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Executive Summary

Harvest Road Export Pty Ltd, trading as WestAus Oysters, is proposing to undertake a two-year trial of

rock oyster aquaculture at nine sites within the Wooramel Bank, situated along the eastern shoreline

of Shark Bay, in Western Australia’s Gascoyne Region. The Wooramel Bank forms part of the Shark

Bay Marine Park and World Heritage area, and for that reason, the trial is planned to investigate not

only the commercial characteristics of rock oyster growth in this area, but the potential environmental

aspects of a commercially sized aquaculture project.

This document has been prepared as a supporting document to form part of a proposal referred under

Section 38 of Part IV of the Western Australian Environmental Protection Act 1986. The document sets

out the potential environmental aspects of the proposed trial, management to be applied to minimise

any impacts, and studies to be conducted to identify whether impacts are occurring or might be

expected in a full commercial operation.

Project description

The trial project comprises of nine small sites spread along a 40 km length of the Wooramel Bank.

Seven sites will have intertidal culture systems (intertidal sites) of oyster baskets held on longlines,

such that baskets are aerially exposed at low tide. Longlines will be 25 m in length and constructed as

three sets of triplicate lines within a 700 m2 footprint.  These ‘intertidal’ sites would be in 1 - 2 m of

water approximately 1 - 2 km offshore. Two sites will be placed further seaward in the Wooramel Bank

at 3 - 6m depth and have subtidal systems (subtidal sites) of a single 140 m longline with baskets held

on floats just below the water surface.

Rock oysters from the locally occurring milky oyster, Saccostrea scyphophilla and black lip oyster,

Saccostrea cucullata, species will be cultured. Broodstock will be collected from wild populations and

spawned at the Western Australian Government Multispecies Hatchery at Albany. Spat will be

returned for grow-out trials under a strict biosecurity protocol.

Operational aspects of the project will include the periodic visitation of sites using a small boat during

which oysters will be examined or returned to the Carnarvon base for cleaning of equipment. In

addition to collecting data on the system performance in producing oysters, the trial will undertake a

series of environmental monitoring projects to investigate the potential for a full commercial project

to cause environmental impacts.

The trial is expected to last for two years but may be extended if further characterisation of grow-out

parameters is required.
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Environmental Aspects

The trial project is to be undertaken in an area of outstanding environmental value.  Management

plans for this area specify that while aquaculture may be consistent with the maintenance of the area’s

ecological values, projects should be subject to environmental scrutiny. This document sets out the

results of the environmental assessment of the trial proposal and environmental safeguards to be

applied during project operation.

The trial project has been designed to avoid impacts on any of the Wooramel Bank’s ecological values.

The area’s significant seagrass resources have been mapped and all trial site infrastructure has been

placed in sandy habitats to avoid the dense seagrass meadows. Infrastructure has been minimised as

far as possible while retaining a capacity which will allow monitoring to indicate likely effects of the

full commercial operation.

The trial project components have been compared against the available data on the ecology of the

Wooramel Bank, supplemented by a habitat mapping exercise using satellite imagery and ground

truthing. The outcome of this assessment suggests that the trial as proposed is able to meet the EPA

objectives for environmental factors under the theme Sea. That outcome is predicated on the

following predictions of impact:

 no loss of seagrass habitat;
 negligible impact on nutrient fluxes within or adjacent to the trial areas;
 no mortality of dugongs (or other marine mammals) or alteration of their use of the Wooramel

Bank;
 no mortality of turtles or alteration of their use of the Wooramel Bank;
 no impact on existing recreational or commercial fisheries within Shark Bay; and
 no impact on seabirds or shorebirds using the area.

Monitoring & Studies

Monitoring studies proposed to occur within the trial will be directed primarily at identifying the

potential for a full-scale commercial operation to alter the ecology of the Wooramel Bank. Those

studies will examine:

 Sediment nutrient concentrations and redox layer depth;
 The status of the sparse seagrasses (Halodule uninervis) within the trial infrastructure;
 The distribution and occurrence of dugongs and turtles around the trial sites; and
 The pattern of epiphyte loading on seagrasses in the Amphibolis beds adjacent to trial sites.
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Monitoring will concentrate on the sites with the intertidal systems. Of these monitoring programs,

only monitoring of dugong and turtles will be conducted at subtidal sites. Subtidal sites have very low

potential for affecting seagrasses or nutrients in sediments as they are comprised of a single floating

line of oysters which has lower biomass than the intertidal systems, less shading capacity, a more

mobile shadow, and are situated in channels where there is extreme flushing of waters with very low

residence times , and substrate where seagrasses are very rare.

Continual observations for diseases amongst farmed oysters, the presence of introduced species and

the occurrence of any injuries to dugongs and turtles will be undertaken during all lease operations to

support immediate adaptive management of the trial.

The trial would be managed under an aquaculture licence and lease granted under Part 8 of the Fish

Resources Management Act 1994, managed by the Western Australian Department of Primary

Industries and Regional Development DPIRD). That licence would contain any conditions imposed by

the Minister for Fisheries deemed necessary for environmental management, while the lease would

require concurrence of the Minister for the Environment as the lease area lies with a vested marine

park.  A detailed Monitoring and Environmental Management Plan is required to be approved by

DPIRD as part of that process.
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1 Purpose of Document
This document has been prepared as a supporting document to form part of a proposal referred under

Section 38 of Part IV of the Western Australian Environmental Protection Act 1986. The document

aims to provide sufficient details the proposed WestAus Carnarvon Oyster Trial aquaculture operation

in Shark Bay. Specifically, information is provided detailing the proponent, the project description, the

existing environment, potential environmental issues, their significance and how they will be managed

and monitored is described herein.

2 Proponent Details

2.1 Proponent Details:

Company: Harvest Road Export Pty Ltd, Trading as WestAus Oysters1

Nominated Contact Person: Marcus Doumany

Position: Project Manager

Office Address: 31 Cliff St, Fremantle WA 6160

Postal Address: PO Box 3155, Broadway Nedlands, WA 6009

Phone: 08 6460-4949

Email: mdoumany@minderoo.com.au

2.2 Environmental Consultant Details

Company: MScience Pty Ltd

Nominated Contact Person: Dr Justin Welsh

Position: Marine Scientist

Office Address: 322 Lord Street, Highgate, WA, 6003

Phone: 08 6389 4600

1 Where the term WestAus is used within this document it refers to Harvest Road Export trading as WestAus
Oysters.
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Email: Justin.welsh@mscienceresearch.com.au

3 Project Description

3.1 Project Overview

WestAus Oysters (WestAus) is part of Harvest Road Export Pty Ltd which maintains business holdings

in the agricultural sector. WestAus is in the planning phase of a commercial aquaculture project based

on the ecologically sustainable production of rock oysters in Western Australia. The project would be

located within the nearshore eastern coast of Shark Bay in Western Australia’s Gascoyne Region within

the Shark Bay Marine Park. Prior to development of the full project, the proponent plans to undertake

a trial project to investigate the commercially significant performance (growth, survival, flesh quality)

of rock oyster culture along an environmental gradient in conjunction with studies on the potential

for oyster aquaculture to impact on the local environmental values.

3.2 Location

The lease area is formed from nine small discrete areas located along the Wooramel Coast, from 22

km to 62 km south of Carnarvon, Western Australia (Figure 3-1). The lease encompasses slightly less

than 0.6 ha of sea floor and lies predominantly between the 1 and 3 m (LAT) depth contours except

where it extends seaward to encompass channels. Seven of the lease areas are approximately 702 m2

and 2 are 280 m2 in area.

The WestAus lease is almost entirely within the boundaries of the Wooramel Special Purpose Zone of

the Shark Bay Marine Park. The Wooramel Zone covers 124,000 ha of the seafloor and makes up 15%

of the Shark Bay Marine Park. The WestAus lease for the trial project will be <0.6 ha and be located

entirely within the sandy areas of Wooramel Bank outside the dense seagrass beds. That lease

represents only 0.008% of those sandy areas within the Wooramel Special Purpose Zone. The most

southerly trial site is 30 km north of the nearest sanctuary zone (Disappointment Reach Sanctuary

Zone). The Wooramel Seagrass Bank was selected as an ideal site to culture the target oyster species

for several reasons. Most notably:

 Large area with access to extensive shallow water, capable of supporting the intertidal culture
of oysters,

 Region is within the natural range of target oyster species, thereby not requiring any foreign
species to be introduced to the region for the operation

 Sites are south of major cyclone activity and macro-tidal movements which pose significant
risks to oyster aquaculture



WestAus Carnarvon Oyster Trial - ERD

10 | P a g e

 Early indications of high chlorophyll content in the shallow water provides ideal food sources
for oyster growth

 Highly stable climate which is essential to ensure shellfish food safety standards are
maintained.
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Figure 3-1 Map of the WestAus proposed trial sites.

3.3 Spat Collection and Development

Broodstock oysters will be collected from areas agreed with the WA Department of Primary Industry

and Regional Development (DPIRD) to be suitable to avoid any negative aspects on the genetic

structure of wild stocks.  Only F1 offspring will be used to provide spat for grow-out operations.

Approximately 100-300 oysters of each of locally occurring milky oysters, Saccostrea scyphophilla,

and black lip oysters, Saccostrea cucullata, may be used each year of trial operations.  Broodstock will

be sent to the DPIRD Albany Multispecies Hatchery for spawning and spat production. Spat will be

returned following strict biosecurity protocols to the grow-out facility.

3.4 Infrastructure

Trial operations will test a variety of sites along an ecological gradient and a variety of basket

configurations.  Sites will include seven intertidal culture systems and two subtidal systems.

Intertidal systems (Figure 3-2, Figure 3-3) will use standard oyster culture baskets held on 25m

longlines supported by posts.  Longlines will be constructed in groups of 3 lines holding baskets in

place (triplicates). Longlines will be secured with strainer posts placed in the seabed at either end of

the triplicate line. Each intertidal site will contain three triplicate lines within an area of 27 m x 26 m.

Subtidal systems (Figure 3-4) will use 140m floating longlines constructed within nearshore channels.

These will be held in place by posts screwed into the ground at either end as anchors. Approximately

100 m of the line will contain baskets floating just below the sea surface.

Posts

Four categories of oyster posts will be used in the operation; strainer posts, end-line posts, support

posts and drill posts. Strainer posts, end-line post and, support posts will be used at intertidal sites

and are constructed from recycled materials (a mix of low density polyethylene, polystyrene and red

gum sawdust). The footprint of the post types used in the intertidal are relatively similar and is

described in Table 3-1. The recycled plastic posts used in the intertidal have been tested and have a

guaranteed operational life of 50 years, with no degradation during their operational life.

The strainer posts used in the subtidal sites will be a similar length to those used for the intertidal

strainer posts but will be made from steel and fitted with a large disk at the base to secure the post

into the benthos.
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Table 3-1 Oyster longline post specifications.

Post type Use Material Maximum

diameter (mm)

Height (mm)

Post RP121 Strainer post Recycled plastics 125 3000

RP101 End-line support

post

Recycled plastics 100 2400

Post RP752 Support Post Recycled plastics 75 2400

Drill post Anchor subtidal

longlines

Steel 300 3000

Baskets

The trials will mostly be undertaken using the highest quality baskets available and will be sourced

from Hexcyl Systems. Hexcyl baskets are made from quality HDPE using virgin materials of a high

molecular weight. The baskets have undergone rigorous wear and UV testing and have been proven

to have extensive operational lives. Hexcyl baskets with four different mesh sizes will be used for

trialling oysters across different size categories during the trial. For spat and juvenile oysters, 3 and

5mm mesh sizes will be trialled. Trials with larger oysters will used baskets with a mesh size of 10 and

20mm. All mesh sizes allow light to penetrate the baskets and, combined with the north/south

orientation of the intertidal longlines, limits shading of the benthos and impacts to seagrasses.

In addition to the Hexcyl baskets, a small number of SEAPA baskets and custom-made timber trays

will be trialled to determine their suitability for spat rearing. These baskets will have a smaller (~1.8

mm) mesh size and would only be used for small oyster spat.
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Figure 3-2. A) Layout of multi-row oyster longlines positioned on intertidal sites and B) the configuration of oyster baskets
on longlines.

B)
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Figure 3-3. Picture showing baskets on a triplicate line.

