm) respectively (Cabaco et al. 2008). The larger seagrass 
genera are more resistant to sedimentation effects due to rhizome store buffering capacity and longer 
turions. Burial thresholds for perennial Posidonia species are disproportionately high and were not predicted 
outside the indicative disturbance footprints. 

Modelling completed by GHD (2023) identified the ‘likely best’ and ‘likely worst’ case scenarios and used to 
inform impacts from temporary increases in TSS and net sedimentation. Impacts to BCH from construction 
activities associated with the KBMS strategic proposal other than dredging (i.e. breakwater construction) 
have also been determined. BCH in any areas identified within the dredging footprint, infrastructure footprint 
and ZoHI were be used for estimating direct and cumulative losses. 
Table 1: Zone of impact thresholds 

Zone TSS above background Net sedimentation above background 
Zone of high impact 
(ZoHI)* 

>2 mg/L above background for ≥90 
continuous days 

>3 cm 

Zone of moderate impact 
(ZoMI) 

>2 mg/L above background for 18 to 89 
continuous days  

>2 cm but <3 cm 

Zone of influence (ZoI) >2 mg/L above background for at least one 
time step during a scenario (30 minutes) 

0.4 cm to 2 cm 

1.4 Study objectives 
The purpose of this study was to address elements of the BCH work requirements identified in the ESD, 
providing the information necessary to support the EIA. This included the following objectives: 

1. Producing geo-referenced maps that accurately represent the extent and distribution of the different 
benthic communities and habitats within Koombana Bay and more broadly within the 50 km2 LAU 

2. Determining the cumulative direct and indirect loss of BCH associated with the KBMS strategic proposal 
though: 

– Estimating the baseline area of BCH within the LAU 

– Identifying the extent of historic and currently approved unrealised losses of BCH 
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– Predicting the additional loss of BCH that would result from implementation of the KBMS strategic 
proposal 

3. Identifying the elements of the KBMS strategic proposal which would impact BCH, including both direct 
and indirect impacts from both construction and operation and describing the predicted extent, severity 
and duration of the reversible impacts 

4. Describing the conservation, ecological and social significance of the BCH that would be impacted if the 
KBMS strategic proposal proceeds and evaluating the potential consequences for diversity and 
ecological integrity in a local and regional context. 

1.5 Previous studies 
Several studies have characterised and mapped benthic habitats within Koombana Bay and the adjacent 
Bunbury coastline including those by Kirkman (1997a), Coulthard (2006), Oceanica (2008) and Wave 
Solutions (2012). Despite the studies differing significantly in approach (i.e. in terms of scale, equipment and 
the classification schemes used) and taking place several years apart; high-level comparison of the benthic 
habitat maps provided in each of the previous studies shows that they validate one another in most areas 
where they overlap. 

Previous studies have mapped the current benthic habitat, however this study will be the first to assess BCH 
in the context of the EPA’s Environmental Factor Guideline: Benthic Communities and Habitats (EPA 
2016a), Technical Guidance: Benthic Communities and Habitats (EPA 2016b) and Technical Guidance: 
Environmental Impact Assessment of Marine Dredging Proposals (EPA 2021); i.e. previous studies have not 
attempted to establish or map the baseline benthic habitat characteristics, estimate historic and approved 
unrealised losses, or determine the cumulative impact of developments on the extent of BCH and the 
significance of the consequences for diversity and ecological integrity. 

1.5.1 Koombana Bay 

Coulthard (2006) undertook spot dives at regular intervals throughout Koombana Bay. He reported that the 
inshore areas (up to ~500 m from shore) within western Koombana Bay featured ‘vegetated sediments’. The 
eastern part of Koombana Bay (between the entrance channels to the Inner Harbour and Leschenault 
Estuary) was also reported as being comprised of vegetated sediments in the inshore area, although areas 
of reef and coastal sand were also recorded. The remainder of Koombana Bay was found to consist of 
‘unvegetated’ soft sediments. Applying these findings in conjunction with observations from aerial imagery, 
Oceanica (2008) completed a more comprehensive towed video survey of Koombana Bay in 2007. A variety 
of interspersed seagrass and algal communities were recorded inshore. Seagrass habitat comprised of 
Halophila sp. and Heterozostera sp. were predominantly found within western Koombana Bay (up to 
approximately 400 m from shore), except for Casuarina Harbour where only bare sediment occurred. Soft 
sediment with turf algae were recorded to the west and east of the Inner Harbour entrance. Areas of soft 
sediment with cobbles and brown algae were also recorded to the west of the Inner Harbour, with patches of 
reef with algae to the east. Several small areas of potential dredge spoil (forming soft sediment and reef 
habitat) were recorded to the north-east of the proposed KBSC marina. The benthic habitat map of 
Koombana Bay developed by Oceanica (2008) is shown in Appendix B: Figure B-1. 

1.5.2 Bunbury coastal region 

Kirkman (1997a) mapped benthic habitats (substrate types) adjacent to Bunbury using Landsat multispectral 
imagery as part of broad-scale mapping from Shark Bay to the New South Wales (NSW) border. Low profile 
reef was depicted offshore, and bare sediment nearshore throughout the entire LAU for the present study, 
the only exception being two small areas (<1 km2) of heavy limestone reef 1–2 km west of Bunbury. The 
extent of the nearshore bare sediment area varied from approximately 100 m south of Bunbury to around 
500–750 m north of Koombana Bay, where there is additional longshore sediment input and less exposure to 
swell and the prevailing south-west winds. Kirkman (1997b) suggested that the distribution of seagrass 
species along the coastline would be reflective of the availability of a suitable environment, and that 
meadows of Posidonia and Amphibolis seagrass habitat (plus other species in small areas) would occur on 
sand-inundated parts of the low profile reef with a depth less than 30 m. Kirkman (1997b) also intimated that 
the bare sediment nearshore areas would include ephemeral communities of smaller seagrass genera with a 
good ability to recolonise like Halophila sp. and Heterozostera sp., which are often washed out by vigorous 
water movement during storms but return during calmer seasons (Kirkman and Kuo 1990). This was 



REPORT 

AU213001693.004 | Benthic communities and habitat study | Rev 2 | 31 March 2023 
rpsgroup.com  Page 9 

supported by the findings of Wave Solutions (2012) who used a combination of ROV spot-point observations 
made in water depths ranging from 4–27 m and multi-spectral imagery (sourced from the Department of 
Transport) to map a 240 km2 area adjacent to Bunbury (extending approximately 16 km to the north and 
12 km offshore). The study found extensive low density (~10% cover) seagrass habitat comprised of 
Posidonia spp. (0–50% cover) and Amphibolis spp. (0–49% cover), plus limited Thalassodendron 
pachyrhizum and Halophila ovalis (0–5% cover), associated with sand areas offshore from 9–25 m, 
interspersed with macroalgae communities associated with reef substrata, which occurred from 4–20 m. 
Filter feeder communities (predominantly sponges) were also found in low densities (<2.5% cover) along the 
coastline, with areas of higher density only recorded within the present study’s LAU on discrete areas of 
midshore reef and a nearshore reef 0.5–1.0 km north-east of ‘The Cut’. Note that Wave Solutions (2012) did 
not sample water depths less than 7 m within Koombana Bay or include any observations within 500 m from 
the shoreline during the survey of the adjacent coast. The benthic habitat maps developed by Kirkman 
(1997a) and Wave Solutions (2012) are shown in Appendix B: Figure B-2 and Figure B-3, respectively. 
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2 REQUIRED WORK 
2.1 Habitat mapping 

2.1.1 Applying the LAU 

The LAU is described in Section 1.3.1 and shown in Figure B. The LAU comprises a total area of 5,000 ha. 
Total coverage of each benthic community and habitat types within the LAU were determined, and the 
percentage of the total BCH coverage of the LAU calculated. 

