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Executive Summary 

̶  

Introduction 

Marine Produce Australia (MPA) is proposing to implement an expansion of its current ocean 

barramundi farming operations in Cone Bay, West Kimberley to the broader Buccaneer Archipelago, 

including the construction and operation of three new nursery sites at Broome, Ardyaloon and near to 

Beagle Bay on the Dampier Peninsula (the Proposal, see Figure 1). This expansion will allow MPA to 

increase production to approximately 30,000 tonnes per annum, while also increasing the 

environmental sustainability of their operations.  The Proposal will help meet rising demand in the 

supply of high-quality barramundi across state, national and international markets.  

MPA is referring this Proposal to the Western Australia (WA) Environmental Protection Authority (EPA) 

under Part IV (Section 38) of the Environmental Protection Act 1986 (WA) (EP Act), as a Proposal that 

has potential to have a significant impact on the environment.  

The preliminary key environmental factors relevant to the Proposal include: 

• Marine Environmental Quality; 

• Benthic Communities and Habitats; 

• Marine Fauna;  

• Social Surroundings. 

MPA will also refer the Proposal to the Commonwealth Department of Agriculture, Water and the 

Environment (DAWE) under the Environment Protection and Biodiversity Conservation Act 1999 (Cth) 

(EPBC Act) as a Proposal that has potential to impact matters of national environmental significance 

(MNES).  

Overview of Proposal 

Sustainable aquaculture is a key industry to help meet the demand for protein with a growing population 

both nationally and internationally. In comparison to wild fisheries, sustainable aquaculture reduces 

fishing pressure on wild stocks, while still managing a greater yield of product for less effort. 

Sustainable aquaculture can also provide economic benefits through employment, infrastructure and 

secondary industries. Currently, the farming of barramundi (Lates calcarifer) is generally seen as a form 

of sustainable aquaculture in Australia, considering the species is native to the waters it is grown in and 

that the amount of wild caught fish needed to produce fishmeal and oil for barramundi feed is 

approximately equal to or less than the amount of farmed fish produced (as listed in Australia's 

Sustainable Seafood Guide). As such, sustainable aquaculture for barramundi in Australia is a potential 

area of significant growth, particularly as demand for the product increases.  

MPA has operated in the Kimberley Aquaculture Development Zone (KADZ) in Cone Bay since 2004 

(Licence No. 1465).  MPA operate 32 cages within the KADZ, allowing production of up to 

15,000 tonnes of barramundi (Lates calcarifer) per annum.  The current operations within the Cone Bay 

KADZ are loss-making, due to limitations on scale within the current lease area. The current demand 

for premium barramundi in both the state and national market is strong. MPA propose to expand from 

its Cone Bay operations in the KADZ to 13 leases spread across the Buccaneer Archipelago, to 

improve production and meet market demand. At the new leases, MPA plans to produce up to 

30,000 tonnes of barramundi per annum, reaching a maximum of ~4500 tonnes per lease area before 
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harvesting.  The Proposal includes development of a juvenile stock program with nursery sites, to 

ensure ongoing self-sufficiency in supply to the proposed leases.   

This expansion plan requires a shift in operations to deeper, protected, offshore waters where current 

speeds are relatively less strong than those in Cone Bay, which in some areas prevent the anchorages 

of the sea-cages from being secure. The move further offshore will allow for a number of management 

changes which will result in less environmental impact on a per lease area basis. For example, by 

expanding to 13 leases, MPA will be able to fallow locations for at least a month if not longer, whereby 

all fish stock are removed from sea-cages for a period of time to allow sediments and water quality in 

the area to recover. Furthermore, with larger sea-cages MPA will be able to reduce stocking density 

within each sea-cage, which in turn reduces the concentration of fish feed and wastes being released 

from each sea-cage. Having the sea-cages in deeper waters will also significantly increase the flow of 

water across the sea-cages which further increases the dilution of waste material. The movement of 

nursery operations from the sea-based to land-based, using the latest in recirculated aquaculture 

systems (RAS) technology, will further reduce the environmental footprint of MPAs operations while 

allowing them to improve their self-sufficiency.  

The proposed expansion will involve three stages over a 10-year period.  Each stage consists of the 

construction of one nursery site, supplying 4–5 ocean-based leases, each of which will contain 12 sea-

cages.  Operations at the existing Cone Bay site will continue for the foreseeable future but will be 

reconsidered once the new sites are operational and commercially viable.  The expansion will result in 

the direct hire of more than 800 employees during operations, substantially expanding MPAs current 

workforce (excluding additional hires made for construction) and providing significant economic 

stimulation in the region. Throughout the lifetime of the Proposal thus far, MPA has engaged strongly 

with the local communities in the region whom may be affected by the Proposal to ensure that all key 

concerns have been addressed appropriately. 
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Figure 1. Proposal location 
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Summary of potential impacts and risks, proposed mitigation and outcomes 

Technical studies completed 

To assess the potential environmental impacts of the Proposal, the following technical studies were 

undertaken: 

• Integrated hydrodynamic, water quality, particle tracking and fish waste modelling to assess the 

impacts of fish wastes and excess feed on marine environmental quality, benthic communities and 

habitats 

• Field survey of benthic habitats present 

• Desktop review of marine fauna present in the vicinity of the Proposal 

• Desktop review of terrestrial flora and ecological communities and terrestrial fauna in the vicinity of 

the Proposal 

• Assessment of the potential impacts of the Proposal on social surroundings 

• Assessment of the potential greenhouse gas emissions created by the Proposal 

Potential impacts and risks associated with the Proposal are outlined in Table 1 for the key 

environmental factors where impacts are considered to be significant. Proposed mitigation measures 

and predicted outcomes for each key environmental factor relevant to this Proposal is shown for each 

impact and/or risk.  

Overall, there are two key risks associated with the Proposal which have the potential to impact on the 

marine environment. Both risks are associated with nutrient enrichment as a result of the input of finfish 

wastes and feed, which are assimilated into the marine environment. The first risk centres on the 

potential for elevated dissolved inorganic nitrogen concentrations in some areas near to the leases, 

which would enhance algal growth potential. The second risk centres on elevated phytoplankton 

concentrations, particularly in nearshore regions of the Archipelago where hydrodynamic flushing is 

minimal, meaning organic material is more likely to build up. Though these risks are present, the 

respective parameters involved are to be monitored in an Environmental Monitoring and Management 

Plan (EMMP). With this monitoring, and the associated management actions to be implemented if the 

respective criteria for these parameters are exceeded, environmental impacts should be mitigated such 

that the EPAs objectives for relevant key factors are maintained.  

Table 1. Summary of potential impacts and risks, proposed mitigation and outcomes 

Marine Environmental Quality 

Potential impacts Direct impacts or risks to marine environmental quality from: 

• Changes to hydrodynamic conditions due to sea-cage installations 

Indirect impacts or risks to marine environmental quality from: 

• Nutrient enrichment of water and sediments from fish and feed 
wastes, resulting in elevated phytoplankton biomasses and increased 
likelihood of algal blooms 

• Reduced light availability due to shading effects from elevated total 
suspended solids associated with fish and feed wastes and 
phytoplankton biomasses 

• Eutrophication potentially leading to deoxygenation of the water 
column and surface sediment layer 

• Sediment or water toxicity associated with heavy metal contamination 
from fish feeds, anti-biotics or hydrocarbon spills 
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Mitigation hierarchy Avoidance: 

• Placement of cage infrastructure in a naturally highly energetic, well 
mixed environment to assist with dilution 

• Maintenance of stocking densities and feed inputs to minimise 
nutrient inputs to the local environment 

• Use of floating feeds to prevent unnecessary escape of uneaten feeds 

• All stock will be tested for disease prior to transfer to the leases, 
removing the need for anti-biotics to be utilised as much as possible  

Minimisation 

• Use of low-profile stingray anchors, which reduce the footprint of the 
anchorages on the benthos 

• Target a food conversion ratio (FCR) of 1.5 to reduce nutrient 
enrichment from excess feed 

• Inclusion of 1-month fallowing period at conclusion of the grow-out 
cycle to allow sediments to recover 

• Reduce stocking density in comparison to current operations in Cone 
Bay 

• Cessation of feeding and reducing nutrient inputs in the event of an 
algal bloom 

Management 

• Implementation of a Marine Environmental Management Plan that 
sets management measures, monitoring, continuous improvement 
and corrective measures to be implemented during operations over 
the life of the Proposal (Annex A) 

Monitoring 

• Nutrient measurements within outfall pipeline at nurseries prior to 
discharge   

• Nutrient measurements at fixed distances down-current of the 
sea-cages 

• Chlorophyll-a measurements at fixed distances down-current of the 
sea-cages and at potentially impacted areas per the modelled results 

• Total suspended solids measurements at fixed distances down 
current of the sea-cages 

• Oxygen measurements at fixed distances down-current of the 
sea-cages 

• Videos of sediment condition will be taken to confirm absence of signs 
of nutrient enrichment  

Residual impacts, including 

assessment of significance  

Major – Nil 

Moderate – Nutrient enrichment, increased phytoplankton biomasses 

Minor – Light reduction, deoxygenation, toxicity  

Proposed environmental 

outcomes 

Considering the mitigation strategies implemented by this proposal, and 

the little to no cumulative impacts from other proposals or projects, only 

moderate to minor and localised changes to marine environmental quality 

are expected in the vicinity of the leases. These moderate to minor 

changes will be monitored and managed under the EMMP. With this 

monitoring, and the associated corrective actions required if 

exceedances of relevant triggers are recorded, it is expected that the 

EPA's objective for Marine Environmental Quality can be met.  
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Benthic communities and habitats 

Potential impacts Direct impacts or risks on Benthic Communities and Habitats (BCH) from: 

• Removal, either from placement of outfalls for nursery sites or from 
anchorages for sea-cages 

• Shading, either from sea-cages or from elevated total suspended 
solids from fish and feed wastes or elevated phytoplankton biomasses 

• Smothering from fish and feed wastes 

Indirect impacts or risks on BCH from: 

• Toxification of sediments 

• Increased epiphytic growth of algae/phase shift  

Mitigation hierarchy Avoidance 

• Leases and outfalls have been sited to avoid BCH as much as 
feasible 

• Same avoidance measures listed under MEQ for reducing input of 
fish and feed wastes 

Minimisation 

• Outfall pipe extent and diameter will be minimised as much as 
possible, reducing its footprint 

Management 

• Implementation of an EMMP (Annex A) 

Monitoring 

• Same monitoring requirements as listed under MEQ 

• Monitoring of coral health in nearshore regions to assess potential 
impacts of nutrient enrichment 

Residual impacts, including 

assessment of significance 

Major – Nil 

Moderate – nutrient enrichment, toxification of sediments 

Minor – smothering, shading 

Proposed environmental 

outcomes 

Considering the mitigation strategies implemented by this proposal, and 

the minimal cumulative impacts from other proposals, only moderate or 

impacts to BCH are expected within the Local Assessment Units (LAU). 

These moderate to minor changes are for the most part on soft 

sediments, with only <0.6 km2 of coral or consolidated habitat within the 

ZoHI / ZoMI / ZoI respectively.  Many of the contributing factors to the 

potential impacts on BCH will be monitored under the EMMP (Annex A).  

With this monitoring, and the associated actions required if exceedances 

of relevant triggers are recorded, it is expected that the EPA's objective 

for BCH can be met. 

Marine fauna 
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Potential impacts and risks Direct impacts or risks on marine fauna: 

• Vessel strike 

• Noise/vibration generation during sea-cage installation/operations or 
vessel movement 

• Entanglement with anchorage and/or netting 

• Change to natural predatory behaviour as a result of attracting prey 
species to the sea-cages 

Indirect impacts or risks on marine fauna: 

• Increased risk of Invasive Marine Species (IMS) introduction 

• Spread of disease / change to genetic structure in native barramundi 
populations 

• Increased likelihood of potentially harmful algal blooms that can pose 
health risks to marine fauna 

• Deoxygenation of the water column resulting in fauna kills 

• Blocking of travel routes for fauna 

• Light pollution, which can deter fauna from using the area or results in 
a change of behaviour 

• Fish escapes which subsequently cause a change in genetic structure 
of local barramundi populations or introduce diseases not currently 
present  

Mitigation hierarchy Avoidance 

• The mooring system used for the sea-cages will not require any 
drilling or pile-driving, reducing the potential for noise generation 

• Anchorage lines are kept taught to reduce the likelihood for 
entanglement 

• Vessels will only operate at 0.5 knots while towing cages, and at 
reduced speeds within the leases during operations, reducing the risk 
of vessel strikes 

• A mortality disposal system will be implemented which ensures dead 
fish are removed from cages as soon as possible  

• Anti-predator nets below the water and anti-bird nets above the cages 
prevent access to fish and fish feed from both groups of predators 

• Same avoidance methods for reducing phytoplankton biomasses 
associated with nutrient enrichment and deoxygenation as listed 
under MEQ 
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Minimisation 

• Vessels used in operations will all be locally sourced or MPA owned, 
and will have IMS checks completed regularly 

• Diesel generators on the barges will only be run during daylight hours 
which will reduce the level of noise and vibrations generated 

• Any wastes generated from staff living or working on site (i.e. at the 
sea-cages) will be taken back to the Derby shore-base and disposed 
of appropriately there 

• Lighting from vessels on site will be kept to a minimum, with 
appropriate shading over recreational or residential parts of the barge 
systems  

• Broodstock will be sourced from the same Australian genetic group 
reducing the potential for a change in genetic structure of local 
populations 

• Same minimisation methods for reducing phytoplankton biomasses 
associated with nutrient enrichment and deoxygenation as listed 
under MEQ 

Management 

• Implementation of a EMMP (Annex A) 

Monitoring 

• DPIRDs biosecurity group will require testing of all fish stock before 
they are transferred to the sea-cages as detailed in DPIRDs 
translocation policy 

• Same monitoring requirements for phytoplankton biomass and 
deoxygenation as listed under MEQ 

Residual impacts, including 

assessment of significance 

Major – Nil 

Moderate – Increased phytoplankton biomasses 

Minor – Noise/vibration production, light pollution, spread of 

disease/genetic structure in native barramundi populations, 

deoxygenation, blocking of travel routes for fauna, increased risk of IMS 

introduction 

Proposed environmental 

outcomes 

Considering the mitigation strategies implemented by this proposal, and 

the little to no cumulative impacts from other proposals or projects, no 

significant harm to marine fauna is expected in the vicinity of the 

Proposal. As such, it is expected that the EPA's objective for Marine 

Fauna can be met.   

Social Surroundings 

Potential impacts and risks Direct impacts or risks on social surroundings: 

• Disturbance of culturally significant sites 

• Disturbance to visual amenity 

• Loss of access and recreational opportunities 

• Odour generation 

• Positive contribution to the local economy and job opportunities 

• Impacts to environmental values of proposed marine parks or other 
environmentally sensitive areas 

• Impacts to the perception of the area being ‘natural’ and potential 
subsequent loss of tourism 
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Mitigation hierarchy Avoidance 

• Significant stakeholder engagement has been conducted to ensure 
nursery sites and leases are sited to avoid culturally significant areas 

Minimisation 

• Leases have been designed to be as small as possible to minimise 
loss of access 

• Diesel generators will only be run for 10 hours a day during daylight at 
the leases as needed, reducing potential for odour generation. Battery 
power systems will be used at all other times.  

Management 

NA 

Monitoring 

NA 

Residual impacts, including 

assessment of significance 

Major – Nil 

Moderate – Nil 

Minor – Disturbance to culturally or environmentally significant areas 

Proposed environmental 

outcomes 

Considering the mitigation strategies implemented by this proposal, 

including appropriate site selection of leases and nursery sites to avoid 

areas of cultural or environmental significance, no significant harm to 

Aboriginal heritage and culture or natural and historic heritage sites is 

expected in the vicinity of the Proposal. Furthermore, the economic 

benefits the project provides will help diversity the local economy and 

provide employment to local communities, including the potential for 

future research alongside James Cook University with regards to the 

development of an employment scheme with local communities.  As 

such, it is expected that the EPA's objective for Social Surroundings can 

be met. 
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Acronyms 

̶  

2D Two-dimensional 

3D Three-dimensional 

ADCPs Acoustic Doppler Current Profilers 

AED Aquatic Ecodynamics 

AFMA Australian Fisheries Management Authority 

AHIS Aboriginal Heritage Inquiry System 

ANOVA Analysis of Variance 

ANZECC Australian and New Zealand Environment and 

Conservation Council 

ANZG Australian and New Zealand Guidelines 

ARMCANZ Agriculture and Resource Management Council of 

Australia and New Zealand 

AWAC Acoustic Wave and Current profiler 

BC Biodiversity Conservation Act  

BCH Benthic Communities and Habitats 

BOD Biological oxygen demand 

BOM Bureau of Meteorology 

BTAP Broome Tropical Aquaculture Park 

CAPEX Capital expenditure 

Chl-a Chlorophyll-a 

Cu Copper 

DAWE Department of Agriculture, Water and the Environment 

DBCA Department of Biodiversity, Conservation and Attractions 

DG Dangerous Goods 

DIN Dissolved inorganic nitrogen 

DO Dissolved oxygen 

DoE Department of the Environment 

DoF Department of Fisheries 

DPIPWE Department of Primary Industries, Water and 

Environment 

DPIRD Department of Primary Industries and Regional 

Development 

DPLH Department of Planning, Lands and Heritage 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 13 4 May 2022 

 

DMA Decision making authority 

DWER Department of Water and Environmental Regulation 

EIA Environmental Impact Assessment 

EMP Environmental Management Plan 

EPA Environmental Protection Authority 

EPBC Environmental Protection and Biodiversity Conservation 

Act 

EQC Environmental Quality Criteria 

EQG Environmental Quality Guidelines 

EQMF Environmental Quality Management Framework 

EQO Environmental Quality Objective 

EQS Environmental Quality Standards 

ERD Environmental Review Document 

EV Environmental Values 

FCR Food conversion ratio 

FRMA Fisheries Resources Management Act  

FRMR Fisheries Resources Management Regulations 

GHG Greenhouse gas 

Ha Hectares  

HDPE High-density Polyethylene 

HEPA High Ecological Protection Area 

ILUA Indigenous land use agreement 

IMS Invasive Marine Species 

ISQG Interim Sediment Quality Guideline 

KADZ Kimberley Aquaculture Development Zone 

KPA Kimberley Ports Authority 

LAU Local Assessment Unit 

LEP Levels of Ecological Protection 

MPA Marine Produce Australia 

MEPA Moderate Ecological Protection Area 

MEQ Marine Environmental Quality 

MNES Matters of National Environmental Significance 

MS Ministerial Statement 

NH4 Ammonia 
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NLSWE Non-Linear Shallow Water Equations  

nMDS Non-metric multidimensional scaling 

NOx-N Nitrate and Nitrite 

NSW New South Whales 

NTD Native Title Determination 

OPEX Operational expenditure 

PAR Photosynthetically Active Radiation 

PBC Prescribed Body Corporate 

PEC Protected Ecological Community 

PERMANOVA Permutational Analysis of Variance 

PIANC Permanent International Association of Navigational 

Congresses 

PMST Protected Matters Search Tool 

PO4-P Ortho-phosphate 

PSD Particle size distribution 

PTM Particle Tracking Model 

SI Surface Irradiance 

SPRAT Species Profile and Threat database 

tCO2 Tonnes of Carbon Dioxide 

TEC Threatened Ecological Community 

TKN Total Kjedahl Nitrogen 

TP Total phosphorous 

TOC Total organic carbon 

TSS Total suspended solids 

VSS Volatile suspended solids 

WA Western Australia 

WAMSI Western Australian Marine Science Institute 

WWTP Wastewater Treatment Plant 

ZoHI Zone of High Impact 

ZoI Zone of Influence 

ZoMI Zone of Moderate Influence 

Zn Zinc 
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1 The Proposal 

̶  

1.1 Overview 

Marine Produce Australia (MPA) has operated in the Kimberley Aquaculture Development Zone (KADZ) 

in Cone Bay since 2004 (Licence No. 1465).  MPA currently operate 32 cages within the KADZ, 

allowing production of up to 15,000 tonnes of barramundi (Lates calcarifer) per annum.  Because of the 

current demand for premium barramundi in both the state and national market, MPA propose to expand 

from its Cone Bay operations in the KADZ to 13 sites spread across the Buccaneer Archipelago, 

beyond the boundary of the KADZ (Figure 1.1). This is because MPA cannot achieve the productivity 

rates it needs to meet demand within Cone Bay.  

This expansion plan shifts operations to deeper, protected, offshore waters where current speeds are 

lower than in Cone allowing sea-cages to be appropriately secured. MPA proposes to produce up to 

30,000 tonnes of barramundi per annum across the new leases, reaching a maximum of ~4500 tonnes 

per individual lease area before harvesting.  The Proposal includes development of nursery sites, to 

ensure ongoing supply of stock to the proposed leases.   

The proposed expansion will be conducted in three stages over a 10-year period.  Each stage consists 

of the construction of one nursery site, supplying 4–5 ocean-based leases, each containing 

12 sea-cages.  Operations at the existing Cone Bay site will continue for the foreseeable future but will 

be reconsidered once the new sites are operational and commercially viable.  The expansion will result 

in the direct hire of more than 800 employees once the Proposal is fully operational, substantially 

increasing MPAs workforce (excluding additional hires made for construction) and providing significant 

economic stimulation in the region.  

The purpose of this supporting document (which follows the format of a Environmental Review 

Document or ERD) is to provide regulatory authorities with the appropriate level of information to review 

the environmental impact of the proposed project. This document will describe the proposed project in 

detail including maps and coordinates and provide information about the receiving environment. The 

results of studies that have been completed to inform the document include a water and sediment 

quality baseline, a hydrodynamic model, a particle tracking model (PTM), a sediment diagenesis model, 

marine habitat mapping and literature reviews for marine fauna. Studies to assess the impact of the 

development of the proposed nursery sites on terrestrial flora and fauna have also been conducted. 

Furthermore, this document will discuss the key environmental factors relevant to this project and the 

engagement and consultation process with key stakeholders. 
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Figure 1.1 Proposal location – nursery sites and leases 
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1.2 Proposal content 

Table 1.1 General Proposal Content Description 

Proposal Title Ocean Barramundi Expansion Project 

Proponent name Marine Produce Australia Ltd 

Short description MPA propose to expand its barramundi farm operations to 13 sites spread across 

the Buccaneer Archipelago, in the Kimberley region.   

The proposed expansion will be staged over a 10-year period.  Each stage consists 

of the construction of one nursery site, supplying 4–5 ocean-based leases, each of 

which will contain 12 sea-cages.   

 

Table 1.2 Proposal content elements 

Proposal element Location/description Maximum extent, capacity or range 

Physical elements 

Sea-cage 

Infrastructure 

Development 

Envelope: 13 

separate aquaculture 

leases consisting of 

156 cages (12 per 

lease area), each 

cluster with ~24 

anchorages 

Figure 1.5 Direct disturbance of 0.06 ha within the total 

aquaculture lease area Development Envelope 

(consisting of 13 separate leases) from 

anchorages. 

Development envelope (total extent of proposed 

leases) within which temporary disturbance of 

benthic environment via indirect effects is 

expected – 1213.1 ha 

Nursery Development 

Envelope: each 

nursery will consist of 

a bore for 

groundwater 

extraction, an outfall, 

5-10 tanks for 

grow-out of 

barramundi, parking 

bays, power utilities 

for Ardyaloon and 

Arrow Pearling. 

Figure 1.4 Disturbance of no more than 3.37 ha of terrestrial 

native vegetation within the 5.52 ha Nursery 

Development Envelope (total for all three sites) 

Disturbance of no more than 0.02 ha of seabed 

within the 3.5 ha Nursery Development Envelope 

(total for all three sites) for the outfalls.  

 

 

Operational elements 

Sea-cage fish 

production 

Figure 1.1, Figure 1.2 Expected maximum standing biomasses of 

~4500 tonnes per lease area, with a maximum 

total annual production of 30,000 tonnes at full 

production 

Nursery groundwater 

extraction bore 

Within the nursery 

infrastructure 

Design capacity 1380 m3/day intake per bore 

Nursery seawater 

outfall 

Extending ~100m from shore Design capacity 2420 m3/day discharge per 

outfall 
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Proposal element Location/description Maximum extent, capacity or range 

Greenhouse gas emissions 

Construction 

Scope 1 Land use change – vegetation clearing: <1 tCO2-e total 

Construction vessel usage – 953 tCO2-e total 

Scope 2 None 

Operations  

Scope 1 Operational vessel usage – 6,050 tCO2-e annual total 

Scope 2 Electricity usage – 3,750 tCO2-e annual total 

Rehabilitation   

NA   

Commissioning   

NA   

Decommissioning   

Removal and dismantling of all sea-cages, anchorages and vessels if aquaculture operations are 

discontinued. Decommissioning of aquaculture sites, if not undertaken by the lease holder, is completed by 

DPIRD, with any costs incurred recouped through legal means if necessary (pursuant to the relevant 

provisions of the Fisheries Resources Management Act (FRMA) and the Fish Resources Management 

Regulations 1995 (FRMR)). 

Other elements which affect extent of effects on the environment 

Proposal time 

Maximum project life Determined by licence arrangements 

Construction phase Total 10-year construction timeline, consisting of 

three phases each of which involves the 

construction of one nursery and 4-5 leases.  

Operations phase Determined by licence arrangements 

Decommissioning phase ~6 months if operations are discontinued 

1.3 Major Project components 

It should be noted that the current Cone Bay lease run by MPA is not part of this application, and has 

previously been approved under separate approvals summarised in Section 2. It will remain operating 

for a short period while the expansion occurs, but will then likely wind down operations once the 

expansion is well underway.  

1.3.1 Construction and commissioning 

Sea-cage Infrastructure 

MPA will deploy large sea-cages developed for use in extreme weather conditions and remote 

locations, similar to the Fortress Pens used in Huon’s salmon farming operations in Tasmania 

(Figure 1.2).  These cages and their associated anchorage/mooring systems have been specifically 

designed for use in high energy exposed sites, which frequently receive storm swells and gale force 

winds.  The use of similar, albeit smaller, cages in Cone Bay indicates that they are sufficiently capable 
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of tolerating cyclone force winds and the high current speeds induced by the extreme tidal exchanges in 

the Kimberley region.  

Design features of the proposed sea-cages include: 

• A double net system that contains fish stock within the inner net (Figure 1.2; F) and an outer 

anti-predator net (Figure 1.2; G) that protects stock from marine predators like sharks and 

crocodiles.  

• Surface netting with support poles which prevent access to fish stock or feed within the cages from 

seabirds (Figure 1.2; B). 

• Covered walkway with handrails and staff access/egress points to allow staff to access the cages 

safely without coming into contact with predators (Figure 1.2; A).  

The cages to be used by MPA will range in size from 100 to 120 m circumference, with net depths 

ranging between 13 to 16 m for the predator exclusion nets and 10 to 13 m for the inner fish stock nets.  

The extra depth and circumference of the cages results in a lower stocking density and increased 

dissolved oxygen concentrations within the cage.  The larger nets also lessen total farm infrastructure 

by reducing the required number of cages and moorings.  Stingray anchors will be used to anchor 

sea-cages in soft sediments meaning no drilling or pile driving is required.  
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Source: Huon Aquaculture (2022) 

Notes: 
1. Upper Panel: All nets and mesh are durable and high tensile: A – Floating collar to suspends nets; B – Taut overhead net to 

prevent seabird access to stock and feed; C – High exclusion barrier to prevent wildlife from accessing the walkway; D – Long 

flexible net-poles to support, suspend and maintain tension of the overhead seabird-exclusion nets several metres above the water; 

E – Stanchions (posts) to support the sea lion-exclusion barrier; F – Stock containment net (fully enclosed); a component of the 

double net system; G – Marine-predator exclusion net (fully enclosed); a component of the double net system; H – Net-baseline 

rope to link nets to the sinker tube; I – False net-bottom, created by the double net system, to keep stock separated from marine 

predators; J – Sinker tube, suspended from the nets, to maintain tension and support the structure of the nets; K – Weight line to 

facilitate lifting the sinker tube and bottom of the nets; L -Mooring lines, connected to the anchoring system, to hold the sea-cage in 

position. 

2. Lower Panel: All lines and cables are durable, high tensile and appropriate for an anchoring system designed to withstand extreme 

loads: A – Sea-cage; B – Mooring lines; C – Anchor cables; D – Low profile mooring-anchors 

Figure 1.2 Indicative sea-cage engineering (upper), configuration and anchoring (lower) 

Source: Huon Aquaculture (2022) 

Figure 1.3 Sea-cage schematic based on the Fortress Pens used in Tasmania 
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Sea-cage installation  

Sea-cages are to be towed to the respective site without netting in place (minimising drag and potential 

for impacts on transient marine fauna) at a speed of <5 knots. Once on site, each of the 12 sea-cages 

will be secured together in the manner indicated in Figure 1.2. The stingray anchors used to secure the 

sea-cages will be driven into the seabed, without any requirement for pile driving or other drilling. 

Testing will be conducted at this time to ensure that the sea-cages are secure. Once the sea-cages are 

secure, both the inner (for the farmed fish) and outer (excluding predators) netting will be installed by 

MPA divers. Surface netting, which is used to exclude sea-birds, will also be installed at this time. Once 

all infrastructure is in place, safety and navigational lighting will be installed to indicate the presence of 

the sea-cages in the water to any mariners moving through the area. It is expected that the installation 

of 12 sea-cages at a lease area will take between 3-5 days (weather dependent) once each cage is 

present on site. The towing of the sea-cages will likely take up to 7 days to manoeuvre all 12 cages in 

place at the respective lease area. 