Figure 3-4. Arrangement of a subtidal culture system.
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3.5 Operations

Stocking basketsOyster spat will arrive at WestAus’ shore-base in the Carnarvon Small Vessel Harbour andwill be inspected to ensure oysters are healthy and that survival rates from the hatchery areacceptable. Oyster spat will then be loaded into the oyster baskets in the Carnarvon facilityand transported to the trial sites for deployment onboard the skiff. Spat density will initiallybe 2,500 spat per basket, which will be increased within some baskets to evaluate how higheroyster densities may impact oyster growth and survival, as well as environmentalperformance.
Site accessRoutine maintenance for trial sites (see next section) will require regular, weekly or biweeklyaccess to each. Where possible, transit time over the Wooramel Seagrass Bank will be avoidedhowever, where rough weather or site access require transit over the bank, operationalvessel traffic will be subject to management measures to minimise the risk of vessel strikeson marine fauna.When vessels approach the trial sites, they will do so slowly to avoid startling any faunaforaging around the aquaculture equipment. If upon approaching a trial site dugongs or othermega-fauna are observed to be foraging, where feasible, staff will move on to the nextproduction site and complete operations there before returning. Areas between productionsites will have designated ‘go slow zones’ based on current knowledge from skippers for allWestAus vessels to further reduce the risks to local fauna from vessel activity.WestAus field staff will be trained in the need to identify any potential interaction withmarine fauna. An incident response procedure will be maintained and should anyentanglement or negative interaction with marine fauna occur, WestAus will notify the localDBCA office as soon as practical.
Site maintenanceRoutine maintenance of the trial sites will primarily involve removing fouling organisms anddebris from oyster lines, inspecting the integrity of gear, adjusting longlines as well as shiftingand collecting oyster baskets for stock processing. To maintain the longlines, for intertidalsites, the skiff will approach the longlines and when it is as close as practical, staff will
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disembark from the vessel and manually work the trial site. Where possible, staff working onthe site will remain close to the longlines and the skiff will be close enough to avoid the needto walk across the substrate. Moreover, no operations will occur in areas were significant
Posidonia australis or Amphibolis antarctica seagrass beds are present. Damage to the seabedby operational staff will be avoided by conducting work manually with no tractors or othermachines used on the sites (Dumbauld and McCoy 2015).While minimal fouling is expected on oyster baskets as a result of their regular exposure to air,there is the possibility that exposure resistant fouling organisms colonise the oyster baskets.Removal of fouling organisms from the oyster baskets will occur in Carnarvon, at the WestAusshore base. All debris removed from the baskets will be disposed of in designated landfill sites.Fouling organisms on oyster poles will need to be manually removed on-site, with no chemicalantifouling agents used in the operation. Debris from the removal of fouling organisms will becollected (where possible) during cleaning and transported back to the Carnarvon shore base fordisposal in landfill.
Stock processingAll stock processing will occur in the WestAus shore base located in the Carnarvon Marina.This includes assessing incoming oyster spat, grading oysters from the trial sites, disposal ofdeceased oysters, collecting chemical and physiological oyster samples and the export offinished oysters. As a result of their regular exposure to air, it is not expected that foulingorganisms will need to be removed from the oysters themselves but, if this is a requirement,it will also occur at the shore base.
3.6 Project Timeline

 Mid-2018: Approvals from regulatory authorities
 3rd quarter 2018: Commence construction
 2019-2020 – Trial conducted
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4 Area of Interest

4.1 Choice of Wooramel Bank

The proposed site has been selected as expert advice has indicated that it is one of the few sites along

the Gascoyne coast which is viable for aquaculture operations. The proposed aquaculture method

requires that oysters be cultured largely using intertidal systems (i.e. baskets which are exposed at

some part of the tidal cycle). The gradual slope of the Wooramel Bank provides extensive areas of

relatively shallow, inshore, habitat which are capable of supporting oyster culture and are protected

against strong wave action.

A summary of factors making this area attractive for the current project includes:

 Lies within the natural range of the two target species of rock oyster;
 Has extensive areas of suitable sandy flats;
 Is south of cyclone and macrotidal influences;
 Lies close to an existing commercial base and transport hub;
 Is an area without potentially polluting inputs; and
 Supports substantial phytoplankton density at times.

4.2 Environment Surrounding the Area of Interest

4.2.1 Physical characteristics

The Wooramel Coast is located at the southern extent of the Gascoyne Coast bioregion and forms part

of the Shark Bay embayment. The coastline of the Gascoyne Coast bioregion is largely characterized

by large cliffs in the southern half and high energy waters due to strong trade winds (Damara 2012).

The Wooramel Coast, however, is offered some protected from Dorre and Bernier Island to the West

and is therefore moderately sheltered from extreme hydrodynamic activities (Damara 2012; Logan

and Cebulski 1970). Shark Bay is a P-limited system with a unique ecology described in Kendrick et al.

(2012).

Shark Bay is roughly 22,000 km2 with 14,000 km2 of marine habitat (DEC 2008). The bay is relatively

shallow when compared to the majority of the Gascoyne coast and has an average depth of 10 m, with

an increasing depth gradient from south to north (Nahas et al. 2005). The Wooramel Coast lies, at its

deepest, along a 10 m depth contour with most of the area being significantly shallower. Wooramel

Coast owes its shallow environment to an extensive sediment bank which has developed along the

eastern side of Shark Bay and is stabilized by the extensive seagrass meadows which persist in the

area (Damara 2012; Nahas et al. 2005).
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Currents along the Gascoyne Coast are largely driven by the south-flowing Leeuwin Current which

brings warm water from the northern tropics to the region (Nahas et al. 2005). However, as Shark Bay

is largely enclosed by land, the influence of the Leeuwin Current is diminished within the embayment

and water circulation is largely driven by tidal patterns, which vary significantly across the bay (Nahas

et al. 2005). Oceanic, low salinity water (35 - 40 ppt), enters Shark Bay through the Geographe and

Naturaliste Channel and mixes with hypersaline water (56 - 70 ppt) which extends north from Hamelin

Pool in the southern end of the embayment (Logan and Cebulski 1970). The marked gradients in

salinity within the bay are important to the unique ecosystem of the bay and have led to the

development of distinct biotic zones within Shark Bay (Logan and Cebulski 1970).

The salinity gradients within Shark Bay largely occur as precipitation is low, ranging from 200 mm to

400 mm annually and is markedly outweighed by evaporation, estimated to be between 2000 mm and

3000 mm annually (CALM 1996). Due to the low rainfall, there is low run-off into the bay from the two

rivers which drain into Shark Bay; The Gascoyne River (to the north of the project area) and the

Wooramel River (within the project area). While Shark Bay is rarely impacted directly by cyclones,

inland precipitation from the extreme weather events can cause large volumes of fresh water to be

discharged into the Bay through the two aforementioned rivers (CALM 1996).

4.2.2 Biological characteristics

The flora and fauna of Shark Bay’s marine environment vary significantly within the bay due to the

unusual salinity gradients. Transient species such as cetaceans tolerate the wide salinity range as they

forage in the bay while some less vagile species have been found to have diverged from their broader

population, forming a genetically distinct halotolerant subspecies (Johnson et al. 1986). In contrast,

the distribution of benthic organisms within the bay seems to be restricted by the Bay’s salinity

gradients, which can be divided into three environments: oceanic, metahaline and hypersaline (Nahas

et al. 2005).

The oceanic environments occur largely in the northern and northwestern regions of the bay and have

similar salinities to most of the Gascoyne coast. These environments are dominated by coral

communities, seagrass beds and rocky reefs (CALM 1996). The metahaline environment is largely

restricted to a band representing the interface between the hypersaline and oceanic waters within

Shark Bay. The extent of the metahaline band is however not fixed and changes depending on time,

oceanic swell, rainfall and river discharges (Nahas et al. 2005). This high salinity environment is

dominated by a subset of halotolerant coral species, extensive seagrass beds, mangroves, salt marshes
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and rocky reefs (CALM 1996). The southern, hypersaline region of Shark Bay is the most extensive

region and supports limited seagrass meadows, coquina beaches and stromatolitic microbial

communities (CALM 1996).

The fish community in Shark Bay is dominated by tropical species with ~17% of the population made

up of temperate species (CALM 1996). Most of the documented fish species are found inhabiting rocky

reefs, coral reefs (CALM 1996) or seagrass beds (Heithaus 2004) with several other commercially

important species observed inhabiting deeper, pelagic environments.

Several species of marine mammal inhabit Shark Bay (detailed in section 5.4), which has been

documented as an important habitat for threatened species’ conservation. Marine mammals also

contribute to the social values of the park, attracting a large number of tourists to visit the region each

year (CALM 1996).

The primary area of relevance within Shark Bay is the Wooramel Bank.  The Wooramel Bank is a Special

Purpose Zone (CALM 1996) established for the protection of the area’s significant seagrass beds and

associated habitats.

Marine Habitats

The Wooramel Bank is dominated by sand or seagrass habitats with mangrove communities along

parts of the shoreline and algal mats around the southern area near Gladstone but does not support

coral or major microbial (stromatolite) communities (CALM 1996). Habitat mapping undertaken for

this project suggests that the central and northern areas of the Wooramel Bank (those relevant to the

proposed trial) can be divided into deeper seagrass beds (below 2-3 m depth), shallow seagrass beds

(0-2 m depth), channels linking the shallow and deep beds, and sandy areas between beds and into

the intertidal. Of these, the latter are of most relevance to the trial (seven of the proposed sites being

within that habitat), with a further 2 sites proposed in channel areas.

Massive seagrass beds which have developed over geological timeframes form the basis of Wooramel

Bank (Arias-Ortiz et al. 2018; Kendrick et al. 2012). The dominant seagrasses along the Bank are

temperate species, Amphibolis antarctica and Posidonia australis, which occur in dense beds. Within

some of these sandy areas between beds, sparse meadows of the tropical Halodule uninervis occur.

As a result of a major marine heatwave occurring in 2010/2011 substantial amounts of the dense

seagrass beds in the seaward, deeper, sections of Wooramel Bank have been lost (Arias-Ortiz et al.

2018).  However, extensive beds of these species remain along the inner, shallower, area of Wooramel

Bank.
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Some of the significant ecological services supplied by seagrasses along Wooramel Bank, include:

 Stabilizing the nearshore coastal sands;
 A direct food source for dugongs, turtles and some fish;
 A source of detritus for detrital food chains and nutrient cycling; and
 A nursery area for prawns, crabs and fish.

Section 5.1 addresses the marine habitats of the Wooramel Bank and the potential for the project to

impact them.

Marine Fauna

Shark Bay contains a wide variety of marine fauna of conservation significance within its various

habitats, some of which are of international significance to conservation. Due to the shallow nature

of the proposed lease sites, only a few of those marine species are relevant to the project area and

the access routes to that area. The marine fauna of Shark Bay and the Wooramel Bank are discussed

in Section 5.4 together with the assessment of possible impacts of the trial.

4.2.3 Social characteristics

The Shark Bay Marine Park has been listed as a World Heritage area since 1991. As such, it represents

an important area for conservation, social and economic values. Most notably, the Park is known for

containing ancient Stromatolites, extensive seagrass beds and supporting a number of rare and

threatened species. Other uses of the park include commercial and recreational fisheries, tourism,

aquaculture and important aboriginal sites (CALM 1996). The Wooramel Bank area is noted

particularly for its value to the conservation of seagrass systems and their associates. In terms of social

values, the area supports limited recreational boating and fishing (predominantly in boats coming out

of Bush Bay and Carnarvon) as well as forming part of the commercial Shark Bay Blue Swimmer Crab

Fishery (DOF 2015). Kangas et al. (2015) provide a useful overview of the Shark Bay Prawn Managed

Fishery and other small commercial fisheries in the general area. The prawn fishery does not trawl in

this shallow area and nursery areas for prawns are well separated from the area in and around the

trial. The dense seagrass beds provide nursey habitat for juvenile tiger prawns, but as noted above,

the trial does not enter these areas.
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5 Assessment of Environmental Impacts Against Policy Guidelines

This assessment has been developed using the EPA Statement of Environmental Principles, Factors

and Objectives, December 2016.

Based on the project components having negligible emissions and the only land component being a

shed within an existing industrial area, the theme considered is SEA. The following sections deal with

the four factors listed under that theme.

5.1 Benthic Communities and Habitats

EPA Objective: “To protect benthic communities and habitats so that biological diversity and ecological

integrity are maintained”

The following assessment is structured to conform with the EPA document Technical Guidance –

Protection of Benthic Communities and Habitats (EPA 2016)

The Wooramel Bank has been declared a Special Purpose Zone for the protection of seagrasses.

Seagrass cover within the Wooramel Bank Zone of the Shark Bay Marine Park is extensive, covering

roughly 82% of the seafloor. The remainder of the benthos is composed of mobile sediments,

particularly in the subtidal and sublittoral boundary of the zone (Logan and Cebulski 1970; Loneragan

et al. 2013; Nahas et al. 2005). The seagrass banks are composed of several temperate and tropical

species, the most dominant of which is Amphibolis antarctica (CALM 1996).

Benthic communities within the general area of the project have been identified through literature

review, satellite mapping and a ground-truthing survey (Appendix 1). These communities fall into five

classes:

 Seagrass beds formed predominantly of Amphibolis and Posidonia, occurring from the deeper
western portions to the centre and east of Wooramel Bank;

 Mixed seagrass beds at moderate to high density formed predominantly from Halodule
uninervis, Cymodocea angustata and Posidonia australis;

 Sandy channels linking the deep and shallow seagrass beds which drain the shallows as the
tide falls;

 Sandy shallows and sandy shallows with sparse communities of Halodule;
 Macroalgal-dominated areas; and
 Mangrove communities along the shoreline.

Careful siting of the trial operations sees the seven sites with intertidal culture systems placed within

the sandy habitats and the two subtidal culture sites within the channels.  The potential for impacts
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on these habitats is discussed below (Table 5-1). Any impact on other habitats listed above would be

caused by water quality impacts and is dealt with under that factor.

Satellite mapping of the area only detects seagrasses when these are at appreciable density. Within

the areas mapped as ‘Sand’ by the satellite imagery, field visits identified the presence of Halodule

uninervis. In those areas, shoots and leaves were relatively sparse and rhizomes were buried beneath

a sand layer. Thus, the Sand habitat of Figure 5-1 includes areas both with and without sparse

seagrass.

Sandy habitats in this nearshore environment regularly turn over due to strong wave activity and some

are occasionally exposed during low tides. Therefore, these sand patches do not support well

developed microphytobenthos (Ryan et al. 2007) and should not be viewed as benthic primary

producer habitat. Thus Table 5-1 does not list shading as a threatening process for the sandy sites

without Halodule.