2.1.2 Ground-truthing field survey observations 

A ground-truthing survey of the Koombana Bay was undertaken by RPS’ scientists on 16 March 2017, soon 
after the late-summer period when seagrass meadows in temperate regions tend to exhibit their highest 
cover. Prior to commencing the field work, ArcGIS 10 was used to digitise the benthic habitat map developed 
by Oceanica (2008) (Appendix B: Figure B-1). The Oceanica (2008) habitat map was used it in combination 
with high-quality aerial imagery from 2016–2017 as a basis for the survey design, identifying areas to target 
for ground-truthing. Areas previously mapped as seagrass habitat and features of a similar appearance 
visible in the aerial imagery within the KBMS strategic proposal area were selected for survey. The 
geomatics data was uploaded to ArcPad, which was used by the field team for navigation to the target areas 
and to capture positional data during the survey. An underwater video camera was towed behind a survey 
vessel to conduct video transects through the target areas. The video signal with positioning information 
overlaid from a global positioning system was used to record the location, extent and type of BCH observed. 
Spot dives were also conducted to identify the BCH present in areas the vessel was not permitted to access 
and where water clarity and obstacles made the towed video camera system less effective (i.e. the 
Koombana Beach boating prohibited area, within Casuarina Harbour and along its eastern breakwater). 

Four classes of BCH were recorded during the ground-truthing field survey of the KBMS strategic proposal 
area. These were: 

1. Halophila sp. and Heterozostera sp. Seagrass habitat 

2. Reef with macroalgae 

3. Sediment with turf algae 

4. Bare sediment. 

In addition, the ground-truthing survey also provided a quantitative estimate of the distance from artificial 
marine structures within which little or no continuous macroepibiota are recorded due to the influence of the 
infrastructure (e.g. on local hydrodynamics). This area of bare sediment around indicative disturbance 
footprints is known as the ‘halo effect.’ 

The extent of each benthic community identified from field observations and aerial imagery is shown in 
Figure C. Note that there was no evidence of Posidonia sp. and Amphibolis sp. Seagrass habitat, sparse 
filter feeder communities (other than as biofouling on artificial structures and marine infrastructure) and no 
microphytobenthos observed. Descriptions of each class of BCH observed in the area surveyed within 
Koombana Bay follow (Sections 2.1.2.1 to 2.1.2.4). 

2.1.2.1 Halophila sp. and Heterozostera sp. seagrass habitat 

Seagrass habitat comprised of Heterozostera sp. (Plate 1) mixed with varying degrees of underlying 
Halophila sp. (Plate 2) were observed along most of the inshore area of Koombana Bay surveyed but were 
absent from Casuarina Harbour. Cover regularly fluctuated from dense to sparse over short distances and it 
was not possible to delineate any specific areas where the composition of species was markedly different 
(Plates 3 and 4). Halophila sp. and Heterozostera sp. Seagrass habitats were common at depths between 
1.0–3.0 m, except for areas where the ‘halo’ effect was evident, with dense beds generally not being 
observed within 5 m from the edge of existing artificial marine structures (e.g. breakwaters, groynes and jetty 
pylons). 
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2.1.2.2 Reef with macroalgae 

Exposed low-profile reef with assemblages of brown, green and red macroalgae (including the canopy-
forming brown macroalga, Sargassum sp.) occurred along the shore between the DDC and the entrance 
channel to the Inner Harbour, to a water depth of approximately 1.5 m. 

2.1.2.3 Sediment with turf algae 

Several areas of bare sediment fragmented by patches of turf algae were recorded (Plate 5). These were 
generally observed between 3.0–4.0 m water depth where seagrass was absent. 

2.1.2.4 Bare sediment 

Bare sediment habitat (i.e. no conspicuous sessile epibiota, but likely to be ‘inhabited’ by infauna) with was 
found throughout Casuarina Harbour, and at all depths greater than 4.0 m surveyed in the rest of Koombana 
Bay (e.g. Plate 7). This habitat was interspersed with the other previously described habitat types throughout 
inshore areas where the depth was less than 4.0 m. 

  
Plate 1: Heterozostera sp. Plate 2: Halophila sp. 

  
Plate 3: General composition of Halophila sp. and 

Heterozostera sp. seagrass habitat 
Plate 4: General composition of Halophila sp. and 

Heterozostera sp. seagrass habitat  
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Plate 5: Sediment with turf algae Plate 6: Reef with macroalgae 

 

 

Plate 7: Bare sediment  

2.1.3 Benthic habitat maps 

2.1.3.1 Benthic communities and habitat classes 

Mapping of BCH was generated from review and collation of all relevant historical information and the field 
assessment. The assumptions for generating maps were based on technical guidance provided in EPA 
(2016b, 2021). Specifically, these include: 

• Mapping the area of habitat that support, or have the potential to support, benthic communities. It was 
considered that the full extent of the LAU was able or had the potential to support benthic communities 

• Consideration of the uniformity (or heterogeneity) of biological communities. BCH classes have been 
described based on biological community and habitat components that have previously and/or currently 
form major characteristic components of the habitat (Table 2). This approach allows direct comparison 
with previous and future habitat mapping studies, mitigating for small-scale spatial and temporal 
heterogeneity. Uniformity or heterogeneity of major components are identified in the classification and 
description 

• Identification of where different BCH types can be distinguished and mapped separately 

• The map should be produced with little regard for the relative quality of the benthic community (i.e. at 
the time of preparing the map), although should consider the functional ecological value of the BCH. 
The BCH classes do not provide information on the quality of BCH but do provide information that can 
be used to determine functional ecological value (e.g. components and percentage cover, where 
provided) 
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• Identification of BCH that are not well locally and regionally represented. There were no identified BCH 
that are not well locally and regionally represented 

• BCH classes differentiate between areas of habitat that are ‘vegetated’ or ‘inhabited’ by benthic 
communities and areas of habitat that are not. No substrate in the marine environment remains 
uninhabited for long (unless biofouled), and therefore BCH classes focus on the composition (or lack) of 
the macroepibenthic component of habitats 

• Consideration of how uncertainty associated with mapping BCH can be reduced have been achieved 
through a series of additional assumptions, which include: 

– It should be noted that incorporating the recommended assumptions for mapping the BCH required 
converting the results of previous studies into different classes (e.g. changing Kirkman 1997a 'bare 
sediment' to Halophila sp.; similarly the complex habitat mosaic of Halophila sp. and Heterozostera 
sp. could not be mapped separately and were combined) and therefore is not to be taken as an 
accurate representation the current abundance and boundaries of benthic community features 

– BCH classes (2.1.2) were defined based on benthic communities observed during the ground-
truthing survey as well as those identified in previous studies (i.e. Oceanica 2008 and Wave 
Solutions 2012). No Posidonia and Amphibolis seagrass habitat or Reef with Filter Feeder were 
identified as part of the ground-truthing survey. Both were previously identified within the LAU in 
the survey by Wave Solutions (2012) with low coverage (generally <2.5% and up to <10%) of 
defining biota, but neither were recorded within Koombana Bay. These have been included based 
on the assumption that the observations and resulting habitat map produced by Wave Solutions 
(2012) are reliable, and to allow for potential temporal heterogeneity that meant that the specific 
BCH class was either not present or dominated by another BCH class at the time of the ground-
truthing survey (e.g. Reef with Filter Feeder being dominated/overgrown by Reef with Macroalgae, 
with filter feeders comprising the understorey of the macroalgal canopy) 

– Assumption: areas mapped solely by Kirkman (1997a) lack information on biotic assemblages, but 
rather describe substrate (habitat) type, so the benthic communities present have been inferred 
based on knowledge of environmental requirements and extrapolation of local knowledge gained 
through establishing the current spatial extent of the benthic communities. Benthic habitats in the 
nearshore ~300 metres along the coastline adjacent to Bunbury consist of bare substrate and are 
suitable for potential colonisation by the seagrasses Halophila sp. and Heterozostera sp. (based on 
sediment type, degree of exposure to waves/currents and water depth); however, the biotic 
components had not been mapped in these areas. Distribution for the key benthic habitat type in 
the impact areas, Halophila sp. and Heterozostera sp. habitat (ephemeral seagrasses) were 
assessed on the basis of Kirkman’s regional map of benthic habitats, showing the coastal 
distribution of bare sediments that could support ephemeral seagrasses such as Halophila sp. and 
Heterozostera sp. The ephemeral seagrass habitat distribution was therefore based on current soft 
sediment mapping. 