Nursery site infrastructure 

MPA propose to construct one new nursery for each of the three phases of the expansion project.  The 

proposed construction sites for the three nurseries are at Ardyaloon (One Arm Point), Arrow Pearling 

Base near to Beagle Bay and Broome (Figure 1.4).  Both the Broome and Arrow Pearling Base sites 

are within previously developed areas, with the proposed Broome nursery situated within the Broome 

Tropical Aquaculture Park (BTAP), which houses a small marine aquarium originally set up as a tourist 

attraction.  Lease arrangements for the Arrow Pearling Base and Ardyaloon nursery sites are still under 

negotiation.  The Arrow Pearling Base site will be positioned within an existing car park, which has 

previously been cleared of vegetation.  The proposed Ardyaloon nursery site is therefore the only site 

positioned within an area that has not been previously cleared for construction. Though all three sites 

are considered in this assessment, construction of each nursery will only occur if the expansion 

continues to be commercially viable.  The Broome site will be the first constructed and commissioned, 

considering the site has been previously developed and has infrastructure already in place. Early works 

for the Broome site are expected to proceed shortly, as it involves re-purposing of already present 

infrastructure, and would have no environmental impact.  Stage 2, which requires the drilling of a new 

bore, some minor vegetation clearing and building of other infrastructure, forms part of this proposal. 

Each of the three proposed nursery sites will use the latest recirculating aquaculture systems 

technology available, which represents a significant improvement of the infrastructure currently in place 

at the Turtle Island nursery used for the Cone Bay operations. This nursery is proposed to be 

decommissioned once the Broome site has been commissioned.  

Buildings 

Each nursery site will consist of three 50 x 70 m buildings, housing the grow-out tanks and other 

nursery infrastructure, as well as an administration / accommodation block and a small car-park. The 

three buildings housing the nursery infrastructure will be pre-fabricated metal sheds with concrete 

flooring, while the administration / accommodation block will likely be a small pre-fabricated 

demountable. At both the BTAP and Arrow Pearling Base site, infrastructure already present will be 

re-purposed for use as nursery buildings.  

To construct the buildings, materials will be transported from Broome or Derby to each site via road. 

Small construction crews of between 10-20 personnel will be on site at any given time to conduct 

construction activities.  

Recirculated aquaculture system  

Each nursery will use an aboveground circular tank system, using the latest available technology and 

standards for recirculated aquaculture systems (RAS). A RAS is a fully enclosed aquaculture system, 

which replaces the flow of water from sea or lake with a water filtration and recirculation system. These 

are the primary systems used in all land-based farms. The tanks themselves will be fibreglass, with a 

diameter of ~6 m to 12 m, with a minimum volume of 30 000 L. The tanks will have an in-built circulation 

system, with water extracted from a groundwater bore and discharged via a marine outfall. Each tank 
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will be pre-constructed by a manufacturer and delivered to each site from Broome or Derby. The 

installation of the RAS will be conducted by suitable local contractors where possible. Further details on 

the net benefits of using a RAS, as opposed to the current ocean-based nursery operation used in 

Cone Bay, are provided in Section 1.4.  

Marine outfalls 

Water used in the tanks for the grow-out of barramundi will be discharged from a single outfall for each 

nursery. The outfalls will be designed to discharge a maximum of 2420 m3/day. Each outfall pipe will be 

made of High-Density Polyethylene (HDPE) with a diameter of ~400 mm. The Broome nursery will use 

the outfall already constructed for the BTAP facility. Outfalls at the Arrow Pearling nursery and 

Ardyaloon will be pre-fabricated in parts and then installed on site once the other nursery related 

infrastructure is completed. At Ardyaloon the outfall pipe will be installed adjacent to the current outfall 

present which is operated by the Ardyaloon Trochus Hatchery and Aquaculture Centre.  

To secure the outfall pipes, anchoring will be achieved using pre-cast concrete blocks and matting laid 

across each pipeline spaced at appropriate intervals. The pre-cast blocks provide the ballast required to 

retain the pipe in position by gravity. Each of the constructed outfalls will extend ~100m from shore at 

most, minimising the footprint of the installation, while ensuring the outfall is always submerged even at 

extreme low tide. Each outfall will also be sited such that they avoid benthic habitats, particularly 

seagrass meadows or coral reefs.  For the Ardyaloon site, it may be that the initial discharge pipeline 

runs above ground alongside the Ardyaloon Trochus Hatchery pipeline until it meets the shoreline. This 

will prevent any subterranean works being required. The exact corridor of each of the outfalls is not yet 

confirmed, and as such a development envelope for each pipe has been designated at this stage. 

Groundwater extraction bores 

Groundwater extraction bores will need to be drilled for each of the nursery sites. A bore already exists 

at the BTAP facility, however another is required to meet the demand for the new nursery. Bores will be 

constructed on each site by local contractors. Each bore is expected to extract 1380 m3/day of 

groundwater. Groundwater extraction will be managed under a Licence to take groundwater (5C) under 

the Rights in Water and Irrigation Act (1915).  

Site access, resources 

All of the nursery sites already have main road access, with no construction of new roads required. 

There are several pre-existing accommodation centres near to the proposed nursery sites at arrow 

Pearling Base and Ardyaloon that would be available to house construction personnel, considering only 

10-20 personnel will be on site at any given time. As such, there is no requirement for the construction 

of accommodation facilities purely for workforce personnel. 

Power supply infrastructure 

Power to the Broome and Ardyaloon nursery sites will be supplied from mains power, so no new 

infrastructure is required. Power for the Arrow Pearling nursery will be supplied from a diesel generator 

of 11 kVa capacity, running for 10 hours a day every day of the year. Diesel for the generator will be 

shipped and stored in bulk on site. Alternate power sources, for example via solar and battery systems, 

will also be explored.  

1.3.2 Operations 

Cultured Species 

Barramundi (L. calcifer) are the sole species to be grown under this Proposal.  Barramundi have been 

grown by MPA at the current Cone Bay site since 2004 and are a key finfish aquaculture species in 

Australia with total production second only to Atlantic salmon (Salmo salar).  Barramundi is also a 

keenly sought after target for recreational fishers across the north of Australia.  
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Barramundi live in both freshwater and saltwater, and grow up to 200 cm in length and 60 kgs.  They 

are distributed throughout coastal areas from the Persian Gulf to China and southern Japan, south to 

Papua New Guinea and northern Australia.  With a significant tolerance for a wide range of 

environmental conditions as well as a broad diet they make an ideal species for aquaculture production.  

Derby shore-base 

MPA currently operate a shore base in Derby, from which all staff, equipment and other relevant 

materials (e.g. feed) are transferred to both the nursery sites and the proposed leases. This facility is 

not the focus of this proposal considering no changes will be made to its condition or operation. Its 

relevance to this proposal is the fact that it will be the source of all materials and equipment as well as 

offices for MPA from which the proposed expansion will be managed.  

Sea-cage operations 

Centralised barge system/operational vessels 

Each lease area will be controlled from a centralised barge system containing a feed system, 

accommodation (3-4 staff on site at any given time), ablution facilities as well as mortality ensilage for 

any dead stock. These barges will be approximately 20-30 m long, with power for operations provided 

via a 7kVa capacity generator installed on the vessel, which will run for ~10 hours a day every day of 

the year. The barge will run on battery power for the rest of each day. This power will be used to keep 

feed refrigerated, lighting and provide power for accommodation and facility usage by staff. Staff will be 

present on site 24 hours a day 365 days a year while stock are in the sea-cages.  

Lighting required on site will be minimal, with navigational lighting (flashing LEDs) placed on the corners 

of each of the sea-cages and on the centralised barge itself. Some lighting for accommodation will be 

present on the barge, however black-out curtains will prevent any of that light from being emitted 

beyond the barge. All operations are primarily conducted during daylight hours removing the need for 

operational lighting at night. Barramundi farming operations are also unlike salmon farming operations 

in that they do not require significant lighting on the cages themselves for the farmed fish, which is 

required in the salmon industry to help suppress early maturation (Taranger et al 2010).  

Sewage from the centralised barge systems may use an onboard incinerator toilet, while operational 

vessels will likely dispose of sewage at sea beyond the borders of proposed marine parks as per DBCA 

and other maritime regulations. Alternatively, it may be stored in tanks pumped out for disposal when 

the vessel is in port. Other wastes such as garbage generated on the site will include empty feed bags, 

staff domestic waste and old ropes and net mesh. All non-perishable garbage will be packed into empty 

one tonne bulk bags and brought back to Derby for disposal. Perishable garbage will be stored in 

sealed containers and stored for disposal in Derby. The operation will generate a small quantity of used 

oil from engine servicing at each lease area, which will be stored in a 44-gallon drum and returned to 

Derby for disposal. 

Any fish mortalities will be removed from the cages two times per week. A number of alternative 

mortality programs have been explored and may be used. The first of these involves the mincing and 

storage of mortalities in sealed drums as silage using ScaleAQs mortality ensilage machinery on the 

barge. The silage units use formic acid to liquefy fish waste and are commercially available. Fish silage 

equipment is commonly used on fish farms worldwide. The silage will be removed from the site when 

required and transported to Derby for reuse, or disposal if no use can be found. Another alternative 

which has shown promise is the drying of mortalities at high temperatures, which will allow the 

mortalities to be used in a number of industries including as biogas fuels or as feed ingredients for 

certain animals (insect larvae, crocodiles, pets etc). In the event of a mass mortality, all stock would be 

transferred to shore and buried in a controlled area on land with the permission of the appropriate 

authorities.  
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Feed will be distributed into the sea-cages daily using an automatic feeding system from the centralised 

barge. The feed system works by delivering floating feed to the surface of the sea-cages four-six cages 

at a time, rather than one at a time which is the process currently used at the Cone Bay operations. A 

database which is updated daily and verified regularly tracks the total biomass, growth and feed being 

inputted into each respective cage. In this database, MPA can track the respective food conversion 

ratios, which helps indicate the health of the fish as well as the efficiency at which the lease is 

operating. The automated feed system also helps MPA target optimal feeding times, which generally 

occur when dissolved oxygen concentrations are high. Dissolved oxygen concentrations are monitored 

constantly withing the cages for this reason. Feeding at optimal times reduces the overall amount of 

feed which goes to waste, reducing the potential for nutrient enrichment as a result of the breakdown of 

feed in the marine environment.  

In addition to the barges, a 15-20 m working vessel will be used to help transfer staff, feed, equipment 

and other materials from the respective nursery sites/Derby shore base to the leases. Each working 

vessel will be used to supply 4-5 leases, meaning there will be 3 working vessels in total across the 13 

leases once the phased construction is complete.  

Harvesting will also occur directly from each barge. As fish will be of the same age class at each lease 

(see Section 1.4 for details), there is no need for continual harvesting. Instead, once the stock has 

reached the optimal size (~4 kgs) all stock will be harvested from the lease area over a period of two-

three months. Stock will then be transferred to the Derby shore base for export.  

Vessel movements 

The central barges will remain on site at each lease area at all times. The operational vessels will 

service 4-5 leases, and as such will move between them periodically depending on operational 

requirements (e.g. transport of feed, harvested stock, fingerlings for grow-out). 

 

Predator control 

The sea-cage infrastructure proposed prevents access to the sea-cages from any predator, including 

sharks, crocodiles or sea-birds. If predators are sited in proximity to the sea-cages, all staff will return to 

the centralised barge to wait for the predator to move on.  

Feed  

Feed for the barramundi will likely be sourced from Skretting's production facilities in Australia, as is 

currently the case for MPAs Cone Bay operations. The feed will be provided in bulk to Derby where it 

will then be shipped to each of the respective leases, or it will be transferred directly to the nursery sites 

via road. Feed will be refrigerated on site in the centralised barge system, or in facilities provided at 

each of the nursery sites. The specific feed type is a combination of agricultural crops, wild fish meal, 

by-products from farmed animals and farmed fish as well as vitamins and minerals added to the feed. 

The feed type currently used by MPA is best suited to the environmental conditions present in the 

Kimberley (e.g. water temperature), though MPA will continue exploring the use of new feeds as they 

become available if they are proven to be more sustainable and allow for more efficient growth rates or 

environmental outcomes.   

Production model 

MPA will implement an all-in all-out production model under this Proposal. This model means a single 

age class will be stocked at each lease area over a 19–21-month period during which the stock grow 

from ~50 g after grow-out at the nursery to harvestable size at ~4 kg. MPA will manage multiple leases 

with various age classes to meet harvesting and production requirements.  Production continues at a 

single lease area until all fish are harvested, with a subsequent fallowing period of approximately 1 

month occurring prior to restocking. Further details on the environmental outcomes of this production 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 36 4 May 2022 

 

model, in comparison to the continuous production model which MPA are currently required to use in 

Cone Bay, is described in Section 1.4.  

 

Anti-fouling 

Low toxicity anti-foulants will be used where required on the sea-cages to minimise bio-fouling. 

Sea-cages will be cleaned regularly regardless to remove any build of fouling material.  

 

Disease management 

MPA currently apply the anti-biotics oxytetracycline and terramycin when diseases or pathogens are 

present on site, primarily at the nurseries rather than the sea-cages where the presence of disease is 

minimal. The use of these anti-biotics is minimised as much as possible, and is only used in extreme 

cases when fish health is severely degraded as a result of disease or pathogens. A vaccination 

program is also currently in place for barramundi stock at the Cone Bay operations to help reduce the 

need for anti-biotics going forwards.  

In terms of the risk of disease transfer into wild populations of barramundi, MPA are required to follow 

DPIRDs regulations for translocation of barramundi as part of their commercial aquaculture licence 

(DoF 2002). Specific measures included under these regulations include: 

• Standardised cage net mesh sizes, type and quality (for preventing escapees) 

• Standardised predator netting 

• Recording of the following; 

 The numbers of fish stocked into each cage 

 The movements of fish from one cage to another 

 The numbers of fish culled and removed from the cages 

 The numbers of fish removed from the cages at the time of harvesting 

• Barramundi sourced from interstate must be sourced from licensed hatcheries only and be health-

tested to the satisfaction of the Senior Fish Pathologist at DPIRD 

• Testing standards shall meet with a 95% degree of confidence that the imported population is free 

of 'nominated' diseases ('nominated' refers to those relevant 'notifiable' diseases as listed under the 

Enzootic Disease Regulations 1970, and any other diseases nominated by the Senior Fish 

Pathologist at DPIRD for the particular populations to be imported) 

Performance indicators and monitoring 

With the infrastructure and processes detailed above, MPA are seeking to achieve the following key 

performance indicators at each of their proposed leases: 

• Mortality rate: 15% 

• Average harvest weight: 4 kgs 

• Yield: 3.4 kg/juvenile 

• Stocking density: max 35 kg/m3 

• Food conversion ratio: 1.5-1.8 throughout entire grow-out cycle. 

To help achieve these KPIs, constant monitoring will be conducted, as described in Table 1.3. This 

monitoring will be conducted by MPA staff and does not fall under the environmental monitoring 

required under an Environmental Management and Monitoring Plan (EMMP) (Annex A).  
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Table 1.3 Operational Monitoring conducted by MPA at each lease area 

Parameter Reason for monitoring Frequency Location Reporting 

Dissolved 

oxygen 

Important for health of fish stock as 

well as feeding at optimal times 

when DO is high 

Constantly Within each 

sea-cage 

Information is fed into MPAs 

database, which is reviewed 

and re-calibrated every 60 

days 

Fish stock 

weight 

Important to understand the growth 

rates of the stock within each sea-

cage 

Weekly Within each 

sea-cage 

Information is fed into MPAs 

database, which is reviewed 

and re-calibrated every 60 

days 

Feed input  Important to understand the level 

of feed input to the cages and the 

respective growth of the fish stock 

to ascertain food conversion ratios 

Constantly Within each 

sea-cage 

Information is fed into MPAs 

database, which is reviewed 

and re-calibrated every 60 

days 

Sea-cage 

condition 

Important to ensure bio-fouling is 

removed, there are no holes in the 

mesh etc 

Twice 

weekly 

Netting of 

each 

sea-cage 

Any damage to the netting is 

reported internally 

Mortalities Important to understand if 

mortalities are natural or the result 

of an environmental pressure 

(water quality, disease) 

Daily Within each 

sea-cage 

Information is fed into MPAs 

database, which is reviewed 

and re-calibrated every 60 

days.  

Mass mortalities are 

reported to the respective 

authorities as required under 

State and Federal 

legislation.  

 

As MPA have been operating in Cone Bay since 2004, they have had the opportunity to make several 

changes to their operations which have reduced their environmental footprint. Examples of these 

improvements include:  

• Changing the mesh size on their predator exclusion nets to prevent access from tawny nurse 

sharks, with no damage to the nets recorded after the change was implemented 

• Use of floating feed rather than sinking feed which has reduced feed wastage 

• Introduction of a vaccination program to help reduce the risk of the spread of disease on site at the 

sea-cages and the requirement for anti-biotic usage 

Through its ongoing monitoring program, MPA will continue to make changes to further improve the 

sustainability of their overall operations.  

Nursery operations 

Broodstock source 

Fingerlings (~15 g size) for grow-out in MPA's nursery sites will be supplied by hatchery facilities 

located and licenced in Australia, as currently required for the Cone Bay operations managed under 

Licence No. 1465, the Fisheries Resources Management Regulations 1995 and DPIRD's translocation 

policy (DoF 2012).  Fingerlings are grown out from larvae at hatchery facilities, which are themselves 

sourced from eggs laid by adult barramundi within the facility. This represents a fully enclosed system 

for the fingerlings, removing any pressure on sourcing eggs from wild populations and reducing the risk 

of introduction of pathogens or other diseases into the hatcheries operations. The stock supplied by the 
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hatcheries are managed such that they are pathogen free and pose minimal risk of transfer of diseases 

or parasites to wild stock if the barramundi escape from sea-cages. Genetically, the stock are a 

domesticated strain from Queensland which, although distinct, is genetically similar to that of the wild 

barramundi present in the Kimberley.  

Currently Licence No. 1465 details the risks of the importation of the fingerlings and the management 

processes required to mitigate these risks. These management processes include but are not limited to 

• A limit on where barramundi can be sourced from, such that they can only be provided by hatchery 

facilities located and licenced within Australia 

• Testing of fish for diseases during transport to or from leases 

• Provision of a fish health certificate from a DPIRD Fish Health Pathologist before stock can be 

moved on site 

The management processes detailed in Licence No. 1465 and the associated Environmental Monitoring 

Management Plan (EMMP; DoF 2014) have previously been deemed sufficient to manage the risk of 

disease introduction and genetic drift in relation to the wild population of barramundi present in the 

region (MS 996).  MPA will continue to manage the introduction of fingerlings to the new nursery sites 

and leases in accordance with the requirements noted under Licence No. 1465 (noting that a new 

licence with potentially different conditions may be implemented).  

Grow-out of fingerlings 

Fingerlings ranging in size from 15 to 50 g will be grown-out in the tanks at the nursery sites before they 

are transferred to the sea-cages via the operational vessels. MPA plans on growing the fingerlings to a 

larger size than currently grown at the Turtle Bay nursery to reduce the grow-out time at the sea-cages 

and subsequently reduce the overall environmental impacts caused by feed and fish waste inputs.   

Marine outfalls 

Each of the discharge systems will include use of a mechanical filtration of 200 um mesh on the drum of 

the discharge from the tanks, with ultra-violet sterilisation of the discharge at each outfall. A slurry 

removal system will also be used to reduce the total suspended solid content prior to discharge from 

the outfall. The discharge water is expected to have elevated nutrients with the feeding of the 

barramundi contributing nitrogen to the system if not taken up directly by the barramundi. As such, 

some nutrients leave the nursery sites in the form of fish wastes (dissolved and particulate) or uneaten 

feed. Details on the characteristics of the discharge water, environmental impact assessments and 

associated mitigation measures are given in Section 5.  

Waste management 

Waste produced on site can be categorised into municipal waste, hazardous waste and biological 

waste. General, recyclable and other non-listed or non-hazardous wastes produced onsite by staff or 

processes will be transferred to the designated waste collection area as per local council regulations for 

reuse, recycling, recovery or disposal. 

Waste oils, fuels, chemicals and hazardous materials will be kept on site in dangerous or hazardous 

goods appropriate storage facilities. These wastes will be removed off-site by licenced transporters to 

licenced facilities for reuse, recycling, recovery or disposal as applicable.  

Sewage will be managed on site, with ablution facilities already set up for the BTAP nursery while new 

ablution facilities will be set-up at the Arrow Pearling nursery site and Ardyaloon nursery site, using 

similar facilities as to those already in use by the Arrow Pearling Base and the Ardyaloon Trochus 

Hatchery (i.e. no requirement for construction of large-scale ablution facilities).  
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Biological wastes (i.e. barramundi mortalities) will be dealt with using the same ensilage machinery and 

processes as those to be used at the leases. The silage will be removed from the site when required 

and transported to Derby/Broome for reuse, or disposal if no use can be found. In the event of a mass 

mortality, all stock would be transferred and buried in a controlled area on land with the permission of 

the appropriate authorities.  

Accommodation 

Approximately 10 staff will be present at each of the nursery sites at any given time. All of these staff 

members will be housed in the accommodation units provided on site, unless staff are local and return 

to their respective homes each day.  

Personnel 

MPA will select local personnel from Broome or Derby or other local communities wherever possible. 

This is because having local personnel reduces the accommodation requirements at each site, while 

also ensuring that many of the indirect economic benefits of the Proposal stay within the region.  

Furthermore, having local staff will generally mean that their understanding of the cultural and 

environmental values of the region, the maintenance of which is vitally important for Traditional Owners 

as well as other key stakeholders, is already likely quite high. Education programs will be implemented 

at all of MPAs operation centres to ensure that both MPA and contractor staff are aware of these 

cultural and environmental values, and subsequently treats them with the appropriate respect.  

Export facilities 

All stock for sale will be transported to the Derby shore base from which it will enter the distribution 

network, for sale both nationally and internationally.  Export facilities already exist at MPAs Derby shore 

base, these same facilities will be used for all of the new leases. A proposed new packaging / 

processing facility is under review and may be built in an industrial area of Broome, though this is not 

subject to the environmental referral discussed in this proposal.  

1.3.3 Decommissioning 

Sea-cage operations 

To decommission the sea-cage operations, all fish stock would be harvested and transported to the 

export facilities for sale. The netting at each sea-cage would then be removed onto the central barge, 

as well as all the ropes and floats required on site.  Once all infrastructure associated with the sea-

cages had been removed, the sea-cage anchorages would be retrieved individually. Each sea-cage 

would subsequently be towed back to Derby port. No materials or infrastructure would be left on site.  

Nursery operations 

To decommission the nursery operations, all fish stock would be harvested and transported to the 

export facilities for sale. The water within the tanks would be discharged until they are empty. All tanks 

and other nursery related infrastructure would be removed from site. The land and nursery buildings 

could subsequently be sold. If the buildings themselves needed to be decommissioned, this could be 

completed by breaking down the metal sheds and removing them from site, as well as the 

administration / accommodation demountable. The concrete slab would need to be dug-up and 

removed. The outfall would need to have its concrete blocks removed by divers with the assistance of a 

hoist. The outfall pipe itself could be disassembled via vessel or dive crew and removed from site 

leaving no infrastructure on site. 
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Figure 1.4 Proposed development envelope/footprint of the three nursery sites 
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Figure 1.5 Proposed development envelope/footprint of the 13 leases 
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1.4 Site selection and optimisation 

1.4.1 Proposal alternatives 

Alternative options for expansion of Cone Bay barramundi farming operations within the existing KADZ 

have been studied.  An option to use the north-east site of the aquaculture lease for expansion was 

explored. Bathymetry and metocean data collected at the north-east region of the existing lease area 

indicated that establishing operations at this location would be challenging.  A pilot study, including 

installation of cages north-east of the existing cages, confirmed that the current speeds of up to 18 

knots experienced in this area were too strong to keep the cages in place with the mooring-grid system, 

and no other mooring system would be feasible in this situation either.  Furthermore, the current speed 

would also be too strong to efficiently grow barramundi or any other alternative finfish species.  This is 

because the fish are having to constantly swim against the current to maintain their position in the cage 

and avoiding getting pushed up against the edge of the cages in the direction of the prevailing current.  

Finally, MPA could not continue operations as is within Cone Bay and would potentially have to cease 

operations if an alternative such as this Proposal was not possible.  

1.4.2 Environmental criteria for site selection 

Offshore lease area selection 

The Buccaneer Archipelago has been chosen as the area for MPAs expansion project for several 

reasons. Areas closer to population centres, such as Derby, are not feasible for several reasons. Firstly, 

King Sound near Derby has very low flushing rates, which is linked with very high turbidity within the 

Sound. Secondly, riverine inputs into King Sound result in elevated nutrient levels and algal blooms at 

certain times of the year, which pose a risk to the health of barramundi.  The water quality in the 

Buccaneer Archipelago on the other hand has low nutrient levels and a low likelihood of algal blooms 

associated with riverine inputs or high nutrient levels. Deeper waters in the Archipelago also allow for 

greater flushing rates which further maintain water quality at a level suitable for barramundi. The 

Archipelago provides a balance in terms of flushing rates versus current speeds, such that there is 

enough movement of water to maintain water quality without strong current speeds which would be too 

fast to allow for appropriate securing of the sea-cages.   

The proposed leases for the expansion have been sited to avoid sensitive benthic communities and 

habitats as much as practicable while still providing suitable current speeds for finfish farming that will 

not exceed the safety limits of the sea-cages or prevent the fish from growing efficiently.  Though 

leases could be sited in deeper waters further offshore within the Archipelago, the logistical constraints 

with cages sited further away than those proposed would significantly reduce the profitability of the 

expansion, limiting its commercial feasibility.  Several proposed leases have already been removed/re-

configured in this final Proposal as they were found to be too near sensitive marine habitats or cultural 

heritage values.  

The alternatives explored in Cone Bay were not feasible for a variety of reasons nor would they have 

resulted in better environmental outcomes if they were. For example, MPA can increase production at 

their current Cone Bay site to the maximum limit of 15,000 tonnes production, as per their existing 

licence. However, the alternative suggested in this Proposal whereby MPAs operations are spread 

across a much broader footprint, means that though the maximum production is at 30,000 tonnes the 

overall environmental outcomes on a per lease area basis are improved substantially. Furthermore, the 

Proposal includes the move from a current ocean-based nursery at Turtle Island to a land-based site, 

which will allow MPA to use the latest in RAS technology to improve the performance of their nursery 

operations while also decreasing its environmental footprint. These improvements are summarised in 

Table 1.4, with further information provided below. In summary, not only will the Proposal help MPA 

meet current market demand for high-quality barramundi, but it will also allow them to implement a 
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number of operational improvements that will improve the sustainability and environmental footprint 

overall.  

Table 1.4 Summary of the three-stage expansion plan 

Present day (Cone 

Bay) 

Stage 1: Commercial 

Trial 
Stage 2 Stage 3 

    

• Continuous 
production model 

• No fallow period 

• Multiple year classes 

• Shallow depth (2 m 
clearance below cage 
at low tide) 

• High unitary 
operational 
expenditure (OPEX) 

• Stocking density 
45 kg/m3 (average 
28 kg/m3) 

• Licence for 15,000 
tonnes production 

• Ocean-based nursery 
site for semi-mature 
fingerlings 

• All-in all-out production model 

• One year class per farm 

• ~1 month full fallow period, with 6 month drawdown in biomass while 
harvesting 

• High capital expenditure (CAPEX) 

• Lower unitary operational expenditure (OPEX) 

• Maximum stocking density 35 kg/m3 (average per cycle 15 kg/m3) 

• Land-based nursery site/s using a RAS with extended grow-out of 
fingerlings, helping MPA become self-sufficient regarding the supply of 
fingerlings to their leases while also reducing the environmental footprint 
associated with nursery operations 

• ~257 (101 direct, 156 indirect) jobs generated through the construction 
phase of the Proposal. A further ~450 employees hired once the staged 
Proposal is complete.  

The key changes from current operations at Cone Bay to the proposed operations at the new leases 

involve the move from a continuous production to an all-in-all-out model.  MPA currently produce 

multiple year classes of barramundi across a single lease area, under a continuous production model 

with no complete fallowing period.  This farming system results in constant nutrient inputs, either from 

fish waste or uneaten food, giving no opportunity for the water and sediment quality to recover unless 

stock biomass is restricted.   

The expansion Project incorporates an all-in all-out production model, with a single age class stocked at 

each lease area over a 19–21-month period. This type of system mitigates some of the effects of 

harvest activity on farm production and the receiving environment, while providing increased production 

capacity by reducing some of the impediments associated with a continuous production system 

mentioned above.    

The proposed increase in the size of sea-cages (~40 m diameter) will reduce the overall stocking 

density at each farm (from a maximum of 45 kg/m3 to 40 kg/m3, or average of 28 kg/m3 to 15 kg/m3), 

reducing the concentration of fish and feed waste in the receiving environment, further mitigating 

environmental impacts at each location.  Larger cages also mean comparatively lesser infrastructure 

overall if the existing Cone Bay model was implemented, reducing the footprint of the expansion in 
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comparison to current operations.  Lower stocking density, greater distance between cages, and 

stocking of only a single age class within each cage also significantly reduces the risk of pathogen 

transmission.  Furthermore, the new leases are in deeper waters where the clearance between the 

bottom of the cages and the benthic substrate will be at least 13 m, increasing dilution/diffusion of 

nutrients resulting from fish/feed waste, in comparison to only 2 m of clearance in some instances at the 

current leases.  No other technologies/options are currently available that would help significantly 

enhance production or profitability at the Cone Bay leases, hence the requirement for the expansion.   

Nursery site selection 

The proposed nursery sites are positioned on land that has previously been developed, except for the 

Ardyaloon site.  The Broome nursery will be located within the BTAP facility on the site of a previously 

built aquarium.  All discharges from this nursery will also be discharged directly into the previously 

constructed BTAP outfall, further reducing impacts on the marine environment by removing the need for 

the development of a new outfall. The Arrow Pearling site is located in a car park which has previously 

been cleared of all native vegetation.  Only the construction of the Ardyaloon nursery will require 

significant clearing of native vegetation.  As such, this will be the last site to be developed in the 

expansion plan, and will only be developed if found to be commercially viable.  