The EPA technical guidance document for benthic habitats (the Guidance) recommends establishing

a local assessment unit (LAU) within which to evaluate cumulative impacts on benthic habitats. Based

on the relatively similar geomorphic and ecological features along this section of coast, the LAU has

been designated as the same as the area mapped within Figure 5-1.  While the total area in that LAU

is 266 km2 and well above the 50 km2 suggested as typical for an LAU in the Guidance, it falls within a

section of coastline that is quite uniform and without obvious boundaries. While there is a north-south

gradient in salinity and associated parameters, that is a gradient rather than an abrupt discontinuity

and shifts with season.

The LAU followed the mapped area and did not include areas above low water mark (such as

shorelines and mangroves). As all infrastructure is sited at least 1 km offshore, impacts above the low

water line are highly unlikely.

Table 5-1. Susceptibility of habitat types in the trial sites to impacting processes.

PROCESS HABITAT TYPES

Sandy Flats – No

Halodule

Sandy Flats –

with Halodule

Sandy

Channel

Physical loss of habitat from posts X

Shading from infrastructure X

Erosion through changing hydrodynamics X X X

Erosion from vessel propeller X X
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Figure 5-1. Habitats mapped from ground truthing of satellite imagery.
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At 72 km2, the Sand habitat represents the second largest by area, after the 99 km2 of dense seagrass

beds (Table 5-2).  Within that Sand area, the total area within the trial lease would occupy less than

0.6 ha, or 0.008%.  Within each lease, the only certain environmental loss would be the area disturbed

for posts. Over the entire infrastructure, that area is less than 3 m2.

Table 5-2. Area of various habitats mapped in the LAU.*

Habitat Area

(km2)

Seagrass beds – Amphibolis & Posidonia 99

Mixed seagrass – Halodule uninervis 53

Macroalgae 27

Sandy patches and channels 72

Unclassified habitat 14

* Mangrove habitats were not mapped

The potential impacts of oyster aquaculture on seagrasses has been well documented as causing little

to no impacts to seagrass communities (Bulmer et al. 2012; Dumbauld and McCoy 2015). Where

impacts have been observed, they have been attributed to either destructive, mechanical harvesting

methods (Dumbauld and McCoy 2015) or from diminished light penetration to the seabed due to

obstruction by suspended oyster bags (Skinner et al. 2014). As the proponent has committed to only

deploy aquaculture equipment in areas naturally free of significant seagrass, neither of the

aforementioned potential causes of seagrass loss are likely to occur as a result of the proposed

activities.

Adverse impacts from the presence of oyster lines and baskets are not predicted within the sandy

habitats. Erosion is unlikely and pictorial evidence from the South Australian oyster longline industry

is that intertidal culture systems such as this tend to increase the stability of substrate beneath the

infrastructure. Vessel movements will be relatively few and vessels will be shallow draft. Oyster lines

in both intertidal and subtidal systems would be configured to avoid any dragging across the seabed.

In these shallow waters with narrow oyster baskets, there should be little chance of significant effects

on any seagrass from shading. H. uninervis is the only seagrass noted within infrastructure areas and

is more shade tolerant than many of the other local tropical species (Statton et al. 2018).  As above,



WestAus Carnarvon Oyster Trial - ERD

25 | P a g e

within South Australian examples, seagrass within intertidal longline systems may experience

enhanced growth as a result of increased sediment stability.

Thus, the prediction of impact is that no seagrass habitat would be lost as a result of the trial. For the

trial operation, any loss of seagrass, whether from shading or posts would be reversible. Should the

trial not progress to a commercial operation, infrastructure would be removed and the colonising

Halodule uninervis regrow within 5 years of its original loss.

Monitoring

Despite the prediction that no seagrass habitat would be lost during the trial, a seagrass monitoring

scheme will be established within the area of intertidal infrastructure.  This will examine possible

effects of the operation on seagrass shoot density, seed set and seed banks, and starch levels within

rhizomes.

Action Triggers

No action triggers are proposed. Should impacts be identified, these would be likely be minor,

localised and quickly reversible at the end of the trial. The trial is of short duration relevant to the

development of any potential impact on seagrass habitat and implementation of adaptive

management could be deferred until the trial concluded. As the aim of monitoring is to determine the

scale of impact which might occur within a full commercial project, early management response to

perceived impacts might lead to monitoring underestimating the potential for impacts in a full

development.

5.2 Coastal Processes

EPA Objective: “To maintain the geophysical processes that shape coastal morphology so that

environmental values of the coast are protected”

The following assessment is based on the EPA document Environmental Factor Guideline: Coastal

Processes (EPA 2016).

The shoreline and mangroves present within the Wooramel Bank have evolved in response to the

historic coastal processes regime within this area. Ortiz et al. (2018) note that the recent loss of

seagrass may have implications for increased erosion in this area. At present, the implications of that

for coastal processes is unknown.  The trial project will place seven sets of three triplicate 25 m

longlines approximately 1 – 2 km offshore over 40 km of coastline. While it has been noted above that

oyster longlines have been recorded as causing an increase in localised sediment stability which
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encourages seagrass growth, the very small proportion of area with longlines relative to the coast

makes it highly unlikely that such effects would alter existing coastal processes along the Bank.

5.3 Marine Environmental Quality

EPA Objective:  “To maintain the quality of water, sediment and biota so that environmental values

are protected”

The following assessment is structured to conform with the EPA document Technical Guidance –

Protecting the Quality of Western Australia’s Marine Environment (EPA 2016)

Currents along the Gascoyne Coast are largely driven by the south flowing Leeuwin Current which

bring warm water from the northern tropics to the region (Nahas et al. 2005). However, as Shark Bay

is largely enclosed by land, the influence of the Leeuwin Current is diminished within the embayment

and water circulation is largely driven by tidal patterns, which vary significantly across the bay (Nahas

et al. 2005). Oceanic water (salinity of 35 ‐ 40 ppt) enters Shark Bay through the Geographe and

Naturaliste Channel and mixes with hypersaline water (56 ‐ 70 ppt) which extends north from Hamelin

Pool in the southern end of the embayment (Logan and Cebulski 1970). The marked gradient in salinity

within the bay is important to the unique ecosystem of the bay and has led to the development of

distinct biotic zones within Shark Bay (Logan and Cebulski 1970).

The salinity gradients within Shark Bay occur largely as a result of low precipitation, ranging from 200

mm to 400 mm annually which is markedly outweighed by evaporation, estimated to be between

2000 mm and 3000 mm annually (CALM 1996). Due to the low rainfall, there is low run‐off into the

bay from the two rivers which drain the hinterland; the Gascoyne and Wooramel Rivers. While Shark

Bay is rarely impacted directly by cyclones, inland precipitation from the extreme weather events can

cause large volumes of fresh water to be discharged into the bay through those two rivers (CALM

1996).

The marine water quality of Wooramel Bank would rank as pristine for the majority of the year,

outside of periods of discharge from the Wooramel River and surrounding drainage lines.  The salinity

gradient over the project area varies from oceanic salinities to slightly hypersaline waters, with the

location of that gradient varying seasonally (Logan & Cebulski 1970).

Shark Bay has been shown to be a phosphorous-limited system, which is unusual for Western

Australian coastal waters (Kendrick et al. 2012). Availability of phosphorous (P) within the Wooramel

Bank has been shown to influence the physiology of seagrass communities and to have a complex

interaction with seawater salinity (Fraser et al. 2012).
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While the culture of oysters does not add nutrients as a feedstock, the impacts of high density

production of oysters may include the localised elevation of some nutrients as a result of capture and

processing of suspended organics during filter feeding by oysters. Oysters concentrate particulate

organics within the pseudofaeces (the unassimilated organics from that captured by filter-feeders)

and real faeces which are discharged around culture baskets. The potential for oyster culture in the

lease to alter the availability of P (and other nutrients) has been evaluated with a nutrient model

developed for this area (Appendix 2). That model concludes that:

 Oysters take only a small portion of the seston (phytoplankton and particulate organic matter)
that passes through the lease when water is exchanged by tidal currents;

 Because trial leases are relatively small in an area of high exchange of water, local build-up of
nutrients in sediments or water is unlikely; and

 The pool of P in oysters is much smaller than that in the local sediments or surrounding
seagrasses.

Based on those findings the potential for the trial to cause a detectable change to nutrient

concentrations in sediment within the lease or the abundance of epiphytes on nearby seagrass beds

is negligible.  However, both factors will be examined carefully by monitoring to determine whether

the full commercial project could cause problems through altering nutrient dynamics.

Monitoring Programs

Monitoring programs will be established for sites with intertidal culture systems to

 identify potential changes in redox layer depth and intensity, and nutrient concentration
(standard nutrient suite including P and H2S) within sediments under the trial infrastructure
and at appropriate reference sites; and

 evaluate any change in the abundance of seagrass epiphytes growing on Amphibolis or
Posidonia within the seagrass beds nearest to the leases.

Action Triggers

No action triggers are proposed. Should impacts be identified, these would be likely be minor,

localised and quickly reversible at the end of the trial. The trial is of short duration relevant to the

identification of any potential impact on megafauna distribution and implementation of adaptive

management could be deferred until the trial concluded. As the aim of monitoring is to determine the

scale of impact which might occur within a full commercial project, early management response to

perceived impacts might lead to monitoring underestimating the potential for impacts in a full

development.
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5.4 Marine Fauna

EPA Objective: “To protect marine fauna so that biological diversity and ecological integrity are

maintained”

The following assessment is based on the EPA document Environmental Factor Guideline: Marine

Fauna (EPA 2016).

5.4.1 Vertebrates

Within the Shark Bay Marine Park, 4 species of whale, 6 dolphin species and one dugong species which

are listed as protected matters in the EPBC Act are known to occur (Table 5-3). Listed activities of

mammals include resting, feeding and congregating within the area (Department of the Environment

and Energy 2017). The seagrass banks within the marine park are especially important for the resident

dugong population, recognised as among the highest recorded in Australia (CALM 1996; Prince et al.

2001). In addition, four species of turtles are noted to use the Shark Bay area.  Within the shallow

areas of the Wooramel Bank, dugongs and turtles pose the most likely megafauna to come into

contact with the trial and these are discussed further below. Research into the interactions between

aquaculture and dolphins has found that the mammals tend to avoid operational aquaculture sites

within their home range (Watson-Capps and Mann 2005).

Turtles

The DBCA management plan for Shark Bay (1996-2006) advises that green turtles, Chelonia mydas,

and loggerhead turtles, Caretta caretta, inhabit the marine park, with occasional sitings of hawksbill

turtles, Eretmochelys imbricata, and leatherback turtles, Dermochelys coriacea. Within Shark Bay,

nesting activity is confined to Dirk Hartog Island.

The northern end of Dirk Hartog Island National Park (25°29’S, 112°59’E) is located in the Shark Bay

Marine Park and the World Heritage Area. This protected area is an important nesting habitat for the

majority of loggerheads from the Western Australian population. The nesting season extends from

November into April (Prince 1994), with the peak of the nesting season occurring in mid- January

(Baldwin et al. 2003). Occasional turtle tracks are observed throughout the year (Reinhold and Whiting

2014).

The rookery is composed of five nesting beaches, interspersed with areas of rocky shore (Reinhold

and Whiting 2014). Loggerhead nesting on Dirk Hartog Island is not restricted to these beaches. Other
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beaches extend south and west of these five survey sites, with southern low-density nesting extending

beyond Cape Levillain, as well as intermittently westward around to the lighthouse precinct at Cape

Inscription, on other beaches of Dirk Hartog Island and on the mainland to the south of the study site,

at Steep Point (Pam Dickenson, pers. comm. 2011) and Cape Rose Flats (Thomson et al. 2012). While

there is evidence of turtles nesting on beaches near Dirk Hartog Island, there are no records of turtle

nesting along the mainland coastline immediately adjacent (east) to the Wooramel bank.

The southerly breeding range of green turtles appears to lie along the Ningaloo coast, around the

thermal transition off Point Cloates, where the Ningaloo Current pushes west.  Resident adults and

juveniles are found further south within the Shark Bay system, and their presence extends well down

into the Jurien Bay region (Commonwealth of Australia 2007). Despite the presence of green turtles

at Shark Bay, records indicate the Southerly extent of nesting of green turtles appears to be the

Exmouth Gulf, north of Shark Bay (Commonwealth of Australia 2017). Though Green turtle, Chelonia

mydas, tracks have also been occasionally recorded on Dirk Hartog Island (2008/09, 2009/10 and

2011/12) (Reinhold and Whiting 2014).

Other turtle species have not been observed nesting within Shark Bay, with their breeding ranges

occurring further north (Commonwealth of Australia 2017).

Green turtles are primarily herbivorous and may feed on seagrasses along the Wooramel Bank.

Loggerhead turtles are carnivorous, feeding predominantly on benthic invertebrates from within

tidal/sub-tidal habitats with hard and soft substrates including rocky and coral reefs, muddy bays, sand

flats, estuaries and seagrass meadows. There is some evidence to suggest loggerhead turtles in Shark

bay show strong fidelity to specific foraging sites, though the habits of these individuals in Shark Bay

are currently unknown (Thomson et al. 2012). The extensive use of, and fidelity to, nearshore habitat

for foraging may make loggerhead turtles prone to conflict with human activities (e.g. boat traffic,

coastal development). In high-use areas, the potential exists for vessel strikes, which are most

problematic in shallow water, where turtles are unable to dive to avoid approaching boats (Thomson

et al. 2012). Despite these conditions evidence of boat strikes is minimal in Shark Bay (Thomson et al.