Table 2: Benthic communities and habitat classes 

BCH class Characteristics 
Seagrass habitat- 
Halophila and 
Heterozostera 

Seagrass habitat consisting of Halophila sp. and/or Heterozostera sp. (i.e. short-lived low 
canopy seagrasses) plus areas of unconsolidated sediment with the attributes necessary to 
support these communities 

Seagrass habitat - 
Posidonia and 
Amphibolis  

Seagrass habitat comprising Posidonia sp. and/or Amphibolis sp. (i.e. persistent, structurally 
complex seagrasses) plus occasional Thalassodendron pachyrhizum and Halophila sp., as well 
as areas of unconsolidated sediment with the potential for expansion of these communities 

Reef with filter feeder Discrete areas of low- or high-profile reef (i.e. cobbles, boulders and pavements) comprising 
sessile invertebrates (e.g. sponges, hydroids, ascidians and bryozoans) in moderate and high 
densities (>10% cover). Macroalgae may be present in areas of reef not currently occupied by 
filter feeder communities, or with an understory of filter feeders 

Reef with 
macroalgae 

Discrete areas of low- or high-profile reef dominated by canopy-forming macroalgae (e.g. 
Sargassum spp. and Ecklonia spp.) and turf algae. May incorporate mobile sand patches and 
sessile invertebrates in low densities (<10% cover) and are likely to form a canopy with an 
understory which includes filter feeders 

Sediment with turf 
algae 

Unconsolidated sediment featuring continuous or fragmented patches of turf algae in moderate 
or high densities (>10% cover) that are incapable of supporting more complex epibenthic 
communities, plus areas with the attributes necessary to support their expansion 
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BCH class Characteristics 
Bare sediment Bare sand and silt that may be potential microphytobenthos habitat, and are likely to be 

‘inhabited’ by infauna – but do not (at the time of survey) support consistent sessile 
macroepibenthic communities 

2.1.3.2 Area of each BCH type originally present the within the LAU 

All habitat mapping was carried out in ArcGIS 10. As impacts pre-date aerial photography, estimating the 
baseline areas of BCH required a historic chart (Appendix A: Figure A-1) showing the shoreline and 
bathymetry prior to construction of the breakwater at Casuarina Point in 1986. This was obtained from the 
State Records Office of Western Australia and georeferenced based on evidence available in a SPA map 
(Appendix A: Figure A-2) depicting shoreline changes between 1896 and 1980. This information was used to 
establish the approximate baseline position of the shoreline and bathymetry within Koombana Bay (Figure D) 
and to set the eastern boundary of the LAU. Information available regarding substrate types (i.e. whether 
sediment of reef) and bathymetry contours were used to generate a reasonable estimate of the baseline 
BCH characteristics within Koombana Bay, taking into account knowledge gained through establishing the 
current extent of BCH within the KBMS strategic proposal area (i.e. distribution and depth zonation patterns 
identified for each benthic community type) and using rules 8–11 in Table 3. Modification of Koombana Bay 
has only occurred south of the northern extent of ‘The Cut’ and north of Casuarina Point (Appendix A: Figure 
A-1), therefore BCH within the rest of the LAU was assumed to be similar today to that prior to European 
disturbance; therefore the areas external to this used the current benthic habitat map. 

The benthic habitats and pre-1896 coastline were overlain over aerial imagery from 2017 and the current 
coastline and infrastructure outlined to determine the spatial extent of BCH (Table 4). The mapping is 
suitable for use as a baseline, and BCH classes consistent or comparable with other relevant classification 
techniques. Additionally, modelling work (GHD 2023) subsequently confirmed that all predicted direct and 
indirect impacts were within the LAU. 

2.1.3.3 Current benthic habitat map 

Towed video data was plotted, and imagery reviewed to confirm the extent of the benthic communities 
recorded along each transect during the ground-truthing field survey. Polygons representing the distribution 
and boundaries of the defined habitat classes were hand-digitised based on the interpretation of adjacent 
features visible in the aerial imagery. In addition to the benthic habitat data collected during the baseline 
survey, other data sources were used to assist in delineating the habitat boundaries including bathymetry 
data and benthic habitat information from previous studies and surveys within Koombana Bay (e.g. Oceanica 
2008, Wave Solutions 2012). Bathymetric data was added to map and distribution and depth zonation 
patterns were identified for each benthic community and habitat type. This information was used to develop 
rules to predict the extent of benthic habitats and map the remaining areas within Koombana Bay (west of 
the Inner Harbour entrance channel), where aerial imagery was unable to be used to identify the boundaries 
of BCH features due water depth and turbidity. 

BCH within the rest of the LAU were mapped by digitising, overlaying and merging layers from previous 
studies described in Section 1.5 (other than Coulthard 2006, which was superseded by Oceanica 2008). The 
information sources and rules used to generate standardised layers and map the benthic habitat in areas is 
shown in Table 3. 

Areas of upcoming approved direct loss (the indicative disturbance footprints) surrounded by a five metre 
‘halo’ were overlaid and subtracted from the current benthic habitat map, based on observations made 
around existing infrastructure during the ground-truthing survey. Together the habitat maps from previous 
studies provide full-coverage throughout the current area of the LAU (all parts other than those that have 
been lost due to human to human-induced disturbance). 
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Table 3: Rules and sources of information used to map current benthic communities and habitat within the 
LAU 

Layer 
(no.) 

BCH type Rule 

1 
(base) 

Bare sediment All the LAU other than the area between the pre-1896 shoreline and the bounds of 
the existing shoreline and current infrastructure 

2 Halophila and 
Heterozostera habitat 

‘Bare sediment' layer from Kirkman (1997a) between 1.0–3.0 m water depth 
(Appendix B: Figure B-2) 

3 Posidonia and 
Amphibolis habitat 

Combined 'Posidonia' and 'Amphibolis' layers from Wave Solutions (2012) benthic 
habitat map (Appendix B: Figure B-3) 

4 Reef with macroalgae Combined 'canopy forming' and 'foliose algae' layers from Wave Solutions (2012) 
benthic habitat map (Appendix B: Figure B-3) 

5 Reef with filter feeder ‘Filter feeder' layer from Wave Solutions (2012) benthic habitat map (Appendix B: 
Figure B-3) 

6 Reef with macroalgae ‘Reef with algae' layer from the Oceanica (2008) benthic habitat map (Appendix B: 
Figure B-1) 

7 Bare sediment Area within Koombana Bay, including Casuarina Harbour, west of the entrance to 
the Inner Harbour and the eastern end of the Outer Harbour breakwater 

8 Sediment with turf algae Water depths between 3.0–4.0 m, excluding Casuarina Harbour, west of the 
entrance to the Inner Harbour and the eastern end of the Outer Harbour breakwater 

9 Halophila and 
Heterozostera habitat 

Water depths between 1.0–3.0 m, excluding Casuarina Harbour, west of the 
entrance to the Inner Harbour and the eastern end of the Outer Harbour breakwater 

10 Bare sediment Channel areas between the groynes that mark the entrance to the Inner Harbour 
and Leschenault Inlet with a water depth of <4.0 m 

11 All except bare sediment Extent of benthic communities from Figure C 
(top) None Remove BCH from areas of approved unrealised losses (and surrounding five 

metre ‘halo’) (i.e. DevelopmentWA’s Marlston North waterfront development  

 

The georeferenced map for the current benthic habitat within Koombana Bay and the broader LAU is 
presented in Figure D and Figure E, respectively. A total of 5,000 ha of benthic habitat was included within 
the LAU. The current and baseline spatial extent of each BCH in the LAU is shown in Table 4. Note that the 
current benthic habitat shows historic and approved upcoming loss which has not been classified. This 
includes the benthic habitat has been estimated from determining the approximate location of the pre-1986 
shoreline. 