A variety of nursery sites were assessed as part of this Proposal, and those included in this final 

Proposal, though not yet confirmed, have been chosen such that they avoid the requirement for 

significant development of infrastructure, and make use of existing infrastructure (i.e. outfalls already 

present) as much as possible.  This in turn minimises potential environmental impact by reducing the 

amount of vegetation to be cleared.  

Furthermore, by moving from an ocean-based semi-open nursery systems, to a fully enclosed 

land-based RAS, MPA will substantially improve the sustainability of their nursery operations while also 

reducing the overall environmental footprint. This is because a RAS allows MPA to have greater control 

over the performance of their operations, not being reliant on natural weather conditions which can 

influence the growth rate of fingerlings within the nursery (which is the case for MPAs current 

operations at Cone Bay). Furthermore, having a RAS reduces the risk of disease transfer to wild fish, 

as MPA are able to check the condition and health of their fingerlings daily within the tanks, and that the 

fingerlings are subsequently not exposed to any diseases or pathogens present in the wild which might 

result in a kill of the fish.  

Economic viability of the project 

There is a considerable requirement for capital expenditure for the Proposal, with $300 million (ex GST) 

expected to be required to construct the 12 leases. At least 30% of the costs for construction are 

expected to be captured within the local economy, contributing $57.6 million in Gross Regional Product 

(GRP) terms. Approximately 101 direct and 156 full-time equivalent positions in the region are 

estimated to be generated by the construction works (Lucid Economics 2019). During the 10-year 

staged Proposal, it is expected that annual revenue will increase from $3.9 million in the first year of the 

Proposal to $359.8 million after 10 years. By the completion of the 10-year staged construction and 

commissioning of the Proposal, it is estimated that $238 million will be contributed in GRP terms each 

year, with $160.5 million of this being direct and $77.5 million being indirect. Once fully operational, the 

Proposal is expected to employ ~450 FTE positions, with a significant number to be held in the region 

itself. There is considerable market demand for high-quality barramundi product both nationally and 

internationally, and as such both the short and long-term economic feasibility of the Proposal is only 

expected to increase.  

As the Proposal proceeds, social benefits to the local region in the form of direct and indirect 

employment and spending will increase. Not only will the Proposal diversity the local economy, it will 
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also support employment opportunities within the local communities, encouraging residents to stay and 

work within the region rather than leaving for greater opportunities elsewhere. Further benefits will be 

garnered from education and research programs which help encourage further investment in the region, 

both in the product that MPA grows but also technologies and services associated with MPAs 

aquaculture operations.  

1.5 Local and regional context  

1.5.1 Physical and ecological characteristics of the marine environment 

Marine ecology 

The marine environment along the northwest of Australia is a unique area characterised by a 

combination of extreme physical conditions and limited anthropogenic stressors (Halpern et al. 2008).  

Organisms growing in the Buccaneer Archipelago must deal with extreme physical conditions including 

large tidal ranges (up to 12 m), high water temperatures (35 to 40 °C in shallow intertidal habitats), and 

high turbidity during the wet season (Hovey et al. 2015; Pedersen et al. 2016).  The success of benthic 

primary producers throughout this region contribute to regional primary productivity and ecosystem 

services, which form the basis of the trophic structure that supports the highly diverse marine fauna.  

The diversity of seagrass meadows in the Kimberley region includes 12 tropical species evenly 

distributed between two families: Hydrochaitaceae and Cymodoceaceae (Kendrick et al, 2016).  More 

than 270 species of macroalgae have been recorded in the Kimberley, most of which are small, 

epiphytic red algae (Huisman and Sampey 2014).  Species of the genus Sargassum are particularly 

abundant in inshore areas and act as important habitat and food sources (Huisman and Sampey 2014). 

Conservation Areas 

Multiple areas of conservation significance have been defined in the Buccaneer Archipelago. Three 

proposed state marine parks have been formalised, though have not yet been legislatively enacted. 

These are the Bardi Jawi Marine Park, the Mayala Marine Park and the Maiyalam Marine Park, which 

encompass the Buccaneer Archipelago and the northern part of the Dampier Peninsula.  These parks 

include the entirety of the proposed leases and the two nursery sites at Ardyaloon and Arrow Pearling, 

however the leases and development envelopes of the nursery sites are within the proposed general 

use zone designation of the marine parks which allows for aquaculture activity. No World Heritage 

Areas, Ramsar wetlands or other state or federally legislated conservation areas are present in the 

vicinity of the Proposal. The closest Ramsar wetland is the Roebuck wetland, which is over 11km from 

the Broome nursery site. Figure 1.6 shows the relevant conservation areas in vicinity of the Proposal.  
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Figure 1.6 Areas of conservation significance in proximity to the proposed leases 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 47 4 May 2022 

 

Tides, currents and water conditions 

The Buccaneer Archipelago on the Australian North West Shelf is highly complex with thousands of 

islands subjected to an extreme 12 m macrotidal regime (Wilson 2013).  Currents around the islands 

are multidirectional and can exceed 1 m/s, producing unique ocean conditions including whirlpools and 

standing waves (Cresswell & Badcock 2000, Wilson 2013, Lowe et al. 2015).  Modelling results from 

this study, based off current data collected in field, indicated that current speeds varied between 20-50 

cm/s at the surface and 10-30 cm/s at the seabed throughout the Archipelago (Figure 1.7 and 

Figure 1.8). The annual mean circulation consisted of rotating eddies interacting with the semi-enclosed 

structures at the shorelines of Mary Island, Razor Island and Koolan Island as well as in the offshore 

area southwest of Cone Bay. In general, the currents in the lease areas are mostly influenced by the 

bathymetric features and eddies shedding-off the islands. Local currents are heavily influenced by tide, 

which override the broader scale, outer continental shelf currents (Condie & Andrewartha 2008).  The 

strong tidal influence means nearshore intertidal marine organisms that inhabit inshore locations can be 

exposed to direct sunlight for up to 3 hours at a time (Richards et al. 2015).  Furthermore, this region is 

periodically exposed to extreme environmental forces (e.g. cyclones) that don’t necessarily fit into the 

seasonal or annual patterns. 

 

Figure 1.7 Annual mean surface velocities showing circulation patterns around the proposed 

leases 
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Figure 1.8 Annual mean bottom velocities showing circulation patterns around the leases 

The Kimberley has distinct wet (November to March) and dry seasons (April to October).  The wet 

season is characterised by increased freshwater inputs into coastal marine environments, increasing 

sediment loads and decreasing light availability (Hovey et al. 2015).  Low light availability typically 

reduces the photosynthetic capacity of benthic primary producers, with subsequent effects on 

productivity and distribution, especially for groups such as seagrasses that typically have high light 

requirements. In nearshore regions of the Archipelago in proximity to riverine inputs high turbidity is 

common, particularly during the wet season. The water quality at the offshore islands on the other hand 

is significantly different, being far closer to oligotrophic conditions where background nutrient and algal 

concentrations are low. The significant movement of water due to tidal fluxes potentially helps replenish 

water quality in these areas, particularly in the deepwater channels which are common throughout the 

Archipelago which in some cases are almost fjord-like.  

Sediments 

The sediments of the Archipelago are not well studied, however for the most part what is known is that 

they are a mixture of silt and fine sands, primarily from the fluvial inputs of riverine systems. Coarse 

sediments such as gravel are not generally as common (this study). Other studies in Cone Bay indicate 

similar results, with soft sediments predominating throughout Cone Bay, particularly in areas close to 

where there is input from river systems.  

Fauna 

The Buccaneer Archipelago includes habitats for a variety of marine fauna of conservation significance. 

Several cetacean species, including humpback whales (Megaptera novaeangliae), dugongs (Dugong 

dugon), snubfin (Orcaella heinsohni) and humpback dolphins (Sousa sahulensis), either migrate 

through or live in the Archipelago year round, with humpback whale mother and calf pairings residing in 

Camden Sound between June-September. Six marine turtle species (green, olive ridley, flatback, 

hawksbill, loggerhead and leatherback) are also known to forage within the waters or lay their eggs on 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 49 4 May 2022 

 

the shoreline of the Buccaneer Archipelago and Dampier Peninsula (DAWE 2017). Other species of 

significance include estuarine crocodiles which inhabit the estuaries and coastal areas of the 

Archipelago, while several sawfish species are also known to be present in the region. For further 

details, see Section 7. 

1.5.2 Physical and ecological characteristics of the terrestrial environment 

Climate 

The Buccaneer Archipelago, part of the West Kimberley region, experiences a warm tropical monsoon 

climate with two distinct wet and dry seasons.  The wet season is characterised by high temperatures, 

significant rainfall and increased occurrence of cyclones, while the dry season reflects very stable 

weather conditions of clear skies and warm days.  The climate is described by comparing data from the 

last 30 years (1991 – 2020) from a weather station site at Cockatoo Island in the Buccaneer 

Archipelago (BoM 2021).  The average rainfall for the area is 959 mm per annum, with the majority 

falling in months during the wet season from January – March.  Atmospheric temperatures are highest 

during April and lowest in July.  The region experiences monthly mean maximum temperatures ranging 

from 28.7 °C in July to 33.4 °C in April.  Monthly mean minimum temperatures range from 22.1 °C in 

July to 27.6 °C in December.   

The wind regime in the Buccaneer Archipelago is driven by low-pressure systems along the monsoonal 

belt during the wet season, and stable conditions during the dry season (Wilson 2013).  During the 

warmer months from November to March, westerly rain-bearing winds dominate with speeds between 

30-45 km/h and there is a high probability of tropical cyclones occurring due to higher landmass 

temperatures causing low-pressure zones.  The dry season is dominated by light easterly trade winds 

and the low-pressure zones of the monsoonal belt disappear, resulting in calm and stable conditions.  

Wind stresses are lowest and unsteady in directionality during the transitional months between the wet 

and dry seasons (Wilson 2013). 

Geomorphology 

The natural geomorphology of the Buccaneer Archipelago is characterised by a distinctive coastline ria, 

a zone of submerged river systems, hills and ridges due to rising seas forming complex coastal features 

and isles (Brocx and Semeniuk 2011).  The islands vary in elevation and diversity of vegetation, from 

sparse spinifex to patches of low forest and fringing mangrove systems (DPIRD 2020).  Elevations vary 

from 20 m to 40 m with some island cliffs and headlands reaching 80 – 100 m, reflecting the 

continuation of high relief formations on the mainland. 

Three shoreline assemblages dominate the area (Brocx and Semeniuk 2011): 

• Headlands and islands or rias, most showing minor embayments with tidal flat or salt flat 

development 

• Beachrock and adjacent fringing reefs with some beach formation between headlands 

• Beachrock with limited tidal flat development and sand ridges. 

Geology 

The geology of the Buccaneer Archipelago is described as one of the most dramatic land-seascapes of 

the Australian coastline (Wilson 2013).  The area is dominated by rocky sandstone islands and adjacent 

coastline dating back to the pre-Cambrian age (2500 – 1800 million years ago) (Brocx and Semeniuk 

2011).  Coastal features also include volcanic rocks and ironstones of the King Leopold Orogen, which 

adjoin with the southern section of the Proterozoic Kimberley Basin where they form outcrops and 

peninsulas projecting seaward from the coast (Brocx and Semeniuk 2011).  The western end of the 

orogen proximate to the Buccaneer Archipelago is intensely folded by tectonic activity, giving rise to 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 50 4 May 2022 

 

complex features that characterise the area including the rocky ria coast with high relief, major gulfs 

and inlets and nearshore rocky islands (Wilson 2013).  

Hydrogeology 

The Buccaneer Archipelago is located at the intersection of the Canning and Kimberley basins via the 

King Leopold Orogen.  The Canning basin is the second largest sedimentary basin in Australia, 

comprising sandstone and basalt sediments up to 15 km thick with two major aquifers (Gov. of WA 

1978).  The Kimberley Basin is a shallow marine basin with total thickness around 2 km, perhaps the 

most unexplored and least understood given its remote and mostly offshore location.  The King Leopold 

Orogen is a belt of folded sedimentary and metamorphic rocks along the south-west margin of the 

Kimberley Basin (Brocx and Semeniuk 2011).   

The key aquifers in the area are the Wallal sandstone confined aquifer and the shallow Callawa 

formation (Gov. of WA 1978).  The rocks and sandstone sediments function as aquifers to a range of 

water bodies (Mathews et al. 2011).  Fractured sandstone overlying relatively less permeable 

weathered basalt results in seepage of freshwater along the basalt/sandstone interface and in the 

development of habitats for Kimberley rainforests (McKenzie et al. 1991).  Groundwater from both the 

Wallal and Callawa aquifers flows towards the coast and discharges into scree via seepage and into the 

ocean via surface or subsurface discharge onto tidal flats (Mathews et al. 2011).  Freshwater 

discharging also occurs from rivers, creeks, and rivulets, as waterfalls directly into the sea and are 

nationally significant features (Brocx and Semeniuk 2011).  Recharge occurs primarily through direct 

percolation from rainfall at a rate of around 3 – 6% (Gov. of WA 1978). 

Soils and topography 

The coastal geology of the Buccaneer Archipelago is defined by two distinct regions overlapping with 

the Canning and Kimberley basins.  The Kimberley basin is characterised by Proterozoic sandstone 

and basic intrusive rock, which comprises the numerous islands and outcrops in the Buccaneer 

Archipelago that rise steeply to elevations of 20 – 100 m (Brocx and Semeniuk 2011).  The coastal 

geology shifts at the intersection of the King Leopold Orogen into Mesozoic sandstone with diverse 

sedimentary structures associated with the coastal dunes and tidal flats of the Canning basin (Brocx 

and Semeniuk 2011).  The coastline surrounding Cone Bay is mostly rocky, with mangrove-fringed 

sections of rocky shoreline in some areas and only a small proportion of sand forming beaches of up to 

500 m maximum length (Short 2019).  The beaches are generally composed of coarse, carbonate-rich 

sand and each have distinct variations in sediment texture that is typical of the Kimberley coast (Short 

2011).  There are several streams that drain to the coast but major rivers are not present, and it is likely 

the combination of extreme tidal ranges with the lack of fluvial sedimentary deposition is the driving 

factor behind the lack of sand forming beaches in the region (Short 2011). 

Flora and vegetation 

The coastline of the Buccaneer Archipelago features extensive tropical mangrove systems that occupy 

most sheltered embayments and inlets, as well as lower energy sections of the rocky shore that 

dominates the region (Short 2011).  There are various species of mangroves present in habitat-specific 

assemblages, from rocky cliff shores to tidal creeks and flats with such topographic variations made 

evident by this variation in the occurrence of mangrove species (Cresswell and Semeniuk 2011).  The 

complexity of mangrove habitats that are evident along the Kimberley Coast and their relationship to the 

ria coastal environment surrounding the Buccaneer Archipelago make them a globally unique feature, 

as ria coasts are not common and most do not exhibit tropical mangrove communities (Cresswell and 

Semeniuk 2011). The area also exhibits a small proportion of beach ridges and dunes that offer habitat 

for coastal dune flora, including various coastal grasses, low shrubs and a dense shrub community of 

diverse plants growing on hind dunes (Short 2011).   
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Avifauna 

The Kimberley region of Western Australia exhibits numerous islands which support at least 179 

species of birds (Pearson, Cowan and Caton 2013).  The avifauna of the region show a closer affinity to 

the tropical areas of the Northern Territory and North Queensland than they do to the rest of Western 

Australia, with surprisingly little geographic differentiation of bird taxa between the distinct tropical 

locations (Johnstone and Storr 1998).  A 1957 survey of Cockatoo Island identified 40 species of birds 

on or around the island (Warham 1957).  There are no known seabird sites of importance on or around 

Koolan Island, which holds little intertidal or mangal habitats (Masini, Sim and Simpson 2009).  

However, an extensive earlier study found Koolan Island to have the highest diversity of avifauna 

among the Kimberley islands with 116 species recorded over 10 years (McKenzie et al. 1995).  An 

average of 56 bird species were observed at each of three other islands surveyed in the Buccaneer 

Archipelago; namely Lachlan, Long and Hidden Islands (Pearson, Cowan and Caton 2013).  These 

islands were observed to have a suite of species associated with drier woodlands or grasslands 

(Pearson, Cowan and Caton 2013).  A search of the EPBC Protected Matters Search tool lists the 

region as being a Biologically Important Area for the Roseate Tern, Red-footed Booby, Lesser 

Frigatebird and the Greater Frigatebird; further information on avifauna is provided in Section 7 and 14.  

No bird species or subspecies were found to be endemic or confined to the Kimberley Islands, and 

many of the documented species are migratory birds that arrive annually to utilise the extensive 

mudflats of the Kimberley region during the north Asian winter (Johnstone 1990).  The Kimberley 

Islands are known to be on a major flightway of migratory species including Palaearctic birds and 

Australian bird species moving between the mainland and the Lesser Sunda Islands during the summer 

months (Pearson, Cowan and Caton 2013).   

The avifauna of the Dampier Peninsula, in proximity to the proposed nursery sites, are slightly different 

than the particular species generally present on the nearby Islands. In particular, a great diversity of 

shorebird species associated with mangrove and shoreline habitats are present, with particular species 

of conservation significance including 29 migratory species and 4 critically endangered or vulnerable 

species in proximity to the development envelope of the proposed nursery sites (Stantec 2021).  

1.6 Socio-economic 

1.6.1 Buccaneer Archipelago 

The major population centres near to the Buccaneer Archipelago are Broome and Derby, with several 

smaller towns and communities present on the Dampier Peninsula to the west of the Archipelago. The 

major industries of the region are primarily mining or mineral resource related, with some contribution 

from pearling and commercial fishing, though these operations are generally small in scale. Tourism is 

increasing in the region, although it is largely based out of Broome, with day trips by boat or scenic 

flights being the most common way to access the marine environment. Some small scale eco-tourism 

or fishing lodges exist on the Dampier Peninsula.  

There are 15 different State-managed commercial fisheries operating within the North Coast Bioregion 

(Pilbara/Kimberley), 6 of which operate within or adjacent to the Buccaneer Archipelago (DPIRD 2017). 

A variety of finfish and invertebrate species are targeted by both commercial and recreational sectors 

within the North Coast Bioregion.  Targeted pelagic/offshore species caught with demersal line and net 

methods, trawling, diving and potting methods include: sharks, tropical snappers, cods, coral and 

coronation trout, trevally, tuskfish, tunas, mackerels and billfish. Nearshore-based methods such as 

seine-netting, near-shore gillnetting, hand-hauled nets, and shore-based line fishing are used to capture 

barramundi, tropical emperors, mangrove jack, trevallies, sooty grunter, threadfin, cods and catfish, and 

invertebrate species including blue swimmer crabs, mud crabs and squid (DPIRD 2017). The region is 

also used for both shore- and boat-based recreational fishing. The fisheries and target species relevant 

to the Proposal project area, and the likelihood of interaction with the Proposal, are summarised in 
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Table 1.4 and Table 1.5. Pearl aquaculture is also a major industry in the region, with pearl farms 

shown in Figure 1.9. 

Table 1.5 Western Australian fisheries relevant to the Proposal area 

Fishery Commercial or 

recreation use 

Target species Operation use, vessels/licences and 

closure periods 

North West Slope 

Trawl Fishery 

Commercial Scampi  

(Metanephrops 

australiensis) 

Located in deep water from the coast 

of the Prince Regent National Park to 

Exmouth between the 200 m depth 

contour to the outer limit of the 

Australian Fishing Zone.  There are 

~4 commercial vessels that operate 

within this fishery. Operates 12-month 

of the year (AFMA 2012, Chambers & 

Larcombe 2015). 

Western Skipjack 

Fishery 

Commercial Indian Ocean Skipjack 

Tuna  

(Katsuwonus pelamis) 

Located between the coastline to 200 

nm offshore from Western Australia. 

There are 14 Western Skipjack Tuna 

Fishery permits, however no 

Australian boats currently fish for 

skipjack tuna since 2009. Typically 

fished using purse seine fishing 

(Patterson & Mobsby, 2020). 

Western Tuna and 

Billfish Fishery 

Commercial Bigeye Tuna  

(Thunnus obesus), 

Yellowfin Tuna  

(Thunnus albacares), and 

Striped Marlin 

(Kajikia audax) 

Operates in Australia’s Exclusive 

Economic Zone and high seas of the 

Indian Ocean. Fishing efforts in this 

fishery is conducted through pelagic 

longline, with low levels of minor-line 

fishing. There are ~2 pelagic longline 

vessels, and ~2 minor-line vessels 

that operate within the fishery (AFMA 

2015, Williams et al, 2020). 

Aquaculture Pearl 

Oyster Fishery 

Commercial Pearl Oysters  

(Pinctada maxima) 

Pearl leases are located mainly along 

the Kimberley coast, particularly in the 

Buccaneer Archipelago, in Roebuck 

Bay and at the Montebello Islands 

(DPIRD 2017). Wild pearl oysters are 

also collected by divers in the 

nearshore areas of the Archipelago to 

be grown out at the pearl leases.  

 

Trochus Fishery Commercial / 

Native title 

holders 

Sea Snail 

(Trochus niloticus) 

A small fishery based on a single 

target species (trochus niloticus) and 

has no by-catch because they are 

harvested by hand. The annual 

harvest in the past decade has 

ranged between 2-15 tonnes. The 

fishery is managed under Ministerial 

exemption and arrangements include 

restricted areas of harvest, two 
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Fishery Commercial or 

recreation use 

Target species Operation use, vessels/licences and 

closure periods 

community-initiated closures within 

the Native Title areas, seasonal 

closures from June to October and 

size limits to protect breeding stock 

(DPIRD 2017). 

Kimberley Gillnet 

and Barramundi 

Managed Fishery 

Both Barramundi 

(Lates calcarifer) 

Threadfin Salmon 

(Polydactylus macrochir) 

Operates in nearshore and estuarine 

zones from the Northern Territory 

border to the top end of Eighty Mile 

Beach, south of Broome. Fishery is 

managed with seasonal area closures 

and gear restrictions. Recreational 

fishers take only a small amount of 

barramundi, estimated at between two 

and eight per cent of the overall 

barramundi catch in WA. Recreational 

fishing is managed through bag and 

size limits and gear restrictions 

(DPIRD 2017). 

Shore-based and 

Demersal Finfish 

Resources 

Recreational 100+ demersal/pelagic 

species inhabiting marine 

water between 1-250 m in 

the North Coast Bioregion 

Recreational shore-based fishing 

operates 12 months of the year 

throughout the North Coast Bioregion. 

However, owing to the high tidal 

range, much of the angling activity is 

boat-based, with beach fishing limited 

to periods of flood tides and high 

water. There are ~123,000 

recreational licence holders in WA. 

The numerous creek systems, 

mangroves, rivers, beaches, offshore 

islands and coral reef systems provide 

recreational fishing opportunities for 

numerous target species (DPIRD 

2017). 

 

Table 1.6 Distribution, key life strategies and habitat association of commercially and recreationally 

important species in the North Coast Bioregion 

Species Distribution/key life strategies Habitat 

associations 

Barramundi 

(Lates calcarifer) 

Found north from Exmouth Gulf though most abundant in the 

Kimberley region. Most common in rivers and creeks with large 

catchments with a slow continuous flow and water temperatures 

above 20°C. Shows a preference for submerged logs, rock ledges 

and other structures in the water. Lifecycle includes freshwater, 

estuarine and marine phases. Larvae typically reside in mangrove 

or tidal habitats, before migrating into rivers and freshwater 

billabongs as juvenile fish. When the fish become sexually mature 

Streams, rivers, 

lakes, billabongs, 

estuaries, and 

coastal waters 
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Species Distribution/key life strategies Habitat 

associations 

(at three to five years of age) they migrate back to the saltwater to 

spawn (DPIRD 2013). 

Bigeye Tuna  

(Thunnus 

obesus), 

A pelagic migratory species swimming continuously over large 

distances. Found to depths of 250 metres. Juveniles and sub-

adults usually school at or near the surface with other tuna 

species. Peak spawning periods in the southern hemisphere are 

between summer and autumn. Females may spawn every 2‑3 

days during the spawning season (AFMA 2021a). 

Pelagic 

Indian Ocean 

Skipjack Tuna  

(Katsuwonus 

pelamis) 

A pelagic migratory species which travels long distances and can 

be found to depths of 260 metres. Juveniles are generally found in 

shallower surface waters and move into deeper water as they 

mature. Spawning occurs throughout the year in tropical waters, 

with females able to spawn almost daily (AFMA 2021b). 

Pelagic 

Pearl Oysters  

(Pinctada 

maxima) 

Found in northern coastal waters as far south as Shark Bay, but is 

not commercially fished south of North West Cape. A sedentary 

bottom-dweller commonly found between 0-50 metres in areas 

where the seabed has crevices that allow the young animals to 

settle into a protected environment and a hard substratum for 

them to attach. The seabed is typically a flat basement rock with 

very little relief. Fine sediment accumulates on it to a depth of a 

few millimeters, obscuring the underlying rock surface (Fletcher et 

al, 2006). 

Sand and rocky 

substratum 

Scampi  

(Metanephrops 

australiensis) 

A benthic species that inhabits the continental shelf off Australia’s 

west coast, mainly off Port Hedland. They can usually be found on 

Globigerina ooze at depths of 420-500 metres. Scampi prefer a 

firm substrate, and build less extensive burrows, than other similar 

species. They may spend considerable periods of time outside 

their burrows. Timing of spawning is uncertain but is thought to 

occur annually (AFMA 2021c). 

Soft mud, clay, 

and sand 

Sea Snail 

(Trochus 

niloticus) 

Juveniles live in shallow areas on intertidal reef flats, while adults 

prefer atoll reefs along the reef crest or on reef slopes at depths of 

0 to 20 m. These gastropods feed on very small plants and 

filamentous algae grazed on coral and rocks. Breeding period 

occurs during spring tides with nocturnal spawning (Colquhoun 

2001). 

Intertidal reefs 

and atoll reefs 

Striped Marlin 

(Kajikia audax) 

A pelagic migratory species which travels long distances and can 

be found to depths of ~290 metres. Rarely seen in coastal waters, 

except where sharp drop-offs to deep water occur. Spawning 

occurs in summer with 4‑41 spawning events occurring over the 

spawning season (AFMA 2021d) 

Pelagic 

Threadfin Salmon 

(Polydactylus 

macrochir) 

Found from Exmouth in Western Australia through the tropics to 

the Brisbane River on the east coast of Australia. King threadfin 

occur in shallow, turbid waters such as coastal waters, estuaries, 

mangrove creeks, and mangrove-lined rivers, over sandbanks and 

mud substrates, similar to Barramundi (Shultz & Lee 2015)  

Rivers, estuaries, 

mangroves and 

coastal waters 
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Species Distribution/key life strategies Habitat 

associations 

Yellowfin Tuna  

(Thunnus 

albacares) 

A pelagic migratory species swimming continuously over large 

distances. Found to depths of 250 metres. Spawning occurs 

throughout the year in tropical waters. The peak spawning period 

in the southern hemisphere occurs in summer. In tropical waters 

females spawn almost daily. Spawning occurs almost entirely at 

night (AFMA 2021e). 

Pelagic 
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Figure 1.9 Aquaculture sites (KADZ) and pearling leases in proximity to the proposed leases 
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1.6.2 Heritage  

The entire West Kimberley, which includes the whole of the Buccaneer Archipelago as well as the 

nursery sites at Ardyaloon and Arrow Pearling Base has been listed as a place of National Heritage. 

This is because it contains several values for both human and natural heritage. Some details are 

provided below, with further information provided in Sections 11 and 14.  

Indigenous heritage 

The West Kimberley has been listed as it contains numerous values of importance for Aboriginal 

Traditional Owners in the region, including flora and fauna, sites of previous habitation, rock art and 

artefacts among others. Several Traditional Owner groups manage the land and sites present in the 

West Kimberley, including in the area of the Proposal.  

Landscapes and geology 

The ancient geology of the region serves to promote the West Kimberley as a unique landscape 

globally. The Oscar, Napier, Emmanuel and Pillara Ranges are the remains of a vast coral reef that 

existed nearly 400 million years ago, similar in scale to the Great Barrier Reef.  The Gogo fish fossils 

present in the area provide insight into the development of live birth and represent some of the earliest 

four limbed vertebrates.  Dinosaur footprints are also present on the west coast of Dampier Peninsula, 

along with fossilised human footprints which are significant for being one of only three documented 

human track sites in Australia and the only evidence of tracks on the west coast.  

Pearling  

Aboriginal people collected Pinctada maxima pearl shell for use in ceremonies and rituals. It is the most 

widely distributed item in Aboriginal Australia, having been traded across two-thirds of the continent. 

European pearling became well established in the region after the discovery of the world's largest pearl 

oyster shell in Roebuck Bay in 1861. 

1.6.3 Other Land Uses 

There are other land uses and tenure within the region which could interact with the Proposal, which 

are summarised in Section 2.   
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2 Legislative and Planning Context 

̶  

2.1 Purpose and scope 

MPA is referring the Proposal under Part IV, Section 38 of the Environmental Protection (EP) Act 1986 

and the Environment Protection and Biodiversity Act 1999 (EPBC Act). Under the EP Act, MPA must 

demonstrate that the Proposal meets the EPAs key environmental factors and objectives.  A 

pre-referral meeting with representatives of the Department of Primary Industries and Regional 

Development (DPIRD) and the Department of Water and Environmental Regulation (DWER) was held 

on 26 May 2020 and a follow-up meeting with DWER technical specialists on the 18 June 2020. The 

intent of the 18 June meeting was to agree on the type and extent of technical studies needed to 

support MPA’s referral.  The outcomes of the technical studies are expected to (a) inform the content of 

the referral and (b) provide evidence the Proposal is manageable under the EPA’s Environmental 

Quality Management Framework. This is the intent of this referral document.   