2012).

In terms of seagrass predation, observational evidence suggest that Amphibolis spp. are not a major

food source for turtles on the Wooramel bank (pers comm J. Statton University of Western Australia

April 2018). Turtles appear to show a preference for tropical species present on the bank, e.g. Halodule

and Halophila. These tropical species occur in large patches distributed over the Wooramel bank that

appear to be bare sand on satellite images, though ground truthing to map habitats shows the

presence of a developed rhizome structure under a thin veneer of sand. Within these tropical species
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it appears that turtles show a preference for these species of seagrass that occur on the meadow

boundaries of Amphibolis spp. and bare sand/tropical species. The above ground biomass is greater in

these specific areas resulting in a more accessible energy source for the turtles than the starch rich

rhizomes.

Further observation of seagrass-turtle interactions identified some peculiar behaviour of Sea-turtles

observed digging large holes or pits within Posidonia seagrass meadows and then resting. The function

of this behaviour is not well understood, but it appears to be highly destructive to the seagrass

meadow (pers comm G. Kendrick, J. Statton, University of WA April 2018).

Potential Impacts:

Interfere with nesting: highly unlikely as the nesting area on Dirk Hartog Island is over 80 km from

nearest component of the project. The turtle recovery plan developed by the Commonwealth

government in 2017 suggests that inter-nesting areas identified as habitat critical to the survival of

marine turtles listed for each stock should include a 20 km buffer radius (Commonwealth of Australia

2017). The proposed aquaculture operation is located well outside of this critical buffer. No records

of nesting along the coastline immediately adjacent to the Wooramel bank. Noise and lighting from

the aquaculture operation is not expected to impact nesting behaviour given the proximal distance

from the nesting sites.

Mortality from vessel strike: The trial will use only a single dinghy/punt and the limited additional

vessel movements added by the trial project and training of vessel operators in avoiding marine fauna

are unlikely to add significant mortality.

Loss of feeding habitat: the project area includes only sandy/sparse seagrass areas; turtles are likely

to use areas within the longline culture facilities for feeding; project activity is unlikely to cause the

loss of a substantial proportion of the sparse seagrass within the project area. Placement of the

aquaculture facilities is unlikely to impact the preferred tropical species at the boundaries of the

meadows and is not predicted to inhibit any natural behaviours (e.g. digging holes within Posidonia

meadows).

Marine Debris and Discharges: Floating non-degradable debris, such as lost or discarded fishing gear

(e.g. discarded nets, crab pots, synthetic ropes, floats, hooks, fishing line and wire trace), land-sourced

garbage (e.g. plastic bags and bottles) and ship-sourced materials disposed of at sea (e.g. fibreglass,

insulation) can pose a threat to marine turtles at all life stages through entanglement and ingestion

(Commonwealth of Australia 2017). The proposed operation has been developed to minimise

operations carried out on site and all anthropogenic waste is proposed to be disposed of offsite.

Structures have been engineered to be compliant with the ACWA guidelines for marine structures to
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reduce entanglement of fauna. There are no chemical or terrestrial discharges proposed to occur as

part of the aquaculture operation that could impact turtle health.

Dugong

Shark Bay contains a dugong population of international significance and large numbers of dugongs

including neonates can be found on the Wooramel Bank in summer (CALM 1996). Listed activities of

mammals within the area include resting, feeding and congregating (Department of the Environment

and Energy 2017).  The seagrass banks within the marine park are especially important for the resident

dugong population, recognised as among the highest recorded in Australia (CALM 1996; Prince et al.

2001).

While extensive spatial data for dugongs along the Wooramel Bank is limited, it is known that dugongs

occur in low densities on the Bank (Holley 2006), primarily in the summer months (Holley 2006).

Therefore, there is the potential for seasonal interactions with dugongs feeding on the Wooramel

Bank and the proposed aquaculture operations. These interactions are expected to be limited as a

result of the placement and depth of most trial sites. Research into dugong behaviour has found that

dugong inhabit feeding grounds in deeper water (Prince et al. 2001; Sheppard et al. 2009) or nearby

to deeper channels in the bank, which allows them to escape from potential predators (Wirsing 2005).

As the intertidal sites proposed for the operation require exposure to air and the tidal range on the

bank is limited, these sites will occur in shallower areas (1-2 m, LAT) where dugongs are unlikely to

forage. Moreover, the selected sites occur in areas of little to no seagrass, which reduces the likelihood

that aquaculture infrastructure would be placed on important dugong feeding grounds.

Despite this, dugong are known to be present on the Wooramel Bank over summer and it seems likely

that seagrass on Wooramel Bank forms an important food resource for dugong in those summer

periods with occasional animals entering waters of 1 – 3 m depth (Parsons et al. 2012) although being

found most commonly in deeper areas seaward of the trial sites, or in areas well to the south of trial

sites (Appendix 3). Thus, it is impossible to rule out any dugong interactions with WestAus operations.

As such, the design and operations of the project have been established to minimise any negative

interactions with dugongs and other fauna.

Possible impacts:

Vessel strike; the trial vessel support is limited to one dinghy/punt. Vessel movements will not add

significantly to existing vessel traffic in this area and skippers will be trained in avoiding dugong or

turtle collision.
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Entanglement; If uncontrolled, entanglement within oyster lines, mooring and marker lines or other

aquaculture equipment presents a risk to mammals entering the trial areas. This risk will be managed

using the Code of Practice for Reducing Whale Entanglements set out by the Department of

Conservation and Attractions (DBCA) for the West Coast Rock Lobster fishery (Western Rock Lobster

Council 2013).

Scared away: Interactions with marine mammals will be limited by the placement of aquaculture gear

in largely shallow water. Trial sites will be undisturbed for the majority of the time. Maintenance visits

to each site will generally last less than 1d and be on a 1-3 week rotation.

Loss of food stock: negligible as trial sites occupy only 0.008% of the sandy habitat which supports the

sparse Halodule beds. Dugongs will retain access to graze seagrass below the oyster baskets in most

cases.

Other vertebrates

The risks to marine reptiles and elasmobranchs from the proponent’s operation are similar to those

for marine mammals. Entanglement in oyster and mooring lines is the most significant risk to these

groups however, the aforementioned mitigation measures will afford a similar protection for these

groups, as it does mammals. Nesting activities by marine turtles will also not be impacted as the

operation will not place structures on the beach, thereby not restricting access to nesting sites.

Research into the impact of bivalve farming on fish communities is limited, however the available

evidence suggests that no impact is expected (Shumway et al. 2003). Recent evidence from a study

evaluating the impact of shellfish aquaculture on tropical fish communities found that there were no

impacts to the fish assemblage from aquaculture. Instead, slight enrichment of fish biomass was

observed, likely due to the cumulative positive effects of additional habitat structure being available

in the environment (Cartier and Carpenter 2014).
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Table 5-3 Summary of marine megafauna in the EPBC Act Protected Matters Report for the area surrounding the trial

Group Common Name Species Name Conservation

Status

Activity Within

Area

Mammals

Southern Right

Whale

Eubalaena

australis

Endangered Species or species

habitat likely to

occur within area

Bryde’s Whale Balaenoptera

edeni

Not Listed Species or species

habitat likely to

occur within area

Minke Whale Balaenoptera

acutorostrata

Not Listed Species or species

habitat likely to

occur within area

Common Dolphin Delphinus delphis Not Listed Species or species

habitat likely to

occur within area

Risso’s Dolphin Grampus griseus Not Listed Species or species

habitat likely to

occur within area

Orca Orcinus orca Not Listed Species or species

habitat likely to

occur within area

Spotted Dolphin Stenella attenuate Not Listed Species or species

habitat likely to

occur within area

Indian Ocean

Bottlenose

Dolphin

Tursiops aduncus Not Listed Species or species

habitat likely to

occur within area
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Group Common Name Species Name Conservation

Status

Activity Within

Area

Bottlenose

Dolphin

Tursios truncates Not Listed Species or species

habitat likely to

occur within area

Humpback Whale Megaptera

novaeangliae

Vulnerable Congregation or

aggregation

known to occur

within area

Dugong Dugong dugon Not Listed Species or species

habitat likely to

occur within area

Reptiles

Loggerhead Turtle Caretta caretta Endangered Foraging, feeding

or related

behaviour know

to occur within

area

Green Turtle Chelonia mydas Vulnerable Foraging, feeding

or related

behaviour know

to occur within

area

Leatherback

Turtle

Dermochelys

coriacea

Endangered Foraging, feeding

or related

behaviour know

to occur within

area

Flatback Turtle Natator depressus Vulnerable Foraging, feeding

or related

behaviour know
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Group Common Name Species Name Conservation

Status

Activity Within

Area

to occur within

area

Olive Sea snake Aipysurus laevis Not Listed Species or species

habitat likely to

occur within area

Shark Bay Sea

snake

Aipysurus

pooleorum

Not Listed Species or species

habitat likely to

occur within area

Spectacled Sea

snake

Disteira kingie Not Listed Species or species

habitat likely to

occur within area

Olive-headed Sea

snake

Disteira major Not Listed Species or species

habitat likely to

occur within area

North-western

Mangrove Sea

snake

Ephalophis greyi Not Listed Species or species

habitat likely to

occur within area

Elegant Sea snake Hydrophis elegans Not Listed Species or species

habitat likely to

occur within area

Elasmobranchs

Giant Manta Ray Manta birostris Not Listed Species or species

habitat likely to

occur within area

Reef Manta Ray Manta alfredi Not Listed Species or species

habitat likely to

occur within area
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Group Common Name Species Name Conservation

Status

Activity Within

Area

Mackerel Shark Lamna nasus Not Listed Species or species

habitat likely to

occur within area

Grey Nurse Sharks Carcharias taurus Vulnerable Species or species

habitat likely to

occur within area

White Shark Carcharodon

carcharias

Vulnerable Species or species

habitat likely to

occur within area

Whale Shark Rhincodon typus Vulnerable Species or species

habitat likely to

occur within area

Monitoring Programs

While the potential for negative interaction with vertebrate fauna has been assessed as low,

monitoring programs will be implemented at all trial sites which:

 Assess the distribution and abundance patterns of dugong and turtles around the trial leases
using a drone for two aerial surveys (summer/winter) each year;

 Maintain records of all interactions of the project with marine megafauna and record and
report any injury caused by the project.

Action Triggers

While the seasonal monitoring of abundance is essentially data gathering for assessment of the full

project, the recording of any mortality or injury to a marine mammal or turtle by the project will

require immediate reporting to DBCA and a joint investigation of the causes of any injury and what

remedial action may be appropriate.
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5.4.2 Invertebrates

There is no expected risk to the invertebrate communities within the Wooramel Bank from the

proponent’s operation. The culture method limits seafloor shading, no BPPH will be disturbed by gear

placement and there is little to no impact predicted to occur to the regions nutrient budget as a result

of the bivalve aquaculture. Despite this, the most common impact to infaunal macroinvertebrates

from aquaculture occurs from the accumulation of nutrients under cages from culture species’ faecal

matter (Borja et al. 2009). While bivalves will produce faecal matter and pseudofaeces, it is limited

and several studies have found no impacts to infaunal species abundance or diversity from shellfish

farming (Shumway et al. 2003; Yokoyama 2002).

Some specific invertebrates of concern in the region are several prawn species (mainly King Prawn

[Penaeus latisulcatus] and Brown Tiger Prawn [P. esculentus] for which commercial fisheries exist in

Shark Bay. The Department of Fisheries (now DPIRD) evaluated the ecologically sustainable

development of the fishery and described the life history of each prawn species within the area (DoF

2006). Analysis of the life history characteristics for the prawn species indicate that the proposed

operation will occur outside important habitat for the prawns. King Prawns utilise habitats found in

shallow, hypersaline embankments of Shark Bay as nursery sites (DoF 2006; Kailola et al. 1993), until

they move into deeper, offshore oceanic waters. Both of these habitats will be strictly avoided for

oyster culture as they are not suitable for the current operation. The life history of King Prawns in

Shark Bay prevents any interactions between the proposed operation and the prawn populations.

Key spawning sites for the Tiger Prawn have been identified in the northern-most section of the

Wooramel Bank and in the Miaboolya Fish Habitat Protection Area, north of Carnarvon (DoF 2006).

Both areas are far north of the proposed aquaculture sites. Moreover, Posidonia seagrass forms the

main habitat for juveniles of the species (Penn and Stalker 1979) and environmental commitments for

the project require that no development of production sites occurs or impacts Posidonia beds, thus

ensuring juvenile prawn habitats are protected. Similar to King Prawns, adult Tiger Prawns migrate

into deeper, oceanic waters from the seagrass beds where aquaculture is not proposed and thus, no

impacts to adults are predicted to occur occur.

Based on the above, no impacts to the invertebrate communities of the Wooramel Bank are predicted.

No monitoring is proposed. However, the sediment monitoring program for environmental quality

would provide an early warning of any potential impacts to infauna.
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5.4.3 Birds

Shark Bay is a significant resource for the conservation of seabirds and shorebirds (CALM 1996). While

Wooramel Bank and its adjacent shoreline are not referenced in the marine park management plan

as one of the areas of particular importance for seabirds or shorebirds, it is likely that the area is an

important resting and feeding area. The EPBC Protected Matters tool (DotEE 2018) returns a list of 35

bird species for the project area which have migratory or other significance.