Reef with macroalgae accounted for the greatest area of coverage in both baseline and current habitat 
mapping, accounting for >33% of the LAU. This was followed by the Posidonia sp. and Amphibolis sp. 
habitat type (approximately 27% of the LAU), bare sediment (>25%), Halophila sp. and Heterozostera sp. 
habitat (<10%) and reef with filter feeder (<4%). Sediment with turf algae was shown to have the least 
representation (<1% of the LAU). 

Bare sediment dominated most of the area within Koombana Bay itself. The intermediate and inshore areas 
within the LAU were dominated by bare sediment, sediment with turf algae, and seagrass habitat (Halophila 
sp. and Heterozostera sp.). 

The following figures were produced: 

• Figures D and E, which show the current BCH for Koombana Bay and the greater LAU respectively 

• Figures F and G, which show the baseline BCH for Koombana Bay and the greater LAU respectively. 

2.1.3.4 Percentage of the original area of each BCH type present now 

Temporal variability appeared to be relatively low between baseline conditions (Figures F and G) and the 
current (Figures D and E) benthic habitat mapping undertaken for the KBMS strategic proposal, meaning 
that the percentage of the original area of most BCH types present now was close to 100%. The Posidonia 
and Amphibolis habitat, Reef with Macroalgae and Reef with Filter Feeder BCH were all represented by 
>99.5% of the area (ha) of coverage of the baseline (Table 4). Bare sediment BCH was represented by 
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97.1%, and Halophila and Heterozostera habitat represented by 93.7%. Sediment with turf algae was 
mapped in a smaller area, representing only ~27.5% of the area covered in the baseline. However, it must 
be noted that due to the way the area of coverage has been calculated, the total area of BCH in the baseline 
habitat map was 5,228.21 ha, compared to 5,114.32 ha in the current habitat map. This equates to an 
apparent reduction of approximately 114 ha (approximately 2.2%). To reduce potential uncertainty, and to 
identify any potential relative change in BCH otherwise masked by this aspect, the percentage of the LAU 
(i.e. total BCH area) was also calculated (see Table 4). 
Table 4: Spatial extent of benthic habitats within the LAU estimated from the baseline and current BCH 

maps 

Habitat type Baseline benthic habitat Current benthic habitat Per cent present now 
Area (ha) % LAU Area (ha) % LAU % of original area 

Halophila and Heterozostera 499.86 9.56 468.29 9.2 93.68 
Posidonia and Amphibolis 1384.90 26.49 1384.34 27.1 99.96 
Reef with macroalgae 1765.75 33.77 1758.92 34.4 99.61 
Reef with filter feeder 194.24 3.72 194.16 3.8 99.96 
Sediment with turf algae 49.95 0.96 13.71 0.3 27.45 
Bare sediment 1333.51 25.51 1294.90 25.3 97.10 
Total 5,228.21 100.00 5,114.32 100.00  

2.2 Historic and approved loss 

2.2.1 Estimating historic and approved losses 

The benthic habitat maps formed the basis of a quantitative loss assessment. Calculation of the percentage 
loss of BCH within LAUs involved the overlay of various figures and area calculations using ArcGIS software. 

The total area (ha) represented by each BCH class for both the baseline and current benthic habitat maps 
were calculated, and the percentage contribution to the LAU for each BCH class determined. The 
percentage contribution to LAU values were then compared between the baseline and current habitat maps 
to indicate historic loss. The area of historic benthic habitat loss resulting from human development of the 
shoreline and outer breakwater and existing Casuarina Harbour development are difficult to attribute to 
specific BCH classes due to the major modification of habitat in the embayment, the opening of ‘The Cut,’ 
and because area for specific BCH classes (e.g. Seagrass habitat – Halophila sp. and Heterozostera sp.) 
has both been lost and generated. For example, an unknown area of seagrass habitat – Halophila sp. and 
Heterozostera sp. has likely been lost within the Casuarina Harbour area (= 18.4 ha, or ~0.4% of the LAU) 
as this is now fully classed as bare sediment, but approximately 14.6 ha have potentially been gained on the 
outside of the main harbour breakwater. In addition, it is likely that at least part of the Casuarina Harbour 
area has not changed class (i.e. it was previously bare sediment). With no habitat map existing pre-
development of the harbour, this leads to uncertainty with regards to area of impact (ha) for specific BCH 
classes. 

The area of historic onshore benthic habitat loss (i.e. additional/reclaimed shoreline since 1897) is estimated 
to be 99.03 ha (approximately 2% of the LAU). With the addition of the area of Casuarina Harbour, this 
equates to a total historic loss of 117.35 ha. Assuming that the ~14.6 ha of seagrass habitat – Halophila sp. 
and Heterozostera sp. on the seaward side of the main breakwater has occurred as a result of the 
construction of the breakwater, then the net ‘loss’ of BCH is considered to be 117.43 ha − 14.6 ha = 
102.83 ha. The main BCH classes that would have been impacted by historic loss would likely have been: 

• Sediment with Turf Algae 

• Seagrass habitat – Halophila sp. and Heterozostera sp. 

• Bare Sediment 

• Reef with Macroalgae (potentially). 

For this assessment, estimates of loss of each type of habitat have been made, but these are based 
extending existing distributions towards the old shoreline, and hence are considered of low confidence. 
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Except for the loss within Koombana Bay, the current BCH is considered to be a realistic estimate of the 
spatial extent of the BCH that existed in the LAU prior to European settlement. The actual area lost from 
Koombana Bay is not accurately known. The actual loss number is complicated by the creation of new 
habitat for benthic communities and their subsequent recovery in areas where it was unlikely any existed 
previously. 

Some uncertainty exists around the baseline benthic habitat predictions due to the modifications to 
Koombana Bay, natural variability of some BCH classes (most notably sediment with turf algae), and 
modification of subtidal habitat due to anthropogenic activities, such as area of reef with macroalgae that 
corresponds to the general location provided for dredge spoil disposal grounds and that their proximity to the 
‘The Cut’. 

The extent of historic direct losses is 102.83 ha. The estimated total direct and indirect historic loss of BCH 
from the total baseline extent of BCH classes within the LAU to the total current extent is 113.89 ha. The 
extent of approved upcoming losses additional to the historic loss is 0.17 ha of bare sediment and 0.25 ha of 
Halophila sp. and Heterozostera sp. from the Marlston North Waterfront development (Table 5). 