A series of pre-lodgement meetings have also been held with the Department of Agriculture, Water and 

the Environment (DAWE) to understand their primary assessment requirements.  

2.2 Proponent 

2.2.1 MPA proponent overview and relevant history 

MPA is a subsidiary of Barramundi Group, a multi-national Singapore-based barramundi aquaculture 

company operating farms in Singapore, Brunei as well as Cone Bay.  Barramundi Group purchased 

MPA in 2018. Barramundi Group seek to provide high-end barramundi products in an environmentally 

sustainable manner, with both their operations in Cone Bay and Singapore certified by Best 

Aquaculture Practices (BAP). Barramundi Group pursues sustainability through the following:  

• rigorous site selection to ensure sites have clean, oxygen-rich water as well as strong currents to 

help with dilution of material 

• wildlife protection through stringent internal protocols to ensure fauna are not impacted by farming 

infrastructure 

• predominantly plant-based feed formula 

• internal vaccination program to minimise disease 

• moving all infrastructure to be powered by alternate renewable power sources (e.g. solar). Since 

February 2019, the Singapore farm has operated on 100% solar.  

Regarding the Cone Bay sites, MPA began operating in the Kimberley in 1999 at the current Cone Bay 

sites. The Proponents details are provided in Table 2.1. 

Table 2.1 Proponent contact details 

Proponent Contact Details  

Company Marine Produce Australia  

ABN/CAN ABN: 70 091 805 480 

Address 1 Darkan Ave, North Coogee, Western Australia 6163, AU 

Key contact Kian Rex 

Telephone: (08) 9115 1851 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 59 4 May 2022 

 

Proponent Contact Details  

Email: kian.rex@barramundi.com 

2.2.2 Cone Bay operations 

MPA has operated barramundi production with sea-cage aquaculture in Cone Bay since 1999 under 

various iterations of Aquaculture Licence 1465, pursuant to Section 97 of the FRM Act. The production 

of barramundi was approved under Part IV of the EP Act in 2009 (Ministerial Statement [MS] 798), with 

an increased production of barramundi from 1000 tonnes per annum (tpa) to 2000 tpa approved in 2012 

under MS 885. The EPA recommended submission of a revised Environmental Monitoring and 

Management Plan (EMMP; Oceanica 2011) as a condition for environmental referral.  

The 2012 proposed Cone Bay barramundi production expansion under MS 885 coincided with a 

commitment made by the Western Australian Government to develop a sustainable marine aquaculture 

industry and establish marine aquaculture zones pursuant to Section 101A(2A) of the FRM Act.  As part 

of this commitment, a strategic proposal to develop finfish aquaculture within the KADZ was approved 

under MS 966. The KADZ covers an area of 2,00ha and allows for a maximum production of 20,00t.  

The existing MPA barramundi sea-cage aquaculture falls within the KADZ. MPA has since had phase II 

and III of the Cone Bay aquaculture operations accepted as Derived Proposals under the KADZ, as it 

conformed with its objectives and requirements. The Phase II Cone Bay aquaculture proposal was 

implemented in place of the Proposal subject to MS 885 and the Phase III expansion included an 

extended aquaculture lease with additional production capacity not to exceed 8010 tpa.   

Though the Cone Bay lease run by MPA will remain operating for a short period while the expansion 

occurs, the Cone Bay operations do not form part of this referral. This is because this Proposal does 

not fall within the KADZ, and as such requires a whole new assessment at both state and federal level 

considering it is not therefore a Derived Proposal. The intent of this document is to only refer to Cone 

Bay operations where valuable information with regards to the expansion may be included, not to 

assess those operations itself.   

2.3 Experience, capability and track record 

MPA has operated in Cone Bay since 2004 at its current lease. MPA is the first aquaculture operator in 

Australia to have sea-cage grow-out of barramundi, and has provided barramundi products to the 

Australian market since their inception. Over their time in Cone Bay, MPA have sought to follow the 

technological developments in sea-cage farming which has helped to improve their environmental 

footprint.  

Barramundi Group has operated since 2008 when the first farm site was established in Singapore. 

Since then, Barramundi Group have acquired both sites at Brunei and Cone Bay, as well as attracted 

expertise from a wide variety of industry sectors such as fish health (vaccinations), sustainable 

packaging, and genetics and husbandry practices for in-house processing. With this expertise 

Barramundi Group seeks to ensure their products are environmentally sustainable throughout the 

product life cycle (i.e. from the farms all the way to the when the products are consumed).  

Neither MPA nor Barramundi Group has not had any licence breaches, investigations or prosecutions in 

any country it operates made against them or their directors.  

2.4 Environmental impact assessment process 

The key environmental impact assessment legislative requirements of relevance to the Proposal 

comprise formal assessment under: 

mailto:kian.rex@barramundi
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• Part IV of EP Act; and  

• Section 87 of the EPBC Act (and accredited assessment). 

2.4.1 Western Australian Environmental impact assessment process 

The Environmental Protection Act 2020 (EP Act) is the primary legislative instrument for environmental 

assessment in Western Australia.  It specifies procedures for assessment and appeal processes, 

including responsibilities and functions of the Western Australian Minister for the Environment and the 

(EPA). Under Part IV of the EP Act, the EPA is responsible for providing advice to the Minister for 

significant proposals assessed under Part IV of the EP Act. 

This document has been prepared in accordance with the EPA’s instructions on how to prepare an 

Environmental Review Document (EPA 2021a) to support referral of the Proposal under the Section 38 

of the EP Act.   

In accordance with Section 3.1.3 of the Environmental Impact Assessment (Part IV Divisions 1 and 2) 

Administrative Procedures 2021, this document has been prepared to provide sufficient information for 

the EPA (and referral agencies) to assess the Proposal. 

Consultation with Decision-Making Authorities (DMAs) has substantially commenced to support the 

Proposal. 

2.4.2 Western Australian standards, guidelines and policies 

Assessment of the environmental impacts of the Proposal is based on various Western Australian 

Position Statements and Guidance Statements.  Standards, guidelines and policies related to specific 

environmental factors or individual aspects of the Proposal are identified in Section 2.5 and discussed 

in the individual sections relevant to the environmental factor being addressed.  

2.4.3 Australian Government environmental impact assessment process  

The EPBC Act is the Australian Government's key piece of environmental legislation. Detailed 

assessment is required under the EPBC Act for projects that are likely to have a significant impact on 

Matters of National Environmental Significance (MNES) defined under the EPBC Act, or in 

Commonwealth Waters.  

Potentially relevant MNES for the Proposal in State Waters are summarised below. Full details on 

MNES are provided in Section 14, with reference also in Sections 7, 8 and 11:   

• Listed threatened and/or migratory species–including protected marine fauna. 

• Listed threatened ecological communities 

• National Heritage Place – West Kimberley 

2.5 Other approvals and regulations 

Table 2.2 lists other key approvals required for various proposal activities that are identified at this time, 

including the relevant DMAs.  Other approvals or DMAs may be identified through the referral and 

assessment process. Works may not commence until any other downstream approvals are gained.  
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Table 2.2 Decision Making Authorities, legislation and approvals relevant to the Proposal 

Agency / Decision Making Authority  Legislation or agreement regulating the 

activity 

Approval required  Whether and how statutory decision 

making process can mitigate impacts 

on the environment? 

State 

Department of Water and 

Environmental Regulation (DWER) / 

Minister for Environment 

 

Environmental Protection Act 2020 

(Part IV)1 

 

[Environmental Protection Authority 

Services] 

EPA Approval (Ministerial Statement)  

 

 

 

Yes, the relevant EPA objectives 

identified in this document will be met 

Relevant proposal elements: 

• Sea-cage operations 

• Nursery construction 

• Nursery operations 

 

• Through the provision of a 
comprehensive Environmental 
Review Document (this document) 
and its subsequent review and 
assessment by the EPA 

Department of Water and 

Environmental Regulation / Chief 

Executive Officer of DWER 

Environmental Protection Act 2020 

(Part V) 

 

[Regulatory Services] 

Works approval (licence) 

 

Yes, the EPA objective for terrestrial 

flora will be met 

Relevant proposal elements: 

• Nursery construction (clearing of 
vegetation)  

• The construction of the nursery 
sites and potential impacts on the 
terrestrial environment are initially 
assessed as part of the 
Environmental Review Document; 
while a licence under Part V will 
only be granted if mitigation 
strategies are deemed sufficient. 

DWER Rights in Water and Irrigation Act 1914 Licence to take groundwater (5C) Yes, the EPA factor objective for 

groundwater will be met 
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Agency / Decision Making Authority  Legislation or agreement regulating the 

activity 

Approval required  Whether and how statutory decision 

making process can mitigate impacts 

on the environment? 

Relevant proposal elements: 

• Nursery construction 

• Nursery operations (extraction of 
groundwater from bores) 

• The licence to take groundwater will 
ensure that only the appropriate 
volume of groundwater is extracted 
both for construction and during 
operations  

Department of Mines, Industry 

Regulation and Safety 

Dangerous Goods Safety Act 2004 Dangerous goods licence No EPA factor objective is relevant in 

this case 

Relevant proposal elements: 

• Nursery construction 

• Nursery operations (storage of 
diesel fuel) 

• Sea-cage operations (storage of 
diesel fuel) 

• The proponent will need approval to 
keep dangerous goods on site in an 
appropriate and safe area 

Department of Biodiversity, 

Conservation and Attractions (DBCA) 

Biodiversity Conservation Act 2016 Stakeholder consultation Yes, the EPA factor objective for social 

surroundings and its requirements for 

stakeholder consultation will be met 
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Agency / Decision Making Authority  Legislation or agreement regulating the 

activity 

Approval required  Whether and how statutory decision 

making process can mitigate impacts 

on the environment? 

Relevant proposal elements:  

• Sea-cage operations 

• Nursery construction 

• Nursery operations 

• The proponent has completed 
thorough stakeholder consultation 
in the planning of the Proposal. 
Though the proposed Bardi Jawi, 
Maiyala and Mayalum Marine Parks 
either contain or are in close 
proximity to the proposed leases, 
these parks will be administered by 
DBCA and traditional owner JMBs; 
who will specify management of 
ecological, cultural, social and 
economic values of the marine 
park. 

Department of Transport Navigable Waters Regulations 1958 

Approval including a Notice to 

Mariners (temporary and permanent 

allowances) 

Yes the EPA factor objective for social 

surroundings will be met  

Relevant proposal elements: 

• Sea-cage operations (installation of 
objects within navigable waters) 

• The application for installation of 
objects in navigable waters will 
ensure all relevant parties, including 
the public, are aware of the location 
of the sea-cages and will avoid 
interacting with them. 

Department of Primary Industries and 

Regional Development (DPIRD) 

Aquatic Resources Management Act 

2016  

 

Approval from DPIRDs biosecurity 

group 

Yes, the EPA factor for marine fauna 

will be met 
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Agency / Decision Making Authority  Legislation or agreement regulating the 

activity 

Approval required  Whether and how statutory decision 

making process can mitigate impacts 

on the environment? 

Fish Resources Management Act 1994 

Relevant proposal elements: 

• Sea-cage operations (potential for 
construction and operational 
vessels to result in introduced 
marine species [IMS], risk of stock 
with pathogens, different genetic 
traits escaping into the wild) 

• DPIRDs biosecurity group will 
require testing of the vessels used 
in construction and operations to 
reduce the risk of IMS introduction 

• DPIRDs biosecurity group will 
require testing of all fish stock 
before they are transferred to the 
sea-cages as detailed in DPIRDs 
translocation policy 

Department of Planning, Lands and 

Heritage 
Land Administration Act 1997 

Section 91 licence or easement 

No environmental impacts relevant to 

this process.  
Relevant proposal elements 

• Nursery construction 

• Sea-cage operations 

Department of Local Government, 

Sport and Cultural Industries 

Local Government Act 1995  

 

Building Act 2011 

Building Licences 

No environmental impacts relevant to 

this process 
Relevant proposal elements 

• Nursery construction (construction 
and operation of nursery buildings 
including accommodation) 

Commonwealth 

Department of Agriculture, Water and 

the Environment 

Environmental Protection and 

Biodiversity Conservation Act 19991 

DAWE approved action as under 

Section 87 of the EPBC Act of a 

controlled action requiring the 

protection of Matters of National 

Environmental Significance (MNES) 

Yes, the EPBC factors for MNES will 

be met  
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Agency / Decision Making Authority  Legislation or agreement regulating the 

activity 

Approval required  Whether and how statutory decision 

making process can mitigate impacts 

on the environment? 

Relevant proposal elements 

• Sea-cage operations (potential 
interaction with threatened marine 
fauna) 

• Nursery construction (interaction 
with cultural heritage in a National 
Heritage Place)  

• Nursery operations (interaction with 
cultural heritage in a National 
Heritage Place) 

• The potential impacts of sea-cage 
operations on threatened marine 
fauna will be mitigated through the 
strategies outlined in this 
Environmental Review Document 
prepared for approval under Part IV 
of the EP Act 2020 

• The potential impacts of nursery 
construction and operations will be 
mitigated through the strategies 
outlined in this Environmental 
Review Document prepared for 
approval under Part IV of the EP 
Act 2020 

Department of Agriculture and Water 

Resources 
Biosecurity Act 2016 

No approval required, just 

consideration under the EP Act 2020 

and EPBC Act 1999 

Yes, the EPA objectives relevant in 

this case will be met 

Relevant proposal elements:  

• Sea-cage operations (introduction 
of IMS from vessels) 

• Nursery construction (introduction 
of pests, non-indigenous species 
from materials or equipment used in 
construction) 

• Nursery operations (introduction of 
pests, non-indigenous species from 
materials or equipment used during 
operations) 

• Appropriate environmental 
management plans will mitigate the 
risk of the introduction of biosecurity 
hazards 
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Agency / Decision Making Authority  Legislation or agreement regulating the 

activity 

Approval required  Whether and how statutory decision 

making process can mitigate impacts 

on the environment? 

Department of Infrastructure, 

Transport, Regional Development and 

Communications 

Protection of the Sea (Prevention of 

Pollution from Ships) Act 1983 

No approval required, just 

consideration under the EP Act 2020 

and EPBC Act 1999 (international 

convention aimed at the prevention of 

pollution from ships caused by 

operational or accidental cause) 

Yes the EPA factor objectives relevant 

in this case will be met 

Relevant proposal elements: 

• Sea-cage operations (pollution from 
operational vessels including 
barges) 

• Appropriate Environmental 
Management Plans will mitigate the 
risk of pollution from vessels 

Notes: 

1. Primary environmental impact assessment and approvals 
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2.5.2 Tenure 

Tenure for each element of the Proposal is summarised in Table 2.3 and Figure 2.1, Figure 2.2 and 

Figure 2.3, while existing leases (i.e. mining exploration or aquaculture leases) in the area surrounding 

the Proposal is detailed in Table 2.4. MPA is currently negotiating with DBCA, the Kimberley Ports 

Authority and DPIRD to negotiate sea leases and the nursery sites at Ardyaloon and Arrow Pearling 

Base.   

A number of native title determinations have also been made over the proposal elements, as illustrated 

in Figure 2.2 and Figure 2.3.  

Table 2.3 Tenure for each element of the Proposal 

Proposal element Holder Purpose Tenure requirements 

Ardyaloon Nursery Department of 

Planning, Land 

and Heritage  

Aboriginal 

Settlements 

(DPLH-015) – 

Open Space and 

Marine Park 

Currently the site is owned by DPLH 

and is sited as an Aboriginal 

Settlement.  

 

MPA will enter into an ILUA / MOU 

to receive appropriate agreements 

to occupy the nursery 

Arrow Pearling Base 

Nursery 

Shire of Broome Cultural and natural 

resource use 

(DPLH-071)  

Currently tenure for the site is 

owned by the Shire of Broome. 

Tenure or a lease agreement will 

need to be received from the Shire.  

Broome Tropical 

Aquaculture Park Nursery 

Shire of Broome 

/ Broome Port 

Port (DPLH-071) – 

Zone number 987 

Currently land use for the BTAP site 

is managed by DPIRD under lease 

arrangements from the Port of 

Broome. MPA have signed a lease 

with DPIRD for the BTAP site.  

Razor Island, Mary Island, 

Edeline Island South, 

Edeline Island North, 

Cecelia Island, Bayliss 

Islands, Dorothy Island 

leases 

Crown Land 

 

State waters and 

marine park.  

 

 

Lease arrangements currently sit 

under Crown Land. 

 

 

Conilurus Islands, Crocodile 

Creek leases 

Crown Land / 

Kimberley Ports 

Authority 

 

State waters and 

marine park 

 

 

Responsibility for leases currently 

sits under Crown Land, with 

management of some parts of the 

leases by the Kimberley Ports 

Authority 
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Proposal element Holder Purpose Tenure requirements 

Koolan Island lease area Crown Land / 

Kimberley Ports 

Authority 

State waters Tenure for these leases currently 

sits under Crown Land, with 

management of the waters by the 

Kimberley Ports Authority 

 

 

Table 2.4 Other land-uses / leases or licences in the area surrounding the Proposal 

Land-use / Tenure type Holder Description / extent 

Exploration Licence / 

Mining Lease 

Koolan Island Iron 

Ore Pty Ltd 

Exploration licence for area surrounding Koolan Island 

 

Mining Lease for Koolan Island 

Exploration Licence Atom Minerals Pty 

Ltd. 

Exploration licence for marine area north-west of Koolan 

Island  

Exploration Licence Auscan Exploration 

Pty Ltd 

Exploration lease for terrestrial and nearshore areas of 

Buccaneer Archipelago 

Exploration Licence Silver Gull Iron Ore 

Pty Ltd 

Exploration licence in marine waters surrounding 

Cockatoo Island 

Exploration Licence Pluton Resources 

Limited 

Exploration licence in marine waters south of Cockatoo 

Island 

Exploration Licence Cockatoo Island 

Mining Pty Ltd 

Exploration licence on Cockatoo Island 

Mining Lease Cockatoo Island 

Mining Pty Ltd 

Mining lease for Irvine Island 

Exploration Licence Pluton Mining Pty Ltd Exploration Licence for area west of Irvine Island 

Exploration Licence Regal Mining Pty Ltd Exploration Licence for area north of Irvine Island 

Exploration Licence William Robert 

Richmond 

Exploration licence south-east end of Cone Bay 

Exploration Licence Buxton Resources 

Ltd 

Exploration south-east end of Cone Bay and area 

surrounding Derby 

Aquaculture Leases Various Pearl farming leases throughout the Archipelago in 

proximity to the proposed leases. See Figure 1.9 

Aquaculture Lease Cygnet Bay Pearl 

Farm 

Aquaculture lease near Ardyaloon (One Arm Point) for 

pearl farming 
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Land-use / Tenure type Holder Description / extent 

Aquaculture Lease  Arrow Pearling Base Aquaculture lease near Beagle Bay for pearl farming 

Notes: 

1. Tenure for mining and exploration leases sourced from the Government of Western Australia Department of Mines, Industry, 

Regulation and Safety. 
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Figure 2.1 Relevant leases or licences in the vicinity of the proposed leases 
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Figure 2.2 Native title determination in the vicinity of the proposed leases 
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Figure 2.3 Tenements and port waters in the vicinity of the proposed leases 
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Figure 2.4 Native title determinations in the vicinity of the proposed nursery sites 
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3 Stakeholder Engagement 

̶  

The key objectives of stakeholder engagement have been to ensure that the final proposed project 

successfully integrates Traditional Owner, community and government considerations and ensure that 

stakeholders are informed about the project. MPA has facilitated stakeholder consultation through its 

established networks across the West Kimberley region from its existing Cone Bay operations. MPA 

has also looked to expand its stakeholder consultation through a broadened stakeholder analysis 

process as its footprint will expand across multiple Native Title boundaries and near established 

Aboriginal communities.  

MPA has been a participant in the design and development of marine parks creation in the Buccaneer 

Archipelago (comprised of the proposed Mayala Marine Park, Bardi Jawi Marine Park and Maiyalam 

Marine Parks). The plan includes recognition that aquaculture projects will be permitted within the 

General Use zone areas of the Marine Parks. The formulation of the marine parks has included 

extensive consultation managed by the Department of Biodiversity, Conservation and Attractions 

(DBCA) including co-design workshops with Traditional Owners and targeted consultation with different 

community and industry groups.  The plans have also incorporated extensive broader public 

consultation processes which note the anticipated expansion of aquaculture operations within the 

marine parks given the exceptional conditions for aquaculture operations. MPA has been an active 

participant in the Marine Park development and consultation processes, making presentations and 

providing updates on multiple occasions to the broader stakeholder group coordinated by DBCA. 

MPA has adopted key principles of stakeholder consultation using the industry-recognised best practice 

standard IAPP2 Public Participation Spectrum (refer to Figure 3.1), focused on open, honest and 

transparent communication during the development of the proposal and subsequently into its 

development. These key principles are: 

• Communication – Communication must be open, accessible, clearly defined, two-way and 

appropriate.  

• Transparency – The process and outcomes of community and stakeholder engagement should, 

wherever possible, be made open and transparent, agreed upon and documented.  

• Collaboration – A co-operative and collaborative approach to seek mutually beneficial outcomes is 

considered key to effective engagement.  

• Inclusiveness – Inclusiveness involves identifying and involving communities and stakeholders 

early and throughout the process, in an appropriate manner.  

• Integrity – Community and stakeholder engagement should establish and foster mutual trust and 

respect. 
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Source: IAPP2 Public Participation Spectrum 

Figure 3.1 Engagement Spectrum 

3.2 Key stakeholders 

Key stakeholders identified in relation to the Proposal by MPA are summarised in Table 3.1.  All these 

stakeholders have been engaged by MPA throughout the Proposal planning phase to ensure any key 

stakeholder concerns have been addressed in a manner approved by all parties.  

Table 3.1 Key stakeholders identified and engaged with by MPA, following the IAPP2 public 

participation spectrum 

Stakeholder Stakeholder Type Level of engagement 

DWER State Government Consult 

DPIRD State Government Involve 

DBCA State Government Involve 

DPLH State Government Consult 

DAWE Commonwealth Government Consult 

Kimberley Ports Authority State Government Consult 

Kimberley Development 

Commission 

State Government Consult 

Shire of Derby-West Kimberley Local Government Consult 

Shire of Broome Local Government Consult 
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Stakeholder Stakeholder Type Level of engagement 

Kimberley Development 

Commission 

Regional Development 

Corporation 

Consult 

Bardi Jawi Niimidiman Aboriginal 

Corporation 

Registered Native Title Body 

Corporate 

Consult 

Dambimangari 

(Dambeemangarddee) Aboriginal 

Corporation 

Registered Native Title Body 

Corporate 

Consult 

Mayala NBC Registered Native Title Body 

Corporate 

Consult 

Nyul Nyul PBC Aboriginal 

Corporation 

Registered Native Title Body 

Corporate 

Consult 

Nyamba Buru Yawuru LTD Registered Native Title Body 

Corporate 

Consult 

Ardyaloon Aboriginal Community Aboriginal Community 

Organisation 

Consult 

Djarindjin Aboriginal Community Aboriginal Community 

Organisation 

Consult  

Kimberley Land Council Aboriginal Representative 

Organisation 

Consult 

Environs Kimberley Environmental Advocacy Group Inform 

PEW Charitable Trust Environmental Advocacy Group Inform 

Conservation Countil of WA Environmental Advocacy Group Inform 

Cygnet Bay Pearls Private Business Inform 

Arrow Pearling Base Private Business Consult 

Mary Island Fishing Club Community Group Inform 

Broome Chamber of Commerce 

and Industry 

Industry Group Inform 

Derby Chamber of Commerce 

and Industry 

Industry Group Inform 

 

3.3 Stakeholder engagement process 

The general strategy for engagement with the three key stakeholder categories is summarised below:  

• Marine Park Consultation Groups: active participation in providing information and input into the 

design and development of the Buccaneer Marine Parks including open presentations and Q&A 

sessions with the broader stakeholder reference groups established by DBCA 

• Government agencies: discuss requirements and approvals as indicated by government agencies, 

following relevant legislation (EP Act 2020 for State, EPBC Act for Commonwealth).  

• Native Title Groups: consult throughout development and commissioning phase of the project  
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 involve Traditional Owners in the project 

 discuss and explore employment opportunities 

 share environmental impact findings 

 understand heritage values and potential impacts to them  

 adjust zoning of development envelope if key values intersect 

 keep native title groups updated with project progress. 

• Community and Industry groups: Share project plans and progress and be available to listen to any 

questions or concerns. 

The step-by-step process MPA followed in engaging with stakeholders involved the following actions:  

• Initial video presentation of project overview to key groups; 

• Delivery of brochure of project overview for stakeholders reference; 

• Face-to-face or online stakeholder meetings; 

 Pre-referral meetings with DWER (26 May 2020, 22 March 2022); 

 Pre-referral meetings with DAWE (10 August 2020, 23 March 2022);  

 Attending Aboriginal Prescribed Body Corporate board meetings; and 

 Meetings with TOs, DBCA and DPIRD regarding the proposed marine parks in the Buccaneer 

Archipelago 

• Written communication and distribution of project updates; 

• Telephone discussions; and 

• Organising tours of the project area 

The project location expands across multiple different Native Title Determination boundaries. The 

representative bodies have been identified in Table 3.1. Engagement with representative bodies has 

been a particular focus for consultation throughout the lifetime of the proposal so far, considering the 

proximity of areas of cultural significance to some aspects of the proposal and the potential employment 

benefits to members of local Aboriginal communities.  

However, the impact of COVID has influenced the strategy for engagement as the project has 

developed, impacting on MPA’s ability to directly engage with Traditional Owners in particular. MPA 

adapted to these challenges by developing digital content and attending meetings digitally where this 

could be accommodated. MPA continues to pursue this form of engagement where stakeholder groups 

continue to manage the risk of COVID exposure.  

3.4 Stakeholder consultation outcomes 

The table below summarises engagement undertaken and the key outcomes through the consultation. 

A major outcome of the consultation process with the refinement of the proposed lease locations in 

response to the cultural associations and value particular locations have to the Traditional Owners. A 

number of leases were moved or relocated entirely to avoid these areas, with the revised locations 

being generally supported by Traditional Owners through revised consultation. Other key themes which 

emerged through the consultation include:  

• Ensuring ongoing communication as the project progresses through the approvals process 

• Emphasising engagement and consultation with Traditional Owners 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 78 4 May 2022 

 

Developing opportunities to maximise local employment and business procurement opportunities 
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Table 3.2 Stakeholder consultation outcomes 

Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

DWER 26-05-2020 

22-03-2022 

Pre-referral 

meetings 

General project 

summary 

The initial meeting 

identified the technical 

studies likely required to 

support MPAs application 

for the original Proposal.  

The follow-up meeting 

described the results of 

these technical studies 

DWER recommended several technical studies 

to be completed to support the proposals 

application. These included a modelling study, 

benthic habitat mapping study, and assessment 

of interactions with marine fauna.  

 

DWER recommended some changes to the 

delivery / analysis conducted in the technical 

studies prior to final submission. These have 

been followed within this document 

DPIRD 2020-present 

(ongoing 

consultation) 

Ministerial 

meetings 

Site visits 

Meetings 

Email 

General discussion of 

the proposal and its 

feasibility  

 

MPA have engaged with 

DPIRD throughout the 

lifetime of the Proposal to 

discuss the Proposals 

feasibility, its major 

components as well as 

any assistance which 

DPIRD could provide 

The state government recognises the 

significance of the Proposal and DPIRD is 

appreciative of the continued approach 

 

DPIRD provided a series of actions with regards 

to the Proposal and will continue working with 

MPA to review developments and management 

of identified actions. These actions will include: 

• Continue current commercial relationship 
with MPA and map out future role; 

• Provide general advice on nursery water 
management issues; 

• Continue to monitor efforts by commercial 
and TO groups to resolve land access and 
lease agreements; 

• Undertake a review of water supply for 
nursery requirements to meet nurseries 
needs 
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Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

• Assist with production analysis and supply 
chain factors 

DAWE 10-08-2020 

23-03-2022 

Pre-referral 

meetings 

General project 

summary 

The initial meeting 

identified the technical 

studies likely required to 

support MPAs application 

for the original Proposal.  

The follow-up meeting 

described the results of 

these technical studies 

Similarly to DWER, DAWE recommended a 

number of technical studies/aspects which must 

be covered off within the technical studies. 

These included Matters of National 

Environmental Significance such as the West 

Kimberley National Heritage Place among 

others. The technical studies recommended 

were similar/same as those recommended by 

DWER. 

DBCA 2020-2022 

(ongoing 

consultation) 

Marine park 

design 

workshops 

Meetings 

Proposal intersection 

with the proposed 

marine parks in the 

Buccaneer Archipelago 

Consultation centred on 

the draft zoning for the 

marine parks and 

aquaculture and fishing 

industry use within the 

marine parks 

There were two leases, Irvine Island and 

Bathurst Island, that were located in special 

purpose zones for cultural protection in the 

proposed marine park. 

During the second round of consultation with the 

DBCA and traditional owners, MPA were 

advised that the special purpose zone for 

cultural protection in Strickland Bay expanded to 

Edeline Island, in proximity to or covering the 

proposed Edeline Island North and East leases. 

The locations of the respective leases have 

been reassessed, with the removal of Irvine 

Island, Bathurst Island and Edeline Island East. 

These sites were replaced with three new sites, 

Bayliss Island Extra, Conilurus Island Extra and 

Crocodile Creek Extra and the slight 

re-arrangement of Edeline Island North to not 

impinge on the special purpose zone in 

Strickland Bay. 
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Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

Kimberley Ports 

Authority 

2020-2022 

(ongoing 

consultation) 

Meetings Discussion of leases 

and their intersection 

with Port boundaries 

(current and proposed) 

Some of the proposed 

leases intersected with 

the Kimberley Port 

Authority waters in Yampi 

Sound 

Confirmation leases are acceptable and 

appropriate tenure can be granted for the 

proposed leases partially located in the 

proposed Port boundaries.  