Given that the only activity of the project occurring within the shoreline area is the occasional

launching of the small vessel at an area currently used for recreational boat launching, the trial is

unlikely to affect the ecology of shorebirds.  At the trial sites, the infrastructure may provide an

additional safe resting area for seabirds when exposed at low tides, which would have a positive effect

on bird numbers.

5.4.4 Introduced Pests and Diseases

By its nature, oyster aquaculture has a very strong emphasis on biosecurity. The success of operations

is highly dependent on strict biosecurity protocols avoiding the introduction of any disease or pest

species.  The WestAus Marine Environmental Management Plan submitted to DPIRD as part of the

lease application contains detailed protocols for avoiding such introductions, or their early

management once detected by the regular (3 weekly) inspections mandated under that protocol.

Equipment used in the Lease will not be used for any other purposes and will remain within the

broader Shark Bay and Carnarvon Region. Moreover, the oysters used in the current project will be

derived from local individuals, cultured in a facility with strict biosecurity and checked prior to being

released from the facility. As such, incursions of pests during translocation have been controlled for.

However, as the culture equipment will introduce solid substrate into the environment where it

previously did not exist, it is impossible to rule out the risk of pest species settling on the equipment

which were introduced to the region from extrinsic sources.

To monitor for the establishment of pests within the Lease, WestAus staff will receive training to

identify pest species (see section 5.2.3 for details) and a formal assessment of the Lease will be

conducted by an IMS specialist every three years. The results of the assessment will be submitted to

DPIRD with the annual MEMP report for the year in which the assessment was made. Moreover,

during construction and all routine activities which occur at trial sites, WestAus staff will, where

possible, collect all solid waste material occurring from the operation for land disposal. This include

shells from dead stock and oyster culture construction materials.
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5.5 Summary of Assessment Against EPA Objectives

The above assessment of the WestAus Carnarvon Oyster Culture Trial project against the WA EPA’s

SEA theme is summarised in Table 5-4.  A further table of responses on an issue by issue basis is

presented in Table 5-5

Table 5-4. Summary of assessment against EPA objectives.

Factor Objective Assessment Reason

Benthic Habitats and
Communities

To protect benthic
communities and
habitats so that
biological diversity and
ecological integrity are
maintained

Objective met Project sited within
robust sand habitat
and occupies only
0.008% of that habitat
within the LAU. Any
impacts would be
readily reversible

Coastal Processes To maintain the
geophysical processes
that shape coastal
morphology so that
environmental values
of the coast are
protected

Objective met Project does not
impact on coastal
morphology or
processes

Environmental Quality To maintain the quality
of water, sediment
and biota so that
environmental values
are protected

Objective met Minor changes to local
nutrient (P) fluxes may
occur but would be
highly localised and
insignificant compared
to existing nutrient
pools

Marine Fauna To protect marine
fauna so that
biological diversity and
ecological integrity are
maintained

Objective met Trial project
characteristics do not
present a threat to
marine fauna in this
location.
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Table 5-5 Management responses to environmental issues against EPA objectives

Environmental Factor Relevant Area Environmental

Objective

Potential Impacts and

risks

Work Required Potential Management

BENTHIC HABITATS & COMMUNITIES

Health of Seagrass

Community

Seagrass beds

surrounding the grow-

out infrastructure

To protect benthic

communities and

habitats so that

biological diversity and

ecological integrity are

maintained

Change in seagrass

density, or species

composition.

Design project to avoid

dense seagrass

Implement monitoring

programs.

Structures are placed on

sand. Environmental

monitoring procedures

outlined in the

proponent’s MEMP

(2018) are designed to

protect seagrass.

Changes to sea floor

from shading

Inside lease sites To protect benthic

communities and

habitats so that

biological diversity and

ecological integrity are

maintained

Changes to infauna on

sea floor under

apparatus.

Consolidate data

available in technical

studies and conduct

habitat mapping to

ascertain seagrass cover

and temporal stability

of seagrass mats to
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Environmental Factor Relevant Area Environmental

Objective

Potential Impacts and

risks

Work Required Potential Management

ensure equipment will

not smother live

seagrass.

COASTAL PROCESSES

Change to sand

transport patterns

Wooramel Bank and

adjacent coastline

To maintain the

geophysical processes

that shape coastal

morphology so that

environmental values of

the coast are protected

Change to coastline

from disruption to

littoral transport of

sediments – extremely

unlikely due to small

size of infrastructure

and lack of impact on

sand transport due to

post structures

Nil Nil

Erosion around

infrastructure

Within infrastructure

footprint

To maintain the

geophysical processes

that shape coastal

morphology so that

Erosion around posts or

from vessel movements

Regular visual

inspections for signs of

erosion

Amend vessel access

protocols
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Environmental Factor Relevant Area Environmental

Objective

Potential Impacts and

risks

Work Required Potential Management

environmental values of

the coast are protected

ENVIRONMENTAL QUALITY

Environmental quality Beneath and around

culture equipment

To maintain the quality

of water, sediment and

biota so that

environmental values

are protected

Increased nutrient

levels in adjacent

waters and sediments.

Implement sediment

quality monitoring

plans and, if triggered,

water quality

monitoring.

None likely in the

restricted timeframe of

the trial.

Antibiotics &

Genetically Engineered

Material

Shark Bay To maintain the quality

of water, sediment and

biota so that

environmental values

are protected

Undefined potential

impacts on natural

ecosystems.

Nil No use of antibiotics,

growth hormones or GE

products is intended in

this proposal.

MARINE FAUNA

Marine Megafauna –

cetaceans, pinnipeds

and elasmobranchs

Wooramel Bank To protect marine fauna

so that biological

diversity and ecological

integrity are maintained

Cetacean, pinniped or

elasmobranch

interactions may occur

during culture

Intensive published

investigations have

documented the local

marine megafauna

No specific

management required.

Any interactions will be

logged and reported to
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Environmental Factor Relevant Area Environmental

Objective

Potential Impacts and

risks

Work Required Potential Management

equipment

maintenance, culture

species deployment or

harvesting.

which occupy the area

of interest (AOI).

Continued monitoring

and record keeping of

those which occur near

the lease will be

conducted by the

proponent.

DPaW. Intertidal

equipment will be

largely used, precluding

access by larger marine

mammals. Equipment

will be deployed in

configurations which

minimise entanglement

and entrapment risks.

Disease and Introduced

Pests

Shark Bay To protect marine fauna

so that biological

diversity and ecological

integrity are maintained

Mass mortalities

amongst local oyster

stocks with potential for

negative ecosystem

effects (disease).

Ecosystem degradation

and loss of native

species (Pest incursion).

Ongoing inspection of

the site for disease and

IMS.

WestAus adhere to

Biosecurity plan under

current licence

conditions. As noted in

the MEMP.
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Environmental Factor Relevant Area Environmental

Objective

Potential Impacts and

risks

Work Required Potential Management

Invertebrates Within trial leases To protect marine fauna

so that biological

diversity and ecological

integrity are maintained

No changes to

invertebrate

populations predicted.

Use results of sediment

monitoring to assess

potential for impacts.

Nil planned

Waste Management Wooramel Bank To protect marine fauna

so that biological

diversity and ecological

integrity are maintained

Potential impacts on

vertebrate and

invertebrate fauna.

The proponent will

monitor waste streams

to minimise the

production of waste

from their operation.

Develop a waste

management protocol

with all waste and

mortalities to be

returned to land for

appropriate disposal.

All continuous loop

plastics to be cut.
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6 Stakeholder Consultation Program
Stakeholders have been identified and consulted as set out in Table 6-1. All issues raised have been

addressed. The proponent maintains an active stakeholder engagement program and anticipates

further proactive engagement as well as being open to respond to incoming requests for information.

Table 6-1. Stakeholder consultation in chronological order.

Stakeholder Consultation Date Comments

Department of Primary

Industries and Regional

Development (DPIRD)

Various between Mid-

2017 and April 2018

Project structured in close consultation with

DPIRD as major stakeholder and regulator

Department of

Biodiversity,

Conservation and

Attractions (DBCA)

8 Dec 2017 Initial briefing – proposal outlined, protocols

agreed for consultation but no issues raised at this

time.

Department of Primary

Industries and Regional

Development (DPIRD) -

Research

20 Dec 2017 Discussed issues around the genetic make-up of

rock oyster stocks likely to be found in Shark Bay -

implications will be that S.scyphophilla broodstock

can be sourced anywhere, but S.cucullata group

will need to be local

Environment

Protection Authority

(EPA) – EPA Services

13 Feb 2018 Pre-referral meeting 1 – project characteristic and

potential impacts presented to EPA services –

referral of full project vs trial discussed and agreed

to have follow up meeting with the EPA Chairman

James Cook University –

Centre for Tropical

Water and Aquatic

Ecosystem Research

12 Feb 2018 Discussion on feeding and reproduction of

Dugongs in Shark Bay – no specific data on

Wooramel Bank
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Stakeholder Consultation Date Comments

Murdoch University

Cetacean Research Unit

16 Feb 2018 Discussion on feeding and reproduction of

Dugongs in Shark Bay – no specific data on

Wooramel Bank

Environment

Protection Authority

(EPA) – EPA Services

6 Mar 2018 Pre-referral meeting 2 - project characteristic and

potential impacts presented to EPA services –

agreed that referral should cover trial proposal

with referral of any full proposal to occur after trial

Gascoyne Development

Commission

27 Mar 2018 Project outline presented. General support for the

project, no concerns raised and organising a

community engagement session suggested.

Local Member for North

West Central

(Gascoyne)

27 Mar 2018 Project outline presented, VC indicated he would

draft a letter of support, suggested project would

attract attention of locals and suggested

Minderoo join the Carnarvon Chamber of

Commerce and Industry

Shire of Carnarvon

Council

27 Mar 2018 Project outline presented - all members of the

council offered their support for the project and

the Shire President (KB) will draft a letter of

support for the project

Nully Indigenous

Leaders

28 Mar 2018 Project outline presented - raised the issue of

Mullet fishing in shallow water and wanted to

ensure fishers would not be excluded from the

plots; Indigenous involvement in the

project was flagged as a major concern as little

employment opportunities are present for the

group; further meetings with indigenous leasers

were flagged as important and Phil indicated that

leasers would offer support of the project.
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Stakeholder Consultation Date Comments

Commonwealth

Department of the

Environment and

Energy (DotEE)

3 Apr 2018 Proposed activities and impacts from Trial

proposal presented – conclusion was to complete

a written internal report assessing the trial against

MNES and if proponent concludes that no

significant impact potential identified and no

substantive objections are received from

Stakeholder groups then proponent may decide

that formal referral to DotEE may not be required.

Western Australian

Fishing Industry Council

(WAFIC)

4 Apr 2018 Project outline presented – JH raised issue of

review of AMSA safety requirements for vessel

operations and suggested contacts for further

local stakeholders – offered WAFIC support and to

release statement in WAFIC newsletter.

Aquaculture Council of

Western Australia

(ACWA)

5 Feb 2018 & 26 Mar

2018

Project outline presented – TT indicated that early

consultation with fishing groups would be critical

and offered ACWA support during engagements –

overall ACWA supportive of project

Shark Bay World

Heritage Advisory

Committee (SBWHAC)

and DBCA-Shark Bay

11 Apr 2018 & 19 Apr

2018

Project outline presented – discussed use of

SBWHAC guidance on assessments and the

information available on marine fauna using the

area. DBCA fauna recording processes also

discussed and will be incorporated into the

project’s monitoring and record keeping

protocols.

Shark Bay Prawn

Trawler

11 Apr 2018 Concerns raised of impacts to prawn feeding and

nursery habitats. Stakeholder advised that

proposed trial and production sites outside of

identified tiger prawn spawning sites, spawning
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Stakeholder Consultation Date Comments

females located in deeper waters than operation -

operation not likely to impact the prawn fishery

Conservation Council of

Western Australia

12 Apr 2018 Emailed to discuss. CCWA advised that no-one was

available to review the proposal

Carnarvon Community 17 Apr 2018 Contacted during a community forum held on the

17th of April 2018. Community was very supportive

of the projects with primary concerns surrounding

access to the proposed aquaculture sites. Open

discussion with the community has resulted in a

great deal of local support for the project.

7 Applicable Legislation

7.1 Western Australian Fish Resources Management Act 1994

This proposal will be subject to WA Fish Resources Management Act 1994 (FRMA) pertaining to the

management of wild stock fisheries and aquaculture.  Section 3 of the FRMA lists amongst its

objectives:

 To conserve fish and to protect their environment;
 To enable the management of fishing, aquaculture and associated industries and aquatic

ecotourism;
 To foster the development of commercial and recreational fishing and aquaculture;
 To achieve the optimum economic, social and other benefits from the users of the resources; and
 To enable the allocation of fish resources between users of those resources.

Under Section 92 of this Act the Executive Director may grant aquaculture licences subject to

conditions being satisfied that, among other things, the activities to be conducted under licence have

been approved by other relevant authorities.  In recommending the granting of an aquaculture licence

the Executive Director will have regard to Policy Guidelines issued by the Minister under the Act.

Aquaculture leases are granted under Section 97 of the Act by the WA Minister for Fisheries.  An

aquaculture licence issued under the Act is renewed annually, subject to the licensee remaining a fit-

and-proper person.
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The proponent will make an application for an Aquaculture Licence and Lease for the trial project. As

the lease area lies within a reserve vested under the Conservation and Land Management Act 1984,

the Minister for Fisheries will require agreement from the Minister for the Environment prior to

issuing any lease.