The historic and approved BCH loss has predominantly included Halophila sp. and Heterozostera sp. 
habitat, bare sediment, sediment with turf algae and potentially reef with macroalgae (in decreasing area of 
loss). The Posidonia sp. and Amphibolis sp. habitat, and reef with filter feeder BCH, do not occur in the 
areas that have experienced direct and indirect historic loss. It should be noted that the historic (and 
approved) % loss does account for the change in habitats attributable to the contribution that artificial 
infrastructure has made to the area. 
Table 5: Estimated historic and approved upcoming change from the baseline extent of BCH in the LAU (in 

hectares) 

Habitat type Estimated loss 
from Casuarina 
Harbour 

Estimated 
onshore benthic 
habitat loss 

Total 
historic 
loss 

Approved* Overall 

Halophila sp. and Heterozostera sp. 9.50 38.31† 47.81 0.25 48.06 
Sediment with turf algae 2.90 4.27 7.17 0 7.17 
Bare sediment 6.00 38.55 44.55 0.17 44.72 
Reef with macroalgae 0 3.3 3.3 0 3.3 
Reef with filter feeder 0 0 0 0 0 
Posidonia and Amphibolis 0 0 0 0 0 
Total (ha) 18.4 84.43 102.83 0.42 103.25 

* Marlston North waterfront development 
† Extent of historic losses minus the new seagrass habitat – Halophila sp. and Heterozostera sp. generated on the seaward side of the harbour breakwater. 
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3 ASSESSMENT OF PREDICTED DIRECT AND INDIRECT 
IMPACTS OF THE PROPOSAL 

3.1 Benthic communities and habitat loss 
The KBMS strategic proposal is likely to result in the following key impacts: 

• Direct removal of BCH because of the construction of the marina/harbour water bodies and breakwaters 

• Indirect impacts to BCH, including irrecoverable and recoverable impacts from dredging and 
construction and due to altered sediment and water movement and flows caused by breakwaters and 
other coastal infrastructure 

• Reduction in marine environmental quality that supports healthy benthic communities and habitat during 
construction and operation of the marina/harbour. 

3.1.1 Additional impacts and loss associated with the proposal 

3.1.1.1 Direct irreversible loss 

The area of each class of BCH within the indicative disturbance footprint of each future proposal was 
calculated and used to estimate direct loss from construction. To be conservative, the potential related loss 
of BCH (direct and indirect) has been calculated based on the Casuarina Boat Harbour and the KBSC 
marina indicative disturbance footprints (Figure A). Based on empirical evidence observed during the 
ground-truthing survey, an additional five metre halo was added to the exterior of the indicative disturbance 
footprint for each future proposal to estimate of the area of indirect irreversible loss and serious damage to 
BCH during and after construction (e.g. due changes in wave and current action resulting in altered 
sedimentation around infrastructure or changes in light availability due to shading). 

The extent of total disturbance of the future proposals including the area of direct and indirect losses 
associated with each proposal is shown in Table 6. Casuarina Boat Harbour accounts for the greatest 
proportion of the total disturbance, followed by the KBSC marina, then the DDC finger jetty. 
Table 6: Additional direct irreversible loss associated with the operation of each proposed benthic habitat 

types within the LAU 

Area (ha) Future proposals 
Casuarina Boat Harbour KBSC marina DDC finger jetty Overall 

Breakwaters 3.50 2.50 0 8.00 
Reclamation 2.00 0 
Jetty 0 0 0.06 0.06 
Dredge areas 14.25 4.25 0 18.50 
Indicative disturbance footprint 32.00 10.00 0.15 42.15 
Development envelope 40.00 16.00 0.50 56.50 

3.1.1.1.1 Casuarina Boat Harbour 

The direct loss of BCH associated with the Casuarina Boat Harbour future proposal will primarily be bare 
sediment. The area of disturbance includes 29.65 ha of benthic communities and habitats, including 
28.57 ha of bare sediment, 0.44 ha of seagrass habitat – Halophila sp. and Heterozostera sp., and 0.64 ha 
of sediment with turf algae. 

Damage to BCH associated with the Casuarina Boat Harbour future proposal would be responsible for 
29.65 ha, or 0.57% of the expected total loss in the LAU. 
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3.1.1.1.2 Koombana Bay Sailing Club marina 

The KBSC marina additional loss from the current BCH will be predominantly Halophila sp. and 
Heterozostera sp. habitat (8.17 ha), and to a lesser degree sediment with turf algae (2.57 ha) and bare 
sediment BCH (0.39 ha). 

Damage to BCH associated with the KBSC marina future proposal would be responsible for 11.13 ha, or 
0.21% of the expected total loss in the LAU. 

3.1.1.1.3 Dolphin Discovery Centre finger jetty 

The DDC finger jetty is estimated to impact Halophila sp. and Heterozostera sp. habitat (0.03 ha). Damage 
associated with the proposed DDC finger jetty is expected to account for 0.03 ha, or >0.01% of the expected 
total loss in the LAU. 

3.2 Predicting additional losses 

3.2.1 Direct and indirect impacts 

Direct impacts are generally predicted based on the indicative disturbance footprint of the dredging and 
construction activity (in this case with a 5 m buffer zone to account for the ‘halo’ effect). This is the area 
where direct habitat removal or coverage will occur. Indirect impacts are generally predicted from modelling 
of key potential stressors. In this case, increased suspended sediment resulting from dredging and 
construction activities are likely to result in the following indirect impacts (EPA 2021): 

• Decreased light availability resulting from increased turbidity in the water column, leading to reduced 
primary productivity and potential increased mortality rates of primary producers under conditions of 
prolonged or acute exposure 

• Increased scour (abrasion) of membranes and/or blockage of breathing or filter feeding structures, 
resulting in stress or increased mortality rates 

• Increased sedimentation rates, or burial, resulting in stress or increased mortality rates (under extreme 
conditions). 

To determine indirect impacts from dredging and construction activities, modelling was undertaken for 
turbidity (based on increased total suspended solid (TSS) concentrations) and sedimentation (GHD 2023). 
Outcomes from this modelling were used to determine the extents of the ZoHI, ZoMI and ZoI. 

Seagrass are known to be highly sensitive to prolonged effects of shading, so TSS was used as an indicator 
for the determination of the extent of the ZoHI. Oceanica (2016) identified that the following periods of 
shading would result in irreversible seagrass loss: 

• Perennial seagrasses: 

– Posidonia sinuosa: from three to six months shading below minimum light requirements 

– Amphibolis griffithii: three months shading below minimum light requirements 

• Ephemeral seagrasses: 

– Halophila ovalis: 21 days’ shading below minimum light requirements 

– Zostera marina: 18 days’ shading below minimum light requirements. 

The seagrass Halophila ovalis is known from the LAU, and often found with Heterozostera sp. Therefore, the 
duration of irreversible loss for Heterozostera sp. has been used to derive the extent of the ZoMI. A low TSS 
of 2 mg/L has been used to conservatively define a low threshold for prolonged shading effects (in this case, 
18 days). 2 mg/L above background is considered the visible extent of TSS (visible plume) and has been 
identified in the Oceanica (2016) a conservative threshold for any environmental impact. 

Indirect impacts of the future proposals such as sedimentation, light reduction (increased turbidity) and 
clogging of filter-feeding structures as a result of dredging are more difficult to predict, and impact 
assessments rely on undertaking simulation modelling to establish the extent and severity of pressure fields 
and an understanding of the sensitivities of BCH to dredge related pressures. GHD has undertook modelling 
of turbidity generation for dredging activities and construction activities (GHD 2023). 
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The direct and indirect impacts of each future proposal and the spatial extent of the ZoHI, ZoMI and ZoI have 
been predicted based on Technical Guidance – Environmental Impact Assessment of Marine Dredging 
Proposals (EPA 2021). These zones are defined in Table 7 below. 

Impact zones based on the thresholds presented in Table 1 were used to calculate the area (ha) and 
percentage of the baseline conditions (% contribution) occupied by each habitat type that would experience 
irreversible and recoverable losses as a result of pressures associated with construction and operation of the 
future proposals. Impacts zones were predicted and mapped based on the EPA (2021) guidance. 