Kimberley Development 

Commission 

2020-2022 Email Project Briefing and 

Project Update 

Noted Requested to be informed on project progress. 

Shire of Derby-West 

Kimberley 

2020-2022 

(ongoing 

consultation) 

Meetings General project 

summary 

Community consultation, 

linkages with other 

significant projects in the 

region 

General support from the Shire, who 

encouraged ongoing communication which can 

facilitate broader community consultation as the 

primary source of information for much of the 

community 

Encouraged engagement and participation with 

Traditional Owners 

Noted the importance of other significant 

projects in the Archipelago such as the 

Cockatoo Island Multi-user Supply Base 

Shire of Broome 2020-2022 

(ongoing 

consultation) 

Meetings General project 

summary 

Employment and housing 

challenges present in 

Broome currently which 

may be exacerbated by 

the Proposal 

General support from the Shire, who like the 

Shire of Derby-West Kimberley encouraged 

continued communications to aid in community 

consultation.  

Noted that the Proposal may result in 

cumulative increase on employment and 

housing demand challenges currently being 

experienced in Broome. 

Bardi Jawi Niimidiman 

Aboriginal Corporation 

2020-2022 Marine park 

design 

workshops 

General project 

summary,  particularly 

focused on proposed 

The siting of the 

Ardyaloon nursery and the 

The Corporation noted that MPA would need to 

approach the council to present the final nursery 
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Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

Board 

meetings 

Ardyaloon nursery via 

marine park design 

workshops and board 

meetings 

potential interactions with 

the local community 

siting plan for the Ardyaloon nursery once 

complete.  

Discussed the potential for employment and 

training opportunities where Traditional Owners 

are able to work and live on country 

Dambimangari 

(Dambeemangarddee) 

Aboriginal Corporation 

19-10-2021 

 

 

Marine park 

design 

workshops 

Board 

meetings 

Email 

Consultation and 

information sharing for 

13 ocean-based 

aquaculture lease and 

license sites (5 sites 

are located in 

Dambimangari non-

exclusive native title).  

The siting of the proposed 

lease sites and any 

interactions with 

Traditional Owner 

activities 

 

The Corporation noted the final preferred 

changes to the siting of the proposed leases 

and had no objections. 

Sought clarification on freedom of navigation 

within the leases, where MPA advised that 

access to any areas within the proposed leases 

will not be hindered.  

Noted that the Corporation is seeking to 

increase the number of permanent and visiting 

destinations on Country including Yalloon, 

Silvergull Creek, Coppermine Creek and Koolan 

Island. Opportunities for employment in the 

expanded operations and enhanced 

cooperation between MPA and the Corporation 

could enable more people to more regularly 

return to or permanently reside on Country.  

Ongoing engagement in the Proposal and 

continuous consultation through the approvals 

process was encouraged, including on cultural 

associations, employment and economic 

opportunities.  

In support of the project and request that  MPA 

maintain transparent communications and 

provide timely updates of new developments. 
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Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

Mayala PBC 12-05-2021 

19-08-2021 

Ongoing 

consultation 

in 2022 

 

Marine park 

design 

workshops 

Board 

meetings 

Email 

Consultation and 

information sharing for 

13 ocean-based 

aquaculture lease and 

license sites. (8 sites 

fall within Mayala Sea 

Country).   

During the first 

consultation it was not 

clear to the Mayala PBC 

what the size and layout 

of the leases would be. 

Mayala PBC sought 

further information on the 

size and layout of the 

leases 

 

The information, such as an example farm 

layout and size including rough cage designs to 

give an idea of what it would look like when a 

lease area is in production has been shared. 

The Corporation noted the final preferred 

changes to the proposed leases with no 

objections raised. 

The Corporation noted the importance of 

maintaining communication on the referral and 

approvals process including notification on 

public consultation period. 

Encouraged MPA to seek opportunities to 

progress social, economic and employment 

outcomes.  

Nyul Nyul PBC 2020 Board meeting General project 

summary 

The corporation 

emphasised the 

importance of the 

barramundi to Culture and 

the proper respect 

towards the barramundi 

and its significance in 

terms of cultural 

recognition should be 

incorporated into the 

project.  

MPA is considering how cultural awareness and 

education can be integrated into its operations 

and product development. 

Ardyaloon Aboriginal 

Community 

2020-2022 Meetings 

Emails 

General project 

summary 

Siting and arrangements 

surrounding the Ardyaloon 

nursery 

The Ardyaloon Council and Community are 

supportive of the proposal to construct a nursery 

facility in the community and wish to progress 

with construction. Noted the potential to 

establish a lease on land located within the 
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Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

Lease negotiations for 

the nursery at 

Ardyaloon 

communities aquaculture zone already present. 

Lease discussions will continue to progress as 

the project moves through the approvals 

process.  

Djarindjin Aboriginal 

Community 

2022 Meeting 

Email 

General project 

summary 

Employment opportunities The Djarindjin Community noted they are 

supportive of the Proposal and encourage 

further engagement on employment and 

business opportunities 

Environs Kimberley 2022 Phone 

conversations 

Email 

General project 

summary, with a 

particular focus on 

environmental 

outcomes 

Results of the 

environmental technical 

studies 

Noted the results of the technical studies, and 

that these will be considered through the EPA 

referral process.  

Requested that ongoing 

communication/consultation occur and that 

transparency is given regarding the Proposal 

Encouraged consultation with Traditional 

Owners 

PEW Charitable Trust 2022 Phone 

conversations 

Email 

General project 

summary, with a 

particular focus on 

environmental 

outcomes 

Results of the 

environmental technical 

studies 

Noted that the results of the technical studies 

will be considered through the formal referral 

process.  

Encouraged engagement with Traditional 

Owners 

Conservation Council of 

WA 

2022 Phone 

conversations 

Email 

General project 

summary, with a 

particular focus on 

environmental 

outcomes 

Results of the 

environmental technical 

studies 

Noted that the results of the technical studies 

will be considered through the formal referral 

process.  

Encouraged engagement with Traditional 

Owners 

Cygnet Bay Pearls 2020-2022 Meetings General project 

summary 

Noted Generally supportive of the Proposal 
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Stakeholder group Date Type of 

consultation 

Topic Key concern / issue Outcomes 

Email 

Phone 

conversations 

Kimberley Land Council 2022 Meetings 

Phone 

conversations 

General project 

summary 

Engagement regarding 

Native Title 

Representative support 

Effective engagement with 

Traditional Owners 

Encourage ongoing engagement and 

transparency with Traditional Owners and 

opportunities to strengthen relationships and 

partnerships.  

Arrow Pearling Base 2020-2022 Meetings 

Email 

Phone 

conversations 

General project 

summary, siting of the 

proposed nursery 

adjacent to the Arrow 

Pearling Base 

Siting of the nursery 

adjacent to the Arrow 

Pearling Base 

Supportive of the Proposal.  

A lease agreement for the proposed nursery 

has been executed.  

Mary Island Fishing Club 2020-2022 Informal 

meetings 

Phone 

conversation 

General project 

summary 

Siting of the leases Encouraged ongoing engagement with the Club 

and requested a meeting with the Club 

committee. This meeting is expected to occur in 

May 2022.  

Broome Chamber of 

Commerce and Industry 

2022 Phone 

conversation 

Emails 

General project 

summary 

Nil Supportive of the Proposal. 

Encouraged ongoing engagement with the 

business community regarding procurement 

opportunities 

Derby Chamber of 

Commerce and Industry 

2022 Phone 

conversation 

Emails 

General project 

summary 

Nil Supportive of the Proposal.  

Encouraged ongoing engagement with the 

business community regarding procurement 

opportunities 
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3.5 Ongoing consultation 

MPA is committed to ongoing consultation with relevant stakeholders including Traditional Owners, 

DBCA, other government agencies, local communities, interested parties and organisations throughout 

the progression and implementation of the Proposal. MPA has developed a plan for ongoing 

engagement and communication moving forward (Table 3.3). In summary the following ongoing 

consultation will be undertaken during the approvals and operations: 

• Regular updates and briefings to relevant Native Title Groups 

• Continue to liaise with relevant state and local government authorities 

• Notify key stakeholders of any public consultation associated with the Proposal approvals, 

commencement, and completion of operations 

Table 3.3 Summary of ongoing consultation to be undertaken throughout the lifetime of the 

Proposal 

Stakeholder Group Objective Method Timeframe  

Traditional Owners To ensure on-going 

consultation with Native 

Title groups are in place 

in accordance with 

legislative requirements 

All concerns are 

identified and addressed 

during the environmental 

approvals process 

Meetings 

Briefings 

Notifications of any 

public consultation 

associated with 

the Proposal 

Monthly update – progress on 

environmental approval process 

Notification within one week of 

the lodgement date with the 

EPA/DAWE 

Project preparation, operations 

and completion notifications 

under relevant legislative 

requirements 

State and Local 

Government Agencies 

To ensure consistent 

periodic communication 

with State and Local 

Government.  

Meetings,  

Briefings  

Notifications  

Periodic update - progress on 

environmental approval 

process.  

Notification of commencement 

(start date) of the Project 

activities - two weeks prior to 

the first mobilisation to the site.  

Notification within two weeks of 

the demobilisation from site. 

Periodic update - results and 

plan forward.  

Community and Industry 

Groups, Aboriginal 

Communities, 

Environmental Advocacy 

Organisations and 

Private Businesses 

To ensure the local 

community is informed 

on the project activities.  

 

Meetings 

Presentations 

Notifications 

Periodic update - progress on 

environmental approval process 

is reported on the Proponent’s 

website to ensure transparency 

for all stakeholders including 

regional communities. 
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4 Environmental Factors and Principles 

̶  

4.1 Identification of key factors and their significance  

The EPA lists a number of environmental factors which need to be considered in the EIA process (EPA 

2021c).  The key factors relevant to this Proposal are considered in Table 4.1, with those listed as a key 

environmental factor if it has been determined that the Proposal will potentially have a significant impact 

on that factor, either directly or indirectly as part of its development or operation. Consideration of 

significance is given as per section 6 in EPA (2021c).  

Table 4.1 Key environmental factors, their significance and relationship to the Proposal 

EPA theme EPA factor Significance Relationship to Proposal 

Sea Benthic 

Communities 

and Habitats 

Key environmental 

factor 

Benthic communities and habitats can be 

impacted by nutrient enrichment from sea-

cage operations, as well as smothering 

impacts from waste material which enters the 

water column. Sediment infauna can be 

impacted by a change in sediment chemistry 

as a result of finfish wastes or uneaten food 

particles 

Coastal 

Processes 

Other environmental 

factor 

Coastal processes are unlikely to be 

significantly impacted by the Proposal. The 

only potential impacts are related to the 

construction of the outfalls for the nursery 

sites which might impact beach profiles and 

sedimentation, though this impact is expected 

to be negligible considering the small size of 

the discharge pipelines 

Marine 

Environmental 

Quality 

Key environmental 

factor 

Marine environmental quality can be impacted 

by nutrient enrichment from sea-cage 

operations, with wastes from finfish as well as 

excess feed entering the water column and 

potentially changing the concentration of 

nutrients as well as increasing the likelihood 

of algal blooms 

Marine Fauna Key environmental 

factor 

Marine fauna (cetaceans, crocodiles, sharks) 

may be impacted by the Proposal, with the 

sea-cages providing an obstacle in the water 

column while also attracting predators. 

Land Flora and 

Vegetation 

Key environmental 

factor 

Terrestrial flora and vegetation will potentially 

be impacted by the construction of the 

nursery sites, particularly Ardyaloon where 

clearing of native vegetation will be required. 

Landforms Other environmental 

factor 

Landforms are unlikely to be impacted by this 

proposal 

Subterranean 

Fauna 

Other environmental 

factor 

Subterranean Fauna are unlikely to be 

impacted by this proposal 
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EPA theme EPA factor Significance Relationship to Proposal 

Terrestrial 

Environmental 

Quality 

Other environmental 

factor 

Terrestrial environmental quality is unlikely to 

be impacted by this proposal 

Terrestrial Fauna Key environmental 

factor 

Terrestrial fauna may be impacted by the 

Proposal with the construction of the nursery 

sites removing potential habitat for some 

species, particularly Ardyaloon where the 

clearing of native vegetation will be required 

Water Inland Waters Other environmental 

factor 

Inland waters may be impacted by 

groundwater extraction at the nursery sites, 

both for construction purposes and the drilling 

of bores, however these impacts will not be 

significant. 

Air 

 

Greenhouse Gas 

Emissions 

Other environmental 

factor 

The Proposal will result in some greenhouse 

gas emissions, primarily from the operation of 

vessels and diesel powered gensets, though 

the total emissions are not expected to be 

significant. 

Air Quality Other environmental 

factor 

Air quality is unlikely to be impacted by the 

Proposal 

People 

 

Social 

Surroundings  

Key environmental 

factor 

Areas of significance for Aboriginal heritage 

are in proximity to all three of the proposed 

nursery sites and some of the proposed 

leases. Considerable stakeholder consultation 

has been completed in relation to these areas 

to ensure stakeholders concerns are well 

understood.  

Human Health Other environmental 

factor 

The storage and use of chemicals may have 

impacts on human health, however these 

chemicals will be in low quantities and as 

such pose no significant risk to human health.  

 

4.2 Consistency with environmental principles 

The EP Act identifies a series of principles for environmental management.  The environmental 

principles are the highest assessment level that a Proposal or scheme must meet in order to be found 

environmentally acceptable by the EPA.  The proponent has considered these principles in relation to 

the development and implementation of the Proposal (Table 4.2). 

Table 4.2 EPA Act principles and object 

Principle Consideration 

The precautionary principle 

Where there are threats of serious irreversible 

damage, lack of full scientific certainty should not be 

used as a reason for postponing measures to 

prevent environmental degradation. 

Comprehensive biological surveys and technical 

studies have been undertaken by specialist 

scientists to inform the assessment of the Proposal.  

The data yielded by these technical assessments 
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Principle Consideration 

In the application of the precautionary principle, 

decisions should be guided by: 

careful evaluation to avoid, where practicable, 

serious or irreversible damage to the environment; 

and 

an assessment of the risk‑weighted consequences 

of various options. 

have been used in the refinement of the sites 

selected for the Proposal. 

Where residual environmental impacts have been 

identified, the risks of these impacts being 

significant has been evaluated and mitigation 

measures have been, and will continue to be, 

incorporated into the design and management of the 

Proposal. 

The principle of intergenerational equity 

The present generation should ensure that the 

health, diversity and productivity of the environment 

is maintained or enhanced for the benefit of future 

generations. 

The Proposal is an excellent example of a 

aquaculture development that has the potential to 

provide significant environmental, social and 

economic benefits to future generations.  Food 

security is a major issue as the global population 

continues to grow, and aquaculture is a key area of 

growth which will be vitally important to meet that 

demand.  

The Proposal will make a major and sustained 

contribution to Western Australia’s economy, within 

a setting that is currently underutilised for other 

economic land use. 

These intergenerational benefits can be delivered 

with the loss of less than 1% of the vegetation and 

benthic communities and habitats within the 

development envelope, including avoidance or 

effective mitigation of impacts on species and 

communities of conservation significance. 

The principle of the conservation of biological 

diversity and ecological integrity 

Conservation of biological diversity and ecological 

integrity should be a fundamental consideration. 

Site selection of both leases and nursery sites took 

account of major ecological constraints, resulting in 

the avoidance of the majority of direct impacts that 

may have otherwise arisen.  Comprehensive 

biological surveys and technical studies were then 

undertaken by specialists to inform the assessment 

of the Proposal.  The data yielded by these 

assessments have been used both to reconfirm that 

the sites selected will avoid direct impacts on 

species and communities of conservation 

significance. 

Improved valuation, pricing and incentive 

mechanisms 

Environmental factors should be included in the 

valuation of assets and services.   

The polluter pays principle – those who generate 

pollution and waste should bear the cost of 

containment, avoidance or abatement. 

The users of goods and services should pay prices 

based on the full life cycle costs of providing goods 

and services, including the use of natural resources 

and assets and the ultimate disposal of any waste. 

The proponent acknowledges and endorses the 

need for improved valuation, pricing and incentive 

mechanisms and has aimed to pursue these 

principles wherever practicable in the development 

of the Proposal.  This has included: 

Environmental factors have played a central role in 

the site selection process and in the improved 

operational model 

The Proposal will not generate large quantities of 

waste, and any waste that is generated will be 

managed directly by the proponent with no 

requirement for other bodies to manage or pay for 

that waste  
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Principle Consideration 

Environmental goals, having been established, 

should be pursued in the most cost-effective way, by 

establishing incentive structures, including market 

mechanisms, which benefit and/or minimise costs to 

develop their own solutions and responses to 

environmental problems. 

The cost of decommissioning of the project will be 

covered by the proponent even if they are unable to 

do so themselves through the provision of a bond 

under DPIRD licencing.  

The principle of waste minimisation 

All reasonable and practicable measures should be 

taken to minimise the generation of waste and its 

discharge into the environment. 

The proponent’s approach to waste management 

and minimisation will follow the standard hierarchy, 

comprising: 

Avoid and reduce at waste stream sources; 

Reuse and recycle where practicable; and 

Treat and/or dispose of in accordance with 

regulated requirements. 

The proponent will also reduce the amount of waste 

discharged into the environment through its feeding 

regime where feed is only input into sea-cages 

when stock are actively feeding. 

Object of the EP Act 

The object of the EP act provides for "the 

prevention, control and abatement of pollution and 

environmental harm, for the conservation, 

preservation, protection, enhancement and 

management of the environment and for matters 

incidental to or connected with the foregoing" 

The proponent has sought to meet the object of the 

EP act by preventing, controlling and abating 

potential environmental harm wherever possible in 

the design and implementation of the Proposal. 

Specifically, the Proposal provides for a new 

operational model for sea-cage farming which will 

have a reduced environmental impact in comparison 

to the current operational model, while sites have 

been selected to avoid habitats and vegetation as 

much as possible.  

4.3 Relevant policy and guidance 

Assessment of the environmental impacts of the Proposal is based on various Western Australian 

position statements and guidance statements.  Standards, guidelines and policies related to specific 

environmental factors or individual aspects of the Proposal are listed and discussed in the individual 

sections relevant to the environmental factor being addressed.  The documents generally considered 

relevant to assessment by the EPA for the Proposal are listed in Table 4.3.  

Table 4.3 EPA policy and guidelines relevant to the Proposal 

Environmental Protection Authority Policy or 

Guideline 

Relevant Proposal aspect 

Statement of Environmental Principles, Factors and 

Objectives (EPA 2021c) 

Significance assessment of potential environmental 

impact. 

Environmental Factor Guideline – Benthic 

communities and habitats (EPA 2016b) 

Environmental Factor Guideline – Coastal 

Processes (EPA 2016c) 

Environmental Factor Guideline – Marine 

environmental quality (EPA 2016d) 

Potential impacts on the marine environmental 

quality, benthic communities and habitats and 

marine fauna through the operation of sea-cage 

aquaculture at the proposed leases.  

 

Potential impacts on the marine environmental 

quality and benthic communities and habitats 
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Environmental Protection Authority Policy or 

Guideline 

Relevant Proposal aspect 

Environmental Factor Guideline – Marine Fauna 

(EPA 2016e) 

Technical Guidance – Benthic communities and 

habitats (EPA 2016f) 

Technical guidance – EIA of Marine Dredging 

proposals (EPA 2021e) 

Technical Guidance – Protecting the quality of 

Western Australia’s marine environment (EPA 

2016g) 

Perth's Coastal Waters Environmental Values and 

Objectives (EPA 2000) 

through the construction and operation of outfalls for 

the proposed nursery sites.  

Environmental Factor Guideline – Flora and 

Vegetation (EPA 2016h) 

Technical Guidance – Flora and vegetation surveys 

(EPA 2016i) 

Potential impact on significant flora and vegetation 

values from clearing vegetation for the construction 

of the proposed nursery sites.  

Environmental Factor Guideline – Subterranean 

Fauna (EPA 2016j) 

Technical Guidance – Subterranean fauna surveys 

(EPA 2016k) 

Technical Guidance – Sampling methods for 

Subterranean Fauna (EPA 2016l) 

Potential impact on significant subterranean fauna 

habitats during construction of the nursery sites. 

Factor Guideline – Landforms (EPA 2018a) Potential impact to coastal dune values during 

construction of the nursery sites, including outfalls.  

Environmental Factor Guideline – Terrestrial 

Environmental Quality (EPA 2016m) 

Environmental Factor Guideline – Terrestrial Fauna 

(EPA 2016n) 

Technical Guidance – Terrestrial Fauna surveys 

(EPA 2016o) 

Technical Guidance – Sampling methods for 

terrestrial vertebrate fauna (EPA 2016p) 

Technical Guidance – Sampling of short range 

endemic invertebrate fauna (EPA 2016q) 

Potential impact on terrestrial fauna from clearing 

habitat and impacting on fauna during construction. 

Environmental Factor Guideline – Inland Waters 

(EPA 2018b) 

Potential impact from groundwater abstraction 

during construction and operation of the nursery 

sites. 

Factor Guideline – Air Quality (EPA 2016r) Potential impact from dust pollution during 

construction of the nursery sites. Potential emission 

of diesel fumes from the operation of vessels and 

diesel gensets during both sea-cage and nursery 

operations.  

Factor Guideline – Greenhouse Gas Emissions 

(EPA 2019) 

Potential impact from scope 1 and 2 greenhouse 

gas emissions during construction of the nursery 

sites and operation of both the nursery sites and 

sea-cages. 
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Environmental Protection Authority Policy or 

Guideline 

Relevant Proposal aspect 

Environmental Factor Guideline – Social 

Surroundings (EPA 2016s) 

Environmental Factor Guideline – Human Health 

(EPA 2016t) 

Potential impact associated with Aboriginal and 

cultural values, greenhouse gases production and 

dust emissions. 

Australian and New Zealand guidelines for fresh and 

marine water quality (ANZG 2018)  

Sets water quality objectives. 
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5 Marine Environmental Quality 

̶  

5.1 EPA objective 

The EPA objective for marine environmental quality is to maintain the quality of water, sediment and 

biota so that environmental values are protected.  

5.2 Policy and guidance 

The relevant EPA policies and guidelines for marine environmental quality and the scope of each of 

these as relevant to the Proposal are outlined in Table 5.1.  

Table 5.1 Policies and guidelines 

Policy or guidance Consideration 

Environmental Quality Criteria Reference Document 

for Cockburn Sound (EPA 2017) 

The thresholds examined by the modelling were 

generally derived from EPA (2017), which provides 

comprehensive advice regarding the setting of 

triggers, even when the area of interest is outside of 

Cockburn Sound.   

Other thresholds are as per ANZG (2018). 

Factor Guideline – Marine Environmental Quality 

(EPA 2016c) 

EPA (2016c) provides guidance on Marine 

Environmental Quality, including factors which can 

impact the marine environment. 

Marine Environmental Quality is assessed based on 

levels of contaminants in water, sediments or biota, 

or to changes in the physical or chemical properties 

of waters and sediments relative to a natural state. 

Technical Guidance – Protecting the quality of 

Western Australia’s Marine Environment (EPA 

2016g) 

EPA (2016g) provides guidance on the 

environmental quality management frameworks for 

protecting Western Australia’s marine environment 

and defines the environmental values and objectives 

for ecosystem health, fishing and aquaculture, 

recreation and aesthetics, industrial water supply 

and cultural and spiritual values, as well as the 

approach to setting levels of ecological protection. 

The studies executed in support of the Proposal, 

including hydrodynamic and water quality modelling, 

were designed and executed in the context of EPA 

(2016g). 

Other policy or guidance 

Australian and New Zealand Guidelines for Fresh 

and Marine Water Quality (ANZG 2018) 

 

These documents and the assessments of impacts 

contained herein are based on guidance in the 

relevant EPA documents (cited above), which are in 

turn based on the high-level guidance provided in 

ANZECC & ARMCANZ (2000) and ANZG (2018).  
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Western Australia's coastal waters are managed under the EPA's Environmental Quality Management 

Framework (EQMF).  The EQMF is based on the National Water Quality Management Strategy (ANZG 

2018), which represents an agreed, Australia-wide approach to protecting water quality and associated 

environmental values. 

EPA (2017) sets out the Environmental Quality Plan (EQP) for Western Australia's coastal waters, 

which includes four environmental values (EVs) and seven environmental quality objectives (EQOs) 

(Table 5.2). 

Table 5.2 Environmental values and Environmental Quality Objectives as per EPA (2017) 

Environmental Values Environmental Quality Objectives 

Ecosystem health There are four levels of ecological protection: 

Maintain ecosystem integrity at a maximum level of 

ecological protection.   

High level of ecological protection. 

Moderate level of ecological protection. 

Low level of ecological protection. 

Recreation and aesthetics Water quality is safe for primary contact recreation 

(e.g. swimming and diving). 

Water quality is safe for secondary contact 

recreation (e.g. fishing and boating). 

Aesthetic values of the marine environment are 

protected. 

Fishing and aquaculture Seafood (caught or grown) is of a quality safe for 

eating. 

Water quality is suitable for aquaculture purposes. 

Industrial water supply Water quality is suitable for industrial use. 

5.3 Receiving environment 

The Buccaneer Archipelago is highly complex with thousands of islands subjected to an extreme 12 m 

macrotidal regime (Wilson 2013).  Currents around the islands are multidirectional and can exceed 1 

ms-1, being heavily influenced by tides, which override the broader scale, outer continental shelf 

currents (Condie & Andrewartha 2008).  The region is periodically exposed to extreme environmental 

forces (e.g. cyclones) that don’t necessarily fit into the seasonal or annual patterns, which can impact 

marine environmental quality.  Nearshore areas of the region, particularly those near river mouths, can 

be particularly turbid with minimal flushing occurring, often resulting in elevated nutrient levels and algal 

blooms. Most of the proposed leases however are distanced from riverine areas and are interspersed 

throughout the Archipelago.   

With a lack of industrial or agricultural developments in the Buccaneer Archipelago, the surrounding 

water quality is generally considered to be of high quality. However, as noted above periodic events 

such as cyclones and riverine inputs particularly in the wet season can at times lead to very turbid 

waters in some areas. Baseline data has been collected to inform the assessment and gain a better 

understanding of existing water quality, as is detailed below.  

5.3.1 Baseline study - methods 

A baseline water and sediment quality monitoring program was conducted between February-August 

2021, which was considered to be a 'typical' year though the monitoring period did not capture any 
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extreme events which are known to occur.  The purpose of the program was to effectively capture the 

seasonal and spatial variability in the collected parameters across the area of interest. This has 

provided a comprehensive baseline to set the boundary conditions of the water quality and particle 

tracking models, and allowing comparison against the EPA's criteria for high, moderate and low 

ecological protection. Field work associated with the program was undertaken by MPA staff, with data 

analysis and interpretation undertaken by BMT. A summary of the program and its results for key 

parameters is given below, with full results given in Annex D. 

Program design 

Water samples were taken at a total of 29 sites, comprising of 16 lease sites and 13 reference sites 

either on the outer (oceanic) or inner (nearshore) boundary of the Buccaneer Archipelago in proximity 

to the proposed leases (Figure 5.1). Sediment samples were collected at the 16 lease sites.  Sites were 

positioned in this manner to provide coverage of all the proposed leases, while also providing an 

indication of any gradients in water quality from offshore to nearshore regions, which may affect 

baseline conditions. In addition to the water quality samples collected, physical spot samples of water 

temperature and dissolved oxygen at the seabed were also collected using a CTD profiler.  

The water and sediment quality parameters that were collected in this program are detailed in Table 5.3 

and Table 5.4.   

Table 5.3 Water and sediment quality parameters collected for chemical analysis 

Water quality parameters Sediment quality parameters 

Chlorophyll-a 

 

Copper 

Phaeophytin-a Zinc 

Particulate Organic Carbon Total Kjedahl Nitrogen 

Ortho-phosphate (PO4-P) Total Phosphorous 

Ammonia (NH4-N) Total Organic Carbon 

Nitrate and Nitrite (NOx-N) Particle Size Distribution 

Total Nitrogen Infauna 

Total Phosphorous  

Silicate  

 

Water samples were collected using an electric submersible pump 0.5 m below the surface, at each of 

the 29 water quality sites, six times within both the wet and dry seasons. Once retrieved, the water 

samples were divided into the aliquots required for each analysis.  Once each required sub-sample was 

obtained, the respective sample bottles were placed into an esky with ice or ice bricks.  Once back on 

land, samples were appropriately stored prior to transportation to the laboratory. 

Sediment samples were collected using a modified sediment corer. At each site, four cores (equating to 

four replicate samples) were collected of which the top 5 cm of each core was used to form a combined 

and homogenised sample. Each sample were placed either into respective sample bags or jars and 

placed into an esky with ice or ice bricks. Once back on land samples were appropriately stored prior to 

transportation to the laboratory.  
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Infauna samples were collected using a Petite Ponar grab. Four replicate grabs were collected at each 

site. The content of each grab was carefully rinsed through a series of graded sieves (to a minimum of 

1 mm).  Any material greater than 1 mm was fixed in formalin prior to transportation to the laboratory.  

Infauna were carefully picked from the samples and retained for identification to species level.  