7.2 Western Australian Environmental Protection Act 1986

The trial project will be referred to the Environmental Protection Authority under Part IV of this Act.

As the trial project has no specific emissions and does not represent a prescribed premise it will not

require approval under Part V of this act.

7.3 Commonwealth Environment Protection and Biodiversity Conservation Act

1999

Under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)

an action requires approval from the Environment Minister if it will have, or is likely, to have a

significant impact on a matter of national environmental significance.  With relevance to this proposal

matters of national environment significance include interactions with:

 Listed threatened species and communities;
 Migratory species protected under international agreements, and
 World Heritage Property.

When an entity proposes to take an action they believe might need approval under the EPBC Act, they

must refer the proposal to the Commonwealth Environment Minister.  The purpose of the referral

stage is to determine whether a proposed action requires approval under the EPBC Act.  If the Minister

determines that an approval is required, the proposed action will proceed through the assessment

and approval process.

Based on a documented process, the proponent’s evaluation is that this project is not likely to have a

significant impact on a matter of national environmental significance.
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8 Decision-making Authorities
Decision-making authorities will be:

WA Department of Primary Industry and Regional Development

WA Department of Biodiversity Conservation and Attractions

WA Department of Transport
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1. OVERVIEW 
 
The region of interest for habitat mapping is the Wooramel Seagrass Bank. WorldView (WV) data 
were provided as four data sets covering different spatial regions. The four regions, hereinafter 
referred to as Sections 1 to 4 and numbered consecutively from north to south, were each 
processed separately (Figure 1). 
The Section 1 data were acquired by WV-2 on January 7th 2018 while Sections 2 to 4 were acquired 
by WV-3 on April 29th 2016. The WV-2 and WV-3 data were provided as ORStandard2A (LV2A) with 
associated meta-data required for orthorectification, geometric and radiometric correction.  The 8 
spectral bands provided for WV-2 and WV-3 data were the coastal blue, blue, green, yellow, red, 
red-edge, NIR1 and NIR2.  The spatial resolution for WV-2 and WV-3 data were 2.0 m and 1.2 m 
respectively in the visible and NIR bands.  

 
 

 
Figure 1 True colour image of the Wooramel Seagrass Bank comprising a mosaic of four WV scenes. Image created from 
radiometrically corrected data using the red, green and blue bands of WV data. Coloured rectangles indicate Section 1 (red), Section 
2 (green), Section 3 (yellow) and Section 4 (blue). 
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2. DATA PROCESSING 
 

Processing shallow water multispectral satellite data can be a complex process that may involve 
different approaches for different environmental optical conditions. This work was undertaken in two 
stages. Stage 1 was carried out prior to the collection of field data, thus the WV data were processed 
in the absence of any “tuning” or validation data. Habitat maps were produced which were used to 
guide the field sampling. For Stage 2 the field data were incorporated in the mapping process. 

For Stage 1 a number of data classification approaches were tested on a sub-sample of the data 
provided, including both supervised Mixture Tuned Matched Filtering (MTMF) and Spectral Angle 
Mapper (SAM) and unsupervised methods (ISODATA and K-mean clustering algorithms). In the 
absence of ground-truth data, visual comparison of the true colour image and the resultant habitat 
classes was used to determine the most appropriate data processing approach for the supplied data. 
Before the classification of WV image into different benthic cover types the processing of WV-2 and 
WV-3 data was performed in several stages:  

A. Geometric correction: Geometric correction is a process of adjusting the position of satellite 
images according to the Earth’s surface position to remove the distortion that occurs during 
the image capture (Grodecki & Dial, 2003). The WV-2 and WV-3 data provided as 
ORStandard2A (LV2A) product were geometrically corrected using a rational polynomial 
coefficient (RPC) model. Associated RPC information for the WV-2 and WV-3 data were 
provided with the LV2A data, while the Digital Elevation Map for the region required for 
geometric correction using the RPC model was sourced from the Global Multi-resolution 
Terrain Elevation Data 2010 (GMTED2010) DEM.   
 

B. Radiometric correction: The WV-2 and WV-3 products were delivered as LV2A products 
which were radiometrically corrected on the raw data in early stages of WV-2 and WV-3 
product generation.  The LV2A products were relatively radiometrically corrected, but each 
pixel value in the image corresponds to how much spectral radiance enters each sensor, so 
WV-2 and WV-3 products at LV2A are unique to each sensor. Thus, absolute radiometric 
calibration of the data is necessary to convert to top-of-atmosphere spectral radiance (LTOA) 
which at a minimum enables data to be compared with other sensors. The LTOA (W μm-1 m-2 
sr-1) were computed for each segment in the WV-2 and WV-3 LV2A data using Equation (1):  
 

𝐿"#$ = 𝐺𝐴𝐼𝑁 ∗ 𝐷𝑁 ∗ ,
𝑎𝑏𝑠𝑐𝑎𝑙𝑓𝑎𝑐𝑡𝑜𝑟

𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ
= + 𝑂𝐹𝐹𝑆𝐸𝑇…(1) 

 
where pre-flight calibrated GAIN, OFFSET, abscalfactor and effectivebandwidth were 
provided as metadata. DN is the pixel value found in the imagery.  
 

C. Sun-glint correction: Remotely sensed images, typically high spatial resolution, can be highly 
contaminated by sun-glint which makes it necessary to perform sun-glint correction to the 
image before performing any analysis. For this work Section 1 was highly contaminated by 
sun-glint. Thus, we applied the widely accepted sun-glint removal method for high spatial 
resolution sensors from Hedley, Harborne, and Mumby (2005). The Hedley et al. (2005) sun-
glint correction method was implemented for Section 1 for the WV-2 data by first selecting 
regions with the same substrate type through visual inspection of true colour imagery for 
different degrees of sun-glint contamination. Each pixel value at different visible bands 
(coastal blue, green, yellow, blue, red, red-edge) for the selected regions were linearly 
regressed with the pixel value of the NIR1 band to determine the slope value (b i) required to 
implement the sun-glint removal algorithm of Hedley et al. (2005), as shown in Equation (2):  
 

𝑅IJ = 𝑅I − 𝑏I(𝑅LMN − 𝑀𝐼𝑁LMN)… (2) 
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where 𝑅IJ is the sun-glint corrected pixel in visible band i, 𝑅I the initial uncorrected pixel 
value, RNIR is the corresponding pixel value in the NIR1 band and MINNIR is the minimum 
 NIR1 value in the sub-sampled region.  

True colour images (WV-2 Band: RGB) are presented in Figures 2(a) and (b) showing a sun-
 glint contaminated image generated from uncorrected raw data and an image of sun-glint 
corrected radiance data respectively. The sun-glint corrected image displays clear and 
distinct bottom types as compared to the uncorrected image which is clearly sun-glint 
contaminated.  

  

  
(a) (b) 

Figure 2 (a) Sun-glint contaminated True Colour image generated from the red, green and blue channels of WV-2 for Section 1. (b) 
Sun-glint corrected image. 

D. Atmospheric correction: Atmospheric correction can reduce the optical effect of the 
atmosphere, particularly the apparent haze or “blue tinge” due to scattering of light by 
atmospheric constituents. A simple Dark Object Subtraction (DOS) method was implemented 
following Chavez Jr (1989). For the WV-2 and WV-3 data, from the calibrated LTOA we located 
the minimum value for each band with counts greater than zero after analysing a histogram 
of each band data. To obtain the atmospherically corrected radiance at surface, Li , the band 
minimum value from each band was subtracted from all the pixels in the scene.  
 

E. Image enhancement: In the classification of bottom types from remotely sensed imagery, the 
influence of water column effects on the imagery needs to be corrected to identify the bottom 
features’ radiance and reflectance. There are numerous methods that can be applied to 
remove the influence of the water column if prior knowledge of depths of the regions is 
available. In the absence of depth information, we adopted the Depth Invariant Index (DII) 
methods from Lyzenga (1981), shown by Equations (3)-(5). 
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𝐷𝐼𝐼IQ = ln(𝐿I) − TU
𝑘I
𝑘Q
W lnX𝐿QYZ… (3) 

𝑘I
𝑘Q
= 𝑎 + \(𝑎] + 1)… (4) 

𝑎 = ,
𝜎II + 𝜎QQ

2𝜎IQ` =… (5) 

 
where 𝜎II is variance in band i, 𝜎QQ is variance in band j and 𝜎IQ is the covariance between 
band i and j.  
Lyzenga (1981) showed that the numerical value of pixels of the same bottom type at varying 
depths follow a linear relationship in a bi-dimensional scatter plot of the two log-transformed 
bands. The slope of this linear relationship is the ratio of diffuse attenuation coefficients of 
the two bands. The y-intercept of each line from linear regression of the log-transformed data 
in two bands is used as a DII which is independent of the effect of water depth. It should be 
noted that DII produced from each band pair of multi-band data is a relative index value and 
therefore cannot be related directly to radiance or reflectance values. Deriving DII using the 
Lyzenga (1981) method involves DOS using a deep water region, but for our case, since L i 

data were already corrected for DOS using band minimum values there was no need to carry 
out this step. The second step involves linearizing the Li data by log transformation. Thirdly, 
different regions with the same bottom types were selected manually (for our case, we 
selected a sandy bottom which was easily identified in the true colour imagery) at different 
depths. Next, the pixel values are used to calculate the ratio of attenuation coefficients using 
Equation (4) and Equation (5). Finally, in computation of DII, the ratio of attenuation 
coefficients from Equation (4) is used in Equation (3) to compute DII for a band pair. The DII 
produced for WV-2 and WV-3 data are composed of six visible bands (coastal blue, blue, 
green, yellow, red, and red-edge). In total 15 depth invariant bands were produced from six 
visible bands as follows: coastal blue vs. blue, coastal blue vs. green, coastal blue vs. yellow, 
coastal blue vs. red, coastal blue vs. red-edge, blue vs. green, blue vs. yellow, blue vs. red, 
blue vs. red-edge, green vs. yellow, green vs. red, green vs. red-edge, yellow vs. red, yellow 
vs. red-edge, and red vs. red-edge.  
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3. METHODS AND RESULTS 
 

3.1. TRUE COLOUR IMAGES 
Sections 1 to 4 were processed separately then “stitched” together to form a mosaic of the 
complete study region. True colour images were generated as simple RGB representations of the 
WV red, green and blue spectral channels. Figure 10 to Figure 13 (APPENDIX A) show individual 
true colour images of the four Sections. Section 1 was affected significantly by sun-glint, apparent 
as a brightening of the northern extent in the mosaicked true colour image (Figure 9). 
 
3.2. CLASSIFICATION: PRE-FIELD CAMPAIGN 
For the purpose of testing the classification approach to be applied to the complete data set we 
tested both supervised and non-supervised approaches on Section 1.  

3.2.1.  Unsupervised Classification 
Both ISO-Data and K-Mean clustering algorithms were tested. Both algorithms involve an iterative 
process in which first an arbitrary initial clustering vector is assigned. In the second step each pixel 
value is classified to the closest cluster. In the last step, new cluster means are computed based 
on all the pixels in one cluster. The last two steps are repeated iteratively until a user-set change 
threshold value is reached. The main difference between ISO-Data and K-Mean clustering 
algorithms is how the numbers of clusters in the data is defined a priori. For the WV data set, 6 
classes were set for the K-Mean clustering algorithm while for the ISO-Data algorithm the clusters 
were specified in the range 3 to 10 classes. The results for unsupervised classification are shown 
in Figure 3 (a) and (b).  

  
(a) (b) 

Figure 3 Classification images derived from unsupervised classification (a) ISO-Data clustering algorithm and (b) K-Mean 
clustering algorithm. 

 

For the ISO-Data method three different classes were produced while for the K-Mean clustering 
algorithm 6 classes were produced, as was specified as an input parameter. The number of classes 
generated from each clustering algorithm is dependent on the input parameters, such as the number 
of classes or class range and the threshold value for class separability. Thus, there is no “definite” 
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or “true” number of classes that can be guaranteed from ISO-Data classification unless we know 
specifically how many classes actually exist and apply this as a constraint. Based on visual analysis 
of the true colour images (APPENDIX A) we may distinguish and interpret five distinct classes “by 
eye”—water (blue colour), sparse grasses (greyish colour), dense grasses (dark colour), less bright 
sand (brownish colour) and bright sand (bright brownish colour). By comparisons, the ISO-Data 
classified image produced only three classes, which one may interpret as bright sand and water 
data represented by Class 1, dense coastal grass represented by Class 2 and sparse grasses as 
Class 3. The K-Mean method produced six different classes (as was specified as an input 
parameter), which in the absence of any ground truth information may be interpreted as dense sea 
grass (Class 1), sparse grasses of different characteristics (Classes 2, 3, and 4), less bright sand 
(Class 5) and water was classified as Class 6. 

3.2.2. Supervised Classification 
Supervised classification methods demand a significant volume of training data for all the classes 
in the image even when we are concerned with mapping only a few of the classes present. However, 
some non-parametric image classification methods do not require training data for all the classes 
present in the imagery, instead they select information only for classes of interest to provide 
reference data while treating other (unimportant) spectral classes as a background. The 
classification methods employed in this study, Mixture Tuned Matched Filtering (MTMF) 
(Boardman, Kruse, and Green 1995) and Spectral Angle Mapper (SAM) (Kruse et al., 1993), rely 
on spectral matching each image pixel to image derived endmembers.  
Before the application of the classification methods the data dimensionality was reduced, then 
spectral training data was extracted from the imagery. 