The aggregate of the ‘likely worst’ and ‘likely best’ ZoHI, ZoMI and ZoI for the ‘probable’, ‘serial’ and ‘parallel’ 
construction sequences is presented in relation to the KBMS strategic proposal and current benthic habitat 
map in Figure 1. The ZoHI is within the indicative disturbance footprints of the Casuarina Boat Harbour and 
KBSC marina, hence no additional permanent loss of benthic communities and habitats are predicted from 
indirect impacts associated with increased suspended sediment / turbidity during dredging and construction 
activities. 

The aggregate of the ‘likely worst’ and ‘likely best’ ZoMI and ZoI for the Phase 2 BHD construction sequence 
for Casuarina Boat Harbour is presented in relation to the KBMS strategic proposal and current benthic 
habitat map in Figure 2. The ‘likely worst’ and ‘likely best’ ZoHI, ZoMI and ZoI for the ‘probable’, ‘serial’ and 
‘parallel’ construction sequences are larger in spatial extent than the ‘likely worst’ and ‘likely best’ ZoMI and 
ZoI for the Phase 2 BHD construction sequence. Hence the ‘probable’, ‘serial’ and ‘parallel’ construction 
sequences have been used to estimate the area of permanent and potential recoverable loss to BCH 
associated with the dredge plume. 



REPORT 

AU213001693.004 | Benthic communities and habitat study | Rev 2 | 31 March 2023 
rpsgroup.com  Page 21 

 
Figure 1: Aggregate likely worst and likely best ZoI, ZoMI and ZoHI for the probable, serial and parallel construction sequences 
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Figure 2: Aggregate of the likely worst and likely best ZoI and ZoMI for the phase 2 BHD construction sequence for Casuarina Boat Harbour 
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3.2.1.1 Estimation of potential loss of BCH 

Table 7: Description of the zones used to spatially define the extent, severity and duration of the impacts of 
the future proposals on BCH 

Layer Rule 
Zone of 
high 
impact 
(ZoHI) 

The predicted area of irreversible impacts to benthic communities and/or habitats. ‘Irreversible’ means 
‘lacking the capacity to recover or return to a state comparable to that prior to being impacted within (a time 
frame of) five years or less’ (EPA 2016. 
Direct losses: 
• Indicative disturbance footprints 
• Casuarina shipping channel (dredged area) 
• Reclamation areas. 
Indirect losses: 
• The area within the KBSC marina not encompassed 
• Areas identified in dredging and construction plume modelling results that are predicted to exceed 

2 mg/L continuously for ≥90 days 
• Areas identified in dredging and construction plume modelling results that are predicted to exceed a net 

sedimentation threshold of ≥3 cm 
• Areas identified in dredging and construction plume modelling results that are predicted to exceed 

sedimentation rates of 0.1 cm/month. 
Zone of 
moderate 
impact 
(ZoMI) 

Recoverable losses (recovery of benthic communities within five years): 
• Determined from dredging and construction plume modelling (≥2 mg/L continuously for ≥18 days) 
• Areas identified in dredging and construction plume modelling results that are predicted to exceed a net 

sedimentation threshold of ≥2 cm and <3 cm. 
Zone of 
impact 
(ZoI) 

Exposure to impacts at levels considered insufficient to result in detectable impacts: 
• Determined from dredging and construction plume modelling (at least one 30-minute time step ≥2 mg/L) 
• Areas identified in dredging and construction plume modelling results that are predicted to exceed a net 

sedimentation threshold of ≥0.4 cm and 2 cm. 

 

No additional irreversible indirect losses for Casuarina Boat Harbour or the KBSC marina were predicted by 
the construction modelling scenarios because the ZoHI is contained entirely within the indicative disturbance 
/ dredging footprint of the Casuarina Boat Harbour or the KBSC marina future proposals (Figure 1). 

3.2.2 Recoverable impacts 

The BCH which fall within the ZoMI are predicted to recover to a state resembling that prior to being 
impacted within a timeframe of less than five years. 

3.2.2.1 Recoverable impacts 

GHD (2023) identifies that the ZoMI was limited primarily to the western and southern margins of Koombana 
Bay in proximity to the construction activities (Figure 1 and Figure 2). A summary of the modelled areas of 
BCH outside of the indicative disturbance footprints subject to recoverable impacts from dredging and 
construction are presented in Table 8. 

Except for bare sediment, Sediment with turf algae and seagrass habitat - Halophila sp. and Heterozostera 
sp. were the most impacted BCH classes, respectively. ‘Likely worst’ recoverable loss was less 21.92 ha and 
21.10 ha respectively. Seagrass habitat – Posidonia and Amphibolis and reef with filter feeders were not 
predicted to be affected. 
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Table 8: Area of additional potential indirect recoverable loss of BCH in the LAU associated with the likely 
best and likely worst cases for the probable, serial and parallel construction sequences 

Habitat type Loss Recoverable in <5 years (ZoMI) 
Likely best Likely worst  

Halophila and Heterozostera Area (ha) 17.96 21.10 
% contribution 3.59 4.22 

Posidonia and Amphibolis Area (ha) 0.00 0.00 
% contribution 0.00 0.00 

Reef with macroalgae Area (ha) 0.00 0.25 
% contribution 0.00 0.01 

Reef with filter feeder Area (ha) 0.00 0.00 
% contribution 0.00 0.00 

Sediment with turf algae Area (ha) 8.00 10.96 
% contribution 16.01 21.92 

Bare sediment Area (ha) 10.76 36.32 
% contribution 0.81 2.72 

Total disturbance area (ha) 36.71 68.62 

3.2.3 Zone of influence 

Benthic communities and habitats within the modelled extent of the ZoI will be exposed to effects of dredging 
and construction, but at levels too low to result in detectable impacts. The outcomes of modelling of areas of 
BCH likely to be subject to ZoI dredging effects are presented in Table 9. It is noted that the ZoI extends 
beyond the LAU (Figure 1), however for the purpose of this assessment BCH within the LAU only have been 
considered. 

The greatest area of exposure for BCH classes to the dredge plume were for bare sediment, then seagrass 
habitat – Halophila sp. and Heterozostera sp., seagrass habitat – Posidonia and Amphibolis, reef with 
macroalgae, reef with filter feeders and sediment with turf algae. 
Table 9: Area of BCH in the LAU within the ZoI associated with the likely best and likely worst cases for the 

probable, serial and parallel construction sequences 

Habitat type Loss Zone of influence (ZoI) 
Likely best Likely worst 

Halophila and Heterozostera Area (ha) 454.72 460.90 
% contribution 90.97 92.21 

Posidonia and Amphibolis Area (ha) 409.52 845.23 
% contribution 29.57 61.03 

Reef with macroalgae Area (ha) 654.82 1,063.40 
% contribution 37.08 60.22 

Reef with filter feeder Area (ha) 86.98 92.57 
% contribution 44.78 47.66 

Sediment with turf algae Area (ha) 11.58 11.58 
% contribution 23.18 23.18 

Bare sediment Area (ha) 1,120.04 1,230.12 
% contribution 83.99 92.25 

Total disturbance area (ha) 2,737.66 3,703.80 
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3.3 Determining potential cumulative loss 
The potential cumulative loss is derived by adding the estimated area of permanent loss and serious 
damage within each LAU to the known historical loss and expressing that as a percentage of the original 
area of BCH. 