Table 5.4 Water and sediment quality sampling program schedule 

 Wet Dry 

 Feb 

1 

Feb 

2 

Mar 

1 

Mar 

2 

Apr 

1 

Apr 

2 

Jun 

1 

Jun 

2 

Jul 

1 

Jul 

2 

Aug 

1 

Aug 

2 

Water quality parameters   

Dissolved Oxygen (in-situ) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Temperature (in-situ) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Chlorophyll 'a' 

 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Phaeophytin-a ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Particulate Organic Carbon ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Ortho-phosphate (PO4-P) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Ammonia (NH4-N) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Nitrate and Nitrite (NOx-N) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Total Nitrogen ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Total Phosphorous ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Silicate ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Sediment quality parameters 

Copper ✓ ✓ 

Zinc ✓ ✓ 

Total Kjedahl Nitrogen ✓ ✓ 

Total Phosphorous ✓ ✓ 

Total Organic Carbon ✓ ✓ 

Particle Size Distribution ✓ ✓ 

Infauna ✓ ✓ 
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Figure 5.1 Baseline water and sediment quality sampling sites 
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Statistical analyses – methods 

The following section describes the statistical procedures used to analyse the baseline dataset.  It 

includes a technical overview of the approaches to the transformation, interrogation and interpretation 

of the data.  The description is necessarily technical to ensure the approaches used are as transparent 

as possible. 

All water quality data were analysed statistically using PERMANOVA. Separate univariate analyses 

tested the relative importance of four main sources of variance, known as factors: (1) Season (fixed 

factor, orthogonal with 2 levels [wet & dry]; (2) Lease vs Reference [LvR] (fixed factor, orthogonal with 

two levels [lease & reference]; (3) Location (fixed factor, nested within LvR, with three levels [boundary 

reference, inner reference, lease]) and (4) Site (fixed factor, nested within Location).    

For all univariate tests, a Euclidean resemblance matrix was applied on untransformed data prior to 

analysis with PERMANOVA (non-parametric analysis of variance, Version 7.0.21, Primer-E Ltd) 

(Anderson et al. 2008).  Post-hoc pair wise comparisons were then used to test for differences among 

levels within significant factors.  Results from univariate analyses were presented using graphs of 

means and standard errors for either time or location. 

All sediment quality parameters were analysed to identify potential patterns between two factors: (1) 

Season (fixed factor, orthogonal with two levels [wet & dry]); and (4) Site (fixed factor, nested within 

Location).  All statistical analyses, including post-hoc tests on significant factors, were undertaken using 

PERMANOVA (Anderson et al. 2008).  This method enabled analysis of univariate and multivariate 

datasets, while not explicitly requiring normalised data or homogeneous variances.  All analyses were 

run using permutations of residuals under a reduced model (n = 9999 permutations). 

For percent particle size distribution, data were square-root transformed following Underwood (1997).  

A Bray-Curtis dissimilarity matrix was generated and the data were analysed using PERMANOVA.  

Multivariate statistical outputs were presented graphically using a nonmetric Multidimensional Scaling 

plot (nMDS). Vector overlays of the particle size groups were plotted on the nMDS to show correlations 

with the patterns in the multivariate data. 

Separate univariate analyses were performed on sediment nutrient concentrations.  No transformations 

were necessary for the nutrient data.  Euclidean distance was used as a dissimilarity measure for all 

univariate analyses.  By using the Euclidean measure, PERMANOVA returns an equivalent test statistic 

to a standard ANOVA (Anderson et al. 2008).  If factors were significant, they were interpreted using 

post-hoc pair-wise comparisons to test for differences among levels the factor.  Results from univariate 

analyses were presented using graphs of means and standard errors. 

The trace metals were explored with separate univariate PERMANOVAs.  A Euclidean distance 

measure was applied on untransformed data, allowing PERMANOVA to return an equivalent test 

statistic to a standard ANOVA (Anderson et al. 2008).  Post-hoc pair wise comparisons were used to 

test for differences among levels within significant factors.  Results from univariate analyses were 

presented using plot of means and standard errors for each factor. 

For the analysis of infauna, a two-factor statistical design was used: (1) Season (fixed factor, two levels 

[wet & dry]); (2) Site (fixed factor). The benthic infauna assemblage (multivariate dataset) were first 

sorted to species level, before being consolidated to the phyla level due to the generally low diversity 

recorded at a class or family level.  Multivariate assemblage data were square-root transformed to 

down-weight the contribution of dominant infauna and to allow intermediate or rarer groups to play a 

part in the analyses (Clarke 1993).  A Bray-Curtis dissimilarity matrix was generated and the data were 

analysed using PERMANOVA.   
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Results of multivariate analysis were presented graphically using nMDS.  This enabled the top benthic 

infauna phyla that had the strongest correlations with the patterns in the multivariate data to be 

determined.  For univariate analyses of infauna abundance and family richness, a Euclidean distance 

measure was applied on untransformed data, allowing PERMANOVA to return an equivalent test 

statistic to a standard ANOVA (Anderson et al. 2008).  Post-hoc pair wise comparisons were used to 

test for differences among levels within significant factors.  Results from family richness and abundance 

analyses were presented using bar graphs of means and standard errors for each location.  

To examine the relationship between infauna community assemblage and sediment parameters (grain 

sizes, trace metals, nutrients), a nMDS plot of the community assemblage were graphed with vectors 

overlayed on the nMDS plot of sediment parameters.  This enabled the top sediment parameters that 

had the strongest correlations with the patterns in the multivariate infauna data to be determined. 

5.3.2 Baseline study – results  

Water Quality 

Dissolved oxygen 

Univariate analyses applied to dissolved oxygen (% saturation) confirmed differences among seasons 

(Table 5.5, Figure 5.2).  Overall, wet season data reported higher DO concentrations than dry season 

data. A significant Season x Location (LvR) effect was also present, with post-hoc pairwise 

comparisons confirming that dissolved oxygen differed with all combinations of season and location.    

Of the lease sites, Bayliss Island and Conilurus Island had the highest median dissolved oxygen in the 

wet season, with Bayliss Island also having the highest median dissolved oxygen in the dry season. 

Dorothy Island recorded the lowest median dissolved oxygen in the wet season, with all other sites 

recording relatively similar concentrations in the dry season.  

Generally, dissolved oxygen was within acceptable limits.  

 

Figure 5.2 Median dissolved oxygen percent saturation at lease and reference sites for wet and dry 

seasons against the EPA (2017) guideline value for moderate (80% saturation) and high ecological 

protection (90%) 
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Table 5.5 Results of a four factor PERMANOVA examining dissolved oxygen concentrations at the 

bottom of the water column 

Source Df MS P(perm) 

Season 

 

1 2330.2 0.0001 

LvR  1 124.3 0.0818 

Location (LvR) 1 54.413 0.2475 

Season x LvR 1 584.41 0.0018 

Site (Location [LvR]) 26 32.822 0.7129 

Season x Location (LvR) 1 191.42 0.0295 

Site (Location [LvR]) x Season 26 40.872 0.4199 

Residual 275 40.614  

Total 332   

Notes: 

1. L = Lease, R = Reference, Df = Degrees of freedom, MS = Mean square 

Chlorophyll-a 

The outcome of univariate analyses indicated that chlorophyll-a concentrations (ug/L) differed between 

wet and dry season (Table 5.6, Figure 5.3). Wet season data reported higher median concentrations 

across all locations than dry season data. An overall significant Season x Location (LvR) effect was not 

present. Of the lease sites, Bayliss Island and Bayliss Island Extra recorded the highest median 

chlorophyll-a concentrations in the wet season, with Bayliss Island also recording the highest median 

chlorophyll-a concentration in the dry season. The background concentration of chlorophyll-a is 

significantly lower than the default guideline value (DGV) as derived from ANZG (2018) (averaged 

across all seasons), with both the 80th and 95th percentiles of the background data also sitting well 

below the DGV for WA tropical waters.  

Figure 5.3 Median chlorophyll-a concentrations at lease and reference sites for wet and dry 

seasons against the 80th/95th percentile of background and the relevant DGV 
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Table 5.6 Results of a four factor PERMANOVA examining chlorophyll-a concentrations at the 

surface of the water column 

Source Df MS P(perm) 

Season 

 

1 1.569 0.0001 

LvR  1 <0.00001 0.9555 

Location (LvR) 1 0.68964 0.0008 

Season x LvR 1 0.21296 0.0511 

Site (Location [LvR]) 26 0.10655 0.0059 

Season x Location (LvR) 1 0.00010 0.9645 

Site (Location [LvR]) x Season 26 0.02932 0.9657 

Residual 275 0.05464  

Total 332   

Notes: 

1. L = Lease, R = Reference, Df = Degrees of freedom, MS = Mean square 

Total Phosphorous 

Results of statistical testing for total phosphorous concentrations (ug.P/L) indicated a significant effect 

of season (Table 5.7, Figure 5.4). Wet season data reported higher concentrations of total phosphorous 

than dry season data. A significant Season x Location (LvR) effect was not present.  No site recorded 

consistently higher or lower concentrations of total phosphorous.  Reported medians were all higher 

than the default guideline value for total phosphorous for the north-west tropical region (ANZECC 

ARMCANZ 2000). 

 

Figure 5.4 Median total phosphorous concentrations at lease and reference sites in wet and dry 

season against the 80th/95th percentile of background and relevant DGV 
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Table 5.7 Results of a four factor PERMANOVA examining Total Phosphorous concentrations at 

the surface of the water column 

Source Df MS P(perm) 

Season 

 

1 16.2000 0.0364 

LvR  1 0.03009 0.9235 

Location(LvR) 1 1.93910 0.4704 

Season x LvR 1 0.00120 0.9858 

Site (Location[LvR]) 26 3.73110 0.3940 

Season x Location(LvR) 1 1.80060 0.4800 

Site (Location[LvR]) x Season 26 3.95510 0.3226 

Residual 275 3.61450  

Total 332   

Notes: 

1. L = Lease, R = Reference, Df = Degrees of freedom, MS = Mean square 

Nitrate and Nitrite 

The outcome of univariate analyses indicated that concentrations (ug.N/L) of nitrate and nitrite differed 

significantly between both seasons and locations (Table 5.8, Figure 5.5). Wet season data reported 

higher concentrations of nitrate and nitrite than dry season data. The results did not indicate a 

significant Season x Location (LvR) effect. The boundary reference sites recorded significantly greater 

concentrations of nitrate and nitrite than the lease or inner reference sites in both seasons. All values 

fall below the DGV for nitrate as derived from ANZECC/ARMCANZ (2000).  

Figure 5.5 Median nitrate and nitrite concentrations at lease and reference sites in both wet and 

dry season against the 80th/95th percentile of background and the relevant DGV 
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Table 5.8 Results of a four factor PERMANOVA examining Nitrate and Nitrite concentrations at the 

surface of the water column 

Source Df MS P(perm) 

Season 

 

1 75.245 0.0001 

LvR  1 42.325 0.0035 

Location (LvR) 1 410.26 0.0001 

Season x LvR 1 NA NA 

Site (Location [LvR]) 26 12.138 0.0004 

Season x Location (LvR) 1 7.7564 0.2008 

Site (Location [LvR]) x Season 26 4.045 0.7029 

Residual 275 4.9339  

Total 332   

Notes: 

1. L = Lease, R = Reference, Df = Degrees of freedom, MS = Mean square 

Ammonia 

Results of statistical testing indicated ammonia concentrations (ug.N/L) were not different between 

seasons or locations (Table 5.9, Figure 5.6), with no significant Season x Location (LvR) effect reported 

either All values fall below the DGV for ammonia as derived from ANZECC/ARMCANZ (2000).  

Figure 5.6 Median ammonia concentrations at lease and reference sites in both wet and dry 

seasons against the 80th/95th percentile of background and the relevant DGV 
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Table 5.9 Results of a four factor PERMANOVA examining Ammonia concentrations at the surface 

of the water column 

Source Df MS P(perm) 

Season 

 

1 0.27761 0.8025 

LvR  1 2.41090 0.4338 

Location (LvR) 1 0.03140 0.9243 

Season x LvR 1 0.99511 0.6046 

Site (Location [LvR]) 26 1.68190 0.9919 

Season x Location (LvR) 1 13.4780 0.0675 

Site (Location [LvR]) x Season 26 2.9840 0.7511 

Residual 275 3.8685  

Total 332   

Notes: 

1. L = Lease, R = Reference, Df = Degrees of freedom, MS = Mean square 

Total Nitrogen 

Results of statistical testing indicated total nitrogen concentrations (ug.N/L) were significantly different 

between seasons (Table 5.10, Figure 5.7). Wet season data reported higher concentrations of total 

nitrogen than dry season data. The analyses did not indicate a significant Season x Location (LvR) 

effect. No sites had consistently higher or lower concentrations of total nitrogen. Median concentrations 

all fell below the DGV for total nitrogen as derived from ANZECC/ARMCANZ (2000).  

 

Figure 5.7 Median total nitrogen concentrations at lease and reference sites in both wet and dry 

seasons against the 80th/95th percentile of background and relevant DGV 
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Table 5.10 Results of a four factor PERMANOVA examining Total Nitrogen concentrations at the 

surface of the water column 

Source Df MS P(perm) 

Season 

 

1 8518.4 0.0245 

LvR  1 1327.3 0.4776 

Location (LvR) 1 270.83 0.6966 

Season x LvR 1 2393.5 0.2913 

Site (Location [LvR]) 26 2339.2 0.2261 

Season x Location (LvR) 1 18.526 0.9211 

Site (Location [LvR]) x Season 26 1787.3 0.7337 

Residual 275 2175.2  

Total 332   

Notes: 
1. L = Lease, R = Reference, Df = Degrees of freedom, MS = Mean square 

Sediment quality 

Nutrients 

Individual PERMANOVA univariate analyses for each sediment quality parameter indicated there were 

significant differences between sites for concentrations of total nitrogen, phosphorous and organic 

carbon, but no significant differences between seasons (Table 5.11, Figure 5.8). Wet season data 

reported lower median concentrations of total nitrogen, total phosphorous and total organic carbon than 

dry season data.  These reported differences between seasons were consistent for all sites.  No 

north-south gradient was reported in total nutrient concentrations across the lease sites.  
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Figure 5.8 Median concentration of total nitrogen, total phosphorous and total organic carbon 

across for wet and dry season across all sites 

Table 5.11 Results of two factor PERMANOVAs examining total nutrient concentrations in the 

sediments of all lease sites  

Source Total Nitrogen Total Phosphorous Total Organic Carbon  

Df MS P(perm) Df MS P(perm) Df MS P(Perm) 

Site 

 

9 0.14022 0.0108 9 0.00414 0.0221 9 0.06111 0.0005 

Season 1 0.09800 0.0722 1 0.00162 0.1153 1 0.0180 0.0841 

Residual 9 0.02467  9 0.00053  9 0.0047  

Total 19   19   19   

Notes: 
1. Df = Degrees of freedom, MS = Mean square 
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Trace Metals 

Trace metals of copper and zinc were variable temporally and spatially (Table 5.12, Figure 5.9), 

particularly zinc, however both were in relatively low concentrations throughout (well below ANZG 

guidelines of 65 mg/kg and 200 mg/kg for copper and zinc respectively).  Wet season data reported for 

zinc were marginally higher than for dry season.  Median concentrations of copper were almost the 

same in both seasons.  There was no clear north to south gradient in trace metal concentrations.  

Figure 5.9 Median concentrations of copper and zinc in sediments for wet and dry season across 

all lease sites 

Table 5.12 Results of two factor PERMANOVAs examining trace metal concentrations in the 

sediments of all lease sites 

Source Copper Zinc 

Df MS P(perm) Df MS P(perm) 

Site 

 

9 13.177 0.0001 9 87.778 0.0001 

Season 1 0.0980 0.559 1 24.200 0.0138 

Residual 9 0.2635  9 2.5333  

Total 19   19   

Notes: 

1. Df = Degrees of freedom, MS = Mean square 
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Particle size distribution 

Results for particle size distribution indicated that there were no overall differences between season but 

clear separation in distribution between some sites (Table 5.13; Figure 5.10, Figure 5.11). For example, 

Bayliss Island, Cecelia Island, Koolan Island and Razor Island were characterised by higher 

concentrations of gravel and coarse sand. All other sites reported next to no gravel or coarse sand, and 

instead sediments were predominantly made up of silt or fine sand. This is the case for both wet and 

dry seasons.  The nMDS plot also showed no clear separation between seasons, nor a clear ordination 

of sites based on spatial proximity.  

Figure 5.10 Particle size distribution results for all sites for wet and dry seasons.  
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Notes:  

1.     In nMDS, differences between sites are represented by the relative distance between points 

2.     2D stress is a representation of the dimensionality of the ordination i.e. how much can be interpreted from constraining the 

ordination onto 3 or in this case 2 dimensions: stress <0.05 gives an excellent representation; stress <0.1 corresponds to a good 

ordination with no real prospect of a misleading interpretation; stress <0.2 gives a potentially useful 2–dimensional ordination, 

though for values at the upper end of this range, too much reliance should not be placed on the detail of the plot 

3.     Black line vectors indicate the relative importance of the individual trace metals in driving the separation between Sites. 

4.     KI = Koolan Island, EIN = Edeline Island North, EIS = Edeline Island South, RI = Razor Island, BI = Bayliss Island, CoI = Conilurus 

Island, CeI = Cecelia Island, MI = Mary Island, CC = Crocodile Creek, DI = Dorothy Island 

Figure 5.11 Non-Metric multidimensional scaling plot showing ordination of sites with overlay of 

particle size distribution  

Table 5.13 Multivariate PERMANOVA results for particle size distribution of sediments  

Source Df MS P(perm) 

Site 

 

9 551.43 0.0433 

Season 1 19.173 0.8152 

Residual 9 176.82  

Total 19   

Notes: 

1. Df = Degrees of freedom, MS = Mean square 

Infauna 

Outcomes of univariate analyses of infauna abundance and species richness indicated no differences 

between season but a significant difference between sites for species richness (Table 5.14, 

Figure 5.12, Figure 5.13).  At a site level, Razor Island, Bayliss Island and Cecelia Island recorded the 

highest abundance and species richness overall.  Mary Island and Crocodile Creek recorded lower 

abundances but higher species richness during the wet season and the opposite in the dry season; 

while at Koolan Island and Dorothy Island the inverse was true.  Crocodile Creek Extra and Conilurus 

Island Extra recorded no infauna in the wet season.  

.  
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Figure 5.12 Mean (± Standard Error) abundance of infauna taxa recorded across all sites for wet 

and dry season 

Figure 5.13 Mean (± Standard Error) counts of species richness across all sites for wet and dry 

seasons 
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Table 5.14 Results of two factor PERMANOVAs for infauna abundances and species richness for 

all sites 

Source Abundance Species Richness 

Df MS P(perm) Df MS P(perm) 

Site 

 

12 2305.6 0.0779 12 39.013 0.0001 

Season 1 2179.6 0.282 1 1.8846 0.5438 

Residual 12 1638.7  12 4.8846  

Total 25   25   

Notes: 

1. Df = Degrees of freedom, MS = Mean square 

 

Multivariate analyses of infauna data revealed a diverse community, represented by 10 phyla (Annelida, 

Chaetognatha, Chordata, Crustacea, Echinodermata, Mollusca, Nemertea, Porifera, Sipuncula) and 69 

families. Sampling recorded 22 families of polychaetes (accounting for 34% of the infauna sampled), 25 

families of crustaceans (accounting for 40% of the infauna sampled), 4 families of molluscs (accounting 

for 5% of the infauna sampled), 2 families of echinoderms (accounting for 5% of the infauna sampled) 

and 2 families of porifera (accounting for 5% of the infauna sampled). The PERMANOVA analysis 

indicated significant variation of community assemblage between sites but not between seasons 

(Table 5.15, Figure 5.14). These results are mirrored in the nMDS which shows variation at the site 

level, but no clear separation between seasons. Overall, polychaetes were more abundant in wet 

season samples, while crustaceans were more abundant in dry season samples. All other phyla had 

relatively similar abundances and representation in both seasons. At a site level, Bayliss Island and 

Cecelia Island reported the highest abundances and greatest diversity due to greater representation of 

polychaetes and crustaceans.  

Table 5.15  Results of a two-factor PERMANOVA for the community assemblage of infauna for all 

sites 

 Df MS P(perm) 

Site 

 

9 2105.2 0.0465 

Season 1 929.09 0.5155 

Residual 9 1188.4  

Total 19   

Notes: 

1. Df = Degrees of freedom, MS = Mean square 

2. Wet season results for Crocodile Creek Extra and for Conilurus Island Extra were removed as they recorded no counts of infauna 

and as such would confound the analyses.  
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Notes:  

1.    In nMDS, differences between sites are represented by the relative distance between points 

2.    2D stress is a representation of the dimensionality of the ordination i.e. how much can be interpreted from constraining the 

ordination onto 3 or in this case 2 dimensions: stress <0.05 gives an excellent representation; stress <0.1 corresponds to a good 

ordination with no real prospect of a misleading interpretation; stress <0.2 gives a potentially useful 2–dimensional ordination, 

though for values at the upper end of this range, too much reliance should not be placed on the detail of the plot 

3.    Black line vectors indicate the relative importance of the individual trace metals in driving the separation between Sites. 

4.    KI = Koolan Island, EIN = Edeline Island North, EIS = Edeline Island South, RI = Razor Island, BI = Bayliss Island, CoI = Conilurus 

Island, CeI = Cecelia Island, MI = Mary Island, CC = Crocodile Creek, DI = Dorothy Island 

Figure 5.14 nMDS ordination of infauna community assemblage among seasons by site with vector 

overlays.  

Vector overlays of the sediment parameters onto the infauna nMDS ordination plot showed that the 

infauna assemblage at the northern part of the Archipelago (Crocodile Creek, Conilurus Island, Dorothy 

Island) which included generally lower counts of infauna overall inhabited fine or very fine sediments or 

silt with higher TKN and TOC content. Polychaetes and crustaceans, which were found in greater 

abundance at Bayliss Island, Cecelia Island and Koolan Island, inhabited coarse or gravelly sediments 

(500->2000 um).   
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Notes:  

1.    In nMDS, differences between sites are represented by the relative distance between points 

2.    2D stress is a representation of the dimensionality of the ordination i.e. how much can be interpreted from constraining the 

ordination onto 3 or in this case 2 dimensions: stress <0.05 gives an excellent representation; stress <0.1 corresponds to a good 

ordination with no real prospect of a misleading interpretation; stress <0.2 gives a potentially useful 2–dimensional ordination, 

though for values at the upper end of this range, too much reliance should not be placed on the detail of the plot 

3.    Black line vectors indicate the relative importance of the individual trace metals in driving the separation between Sites. 

4.    KI = Koolan Island, EIN = Edeline Island North, EIS = Edeline Island South, RI = Razor Island, BI = Bayliss Island, CoI = Conilurus 

Island, CeI = Cecelia Island, MI = Mary Island, CC = Crocodile Creek, DI = Dorothy Island 

Figure 5.15 nMDS of infauna community assemblage among seasons with vector overlay of 

predominant sediment characteristics 

5.4 Potential impacts 

5.4.1 Approach 

Potential impacts to marine environmental quality have been considered for both the construction and 

operation of the leases as well as the construction and operation of the outfalls at the nursery sites. 

Predictive modelling, was only conducted for the operation of the leases, not the construction, as the 

impacts from construction are likely to be localised, short term and for the most part non-significant. The 

relevant criteria used to assess impacts from the operation of the leases and nursery sites are detailed 

in Section 5.6. Potential impacts were derived based off understanding of the cause-effect pathways for 

each pressure resulting from the Proposal. 

The impact of other operations in the area nearby the proposed leases, including commercial and 

industrial operations, on marine environmental quality are also considered to ensure the total 

cumulative impacts are well understood.  

Impacts have been defined as summarised below.   

• Major – E.g. Results in permanent changes or long lasting (> 5 years recovery) impacts to marine 

environmental quality over a broad extent 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 114 4 May 2022 

 

• Moderate – E.g. Results in semi-permanent changes (< 5 years recovery) impacts to marine 

environmental quality generally some way beyond the immediate footprint i.e. lease boundaries, but 

not widespread 

• Minor – E.g. Results in short-term changes to marine environmental quality which are immediately 

remedied if the pressure is removed, and are generally confined to the immediate footprint  

• Insignificant – no impacts to marine environmental quality are expected. 

Though shading and smothering impacts were modelled as part of this assessment, as they are 

impacting directly on benthic habitats their assessment is not included in this section but rather Section 

6.  

5.4.2 Pressure-response relationships 

To understand the potential risks posed by the Proposal, the types of pressure, their magnitude and 

their likely effect needed to be appreciated. This understanding was subsequently used to identify the 

key cause-effect-response pathways and to interpret the model results.  

Cause-effect-response pathways 

Cause-effect-response pathways were developed following the step-wise approach of Gross (2003).  

This approached developed two models: a control model and a stressor model. Control models are 

hierarchical (5.16), with the stressors and their sources shown in the upper layers and the indicators 

(receptors) and effects shown in the middle to bottom layers.  The control model makes no attempt to 

account for the magnitude and/or the duration of the stress.  

The stressor model is a refined version of the control model focussing on the cause-effect pathways of 

most concern.  It details relationships between stressors, ecosystem components, effects and biological 

receptors and accounts for the major cause effect pathways, from which the indicators and thresholds 

were ultimately derived. Stressor models were developed for both construction and operation related 

impacts from the Proposal.  

The objective of this approach was to identify the cause-effect-response pathways most likely to be 

affected by the Proposal, and those likely to exhibit measurable changes in response to stressor inputs.  

The understanding gained by this process was used to identify the thresholds described in Section 5.6. 
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Figure 5.16 Hierarchical control model showing stressors and key cause-effect-response pathways 

5.4.3 Integrated model 

To assess the potential impacts of the Proposal on marine environmental quality, an integrated 

hydrodynamic, particle transport, water quality and sediment diagenesis model was used to simulate a 

total of four fish production scenarios as per the criteria detailed in Section 5.5.  Figure 5.17 

summarises the key components of the integrated model, which comprises hydrodynamic, fish waste, 

particle transport, water quality and biogeochemical (diagenesis) components. The fully integrated 
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model was capable of resolving the regional hydrodynamics, the deposition and dispersal of wastes 

from sea-cages, the effects of these wastes on the marine environment, and the rate of environmental 

recovery following cessation and/or relocation of the aquaculture activities.   

 

Figure 5.17 Components of the integrated model developed for the study 

The approach to integrating the individual modelling components is detailed in Annex B and Annex C. 

Details on the results of the modelling are detailed in Section 5.5.  

5.4.4 Identified Pressures 

Physical presence 

The physical presence of the sea-cages, either during construction or once operational, may affect local 

hydrodynamics. The scientific literature has shown that the presence of sea-cages restricts water flow 

and reduces the velocity in the surface layer occupied by the cages, while enhancing the water velocity 

in the bottom layer beneath the cages, which may result in scouring of the sea-bed. Subsequent 

increases in bottom current speeds are dependent on the distance between the bottom of the 

sea-cages and the seafloor, generally being maximised where the height of the cages is approximately 

half the maximum water depth (Wu et al. 2014). At the current Cone Bay sites, scouring is known to 

occur beneath the sea-cages as a result of this relationship. It is expected that the potential for scouring 

at the new proposed leases will be minimised considering the far greater distance between the bottom 

of the sea-cages and the seabed 

Organic wastes 

Organic wastes are a key pressure generated by the Proposal on the surrounding water and sediment 

quality. Sea-cage aquaculture can impact the surface sediment layer when organic wastes settle 

beneath, or in close proximity to, the sea-cages (Mazzola et al. 2000, Carroll et al. 2003). The 

deposition of organic material can result in local organic enrichment or potentially eutrophication 

depending on the characteristics of the surrounding environment. In this sense, if waters are stratified, 

there is no mixing of the water column and as such no replenishment of oxygen in the water column, 
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which may be depleted as total community respiration increases in response to increased organic loads 

on surface sediments (Gray 1992, Baden et al. 1990, Schaffner et al. 1992).  Hypoxia may cause local 

extinction of benthic populations (Gaston & Edds 1994), reduced growth rates of benthic fauna (Forbes 

& Lopez 1990, Forbes et al. 1994) and changes in benthic communities (Pearson & Rosenberg 1978, 

Josefson & Jensen 1992, Hargrave et al. 2008; Hargrave 2010).  For benthic communities, any 

changes are generally driven by rare and more sensitive species disappearing first, followed by other 

more resilient species. Some species are able to resist hypoxic or near-hypoxic conditions, and as such 

may be found in greater relative abundances in these areas (Pearson & Rosenberg 1978, Gray 1992, 

Dauer et al. 1992).   

Infauna are widely regarded as sensitive indicators of environmental degradation and restoration in 

marine sediments (Clarke & Green 1988, Austen et al. 1989, Warwick et al. 1990, Weston 1990, 

Dimitriadis & Koutsoubas 2011). Several studies have demonstrated a correlation between the level of 

organic enrichment and the extent of infauna community degradation (Pearson and Rosenberg 1978, 

Hargrave 2010).  Deposition rates >700 g C/m2/yr are widely believed to represent a critical value, such 

that sediments exposed to this rate of deposition are considered degraded, i.e. diversity of benthic 

fauna is significantly reduced (Cromey et al. 1998).  Although useful in terms of predicting the 

magnitude of effect of infauna, these thresholds give no indication of recovery times (also known as 

remediation) following removal of the contaminant source.    

Case studies of finfish aquaculture systems in Tasmania and Europe found that impacts are generally 

restricted to within 10–100 m of sea-cages and that the magnitude of impact depended largely on the 

depth of the water and the rate of water movement through the site (Carroll et al. 2003, Crawford 2003, 

Borja et al 2009).  Average current velocities through the Proposal region were modelled to be between 

20-50 cm/s at the surface and 10-30 cm/s at the benthos (Table 5.16).  This range of average current 

speeds is conducive to conditions described as either 'moderately' or 'not sensitive' to impact.  Currents 

speeds >10 cm/s are widely considered 'ideal' for sea-cage aquaculture, and current speeds <6 cm/s 

are generally considered 'not ideal' for sea-cage aquaculture.    