3.2.3. Minimum Noise Fraction transformation 
A Minimum Noise Fraction (MNF) transformation was used to reduce the spectral dimensionality to 
ease the computing power required to analyse the data. The MNF transformation is a linear 
transformation which orders data according to signal-to-noise ratio using principal components 
(Green, Berman, Switzer, & Craig, 1988). It is used to determine the inherent dimensionality of the 
data to separate noise in the data and reduce the computational requirement for the subsequent 
processing (Green et al., 1988). The MNF transformation segregates the data space into two parts: 
one associated with large Eigenvalues and coherent Eigen images, and a second with near-unity 
Eigenvalues with noise dominated images. Thus, only using coherent portions in the processing the 
noise is separated from the data which leads to improvement of spectral processing results. 

For the test Section 1, the DII transformed data were MNF transformed to reduce the data 
dimensionality. Results of the MNF transformed bands are presented in Figure 4 (a)-(c). From the 
examination of the Eigenvalues, it was observed that first three MNF bands contained greater than 
99% of the data spectral information. Thus, only the first three MNF transformed bands were used 
in further processing.  
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(a) (b) (c) 

Figure 4 MNF transformed bands (a) MNF Band 1 (b) MNF Band 2, and (c) MNF Band 3 
 

   

3.2.4. Pixel Purity Index 
Based on the MNF results, the lower order MNF bands can be discarded and higher order MNF 
bands can be selected for further processing of Pixel Purity Index (PPI). Pixel Purity Index is 
designed to locate the most spectrally unique or pure pixels (Boardman et al., 1995). The Pixel Purity 
Index is computed by repeatedly projecting an n-dimensional scatterplot onto a random unit vector 
and extreme pixels in the projection are recorded and the total number of times each pixel is marked 
extreme is noted. A Pixel Purity Index image is then created in which the digital number of each pixel 
corresponds to the number of times that pixel was recorded as extreme. Then, threshold values can 
be selected so that only the purest pixels which corresponds to a high Pixel Purity Index can be kept 
in order to be analysed, thus, keeping the number of analyses to a minimum. These pixels may then 
used as inputs in interactive visualization procedures for separation of specific endmembers. 

3.2.5. N-Dimensional Visualization for Endmember definition 
Spectra may be viewed as points in an n-dimensional scatterplot, where n is the number of spectral 
bands (Boardman, 1995). The coordinates of the points in n-space consist of n values that are simply 
the spectral reflectance values in each band for a given pixel. The distribution of these points in n-
space can be used to estimate the number of spectral endmembers and their pure spectral 
signatures, and to provide an intuitive means to understand the spectral characteristics of different 
classes. In two dimensions, if only two endmembers mix, then the mixed pixels fall along a line. The 
pure endmembers will fall at the two ends of the mixing line. If three endmembers mix, then the 
mixed pixels will fall inside a triangle, for four inside a tetrahedron, and so on. All mixed spectra are 
interior to the pure endmembers, inside a simplex formed by the endmember vertices, because all 
the abundances are positive and sum to unity. This “convex set” of mixed pixels can be used to 
determine how many endmembers are present and to estimate their spectra.  
The threshold pixel purity index pixels were loaded into an n-dimensional visualization program and 
rotated in real time on the computer screen until points or extremities on the scatterplot were 
exposed. These projections or points clustering together were identified and “tagged” and then the 
data were rotated again in other projections to see if their signatures were unique in the MNF data. 
While this portion of the analysis presents the greatest opportunity for subjective bias, iterative n-
dimensional rotations and examination of remaining data dimensionality after selection of each 
subsequent endmember minimizes this effect and maximizes the chance of reproducible results. 
Once sets of unique pixels were defined using the n-dimensional analysis technique, each separate 
projection on the scatterplot corresponding to a pure endmember was exported to highlight a region 
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of interest (ROI) in the image. Mean spectra were then extracted for each ROI from the DII 
transformed data to act as endmembers for spectral mapping. 
 

3.2.6. Endmember derivation for WV-2 and WV-3 data 
Spectral endmembers were derived for Sections 1 to 4. For Section 1, six distinct endmembers were 
identified while for Sections 2 to 4, only five distinct endmembers were identified. Visual analysis of 
the true-colour images in conjunction with the classified image maps was used to assign descriptive 
names to each of the image classes:  

For Section 1: Endmembers were classified into:  

1) Bright/Highly Reflective Sand, 
2) Less Bright/Low Reflective Sand, 
3) Blue Water, 
4) Sparse/Low Density seagrass, 
5) Dense/High Density seagrass, and 
6) Dense/High Density seagrass coast. 

For Sections 2-4, the five endmembers were classified into the first five classes listed for Section 1. 

3.2.7. Spectral Angle Mapper classification 
The Spectral Angle Mapper (SAM) uses n-dimensional angles as the metric to match pixels to a 
reference spectrum. Spectral angle mapping was employed because it is insensitive to variations in 
illumination (pixel brightness). In operation, SAM compares the angle between each pixel vector in 
an n-dimensional space to the reference spectrum vectors and selects the reference spectrum with 
the minimum angle to assign a class to the pixel vector. A smaller angle represents a closer match 
to the reference spectrum (endmember). The pixel with the smallest reference angle will be assigned 
to the class of the reference spectrum. If the spectral angle exceeds a pre-defined threshold angle 
then the pixel will be assigned to an “unclassified” class. The results from SAM classified image from 
image derived endmembers (six endmembers were derived for Section 1) is presented in Figure 5.  

 
Figure 5 Spectral Angle Mapper classified Image for Section 1 (Color Code for SAM classification: Less Bright Sand = Blue, Bright 
Sand = Yellow, Blue Water = Red, Sparse Grass = Green, Dense Grass = Cyan, Dense Grass Coast = Magenta and Unclassified = 
Black)  
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The results from SAM classification derived from DII data indicates that on visual analysis between 
the Section 1 true colour image and the SAM classified image that a superior classification is 
achieved, with respect to the results of other approaches tested. The bright sand, which was not 
classified in the unsupervised methods (ISO-Data and K-Mean) has been clearly identified with the 
SAM classification. Further, clear and distinct water boundaries are classified using SAM which are 
not clearly identified using unsupervised methods. However, due to lack of ground truth data, rigorous 
validation was not attempted. Thus, for further analysis of the remaining image section, SAM 
classification was applied to DII transformed data for Sections 2 to 4, however with only five 
endmember types were derived for the imagery. Images of SAM classification for all sections as well 
as a mosaic image is provided in APPENDIX B. 

3.2.8. Mixture Tuned Matched Filtering 
The Mixture-Tuned Matched Filtering (MTMF) method is based on a combination of matched filtering 
and linear mixture theory (Boardman et al., 1995). This method is a combination of matched filtering 
and mixing theory where the limitation in this method is imposed by the physical constraints of mixing 
theory. Matched filtering is a technique adapted from electrical engineering that maximizes the target-
to-background contrast by suppressing the response of the composite unknown background, thus 
matching the known signature (Chen & Reed, 1987). It provides a means of classifying a target 
spectrum based on matches to a specific library or image endmember spectrum. This technique 
produces images similar to linear un-mixing, but its advantage is that it does not require all 
endmembers to be known. It does, however, suffer from high false positive rates, where materials 
may be randomly matched if they are rare in a pixel. Mixture tuning uses linear spectral mixing theory 
to constrain the result to feasible mixtures and reduce false alarm rates (Boardman et al., 1995). 
MTMF results are presented as two sets of images: The MF score which provides a means of 
estimating the relative degree of match to the reference spectrum (where a higher positive value is a 
better match); An infeasibility image that indicates when mixing between the composite background 
and the target is not feasible. The best match to a target is obtained when the MF score is high and 
the infeasibility score is low. Figure 6 presents images of the MF scores of six classes from Section 
1. 
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(a) (b) (c) 

   
(d) (e) (f) 

 

Figure 6 Images of a MF Scores for Section 1 for Endmember types (a) Blue Water, (b) Bright Sand, (c) Dense Seagrass Coast, (d) Dense 
Seagrass, (e) Less Bright Sand and (f) Bright Sand 
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3.3. CLASSIFICATION: POST-FIELD CAMPAIGN 
 

3.3.1. Field Data Processing 
Following the field-campaign conducted by MScience to ascertain the benthic habitat cover over the 
study region, 64 ground validation points were provided that included varying percentages of 
different ground cover for five different benthic surface types— sand, macroalgae, Amphibolis 
antarctica, Posidonia australis and a mixed seagrass class comprising predominantly Halodule 
uninervis with Cymodocea angustata and Posidonia australis. From the ground truth data, image 
data points were extracted that were considered as spectrally pure (reported 80%-100% cover). 
However, the mixed seagrass cover tended to occur as low density with an estimated maximum of 
30-40% cover Halodule uninervis, thus the spectral endmember includes a significant signal due to 
sand reflectance. Table 1 provides the lists of ID’s for ground truth data that were classified as 
spectrally pure endmembers from the validations data points.  
 
Table 1: Field data: IDs of spectrally pure benthic cover types based on the field data 
Sand 17B, 18B, 20B, 13B, 12B 01B, 02B, 29B, 32B, 25B, 43B, 62B and 55B 
Mixed seagrass 24B, 03B, 
Amphibolis antarctica 10B, 59B 
Posidonia australis 16B, 08B, 58B and 63B 
Macroalgae 04B, 11B 

 

After selection of the spectrally pure benthic cover types, the location of each ground truth data point 
was geolocated to the satellite image to extract the WV spectral signature. Figure 7 shows the 
aggregated spectral signatures of spectrally pure benthic cover types for the WV band wavelengths 
as observed as at-satellite radiance (top of the atmosphere radiance). Figure 7 also includes the 
spectral signature of water. Note the signature of the mixed seagrass class is similar to that of the 
sand class, demonstrating the impact of the sand reflectance in the low density mixed seagrass. 

 
Figure 7 Spectral plot of aggregated pure endmembers at WV bands for different benthic cover types (sand, macroalgae, 
Halodule uninervis (sH_Uni), Amphibolis Antarctica (sA_Anta), Posidonia australis (sP_Aust), and water) 
 



EnSTaR Report  Habitat Mapping: Wooramel Seagrass Bank 

15 

3.3.2. Spectral Angle Mapper based on Ground Truth Data 
Figure 8 shows the SAM classified images produced using the spectral profiles from Figure 7 for 
different benthic cover types.  Full sized images are shown in APPENDIX D. 

 

  
Section 1 Section 2 

 

  

Section 3 Section 4 
Figure 8 Spectral Angle Mapper classified Images for Sections 1-4 using ground truth data (Color Code for SAM classification: 
sand = Yellow, macroalgae = red, water = blue, mixed = Green, sP_Aust = Sea Green, sA_Anta =Magenta, Unclassified = Black). 
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4. DELIVERY 
 

1. This report. 
2. Elements USB 1Tb external hard drive. 

 
Directory structure of the 1 Tb drive. 
 
--- MScience 
 --- Benthic_Habitat_Mapping_MScience_Project 
  --- MF_Score_Bright_Sand_Regional_Files 
  --- SAM_Classified_Classes_Regional_Files 
 --- WV3_Data 
--- New_Processing 
 --- New_Results 
 
 
 
The directory Benthic_Habitat_Mapping_MScience_Project contains image mosaic tif and png files of 
the true colour product, the SAM classified classes and the MF score abundance maps for the 
sand class. All the results in these directories were derived prior to field work. 
 
The MF_Score_Bright_Sand_Regional_Files directory contains tif images of the MF score abundance 
maps for each of Sections 1 to 4. 
 
The SAM_Classified_Classes_Regional_Files directory contains tiff image files of the SAM 
classification maps for each of Sections 1 to 4. 
 
The majority of the contents of the WV3_Data directory are intermediate processing products and 
thus of little or no interest to the end-user. 
 
The directory New_Processing contains SAM results (tif files) derived after field work.  
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 True Colour Images 

 
Figure 9 True colour image of the entire data set. 
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Figure 10 True colour image of Section 1. 
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Figure 11 True colour image of Section 2. 
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Figure 12 True colour image of Section 3. 
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Figure 13 True colour image of Section 4. 
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 Habitat Maps Pre-Fieldwork 
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Figure 14 Map showing habitat classes based on analysis of WV2 and WV3 data. Individual maps from Sections 1 to 4 
have been used to produce this mosaic image. 
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Figure 15 SAM classification map of Section 1. See the key in Figure 14. 
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Figure 16 SAM classification map of Section 2. See the key in Figure 14. 
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Figure 17 SAM classification map of Section 3. See the key in Figure 14. 
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Figure 18 SAM classification map of Section 4. See the key in Figure 14. 
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 MF Score Maps Pre-Fieldwork 

 
Figure 19 Map showing likelihood (MF) score for the sand class for all four Sections.  
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Figure 20 Map showing likelihood (MF) score for the sand class for Section 1. 
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Figure 21 Map showing likelihood (MF) score for the sand class for Section 2. 
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Figure 22 Map showing likelihood (MF) score for the sand class for Section 3. 
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Figure 23 Map showing likelihood (MF) score for the sand class for Section 4. 
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 Post-Fieldwork Habitat Maps 

 

Figure 24 Section 1 habitat map derived using SAM classification and ground truth data from field work (Color Code for SAM 
classification: sand = Yellow, macroalgae = red, water = blue, mixed = Green, sP_Aust = Sea Green, sA_Anta =Magenta, Unclassified 
= Black). 
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Figure 25 Section 2 habitat map derived using SAM classification and ground truth data from field work (Color Code for SAM 
classification: sand = Yellow, macroalgae = red, water = blue, mixed = Green, sP_Aust = Sea Green, sA_Anta =Magenta, Unclassified 
= Black). 
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Figure 26 Section 3 habitat map derived using SAM classification and ground truth data from field work (Color Code for SAM 
classification: sand = Yellow, macroalgae = red, water = blue, mixed = Green, sP_Aust = Sea Green, sA_Anta =Magenta, Unclassified 
= Black). 
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Figure 27 Section 4 habitat map derived using SAM classification and ground truth data from field work (Color Code for SAM 
classification: sand = Yellow, macroalgae = red, water = blue, mixed = Green, sP_Aust = Sea Green, sA_Anta =Magenta, Unclassified 
= Black). 
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INTRODUCTION 
Shark Bay is a sub-tropical marine embayment dominated by calcareous sediments and 
typified by ultra-oligotrophic (nutrient poor) waters. Shark Bay is a semi-enclosed 
evaporative basin that has greater rates of evaporation than rainfall and has a strong salinity 
gradient that impacts the resident biota, and allows for the presence of stromatolites in 
Hamelin Pool and other hypersaline areas (Kendrick et al., 2012). Seagrasses are the 
dominant benthic primary producers in Shark Bay, contributing to the World Heritage Status 
of Shark Bay by supporting a diverse food web including turtles and dugongs directly for 
food (tropical species) or foraging habitat (temperate species) (Kendrick et al., 2012). 
 