3.3.1 Cumulative loss 

Historic, approved and predicted cumulative impacts and losses to BCH expected if the proposal is 
implemented without mitigations are presented in Table 10. Losses are based on indicative disturbance 
footprint and ‘likely worst’ case ZoHI based on sedimentation and turbidity. Predicted losses of BCH classes 
of the total area for that class within the LAU from the KBMS strategic proposal are 6.43% for sediment with 
turf algae, 2.17% for bare sand and 1.73% for Seagrass – Halophila and Heterozostera habitat. No loss is 
predicted for Seagrass – Posidonia and Amphibolis habitat, reef with macroalgae or reef with filter feeders. 
Table 10: Cumulative loss 

Habitat type Baseline 
area (ha) 

Historic 
loss (ha) 

Approved 
loss (ha) 

Historic 
and 
approved 
loss (%) 

Predicted 
loss from the 
KBMS 
strategic 
proposal (ha) 

Predicted 
loss from the 
KBMS 
strategic 
proposal (%) 

Cumulative 
loss in LAU 
(%) 

Halophila and 
Heterozostera 

499.86 47.81 0.25 9.61 8.64 1.73 11.34 

Posidonia and 
Amphibolis 

1384.90 0 0 0 0 0 0 

Reef with 
macroalgae 

1765.75 3.3 0 0.19 0 0 0.19 

Reef with filter 
feeder 

194.24 0 0 0 0 0 0 

Sediment with 
turf algae 

49.95 7.17 0 14.35 3.21 6.43 20.78 

Bare 
sediment 

1,333.51 44.55 0.17 3.35 28.96 2.17 5.53 

Total 5,228.21 102.83 0.42 1.98 40.81 0.78 2.76 
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4 SUMMARY OF PREDICTED IMPACTS 
4.1 Cumulative loss of benthic communities and habitats 
The cumulative direct and indirect loss of BCH associated with the KBMS strategic proposal include the 
irreversible loss of 8.64 ha (1.73%) of Halophila sp. and Heterozostera sp. Seagrass habitat from the LAU, 
without mitigations in place. 

The total change of BCH resulting from the KBMS strategic proposal is low in a regional context. There has 
been minimal loss of BCH along the coast adjacent to Bunbury, other than within Koombana Bay. Minimal 
additional loss of BCH is predicted for the two of the three future proposals. There is no predicted loss of 
Posidonia and Amphibolis seagrass habitat, reef with macroalgae or filter feeder BCH associated with the 
KBMS strategic proposal. Sediment with turf algae were predicted to have the greatest cumulative loss 
(20.78%). The KBMS strategic proposal would mean that the cumulative loss within the LAU would be 
2.76%, an increase of 0.78% over the estimated current loss. 

4.2 Identification of likely direct and indirect impacts 
Identifying the elements of the strategic proposal which would impact BCH, including both direct and indirect 
impacts from both construction and operation and describing the predicted extent, severity and duration of 
the reversible impacts. 

To determine potential impacts on fin fish and other species of nature conservation or fisheries importance, 
‘seagrass habitat’ was also assessed as a higher ecological unit. This is because information on preferred 
habitat often refers to ‘reef’, ‘seagrass habitat’ or ‘bare sediment’ (e.g. see Section 4.3.1). Therefore the 
predicted loss of seagrass habitat from unmitigated dredging and construction activities (comprising 
indicative disturbance footprints, halo effect areas and area within the ZoHI) would be 8.64 ha, or 0.46% of 
total seagrass habitat coverage in the LAU (total seagrass habitat coverage is the sum of Halophila and 
Heterozostera and Posidonia and Amphibolis habitat). Cumulative loss of seagrass in the LAU would 
therefore be 56.7 ha, or 3.01% of total seagrass habitat. 

4.3 Biological ecological and social consequences 
The loss of BCH from implementation of the KBMS strategic proposal has the potential to impact ecological 
and social aspects (e.g. fisheries) in Koombana Bay. The following Section (4.3.1) identifies the species of 
nature conservation and fisheries importance that rely on BCH classes in Koombana Bay, describes their 
value, distribution and important periods of the year (e.g. spawning or key fishing periods). 

4.3.1 Values and significance of benthic communities and habitats 

Subtidal benthic communities and habitats including seagrasses (Halophila ovalis, Posidonia sp., Amphibolis 
sp. and Heterozostera tasmanica), reefs and algae species found in the LAU provide a diversity of habitats 
for faunal assemblages (Semeniuk et al. 2000). For example, 23 marine listed species of pipefish, seahorse 
or seadragon may occur associated with these habitats in the LAU (EPBC protected matters report, created 
06/12/2021). A summary of other species of fisheries or nature conservation importance that may be found 
in the LAU is presented in Table 11. 
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Table 11: Species of fisheries or nature conservation importance that may be found in the LAU 

Species Use of BCH Importance Locations within LAU Important periods of the year 
Blue swimmer 
crabs (Portunus 
armatus) 

Sandy, muddy, algal and seagrass habitats 
in estuaries, sheltered bays and offshore 
waters up to 50 metres deep 

• Commercial 
fisheries (excl. 
Koombana Bay 
and Leschenault 
Estuary) 

• Recreational 
fisheries 

• Forest Beach to Binningup 
• Power Station Beach 
• Casuarina Beach (only opportunistically by 

commercial fishers, using nets from the beach) 
• Koombana Bay (recreational only permitted; 

most important fishery) 

• Most fishing (using drop nets) in 
summer months 

• Migration to Leschenault Estuary to 
spawn (late summer) 

• Mating period January to April 
• Spawning period October to 

January 
Whitebait 
(Hyperlophus 
vittatus) 

Spawns in inshore coastal waters 
Nursery site at Becher Point in Warnbro 
Sound (important for little penguins) 

Commercial and 
Recreational 
fisheries 

• Forest Beach to Binningup 
• Main location for whitebait in WA 
• Locally and regionally significant as support 

commercial fisheries and little penguin 
populations 

Spawning period from October to 
February 

Tailor 
(Pomatomus 
saltatrix) 

Mainly caught at dawn and dusk with bait or 
lures cast from beaches and rock platforms 

Recreational 
fisheries 

Sheltered estuarine and shallow coastal areas of 
the lower west coast of Western Australia, mainly 
between Cervantes and Bunbury, are important 
nursery habitats 

Spawning period spring and autumn 

Australian herring 
(Arripis 
georgianus) 

• School in large numbers in areas such 
as seagrass habitats, beaches, reefs, 
coastal bays and estuaries 

• They generally inhabit the top few 
metres from the surface 

Recreational 
fisheries 

At maturity, young herring along the southern coast 
of Australia migrate to the spawning area on the 
lower west coast of WA, which includes the LAU. 

Spawning takes place between late 
May and early June 

Sea mullet (Mugil 
cephalus) 

• Juveniles are found in nearshore, 
shallow areas of marine embayments 
and estuarine systems. 

• Juveniles typically enter estuaries at 20–
30 mm length 

• Adults are found in shallow coastal 
waters, marine embayments, estuarine 
systems and rivers 

Recreational fishers 
(netting)  

Likely to be found throughout LAU  Spawn from February to September 

Mulloway 
(Argyrosomus 
hololepitotus) 

Estuaries with seagrass habitats and 
mangroves, sand and mud provide shelter 
and food for crustaceans and small fish that 
are important food sources for mulloway 

Recreational 
fisheries 

Likely to be found throughout LAU Recreational fishing in summer only 
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Species Use of BCH Importance Locations within LAU Important periods of the year 
Common 
bottlenose 
dolphins 
(Tursiops 
truncatus) 

Wide range of habitat types, such as 
seagrass beds, sandy substrates and reefs 

• Listed under the 
EPBC Act 

• Tourism 

• Koombana Bay, particularly adjacent to 
Leschenault Estuary 

• No calving activities reported in indicative 
disturbance areas 

• Breeding during December to May 
• Calving December to March (peak 

use of inshore waters by females) 

Indian Ocean (or 
spotted) 
bottlenose 
dolphin (Tursiops 
aduncus) 