Table 5.16 Increasing suitability of potential aquaculture sites based on current speed 

Suitability Current speed (cm/s) Reference 

Not sensitive to impact / 

desirable 

10-25 Carroll et al. (2003) 

>15 Borja et al. (2009) 

13–77 Benetti et al. (2010) 

5–20 Halide et al. (2009) 

10–60 Beverage (2004) 

Moderately sensitive to impact 5–15 Borja et al. (2009) 

Sensitive to impact / unsuitable 
3–6 Carroll et al. (2003) 

<5 Borja et al. (2009) 

 

Inorganic nutrients 

Finfish aquaculture in open water sea-cages does result in the input of inorganic nutrients (e.g. 

Ammonia from fish excretion) which may cause deterioration in local water quality. Inorganic nutrients 

in the form of ammonia, nitrite + nitrate and orthophosphate may lead to adverse environmental effects 

via a number of cause-effect pathways, all of which contain BCH as key receptors.  As such, the 

cause-effect-response pathways which include inorganic nutrients are a key part of this as assessment.   
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Habitat studies in the Proposal area have revealed an array of benthic habitats, particularly in 

nearshore areas, including the presence of fringing coral reefs and macroalgal communities (Section 6).  

Macroalgae and corals in particular are known to be sensitive to sources of inorganic nutrients whereby 

in enriched areas living corals may be slowly replaced by macroalgae in what is known as a phase shift.  

Some studies have suggested that phase shifts are dependent on the degree of herbivory on a reef 

system (e.g. Littler & Littler 1984, Jackson et al. 2001, Bellwood et al. 2004, Hughes et al. 2010, Rasher 

et al. 2012), as in areas where herbivores are absent, algae have been able to proliferate even at low 

nutrient concentrations (~1 µmol/L).  

Metals and other contaminants 

Metals and other contaminants can cause toxic effects on marine organisms if concentrations reach 

threshold levels, or accumulate via biomagnification (Parsons 2012).  Sources of metals include 

contaminated sites, agricultural and urban runoff, discharges from sewage treatment plants, and 

copper‑based antifoulants sometime used on sea-cage infrastructure (Parsons 2012).  

Metals form a small part of commercial aquaculture feeds as trace elements, whereby the metals are 

consumed by finfish and excreted in the faeces.  Previous studies have found that Zn and Fe were 

present in the highest concentrations, with relatively low proportions of copper (Moccia et al. 2007).  

Despite the very low concentrations in commercial feeds, monitoring in Tasmanian waters has recorded 

copper and zinc sediment values at concentrations higher than the ANZECC/ARMCANZ (2000) ISQG‑
low and ISQG-high guideline values at some sea-cage sites (DPIPWE 2011).   

Anti-biotics are occasionally used to treat bacterial disease occurring in farmed finfish and are generally 

administered in feed.  Anti-biotics may impart pressure on the marine environment by reducing or 

changing numbers of sediment bacteria, which in turn may affect broader ecological processes.  

Though commonly used in other finfish farming operations in Australia and elsewhere, the use of 

anti-biotics by MPA at the current Cone Bay site is generally minimal, with vaccination programs aiding 

in minimising the requirement. 

Ecosystem nutrient budget 

As it is relatively underdeveloped, the nutrient budget of the Buccaneer Archipelago generally only 

comprises advective oceanic and sediment nutrient fluxes, as well as riverine inputs in the wet season. 

The oceanic and sediment nutrient fluxes are relatively small resulting in oligotrophic conditions around 

the vast majority of the Archipelago. In some areas near to river mouths however there is a greater 

input of nutrients which can result in natural algal bloom events, as occurred in Cone Bay in early 2019 

(DHI 2019). These natural algal blooms are relatively commonplace in the region, particularly in Cone 

Bay.  

The addition of the nutrient inputs generated by the Proposal adds a considerable nutrient perturbation 

to the system. This perturbation takes the form of both an immediate nutrient load to the water column 

(via waste and feed excess) and a delayed load via impacted sediment nutrient remineralisation.  A 

graphical representation of existing and impacted conditions, with approximate annual nutrient fluxes is 

included in Figure 5.18.  Fluxes have been computed from measurements and model predictions. 
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Notes: 

1. Biomass flux includes both solid and liquid waste nitrogen and phosphorus  

2. Sediment flux is the background flux for the Buccaneer Archipelago region; sediment flux is based upon the average sediment 

nutrient content measured during the baseline sampling program 

3. Oceanic flux is the total nutrient flux in and out of the Buccaneer Archipelago 

Figure 5.18 Conceptual diagram of the baseline and operations nutrient budget under scenario 4 

Table 5.17 Baseline and operational nutrient budgets 

Scenario Source (t/yr) 

Aquaculture (biomass) Oceanic (t/year) Background sediment 

(t/year) 

Riverine (t/year) 

1 Nitrogen: +691 

Phosphorous: +170 

Nitrogen: -12899 

Phosphorous: 

+1356 

 

Nitrogen: +7381 

Phosphorous: +136 

 

Nitrogen: +4670 

Phosphorous: 

+857 

 

2 Nitrogen: +566 

Phosphorous: +618 

3 Nitrogen: +691 (at most) 

Phosphorous: +170 (at 

most) 

4 Nitrogen: +566 (at most) 

Phosphorous: +618 (at 

most) 
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5.4.5 Potential construction impacts 

The relevant cause-effect pathways for both the construction of the nursery sites and the leases are 

summarised in Figure 5.19 and Figure 5.20. The majority of the cause-effect pathways revolve around 

elevated total suspended solids as a result of drilling or anchoring, as well as the presence of 

construction vessels / equipment which result in hydrocarbon spills / waste generation.  The potential 

impacts are summarised in Table 5.18.  

 

Figure 5.19 Cause-effect pathways associated with construction of the nursery outfalls 

 

 

Figure 5.20 Cause-effect pathways associated with construction of the sea-cages at the leases 
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Table 5.18 Potential construction impacts to marine environmental quality from construction of nursery sites and leases  

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Reduced light 

(Increased total 

suspended solids) 

Direct There is potential for 

periodic elevations in 

turbidity and 

associated 

reductions in light 

penetration 

generated via the 

drilling of foundations 

for the marine risers 

and outlet diffusers. 

Limited (impact likely 

only possible in 

areas close to the 

drilling) 

<1 day at a time 

during construction 

2-Minor 

Nursery sites Toxicity (grouting 

materials) 

Direct There is potential for 

short-term release of 

toxicants during the 

grouting processes 

required to secure 

marine infrastructure. 

Limited (impact likely 

only possible in 

areas close to the 

outfall) 

Construction phase 

when infrastructure is 

being sealed 

2-Minor 

Nursery sites Toxicity (chemicals) Direct The commissioning 

phase of the outfalls 

requires flushing and 

hydrostatic testing of 

the reverse osmosis 

infrastructure.  

Cleaning and 

disinfection fluids will 

be used creating 

potential for toxicity 

Limited (impact likely 

only possible in 

areas close to the 

outfall) 

<1 day when tunnels 

are flushed 

2-Minor 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

in the vicinity of the 

diffuser. 

Nursery sites Toxicity 

(Hydrocarbon spills 

and waste 

generation) 

Direct Marine construction 

activities include the 

use of a barge and 

support vessels, 

presenting potential 

risks due to 

hydrocarbons spills 

and waste 

generation.  

Limited (construction 

vessels are only 

small and as such do 

not contain a 

significant amount of 

fuel) 

<1 week for a spill to 

occur and be cleaned 

up 

2-Minor 

Leases Reduced light 

(Increased total 

suspended solids) 

Direct There is potential for 

periodic elevations in 

turbidity and 

associated 

reductions in light 

penetration 

generated via the 

anchoring of the 

sea-cages. 

Limited (impact likely 

only possible in 

areas close to the 

anchorages) 

<1 day at a time 

during construction 

2-Minor 

Leases Toxicity 

(Hydrocarbon spills 

and waste 

generation) 

Direct Marine construction 

activities include the 

use of a barge and 

support vessels, 

presenting potential 

risks due to 

hydrocarbons spills 

Limited (construction 

vessels are only 

small and as such do 

not contain a 

significant amount of 

fuel) 

<1 week for a spill to 

occur and be cleaned 

up 

2-Minor 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

and waste 

generation.  
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5.4.6 Potential operational impacts 

The relevant cause-effect pathways for the operation of both the nursery sites and the leases are 

summarised in Table 5.19.  Potential impacts from the nursery discharges are associated with an 

increase in dissolved inorganic nutrients. No other impacts to marine environmental quality from the 

nursery discharges are expected. The relevant thresholds used to determine the potential impacts of 

the operation of the leases on marine environmental quality are summarised in Section 5.6. The 

potential impacts themselves are summarised in Table 5.18.  

Aquaculture scenarios chosen for modelling 

Modelling scenarios were agreed in consultation with MPA. Scenarios were based on the proposed 

farming methods MPA is looking to implement for the expansion project, as described in Table 5.18.  

Table 5.19 Aquaculture infrastructure assumptions 

Infrastructure Component Details 

Cage diameter (m) 36 

Cage circumference (m) 120  

Cage depth – anti predator netting (m) 13-16  

Cage depth – fish netting (m) 10-13 

Cage volume (m2) ~12,600 

Other assumptions 12 cages per lease area 

Simultaneous production in every lease area 

Continuous release of feed and associated wastes 

 

The scenarios chosen for modelling are summarised in Table 5.20. Scenarios 1 and 2 assumed a 

constant standing biomass of 4500 tonnes in each lease area, with a static Food Conversion Ratio 

(FCR) varying between 1.5-2.3 depending on the scenario. Two FCRs were modelled, with MPA 

targeting an FCR of 1.5 MPAs considering it will provide better environmental outcomes while also 

improving their productivity. The standing biomass of 4500 tonnes was selected in consultation with 

MPA, with this value equating to the expected maximum biomass that will be present on a lease prior to 

harvesting. Though not reflective of MPAs planned grow-out strategy, these scenarios are important to 

model to provide understanding of the potential environmental impacts at any point of the year when 

the maximum standing biomass of 4500 tonnes is present. In these scenarios, no allowances were 

made for annual fluctuations in standing biomass due to growth and/or harvesting of stock. Feed inputs 

and waste outputs were also assumed to be constant in time. In Scenarios 3 and 4 however, an 

increasing standing biomass ranging from 1570 tonnes to a maximum of 4500 tonnes was modelled. 

This included an associated increase in feed and waste outputs throughout the model period as 

biomasses increased. These scenarios represented the actual fish production cycle that MPA is looking 

to implement, which will generally last for ~18 months. Each lease area was modelled to have the same 

biomass throughout.  

Across each lot of scenarios only a 12-month period was modelled, representing annual variation with 

seasonality. For Scenarios 3 and 4 where biomass increased through time, only the 12 months where 

biomasses increased from month 7 to month 18 was modelled, so as to represent the maximum 

potential environmental impact of the Proposal. Though MPA is planning on implementing a 1-month 

complete fallowing period, this part of the production cycle was not modelled directly. Figure 5.21 

summarises the modelled increase in fish biomass through time for second lot of scenarios.  
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Table 5.20 Modelled production scenarios 

Scenario No. 1 2 3 4 

Starting standing 

biomass (tonnes) 

4500 1570 

Ending standing 

biomass (tonnes) 

4500 

FCR 2.3 1.5 2.3 1.5 

Model period 

(months) 

12  

No. cages per 

lease 

12 

 

 

Figure 5.21 Operational standing biomass per cluster; Scenarios 1 – 2 with constant and Scenarios 

3 – 4 with stepwise increase 

Thresholds for model interrogation – water quality 

Recovery of the water column to baseline levels could not be modelled directly in lieu of the uncertainty 

regarding the lethal and sub-lethal thresholds of endemic species, and equal uncertainly regarding their 

timing of recovery, particularly following exposure to aquaculture stressors (i.e. organic material and 

inorganic nutrients). Thresholds for water column oxygenation, algal growth potential and nutrient 

enrichment are based on EPA (2017).  The levels of ecological protection as defined by EPA (2017) are 

described in Table 5.21.  For each parameter, an overarching threshold for the entire year, rather than 

a season specific threshold, was applied.  

 

Scenarios 1 - 2 
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Table 5.21 Levels of ecological protection as defined by EPA (2017) 

Level of 

ecological 

protection  

Limits of acceptable change 

Low To allow for large changes in the quality of water, sediment and biota (e.g. large changes in 

contaminant concentrations causing large changes beyond natural variation1 in the natural 

diversity of species and biological communities, rates of ecosystem processes and 

abundance/biomass of marine life, but which do not result in 

bioaccumulation/biomagnification in near-by high ecological protection areas). 

Medium To allow moderate changes in the quality of water, sediment and biota (e.g. moderate 

changes in contaminant concentrations that cause small changes beyond natural variation 

in ecosystem processes and abundance/biomass of marine life, but no detectable changes 

from the natural diversity of species and biological communities). 

High To allow small changes in the quality of water, sediment or biota (e.g. small changes in 

contaminant concentrations with no resultant detectable changes beyond natural variation* 

in the diversity of species and biological communities, ecosystem processes and 

abundance/biomass of marine life). 

Notes: 

1. Detectable change beyond natural variation nominally defined by the median of a test site parameter being outside the 20th and 

80th percentiles of the measured distribution of that parameter from a suitable reference site 

Oxygenation 

The thresholds for oxygenation (dissolved oxygen; DO) are based on EPA (2017). The thresholds are 

equivalent to the Environmental Quality Guidelines (EQG) for achieving moderate and high levels of 

ecological protection (Table 5.22), which require that DO levels are maintained at 80% and 90% 

saturation respectively for a period greater than six weeks duration. 

Algal growth potential and nutrient enrichment 

Thresholds for inorganic nutrients were developed to address the effects of algal growth potential, 

nutrient enrichment (Table 5.22). The thresholds for algal growth potential and nutrient enrichment are 

based on the 95th and 80th percentile values obtained during baseline studies (Section 5.3). In this 

context, the 80th percentiles (ZoI) are in alignment with the criteria used for a high level of ecological 

protection; and the 95th percentiles, a moderate level of protection. 

Table 5.22 Water quality thresholds 

Parameter Moderate ecological protection High ecological protection 

Oxygenation1 DO saturation in the bottom half of 

water column not to fall below 

80% for a period exceeding 6 

weeks 

DO saturation in the bottom half of 

water column not to fall below 

90% for a period exceeding 6 

weeks 

Algal growth potential2 DIN concentration not to exceed 

0.014 mg/L more than 50% of the 

time 

DIN concentration not to exceed 

0.01 mg/L more than 50% of the 

time  

Nutrient enrichment2 Chlorophyll-a not to exceed 0.9 

µg/L more than 50% of the time 

Chlorophyll-a not to exceed 

0.7 µg/L more than 50% of the 

time 

Notes: 
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1. Thresholds for the ZoHI/ZoMI and the ZoI are based respectively on the EPA's EQGs for moderate and high ecological protection 

(EPA 2017).  Threshold assumes continuous exceedance for a period exceeding six weeks. 

2. Thresholds for the Zone of moderate impact (ZoMI) and Zone of influence (ZoI) are based respectively on the EPA's EQGs for 

moderate (95th percentile baseline data) and high (80th percentile baseline data) ecological protection (EPA 2017).  The threshold 

for the Zone of high impact (ZoHI) is based on the 99th percentile of baseline data.    

Thresholds for model interrogation - sediment quality 

The potential for the Proposal to impart adverse effects on the benthic marine environment (particularly 

soft sediments) were described in the context of EPAs zones of impact criteria.  These are: zone of high 

impact (ZoHI), zone of moderate impact (ZoMI) and zone of influence (ZoI) (Table 5.23), as defined 

below. These definitions were developed to assess the impacts of capital dredging activities to benthic 

habitats in the States Northwest, and its application to aquaculture EIA is relatively new (see DHI 2013, 

BMT Oceanica 2015):  

• Zone of high impact – the area where impacts on benthic organisms are predicted to be irreversible. 

The term irreversible is defined in accordance with EPA (2009) as 'lacking a capacity to return or 

recover to a state resembling that prior to being impacted within a timeframe of five years or less'. 

• Zone of moderate impact – the area within which predicted impacts on benthic organisms are sub-

lethal, and/or the impacts are recoverable within a period of five years 

• Zone of influence – the area within which changes in environmental quality associated with the 

Proposal are predicted and anticipated during operations, but where these changes would not result 

in a detectible impact on benthic biota.  

Soft sediments 

The recovery of sediments at the point of fallowing was determined directly using a sediment 

diagenesis (biogeochemical) model, linked to a hydrodynamic and a particle transport model. The 

period of recovery was determined across a range of scenarios. Conditions were simulated in which 

sediments, beneath and near the sea-cages, received inputs of waste for a period of one, two and five 

years. At the completion of the one, two and five year periods, the cages were fallowed, and the 

sediments allowed to recover. 

Oxygenation 

Recovery was deemed to have occurred when sediment chemical conditions, represented by the 

concentration and depth of oxygenation and hydrogen sulphide, returned to pre-aquaculture conditions 

(Table 5.23). Three zones were defined based on threshold criteria for recovery (defined in more detail 

in Annex C). This included consideration of oxygen and sulphide concentrations within the top 5 cm of 

sediment. The ZoHI was applied when sediment conditions took greater than 5 years to recover; the 

ZoMI was applied when sediment conditions took less than 5 years to recover, and the ZoI was applied 

when sediments received waste material, but not in proportions great enough to alter the sediment 

chemistry. Chemical recovery was used over biological recovery, as its trajectory is more reliable and it 

has readily identifiable beginning and end points. Biological recovery, in contrast, may never occur 

completely as guilds of infauna inhabiting similar ecological niches may replace each other, leading to 

subtle differences in post remediation community structures – meaning the end point is difficult to 

quantify. 

Metals 

Recovery thresholds for metals were based on the time taken for sediment metal concentrations to 

return to values lower than the EPA's Environmental Quality Guideline (EQG) trigger values (EPA 

2017). The ZoHI was applied when sediment conditions took greater than 5 years to recover and the 

ZoMI was applied when sediment conditions took less than 5 years to recover. The ZoI was applied 
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when sediments received waste containing metals, but not in concentrations great enough to exceed 

the EQG trigger values. 

Table 5.23 Thresholds applied to soft sediments 

Parameter  Zone of High Impact 

(ZoHI) 

Zone of Moderate 

Impact (ZoMI) 

Zone of Influence 

Hydrogen sulphide  Where the rate of 

deposition results in 

conditions of persistent 

anoxia, with a 

corresponding mean 

reduction in infauna 

species richness greater 

than 50%. Following 

Hargrave et al. (2008) 

this occurs when H2S 

concentration in the 

upper 2 cm of sediment 

exceeds 300 µM L-1. 

Concentrations 

deteriorate and do not 

recover to baseline 

levels within a 5-year 

period 

Conditions of moderate 

hypoxic stress, reducing 

infauna species richness 

by no more than 50%. 

This occurs when the 

upper 2 cm H2S 

concentration remains 

within the 100300 µM L-

1 range. Concentrations 

deteriorate but recover to 

baseline levels within a 

5-year period 

Where the rate of 

deposition is sufficiently 

low so as not to 

contribute material 

affects to sediment 

chemistry and/or infauna 

species richness. 

Following Hargrave et al. 

(2008) this category 

requires that H2S 

remains below 100 µM 

L-1  

Top 5 cm of sediment 

remain oxygenated 

Oxygenation 

Metals (Zn and Cu)1 Sediment concentrations 

of Zn and Cu do not 

recover to values lower 

than the EPA EQGs2 

within a 5-year period 

Sediment concentrations 

of Zn and Cu recover to 

values lower than the 

EPA EQGs2 within a 

5-year period 

Sediment concentrations 

of Zn and Cu not to 

exceed the EPA EQGs2 

Notes: 

1. Zinc (Zn) and Copper (Cu) are the metals present in feeds in the highest proportion and those with EPA (2017) triggers. 

2. EQG = Environmental Quality Guideline 
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Figure 5.22 Cause-effect pathways associated with the operation of the nursery sites (release of inorganic nutrients) and leases 
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Modelled impact assessment – water quality 

Results below are only shown for scenarios 2 and 4, where an FCR of 1.5 was modelled which is the 

most likely scenario to occur. Full results for all scenarios are provided in Annex C.  

Oxygenation 

The potential for deoxygenation of the water column beneath and near the sea-cages was investigated 

using the integrated hydrodynamic, water and sediment diagenesis model. Simulations focused on the 

bottom half of the water column. Median dissolved oxygen concentrations at the edge of the continental 

shelf were lower than 80% saturation.  Oxygen concentrations maintained normal levels across the 

scenarios, with no evidence of significant oxygen drawdown.  Results of the sediment diagenesis 

model, however, point to high levels of biological oxygen demand (BOD) at the sediment water 

interface (Annex C).  Under the anoxic sediment conditions predicted by the model, waters at the 

sediment water interface (and in some cases, the layers above the sediment water interface) are likely 

to experience some oxygen drawdown.  However, the extent of water movement through the system is 

such that the level of drawdown is unlikely to be of any ecological consequence, as oxygen levels are 

quickly resupplied by new seawater inputs.    

Algal growth potential (DIN) 

The spatial extent and concentration of DIN released from sea-cage infrastructure was investigated for 

each scenario. Concentrations of DIN near the sea-cages increased with increasing biomass. The 

decrease in DIN with distance from the sea-cages was driven partly by far-field dilution processes and 

partly by biological assimilation, both processes simulated in the integrated model.  

In terms of zones of impact, concentrations of DIN exceeded the moderate ecological protection 

criterion (95th percentile of background) throughout much of the Archipelago in waters adjacent to the 

sea-cages for scenario 2 (Figure 5.23). Results for 4 however show a major reduction in the DIN 

footprints to the areas near to the sea-cages in most cases, though there was still an elevated footprint 

in the areas east of the Crocodile Creek leases (Figure 5.24).  The spatial extent of the area exceeding 

the high protection criterion was extensive for scenario 2, however for scenario 4 in areas where current 

speeds were generally greater there was little to no impact (e.g. at Dorothy Island).   

The area exceeding the protection criteria, even in the best case scenario (scenario 4) still extended 

beyond the borders of the leases in most cases. The area exceeding the combined moderate and high 

protection criteria represents the area not expected to meet a high level of ecological protection, and 

highlights the potential for algal growth.  

  



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 131 4 May 2022 

 

Figure 5.23 Zones of impact based on dissolved inorganic nitrogen in the water column under 

scenario 2 
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Figure 5.24 Zones of impact based on dissolved inorganic nitrogen in the water column under 

scenario 4 
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Nutrient enrichment (chlorophyll-a) 

The significant increases in DIN corresponded were mirrored by significant increases in chlorophyll-a, 

however the location of these increases differed. A natural gradient of chlorophyll-a was detected 

between deeper waters and nearshore waters, with leases in deep offshore waters tending to have 

lower chlorophyll-a values under each of the modelled scenarios.  In the northern part of the 

Archipelago, modelled chlorophyll-a values generally did not exceed the moderate or high ecological 

protection criteria, except for some inshore areas where it is likely material becomes entrapped. 

Strickland Bay and Cone Bay however had elevated chlorophyll-a values in almost the entire local 

region depending on the scenario. This is also likely a reflection of hydrodynamics as well as the natural 

gradient of chlorophyll-a between deeper and shallow waters.  

Under each of the scenarios, chlorophyll-a values exceed the 95th percentile criteria in much of the 

nearshore region of Strickland Bay as well as the majority of Cone Bay (Figure 5.25, Figure 5.26).  The 

'footprint' is significantly reduced under scenario 4 (FCR 1.5). The 80th percentile criteria is also 

exceeded throughout in areas extending slightly beyond the 'footprint' for the 95th percentile criteria, 

encompassing leases in the east of Strickland Bay. However, it is critical to note that the 80th and 95th 

percentile criteria used here, which are derived from the baseline samples collected for the purposes of 

this study, are very stringent. For example, the 95th percentile criteria is triggered at 0.9 ug/L, which is 

still reflective of an oligotrophic marine system (which generally have a chlorophyll-a concentration of 

~1 ug/L). Furthermore, Figure 5.27 highlights that, under scenario 4 for example, chlorophyll-a values 

are projected to be less than 1.5 ug/L almost everywhere in the model domain, while they are only 

projected to be between 1.5-2.1 ug/L in a small section of Cone Bay. As such, though chlorophyll-a may 

be elevated above background at these levels it is unlikely there would be any subsequent significant 

impacts on marine fauna or other biota. This is reinforced by the fact that the model did not project 

significant deoxygenation at the sediment interface, which would normally be expected to occur if 

chlorophyll-a was reaching concentrations reported during an algal bloom.  

Overall, the modelling indicates that chlorophyll-a exceedances are not expected in the areas near to 

the leases for the most part, rather they are elevated in nearshore areas where hydrodynamic flushing 

is reduced and the potential for the build-up of organic material is increased. For example, the 

nearshore areas of Strickland Bay and Cone Bay periodically experience naturally elevated algal values 

with significant inflow of riverine inputs during the wet season. A significant algal bloom occurred in 

2019 in Cone Bay which resulted in a major fish kill at MPAs current leases, after which an investigation 

as to the cause of the bloom was instigated. This investigation found that the bloom was likely due to 

elevated riverine inputs during the wet season, rather than any potential enrichment from the Cone Bay 

operations (DHI 2019). The observed chlorophyll-a values for this study were found to be peak at more 

than 25 ug/L, with concentrations above 5 ug/L observed for a number of days in the lead up to and 

post the peak of the algal bloom (DHI 2019).  
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Figure 5.25 Zones of impact based on chlorophyll-a values under scenario 2 
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Figure 5.26 Zones of impact based on chlorophyll-a values under Scenario 4 
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Figure 5.27 Extent of high chlorophyll-a values projected under scenario 4 
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Modelled impact assessment – sediment quality 

Results below are only shown for scenarios 2 and 4, where an FCR of 1.5 was modelled which is the 

most likely scenario to occur. Full results for all scenarios are provided in Annex C.  

Inputs of organic waste (carbon) 

An integrated hydrodynamic, particle transport, water quality and sediment diagenesis model was used 

to determine the trajectory, settlement and impacts of organic wastes leaving the sea-cages, which may 

result in an increase in total suspended solids in the water column.  For modelling purposes, inputs of 

organic waste to the seafloor were termed deposition footprint (waste area density in g/m2/year). 

Deposition was used as a proxy for organic enrichment, and as an indicator of potential secondary 

effects, including deoxygenation and accumulation of sulphides. Deposition data are reported here for 

contextual purposes only.   

Figure 5.28 and Figure 5.29 show the predicted rate of deposition to the seafloor under scenarios 2 and 

4 after twelve months of continuous finfish production. Deposition levels greater than background were 

detectable beneath and near to the sea-cages in each of the modelled scenarios. Accumulation of 

organic material occurred under each scenario, and commenced rapidly following beginning of 

production. The highest deposition was concentrated immediately below the sea-cages, with areas 

beyond the sea-cages by contrast maintaining similar levels of deposition even with changes in FCR. 

These data are indicative of a highly concentrated effect, whereby the deposition of organic waste is 

centred on the area of seafloor immediately under the sea-cages.  In some areas deposition was 

present beyond the boundaries of leases, however these were generally at rates very close to 

background.  
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Figure 5.28 Deposition footprint at the proposed leases under scenario 2 
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Figure 5.29 Deposition footprint at the leases under scenario 4 
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Sediment toxicity (dissolved oxygen and sulphide content) 

Figure 5.30 to Figure 5.32 shows the spatial extent of the three zones of impact, defined based on the 

time required for sediment oxygen and sulphide concentrations to return to baseline levels following 

one, two and five years of finfish production for scenario 4 (the most likely scenario for this Proposal). 

As per the classification, areas requiring greater than five years to recover to baseline levels were 

designated zones of 'high' impact (ZoHI – amber colouration), and areas requiring less than five years 

to recover were designated zones of 'moderate; impact (ZoMI – yellow colouration). Areas expected to 

receive waste, but not in concentrations great enough to alter the sediment chemistry, were designated 

zones of influence (ZoI – blue colouration). Areas classified as ZoI are expected to maintain sediment 

oxygen and sulphide levels equivalent to unimpacted sites located beyond the influence of aquaculture 

activities.  

Results indicate that for the most part the ZoHI was constrained to the area directly underneath the 

sea-cages and only for some leases did it extend beyond the lease boundaries. At some leases 

however a significant footprint is present well beyond the border of the lease boundaries. For example, 

waste material from Dorothy Island is modelled to disperse south-west into a deep-water channel, with 

the ZoMI modelled to extend up to 3 km from the southern border of the lease. Similarly, the model 

indicates that the ZoMI for the Conilurus Island and Crocodile Creek leases will intersect with each 

other. All other leases show clear separation between each other, with there being significantly less 

dispersion of material.  This is likely a result of the higher current speeds in the northern part of the 

Archipelago, which when simulated in the model, imparted a strong influence on particle transport and 

resuspension–both processes which affected the retention of organic material near the sea-cages.  

Particles tended to disperse under higher current speeds, but tended to sink, deposit and remain close 

to the sea-cages under lower current speeds.  The ZoI was the largest (in area) and the most dispersed 

of the three impact categories. In the northern area of the Archipelago, the higher current speeds acted 

to increase the dispersion of organic particles, which in turn increased the area occupied by the ZoI.  

After one year of operations, some leases, Koolan Island and Bayliss Islands in particular, had little to 

no area of high impact. This is potentially due to the natural hydrodynamics of those areas where 

material generally did not. After two-five years of operations however this difference between the leases 

is reduced such that every lease after five years of operation reported a ZoHI directly beneath the 

sea-cages. However, the total area impacted by waste material does not significantly change from 

one-five years of modelled production, suggesting that the material deposited after one year does not 

build up significantly through time.  

Direct comparisons between the scenarios highlights that MPAs planned 18-month grow-out cycle 

(scenario 4) does have a lower impact footprint than if the same maximum standing biomass (4500 

tonnes) was maintained at the leases for the same period.  