Phosphate concentrations in the eastern embayment of Shark Bay decrease along the 
salinity gradient to below detectable limits in the southern reaches of the eastern 
embayment (Atkinson, 1987; Fourqurean et al., 2012; Fraser et al., 2012). As such, 
seagrasses and other benthic organisms have been hypothesised to show P limitation of 
growth in Shark Bay (Atkinson, 1987; Burkholder et al., 2013), though this can be variable 
over small spatial scales and depends on sedimentary conditions such as organic matter 
concentrations (Fraser et al., 2012; Fraser, 2016).  
 
The Wooramel Delta is a large seagrass bank in the eastern embayment of Shark Bay, 
bordering the infrequently flowing Wooramel River. The Wooramel Delta houses the 
World’s largest continuous seagrass bank, composed primarily of the tropical seagrass 
Halodule uninervis and the temperate seagrass Amphibolis antarctica, the latter of which 
underwent significant dieback following the 2011 marine heatwave event (Fraser et al., 
2014). Shark Bay is home to a dugong population of international significance, and the 
Wooramel Delta has particularly high densities of dugongs, with between a third and a half 
of dugongs in Shark Bay found in this region during summer (Marsh et al., 1994).  
 
The purpose of this report is to provide background information and a desktop assessment 
of the potential impacts of a proposed oyster aquaculture project in the Wooramel Delta 
region of Shark Bay. The aquaculture developed proposes to grow the oyster species 
Saccostrea cucullata and Saccostrea scyphophylla, both naturally occurring in Shark Bay, 
over an area of approximately 10 km2. As phosphorus has been proposed as the major 
limiting nutrient in Shark Bay and the Wooramel Delta (Atkinson, 1987; Burkholder et al., 
2013) this report models phosphorus flux as a proxy for all nutrient species which may 
impact the local environment. 
 
The impact of filter feeding by oysters will be to transfer nutrients from the pelagic phase 
(phytoplankton and particulate organic matter) to a benthic phase (sediments and pore 
water) (Joye and Anderson 2008). The relative size of that effect versus the amount of P in 
existing nutrient pools and the current rates of P flux between the benthic and pelagic 
phases will determine whether this effect is likely to have a significant influence on the local 
system.  
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ASSUMPTIONS AND DATA 
Nutrient pools 
The standing stocks of phosphorus in the sediments, seagrass and water column in Shark 
Bay have been estimated based on published reports from a number of different sources: 
 

• Sediments: Sediment P content has been derived based on data from Fourqurean et 
al. (2012) and Fraser et al. (2016). Mean sediment dry bulk density (0.78 g/cm3) and 
mean sediment phosphorus concentrations (135.7 µg g-1) were used to estimate 
stocks of P. The top metre of sediment is incorporated into the estimated P stock, as 
this is the depth of sediment that is assumed to be available for remineralization, so 
is the most ecologically relevant for a nutrient budget. 

• Seagrass: Data from Fraser et al. (2012) and Fourqurean et al. (2012) were used to 
generate seagrass P stock estimates. The mean seagrass organic C stock (170 
tonnes/km2) from Fourqurean et al. (2012) was combined with the average seagrass 
C:P ratio (516:1) from Fraser et al. (2012) to generate average seagrass P per km2 for 
the Amphibolis/Posidonia beds of the area. 

• Water column: The average total phosphorus concentration of 0.059 µM from Shark 
Bay waters (Fraser et al. 2012) was used to calculate P stocks in water column. 

 
 
Fluxes 
Studies examining P fluxes are limited both in Shark Bay and for the targeted aquaculture 
species. As such, data from different ecosystems and different oyster species have been 
required to generate estimates of P flux for Shark Bay. 
 

• Sediment flux: Phosphorus flux values between sediments and water column were 
not available for Shark Bay. Instead, we use estimates from Bermudan seagrass 
meadows (Jensen et al., 1998), which are oligotrophic, have calcareous sediments 
and similar sediment P stocks (50-100 t P km-2), and are dominated by seagrass 
meadows, and thus are more appropriate to compare to Shark Bay than other WA 
seagrass meadows (Kendrick et al., 2012). 

• Oyster requirements: No data was available for Saccostrea cucullata and Saccostrea 
scyphophylla, the targeted organisms for the proposed aquaculture project. As such, 
estimates on P requirements and feeding (Newell and Jordan 1983) and Higgins et al. 
(2011). 

• Biological uptake: Figures for biogeochemical uptake of P in Shark Bay were directly 
taken from Smith & Atkinson (1983). 

• Import from oceanic water: Figures from P import into Shark Bay from the Indian 
Ocean were estimated based on figures from Smith (1984). 
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RESULTS 
 
Phosphorus Stocks 
Estimates of the phosphorus pools in Shark Bay are shown in Table 1.  
 

Table 1. Existing pools sizes of P in Shark Bay 

Pool P (t km-2) P(kg ha-1)   Proportion 

Sediment (top 1m) 105 1,050   99.7% 

Seagrass 0.33 3.3   0.31% 

Water column (incl. plankton) 0.0018 0.018   0.002% 

 
The current P stocks in Shark Bay are overwhelmingly dominated by sediment pools. This is 
typical of sub-tropical, oligotrophic marine embayments dominated by calcareous 
sediments; inorganic phosphate in the water column tends to become adsorbed onto 
calcareous sediment particles (Short, 1987; Kendrick et al., 2012). The majority of sediment 
P would therefore consist of calcareous-bound P (40-66% of sediment P, (Fraser et al. 2016), 
with organic P constituting the bulk of the remaining sediment P (26.4%). However, a higher 
proportion of sedimentary P is present in the reducible and organic P fractions at sites on 
the Wooramel Delta. 
 
 

Table 2. Average P fractionation in Shark Bay sediments (mean across all sites), and Wooramel Delta 
sediments. Data from Fraser (2016). 

Sediment P pool Proportion in Shark Bay 

Proportion at 

Wooramel Delta 

Magnesium 

extractable P 7.4% 5.6% 

Reducible P 11.6% 13.5% 

Calcareous P 54.8% 43.2% 

Residual organic P 26.4% 37.6% 

 
 
The P pools in Table 1&2 may be contrasted with that estimated for oysters as a maximum 
of 0.2 kg ha-1 (assuming there is one intertidal site in the ha of interest. That figure is 
calculated from the following assumptions: 
 

• Within the trial operation proposed, oysters would be grown within baskets on 25m 
long lines. Each production site would occupy ~700 m2 for an intertidal site with 
three triplicate lines of 25 m each and ~300 m2 for subtidal sites with a single 140 m 
long line.  Sites being separated by a minimum of several kilometres would be 
unlikely to have cumulative impacts. 
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• The number of oyster baskets at an intertidal site would be 135 while subtidal sites 
would contain 60 baskets.  Over a year, each basket is assumed to grow 800 g of 
meat and 4 kg of shell.  While the nutrient of content of oysters varies with size and 
culture conditions, a P content of 0.83%dry weight for meat and 0.04%dry weight for 
shell may be representative (Higgins et al. 2011). Within the 1 ha model ‘box’, the 
pool of P in oysters may be calculated as a maximum as: 

 
P in oysters (kg) intertidal site: PO = 0.2 kg 
P in oysters (kg) subtidal site: PO = 0.1 kg 

 
 
 
Fluxes 
 
Fluxes below are calculated using a defined ‘box’ of 1 ha around trial sites. 
 
Oysters feed on seston (phytoplankton and other POM). The filtration mechanism 
assimilates some of the seston into the digestive tract while packaging the rest into pseudo-
faeces which are discharged as large, friable particulates. Material not taken up in the 
digestive tract is voided through the anus as faeces and leaves the mantle via the exhalent 
siphon with the pseudo-faeces. 
 
This process may be depicted as below for a 1 ha study box before and after the 
introduction of oysters (Figures 1 & 2 respectively). It has been assumed that there will be 
no dense seagrass beds in the box. Sparse Halodule will occur within the box, but there is 
minimal data on the pool and flux of P for such sparse meadows. 
 
Newell and Jordan (1983) demonstrate that oysters can selectively feed on phytoplankton in 
the seston to reduce suggest that assimilation efficiency for N (assumed here to be the same 
for P) is 50% in typical seston concentrations.  If the tidal flows exchange all water within the 
1 ha box twice a day over the year, it could deliver 14.6 kg of P. This would suggest that 
oysters would process 3% of incoming P from seston, incorporating 1.5% in tissue and 
excreting the other 1.5% in faeces and pseudofaeces.  
 
Some comparative flux estimates from the literature (Table 3), suggest that the alteration to 
nutrient flux caused in Figure 2 would be negligible with flux 8 of that figure being 0.2 kg.ha-

1.yr-1 against 6-182 across the sediment-water interface. 
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Figure 1: Fluxes without oysters. 

 
Figure 2: Fluxes with oysters present. 
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Flux 

P flux  

(kg.ha-1. y-1) 

Sediment flux1 6-182 

Input from ocean water2 45 

Biological uptake of P3 0.041 

Projected P flux from oyster lease under maximum production 0.2 

1Data from similar ecosystems in Jensen et al. (1998) and Gardener et al. (2009) 
2 Data from Smith (1984) 
3 Data from Smith and Atkinson (1983) 

 
As the proposed aquaculture will not be reliant external feed for oyster nutrition, the 
project should result in the net export of nutrients after harvest, reducing some 
environmental concerns that are often associated with aquaculture projects. Indeed, 
culturing of a co-generic species Saccostrea commercialis has been previously proposed to 
reduce effluent from adjacent shrimp farms (Jones & Preston, 1999). In addition, it is likely 
that other environmental P fluxes would concurrently rise, particularly the biological uptake 
of P, given the ultra-oligotrophic status of seagrasses (Fraser et al., 2012; Burkholder et al., 
2013) and other organisms (Atkinson, 1987) in Shark Bay. 
 
The largest environmental concern associated with this project will therefore not be related 
a system wide increase in nutrient delivery, but instead likely be from inputs being 
concentrated over more localised areas around the development. The extent to which 
waste from oysters becomes concentrated over small scales will depend primarily on 
hydrodynamics in the area. Shark Bay is broadly characterised by relatively large tidal fluxes. 
However, hydrodynamic flow across the Wooramel Delta (and associated impacts on 
nutrient availability) are poorly understood.  In areas where flow rates are restricted, there 
would be a potential risk of nutrient build up in surrounding sediments, resulting in localised 
nutrient enrichment. This would most likely lead to an accumulation of organic P in 
surrounding sediment. If the accumulation in organic P is matched by a concurrent increase 
in benthic metabolism, sediment oxygen concentrations would be depleted and sulfide 
concentrations would increase, making seagrasses more vulnerable to sulfide intrusion. For 
example, sulfide intrusion was noted as a major driver of stress for seagrasses growing 
around fish farms in the Mediterranean Sea (Frederiksen et al., 2007). Seagrasses in Shark 
Bay show relatively high rates of sulfide intrusion from sediments relative to other 
ecosystems, but there is no indication that this is causing stress to these plants (Cambridge 

et al., 2012). Measuring indicators such as C:N:P ratios of seagrass leaves or 34S of seagrass 
leaves, rhizomes and roots could help establish any additional stress that the aquaculture 
project is placing the seagrass under. 
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CONCLUSION 
In the Wooramel Bank area, phosphorus has been determined to be the critical nutrient for 
plant growth. 
 
Development of a phosphorus budget for the proposed Wooramel Bank oyster trial has 
been undertaken using a mix of data from published studies with several conservative 
assumptions. Shark Bay is a naturally ultra-oligotrophic ecosystem, with the majority of P 
present as relatively refractory forms in sediments.  
 
The environmental risk of negative effects related to nutrient enrichment is lowered by the 
proposed project not utilizing additional sources of food.  
 
Some localised areas may encounter elevated nutrient flux in sediments, although this is 
likely to be relatively minor compared to natural fluxes and lessened in areas with relatively 
high flow rates that would be ideal locations for the oyster lease to be established to allow 
for adequate food supply. 
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