Wide range of habitat types, such as 
seagrass beds, sandy substrates and reefs 

• Listed under the 
EPBC Act 

• Tourism 

• Koombana Bay, particularly adjacent to 
Leschenault Estuary 

• No calving activities reported in proposed 
indicative disturbance areas 

• Breeding during December to May 
• Calving December to March (peak 

use of inshore waters by females) 

Little penguin 
(Eudyptula minor) 

Wide range of habitat types, such as 
seagrass beds, sandy substrates and reefs 

• Listed under the 
EPBC Act 

• Tourism 

• Koombana Bay is within the little penguin BIA 
• They are frequently recorded in Koombana Bay, 

and have been known to come ashore to moult 
• Known to forage in Koombana Bay whilst 

incubating eggs at Penguin Island 
• Koombana Bay is considered a feeding ground 

• Annual moult during December/ 
January 

• Koombana Bay is utilised by 
foraging little penguins while 
incubating eggs at Penguin Island 
between April and November 

Australian sea 
lion (Neophoca 
cinerea) 

Wide range of habitat types, such as 
seagrass beds, sandy substrates and reefs 

Listed under the 
EPBC Act 

Occasionally observed in the Koombana Bay area There are no breeding or haul-out sites 
in the LAU, so no critical periods 
relevant to the proposed development 
activities 

4.4 Recommendations for managing impacts 
Potential opportunities to avoid, reduce, and replace impacts, or to rehabilitate impacted BCH, are summarised in Table 12. Implementation of mitigation strategies 
are likely to significantly reduce BCH loss – particularly to Seagrass – Halophila and Heterozostera habitat. 
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Table 12: Mitigation hierarchy to protect BCH 

Potential impact Avoid Reduce Replace Rehabilitate 
Direct removal of 
habitat 

Site selection includes already-disturbed benthic habitat 
– particularly for the Casuarina Boat Harbour future 
proposal (where over 37.37 ha have already been 
disturbed). Similarly, the indicative disturbance footprint 
for the KBSC marina was considered undisturbed in this 
assessment, when in fact, boats already moor in this 
area (with potential risk of seagrass removal), and 
satellite imagery infers that seagrass coverage is likely to 
be seasonal and discontinuous (patchy). 
The avoidance of impacts to Seagrass – Halophila sp. 
and Heterozostera sp. habitat through e.g. relocation of 
infrastructure was not possible as the BCH type is almost 
continuous along the shoreline 

Indicative disturbance footprints for the future proposals 
have been designed to be as small as possible without 
compromising the objective of the KBMS strategic 
proposal in servicing the needs of the growing Bunbury 
population 

There was no 
realistic 
modification of 
the design of 
the indicative 
disturbance 
footprint to 
replace these 
impacts  

There is no opportunity 
to rehabilitate the 
impacted area due to 
ongoing operation and 
maintenance of the 
future proposals 

Indirect and direct 
impacts to marine 
environmental 
quality during 
construction and 
operation 

Total avoidance of impacts to marine environmental 
quality and BCH is not possible 

Construction management: 
• Outer breakwaters of the KBSC marina will be 

constructed first prior to dredging for the marina. 
• Casuarina Boat Harbour Phase 1 dredging will be 

undertaken prior to the creation of the northern 
breakwater. 

• The area affected by suspended sediments during 
dredging and construction will be limited (wherever 
possible). Silt curtains will be used for KBSC marina 
dredging and small plumes from sites of rock-
dumping for breakwater construction are anticipated 

• Investigate potential for staging of future proposals to 
avoid in-combination impacts. 

Operational management: 
• Infrastructure designed to optimise flushing (tested 

with hydrodynamic modelling) 
• Regulation and management of boating activities and 

contamination risks within the Harbour and marina 

There was no 
realistic 
modification of 
the construction 
methodology 
and staging to 
replace these 
impacts 

Construction effects will 
be temporary and 
natural amelioration will 
mitigate or remove long-
term impacts following 
cessation of 
construction activities  

Indirect impacts of 
altered water flows 
and sediment 
transport caused by 
the presence of 
infrastructure  

N/A. This is an unavoidable impact (the ‘halo effect’) 
resulting from the presence of the infrastructure 

Potential impacts of infrastructure on local 
hydrodynamics have been considered during the design 
of infrastructure 

There was no 
realistic 
modification of 
the design of 
the indicative 
disturbance 
footprint to 
replace these 
impacts 

There is no opportunity 
to rehabilitate the 
impacted areas as the 
change in environmental 
quality resulting from 
altered water flows and 
sediment transport is the 
cause of the impact to 
BCH 
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TABLES 
Table A: Potential impacts and risks to benthic communities and habitats (BCH) identified for the 

proposal in the environmental scoping document (ESD) 

Potential 
impacts 
and risks 

The proposal may have the following effects: 
• Direct removal of benthic communities and habitat (BCH) as a result of the construction of the 

marina/harbour water bodies and breakwaters. 
• Indirect impacts to BCH, including from altered sediment and water movement and flows caused by 

breakwaters and other coastal infrastructure, including within the Leschenault Inlet and the 
Leschenault Estuary. 

• Reduction in marine environmental quality that supports healthy BCH during construction and 
operation of the marina/harbour, including within the Leschenault Inlet and the Leschenault Estuary. 

• Alteration of the natural benthic communities in the area caused by the introduction of marine pest 
species. 

 

Table B: Benthic communities and habitats (BCH) factor work required to support the 
environmental impact assessment 

Required 
work 

1. Characterise the environment by designing and conducting a benthic communities and habitat (BCH) 
survey (as necessary) to accurately map the spatial extent of benthic habitats. Based on the findings 
of the surveys, produce geo-referenced maps showing the extent and distribution of different BCH 
and present these at the appropriate scale. Mapping is to extend to the outer boundary of the area 
where both reversible and irreversible effects of biota are predicted to occur into the zone of influence 
and for appropriate reference sites. Surveys should be conducted to a standard such that the results 
can be used as a baseline for future monitoring, both during construction and operation of the 
proposal. 

2. Assess the values and significance of BCH within the future proposal area, and adjacent areas, and 
describe these values in a local and regional context. 

3. Identify elements of each of the future proposals which may potentially affect BCH, including both 
direct and indirect impacts, and for both construction and operation. 

4. Predict the residual impacts from each of the future proposals, both direct and indirect, on BCH after 
outlining any avoidance and mitigation options that will be applied. Impact predictions are to: 
a. Include the likely extent, severity and duration of direct and indirect impacts of each of the future 

proposals on BCH. This is to be done through spatially defining the zones of high and moderate 
impact and the zone of influence and is to include management targets, based on the lower end 
of the range of likely impacts, consistent with EAG 7 Marine Dredging Proposals. Predictions for 
each of these zones, for both construction and operational impacts, are to include the most likely 
scenario and the best and worst-case scenarios that are most likely to occur. 

b. Address any irreversible loss of, or serious damage to, benthic primary producer habitat (BPPH), 
in the context of EAG 3 Protection of Benthic Primary Producer Habitats in Western Australia’s 
marine environment including an appropriately defined local assessment unit and an assessment 
of any loss against EAG 3’s cumulative loss guidelines. 

c. Consider the staging of future proposals. 
d. In the context of 4.b. above, consider and assess the cumulative effects of each of the future 

proposals both singularly and in combination to the effects of adjacent approved proposals and 
proposals currently being assessed by the EPA. These other proposals include stormwater 
drains, other approved marine infrastructure and the Southern Ports Authority Inner Harbour 
Structure Plan proposal. 

5. Include in the MCMMP details of the monitoring and management to occur during and after 
construction for each of the future proposals to demonstrate and ensure that the EPA’s objectives for 
BCH can be met and that residual impacts are not greater than predicted. The MCMMP is to include 
the protocols and procedure for mapping turbidity plumes and reporting the realised extent of the 
zones of impact and influence of each of the future proposals. 
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