Recovery times as indicated in Figure 5.33 to Figure 5.35 show that depending on the lease the total 

recovery times will change quite significantly. For example, in Strickland Bay recovery times after one 

year of operation are up to seven years (directly underneath the cages), whereas for all other sites it is 

between four-five years. Leases such as at Dorothy Island or Bayliss Islands however show that the 

sediments can recover within one-two years directly beneath the sea-cages. The time for the sediments 

to recover however does not change dramatically depending on the number of years production has 

been modelled for, as even after five years production it would take eight years for the area directly 

beneath the cages to recover in Strickland Bay rather than seven.  

Generally, though the area of moderate impact extends well beyond the border of the leases in many 

cases, for the most part the recovery times show that sediments in these areas will be able to recover 

within two years, and its only directly underneath the cages that long recovery times are expected.  
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Figure 5.30 Zones of impact after 1 year of operations under scenario 4 
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Figure 5.31 Zones of impact after 2 years of operations under scenario 4 
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Figure 5.32 Zones of impact after 5 years of operations under scenario 4 
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Figure 5.33 Duration of recovery after 1 year of operations under scenario 4 
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Figure 5.34 Duration of recovery after 2 years of operations under scenario 4 
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Figure 5.35 Duration of recovery after 5 years of operations under scenario 4 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 147 4 May 2022 

 

Comments on the zone of influence 

The spatial extent of the ZoI, and particularly its outer limits of distribution, was driven largely by the 

dispersion of the smallest faecal fraction (see Section 5.4.3).  Particles may travel this distance from the 

cages through resuspension, but they are unlikely to accumulate in the densities shown in the Figures 

because the model understates dispersive processes at very low deposition rates.  

The model does not simulate every single particle released during operations, as to do so would 

exceed hardware limits such as memory and disk space.  Instead, multiple particles are packaged 

together in a single discrete unit of 10kg, which means that the lowest deposition rate that can be 

resolved is    kg/year.  This ‘package’ will have all the physical characteristics of the particles it is 

representing (e.g. settling velocities, resuspension dynamics, density) but using it greatly reduces 

computational overhead.  At high deposition rates (e.g. in the vicinity of cages), packaging particles in 

this manner will not change overall model results, but in areas with low deposition rates (e.g. the 

lagoonal area of the Easter Group) deposition will be overstated if only a few packages are deposited at 

the same location.   

Comments on the modelled rate of chemical remediation 

Rates of organic matter mineralisation are site-specific and depend, among other things, on the 

assimilative capacity of the system (Findlay et al. 1995).  A review by Brooks et al. (2003) found that 

biological remediation times varied significantly from a few months to several years (Mahnken 1993, 

Morrisey et al. 2000, Karakassis et al. 1999).  Recovery typically proceeded rapidly in the months 

directly after fallowing but often slowed as time progressed, presumably because the recolonisation 

rates of infauna differ (e.g. Mahnken 1993).   

Brooks et al. (2004) examined recovery in sediments after >2000 t of salmon were harvested and the 

cages left to fallow.  At peak farming biomass, benthic sediments at the study site were black in colour 

and characterised by bubbles of hydrogen sulphide and beds of the sulphide-oxidising bacterium 

Beggiatoa spp, with the effects extending between 18 and 145 m down-current of the sea-cage 

perimeter.   In this worst-case scenario, and following four years of fallowing, biological remediation was 

nearing completion at distances >80 m from the sea-cages but was not complete within this distance.  

Within 80 m, it was predicted that that chemical remediation sufficient to support half of the common 

taxa observed at reference sites would be complete 5.4 years post-fallowing, with complete biological 

remediation requiring a longer period.    

The observations described in Brooks et al. (2004) validate in part the recovery times reported here, in 

which it was predicted that between 6 and 7+ years would be required for sediments directly beneath 

the sea-cages to achieve chemical remediation (see above).  The longer periods of recovery reported in 

this assessment are perhaps not surprising given the levels of standing biomass examined (up to 

4500 t of finfish per lease), and the fact that we adopted a highly conservative approach for estimating 

the volumes of fish waste (see Annex C). 

Variability in the timing of recovery is widely reported in the literature: Macleod et al. (2002) reported 

chemical remediation after two years (with sulphide levels returning to reference levels), but incomplete 

biological remediation (infauna were in a transitionary recovery phase, and still significantly different 

from reference sites).  Subsequent work by these authors (Macleod et al. 2006) found that sediment 

returned to pre-stocking conditions after a three-month period, but did not return to reference 

conditions.  Despite similarities in the way the impact sites were treated in these studies (i.e. stocking 

levels and feed inputs), there were differences in the recovery response and in the rate of change in 

infauna community structure.  This implies that the link between sediment organic load and recovery is 

not straightforward and that different locations may need different management strategies, particularly 

with regard to timing of fallowing (Macleod et al. 2006). 
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As indicated in Annex C, rates of chemical remediation as predicted by the sediment diagenesis model 

were assumed to proceed free of major physical disturbances.  Although the model incorporated some 

capacity for bio-physical disturbance and biological reoxygenation via biodiffusion and irrigation (based 

on a constant of 20 m2/y to a depth of 15 cm), neither of these processes accounted for the potential 

‘resetting’ of the sediment during major scour events i.e. such as those which may occur during major 

storm events or cyclones, the latter of which affects the Buccaneer Archipelago generally on an annual 

basis.  The recovery times presented herein are therefore conservative and longer than those which 

may occur in reality, especially if the 5-7 year recovery period modelled in this assessment was affected 

by a significant storm event.         

Sediment toxicity (heavy metals) 

The sediment diagenesis model was used to determine the time taken for sediments to recover 

following inputs of waste, including trace elements (Zn and Cu), which are present in commercial finfish 

feeds.  Triggers were set following the EPAs EQG for high ecological protection (EPA 2015). Results 

indicate that for the targeted FCR of 1.5 with an increasing biomass through time (scenario 4), neither 

zinc nor copper accumulated to levels above the trigger values (Table 5.24). In scenario 2, zinc did 

accumulate to levels above the trigger, however this was only directly beneath the sea-cages and only 

in a limited number of leases. At the boundary of the leases, zinc and copper accumulation was less 

than the triggers for all scenarios.     

Table 5.24 Trace metal contamination in sediments 

Scenario Underneath sea-cages At lease area boundary 

Zinc  Copper Zinc Copper 

2 Exceeds threshold Does not exceed 

threshold 

Does not exceed 

threshold 

Does not exceed 

threshold 
4 Does not exceed 

threshold 

Outfall discharge 

Each of the three nursery sites will have discharges with elevated nitrogen content due to fish and feed 

waste inputs in the nursery tanks. With an estimated wastewater flow of 16 L/s, the expected 

concentrations of dissolved inorganic nitrogen in the pipes prior to initial dilution after discharge are 

expected to be between ~3-4.5 kg/day, with particulate organic carbon in pipes prior to initial dilution 

after discharge expected to be between ~0.43-0.68 kg/day based on the estimated biomass of fish 

within the tanks, the conversion of feed to waste ratio and the known Carbon: Nitrogen: Phosphorous 

ratio of the feed itself. The expected total nitrogen loading discharged per day subsequently varies 

between 3.5-6 kilograms per day.  

The assimilative capacity of the receiving marine environment depends on the flushing of the system 

combined with the ability of local primary producers to absorb the excess nitrogen without material 

affects to ecosystem processes. With the treatment and filters applied to the outfalls at each nursery, it 

is expected that the discharge loads will be reduced to acceptable levels in the far-field after near-field 

dilution.  

Any impacts will likely be kept to the nearfield around the outfall, with negligible impacts to the farfield 

area of the water column.  

5.4.7 Summary of Potential Impacts 

Table 5.25 shows the potential operational impacts to marine environmental quality, prior to the 

application of mitigation measures.  
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Table 5.25 Potential operational impacts to marine environmental quality from the operation of the nursery sites and leases 

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Nutrient enrichment 

(discharge) 

Direct The discharge from 

the nursery sites will 

contain relatively low 

concentrations of 

dissolved inorganic 

nutrients, particularly 

nitrogen. The water 

column in the area 

surrounding the 

outfalls may 

subsequently be 

enriched.  

Localised to end of 

discharge pipeline 

Lifetime of project 2-Minor 

Leases Nutrient enrichment 

(aquaculture wastes) 

Direct Finfish and excess 

feed wastes will 

breakdown and 

potentially result in 

nutrient enrichment 

both of the water 

column and of the 

sediments where 

waste particles settle 

Broad (nutrient 

enrichment may 

extend to a regional 

scale) 

Lifetime of project 

(except when sites 

are fallowed) 

4-Major 

Leases Increase in total 

suspended solids 

Direct Waste particles will 

increase the 

concentration of total 

suspended solids in 

the water column 

Broad (elevated TSS 

may occur beyond 

the borders of the 

leases) 

Lifetime of project  

(except when sites 

are fallowed) 

3-Moderate 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Leases Increased 

phytoplankton 

biomass 

Indirect Nutrient enrichment 

as a result of the 

breakdown of waste 

products may 

subsequently 

enhance 

phytoplankton 

biomasses  

Broad (increased 

biomasses may 

occur beyond the 

borders of the 

leases) 

Lifetime of project 

(particularly wet 

season when 

nutrients are 

naturally higher) 

4-Major 

Leases Deoxygenation Indirect Oxygen levels both in 

the water column and 

in the sediments may 

reduce due to an 

increase in microbial 

activity to breakdown 

the elevated nutrients 

polluted into the 

environment 

Limited (generally 

only in close 

proximity to the sea-

cages) 

Lifetime of project 2-Minor 

Leases Toxicity (ammonia) Indirect Ammonia wastes 

produced by the 

farmed finfish may 

concentrate to a toxic 

level 

Broad (nutrient 

enrichment may 

extend to a regional 

scale) 

Lifetime of project 3-Moderate 

Leases Toxicity (anti-biotics) Indirect Anti-biotics input into 

the farms may have 

toxic effects on other 

marine fauna / flora 

present nearby 

Moderate (potential 

for impact beyond 

leases) 

Lifetime of project 3-Moderate 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Leases Change to 

hydrodynamic 

conditions 

Direct The installation of the 

sea-cages may 

change the local 

hydrodynamics 

around the leases 

Limited (immediate 

vicinity of the 

sea-cages) 

Lifetime of project 2-Minor 
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5.4.8 Cumulative impacts 

The cumulative direct and indirect impacts of other operations ongoing or proposed in the vicinity of the 

development envelopes for the leases and nursery sites are summarised in Table 5.26.  Though pearl 

farming leases operate in close vicinity to the proposed leases, there are no potential cumulative 

impacts on marine environmental quality, other than that the farmed pearls may help remove some of 

the waste material from the sea-cages before it reaches the seabed, depending on the hydrodynamics 

of the specific area (there is minimal chemical usage on these farms while wastes produced are also 

low to nil).   
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Table 5.26 Impacts from other ongoing and proposed operations in vicinity of the development 

envelope for the leases and nursery sites 

Development 

type 

Phase Approved / 

Operational / 

Referred 

Potential 

impacts 

Impact Context and assessment 

Cockatoo 

Island Multi-

user Supply 

Base  

Construction 

/ operations 

Referred Waste 

generation 

Indirect During construction and operations 

a number of solid and liquid wastes 

will be generated, including but not 

limited to sewage, bilge waters, 

colling waters, deck drainage, 

lubricating oils, hydraulic oils and 

excess concrete and asphalt which 

if released into the marine 

environment could effect water 

quality.  

Cockatoo 

Island Multi-

user Supply 

Base  

Construction 

/ operations  

Referred Increase in 

total 

suspended 

solids 

Indirect Pile driving required for port 

activities may increase total 

suspended solids on a localised 

scale. Unlikely to interact with 

lease areas.  

Koolan Island 

Iron Ore Mine 

and Port 

Facility 

Operations Operational Toxicity / 

increase in 

turbidity 

Direct Dewatering of the settlement 

ponds for the iron ore facility 

requires water to be discharged 

into the marine environment in 

accordance with a Marine 

Management Plan. Potential 

contaminants in this water include 

copper.   

Koolan Island 

Iron Ore Mine 

and Port 

Facility 

Operations Operational Toxicity / 

increase in 

turbidity 

Direct Sediment runoff from stormwater 

poses a risk of introducing toxic 

materials or wastes into the 

surrounding marine environment if 

waste dumps, stockpiles, pits and 

roads are not managed 

appropriately.  

Ardyaloon 

Trochus 

Hatchery 

Operations Operational Nutrient 

enrichment 

Indirect Produced water for the Ardyaloon 

Trochus Hatchery is currently 

discharged from an outfall adjacent 

to the proposed outfall location for 

the Proposal. The concentration of 

nutrients from this outfall are 

however minimal and currently 

pose no risk of nutrient enrichment.  

Arrow Pearling 

Base 

Operations Operational Nutrient 

enrichment 

Indirect Produced water for the Arrow 

Pearling Base is currently 

discharged from an outfall adjacent 

to the proposed outfall location for 

the Proposal. The concentration of 

nutrients from this outfall are 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 154 4 May 2022 

 

Development 

type 

Phase Approved / 

Operational / 

Referred 

Potential 

impacts 

Impact Context and assessment 

however minimal and currently 

pose no risk of nutrient enrichment.  

 

5.5 Mitigation 

MPA has applied the mitigation hierarchy to the Proposal to protect marine environmental quality, and 

to meet the EPA's environmental quality objective for ecosystem integrity. Management procedures 

proposed to minimise impacts to marine environmental quality from the Proposal are summarised 

below in accordance with EPA's mitigation hierarchy.   

5.5.1 Construction 

Appropriate avoidance measures have been taken where possible to limit the impact of the construction 

of the leases and nursery outfalls on marine environmental quality (Table 5.27).   
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Table 5.27 Mitigation strategies for reducing construction related impacts at the leases following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Reduced light 

(Increased total 

suspended 

solids) 

NA • MPA will only use stingray anchors for 
anchoring their sea-cages, meaning no pile 
driving or drilling is required to secure them. 
The installation of these anchors does not 
result in significant re-suspension of 
sediments, and any material that is 
re-suspended is expected to settle in less 
than a day.  

• MPA are using as small a diameter piping as 
possible for the outfalls, meaning the amount 
of drilling required to secure the piping is 
reduced. As such, only small amounts of re-
suspended sediments are expected to be 
created, and then only for less than a day 
until it settles again.   

NA NA NA NA 

Toxicity (grouting 

materials) 

 • Only a small amount of chemicals will be 
used in grouting. MPA will ensure those used 
are non-toxic where possible.  

NA NA NA NA 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 156 4 May 2022 

 

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Toxicity 

(chemicals) 

NA • Only a small amount of chemicals will be 
used in testing the operation of the outfalls. 
MPA will ensure those used are non-toxic 
where possible.  

NA NA NA NA 

Toxicity 

(Hydrocarbon 

spills and waste 

generation) 

• No significant 
volumes of 
hydrocarbons or other 
major wastes will be 
kept at lease areas 

• A hydrocarbon spill kit will be kept on board 
all vessels during construction to be used to 
reduce the extent of a spill in the event one 
occurs 

• All waste generated during 
construction of the nursery 
outfalls and leases will be 
kept on-board the vessels 
and disposed of 
appropriately at a waste 
facility 

NA NA NA 
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5.5.2 Operations 

Appropriate avoidance measures have been taken where possible to limit the impact of the operation of 

the leases on marine environmental quality (Table 5.28).   

Environmental monitoring and management for the operational phase is outlined in the EMMP in Annex 

A.  The plan provides guidance on operational activities and the details in relation to the following:  

• Detailed monitoring and management requirements  

• Timing/frequency of monitoring and management commitments 

• Responsibilities for monitoring and management commitments 

• Contingency planning/measures in the event of an environmental or safety issue  

• Reporting requirements to government and environmental regulators. 

The major impacts on marine environmental quality from the Proposal are associated with nutrient 

enrichment. One of the main mitigation strategies that MPA can implement is the complete cessation of 

feeding at any particular lease, where either nutrient or chlorophyll-a levels were shown to be 

exceeding the relevant monitoring criteria (as defined in the EMMP). This immediately reduces the 

nutrient inputs into the system, and if implemented for long enough should return water quality to 

background condition. Through this strategy, MPA will be able to ensure they do not have the projected 

level of impact as indicated by the modelling considering their mitigation responses will occur before 

marine environmental quality reaches the condition projected.    
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Table 5.28 Mitigation strategies for reducing operations related impacts on MEQ from the Proposal following EPAs mitigation hierarchy  

Impact Avoidance Minimisation Management Monitoring Rehabilitate Offset 

Nutrient enrichment 

(discharge from 

nursery sites) 

• MPA will use a 
mesh of 200 um 
on the outfall pipe 
remove the 
majority of 
particulate wastes 
before they are 
discharged  

• MPA will locate 
the outfalls in a 
naturally highly 
energetic, will 
mixed 
environment to 
assist with dilution 

NA NA NA NA NA 

Nutrient enrichment 

(wastes from 

sea-cages) 

• Placement of 
cage 
infrastructure in a 
naturally highly 
energetic, well 
mixed 
environment to 
assist with dilution 

• Maintenance of 
stocking 
densities, feed 
inputs and FCRs 
to minimise 
nutrient inputs to 
the local 
environment 

• At the conclusion 
of each 18-month 
grow-out cycle, 
the leases will be 
fallowed for a 
period of ~1 
month, allowing 
time for the 
sediment 
conditions to 
recover. In the 
instance that a 
lease becomes 
nutrient enriched, 
MPA also have 
the option of 
fallowing a site for 
a full year, if they 

Implementation of a 

EMMP (Annex A), 

with the following 

specific strategies: 

• If nutrient levels 
exceed the 
respective criteria, 
then MPA will 
instigate an 
appropriate 
management 
action to reduce 
the effect and 
restore 
environmental 
quality. These 
measures could 

• Nutrient and 
measurements at 
fixed distances 
down-current of 
the sea-cage 
installation and at 
appropriate 
reference sites, 
with at least some 
of the fixed sites 
positioned at the 
MEPA/HEPA 
boundary.  

 

NA NA 
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Impact Avoidance Minimisation Management Monitoring Rehabilitate Offset 

• Use of floating 
feeds to prevent 
unnecessary 
escape of 
uneaten feeds 

 

have 13 leases 
across which they 
can spread their 
operations.  

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

include the review 
of feeding and 
stock biomass 
loading, or the 
immediate 
cessation of 
feeding to reduce 
nutrient inputs 
into the system 

Increase in total 

suspended solids 

• Placement of 
cage 
infrastructure in a 
naturally highly 
energetic, well 
mixed 
environment. 

• Maintenance of 
stocking 
densities, feed 
inputs and FCRs 
to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of 
uneaten feeds 

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

 

Implementation of a 

EMMP (Annex A). 

• Total suspended 
solid 
measurements at 
fixed distances 
down-current of 
the sea-cage 
installation and at 
appropriate 
reference sites, 
with at least some 
of the fixed site 
positioned at the 
MEPA/HEPA 
boundary.  

 

NA NA 
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Impact Avoidance Minimisation Management Monitoring Rehabilitate Offset 

Increased 

phytoplankton 

biomass 

• Placement of 
cage 
infrastructure in a 
naturally highly 
energetic, well 
mixed 
environment. 

• Maintenance of 
stocking 
densities, feed 
inputs and FCRs 
to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of 
uneaten feeds 

• Deeper cages will 
allow MPA to 
encourage stock 
to move to the 
bottom of the 
cages if harmful 
algal are present. 
Fresh, highly 
oxygenated water 
can also be 
pumped into the 
cages to reduce 
the opportunities 

• In the event of a 
bloom, or if there 
is a high risk of a 
bloom occurring 
due to natural / 
anthropogenic 
conditions, MPA 
will stop feeding 
stock, reducing 
nutrient inputs 
and minimising 
the potential for a 
bloom to occur 

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

 

Implementation of a 

EMMP (Annex A), 

with the following 

specific strategies: 

• If chlorophyll-a 
levels exceed the 
respective criteria, 
then MPA will 
instigate an 
appropriate 
management 
action to reduce 
the effect and 
restore 
environmental 
quality. These 
measures could 
include the review 
of feeding and 
stock biomass 
loading 

• Nutrient and 
chlorophyll-a 
measurements at 
fixed distances 
down-current of 
the sea-cage 
installation and at 
appropriate 
reference sites, 
with at least some 
of the fixed site 
positioned at the 
MEPA/HEPA 
boundary.  

• Additional 
chlorophyll-a sites 
will be included in 
nearshore areas 
where modelling 
indicated 
phytoplankton 
biomasses might 
increase.  

NA NA 
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Impact Avoidance Minimisation Management Monitoring Rehabilitate Offset 

for algae to 
proliferate 

Deoxygenation • Maintenance of 
stocking 
densities, feed 
inputs and FCRs 
to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of 
uneaten feeds 

• Deeper cages will 
allow MPA to 
encourage stock 
to move to the 
bottom of the 
cages if harmful 
algal are present. 
Fresh, highly 
oxygenated water 
can also be 
pumped into the 
cages to ensure 
any 
deoxygenation 
which occurs 
does not result in 
direct mortalities 
of stocked fish 

 

• At the conclusion 
of each 18-month 
grow-out cycle, 
the leases will be 
fallowed for a 
period of ~1 
month, allowing 
time for the 
sediment 
conditions to 
recover. In the 
instance that a 
lease becomes 
nutrient enriched, 
MPA also have 
the option of 
fallowing a site for 
a full year, if they 
have 13 leases 
across which they 
can spread their 
operations.  

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

Implementation of a 

EMMP (Annex A). 

• Oxygen 
measurements at 
fixed distances 
down-current of 
the sea-cage 
installation and at 
appropriate 
reference sites, 
with at least some 
of the fixed site 
positioned at the 
MEPA/HEPA 
boundary.  

• Videos of 
sediment 
condition will be 
taken to confirm 
absence of 
spontaneous 
outgassing of 
hydrogen 
sulphide and/or 
observations of 
bacterial mats 
(Beggiatoa spp.)  

 

NA NA 
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Impact Avoidance Minimisation Management Monitoring Rehabilitate Offset 

Toxicity (Ammonia) • Maintenance of 
stocking 
densities, feed 
inputs and FCRs 
to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of 
uneaten feeds 

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

 

Implementation of a 

EMMP (Annex A). 

• Ammonia 
measurements at 
fixed distances 
down-current of 
the sea-cage 
installation and at 
appropriate 
reference sites, 
with at least some 
of the fixed site 
positioned at the 
MEPA/HEPA 
boundary.  

 

NA NA 

Toxicity (anti-biotics / 

leaseing) 

• All stock will be 
tested for disease 
prior to transfer to 
the leases, 
removing the 
need for anti-
biotics to be 
utilised as much 
as possible  

• Deeper cages will 
allow MPA to 
encourage stock 
to move to the 
bottom of the 
cages if diseases 
or harmful algal 
are present 
nearby, reducing 
the requirement 

• Only small 
amounts of 
anti-biotics will be 
applied if 
necessary 

• Non-toxic 
alternative 
anti-biotics / 
leaseants will be 
used where 
possible 

NA NA NA NA 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 163 4 May 2022 

 

Impact Avoidance Minimisation Management Monitoring Rehabilitate Offset 

for anti-biotics to 
be introduced.  
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5.6 Assessment and significance of residual impacts 

The residual impacts of the Proposal are summarised in Table 5.29 where present.  Overall, the project 

does pose a risk to marine environmental quality, particularly with the introduction of elevated nutrient 

loading in the vicinity of the sea-cages. For the most part, these impacts are in close proximity to the 

sea-cages, however some changes are expected beyond the development envelope of the project with 

potential for nutrient enrichment. As described in Section 5.5, the monitoring and associated mitigation 

actions required as part of the EMMP will help ensure the Proposal does not pose more than a 

moderate risk to marine environmental quality. Specifically, the ability for MPA to immediately cease 

feeding if nutrient or chlorophyll-a associated criteria are exceeded, which significantly reduces nutrient 

inputs into the marine system, means MPA can be respond rapidly to any incidences of nutrient 

enrichment and mitigate it before impacts as projected by the integrated model occur. If nutrient 

enrichment continues once normal operations begin, MPA can explore alternate production models on 

particular leases (which have reduced feeds, different standing biomasses etc) to help reduce nutrient 

inputs in areas where monitoring is showing it is a problem.   

Table 5.29 Residual impacts on Marine Environmental Quality 

Impact Phase Assessment Residual 

impact 

Reduced light 

(Increased total 

suspended solids) 

Construction The anchoring of the sea-cages and securing of the 

outfalls may re-suspend sediments in the immediate 

vicinity of the anchoring / securing, however any 

re-suspended materials will be minimal and are 

expected to settle within a day 

1-

Insignificant 

Toxicity (grouting 

materials) 

Construction Though the grouting material used in sealing the outfalls 

anchorage points may have some toxicity, the amount of 

material to be used is negligible  

1-

Insignificant 

Toxicity 

(chemicals) 

Construction Any chemicals used in cleaning the outfalls prior to 

operations will be non-toxic if possible, while the volume 

of chemicals used is expected to be negligible 

1-

Insignificant 

Toxicity 

(hydrocarbon spills 

and waste 

generation) 

Construction The risk of hydrocarbon spills from vessels during 

construction will be no more than from any other vessels 

operating in the area, while all vessels will contain spill 

kits on board in the event a spill does occur.  

Any wastes generated will be kept to the vessel and 

disposed of appropriately at a waste management 

facility.  

1-

Insignificant 

Nutrient 

enrichment 

(nursery discharge) 

Operations The level of nutrients expected in the discharge from the 

nursery outfalls are expected to be minimal and 

immediately dilute to near background condition within 

the immediate vicinity of the outfall.  

1-

Insignificant 

Nutrient 

enrichment 

(aquaculture 

wastes) 

Operations The level of nutrient enrichment from aquaculture 

wastes is substantial, though it will be significantly 

reduced through the mitigation strategies implemented 

by MPA, as well as the direction to achieve an FCR of 

1.5.  

Any potential for nutrient enrichment long-term will be 

monitored and managed under the EMMP to verify that 

MPAs operations do not pose a continual risk of nutrient 

3-Moderate 
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Impact Phase Assessment Residual 

impact 

enrichment beyond the lease boundaries. This includes 

the monitoring of nutrient conditions in proximity to and 

beyond the sea-cages, with management actions (such 

as the cessation of feeding) ready to be implemented in 

the event of an exceedance of the relevant criteria. In 

this way, MPA are able to respond to any nutrient 

enrichment and mitigate it before it has a significant 

impact.  

Reduced light 

(increase in total 

suspended solids) 

Operations The potential for increase in total suspended solids is 

expected to be kept within the vicinity of the leases, with 

only minor reduction of light levels in comparison to 

baseline conditions.   

2-Minor 

Increased 

phytoplankton 

biomass 

Operations Increased phytoplankton biomasses are expected in 

nearshore areas of Strickland Bay and Cone Bay in 

particular. The extent of these increases is significantly 

reduced if MPA achieve an FCR of 1.5, such that the 

EPAs criteria for moderate ecological protection are met 

throughout. The potential for long-term increases in 

phytoplankton biomasses (as well as discrete algal 

bloom events) will be monitored and managed under the 

EMMP. This includes additional monitoring sites in 

nearshore areas where modelling results showed that 

elevated chlorophyll-a values were expected. MPAs 

management actions, in the event that elevated 

phytoplankton biomasses are recorded, will help reduce 

nutrient loading into the system and reduce the potential 

for phytoplankton increases.  

Monitoring of phytoplankton will be particularly important 

during the wet season when riverine inflows increase 

nutrient loading in nearshore areas, further exacerbating 

the risk of algal blooms. Particular management of the 

timing of feeding etc during these seasons will help 

further reduce the risk of elevated phytoplankton 

biomasses and the risk of algal blooms.  

3-Moderate 

Deoxygenation Operations Modelling results indicated that dissolved oxygen levels, 

even in close proximity to the sediments, remained 

relatively consistent between scenarios and between 

baseline conditions. Because dissolved oxygen is key to 

the survival of the stocked fish, it will be monitored on 

site at all leases every single day, in addition to the 

monitoring required under the EMMP. As such, any time 

low oxygen levels are recorded management actions will 

be immediately implemented to help increase oxygen 

levels.   

2-Minor 

Toxicity (Ammonia) Operations Dissolved inorganic nitrogen levels, though modelled to 

be significant beyond the borders of the leases, are not 

expected to approach EPAs guideline values for toxicity 

for Ammonia 

2-Minor 
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Impact Phase Assessment Residual 

impact 

Toxicity (anti-

biotics) 

Operations The need for anti-biotics will be reduced as much as 

feasible through MPAs biosecurity measures as well as 

other management actions such as moving fish to the 

bottom of sea-cages away from where potential disease 

vectors are present on the surface. Hence, anti-biotics 

will only be applied as a last resort, and are not 

expected to be used in significant volumes 

2-Minor 

Change to 

hydrodynamic 

conditions 

Operations Though minor changes to hydrodynamic conditions are 

expected as a result of the Proposal, this is only 

modelled to occur in the immediate vicinity of the sea-

cages and is not expected to pose a long-term change 

to current speeds or directions.  

1-

Insignificant 

 

5.7 Predicted outcome 

Considering the mitigation strategies implemented by this proposal, and the little to no cumulative 

impacts from other proposals or projects, only moderate to minor changes to marine environmental 

quality are expected in the vicinity of the leases. This is specifically associated with the potential for 

nutrient enrichment, and subsequent potential increases in phytoplankton biomasses. Both of these 

parameters, as well as a range of others, will be monitored and managed under the EMMP. With this 

monitoring, and the associated actions required if exceedances of relevant triggers are recorded, it is 

expected that the EPA's objective for Marine Environmental Quality can be met.  
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6 Benthic communities and habitats 

̶  

6.1 EPA objective 

The EPA objective for the Benthic Communities and Habitats factor is to protect benthic communities and 

habitats so that biological diversity and ecological integrity are maintained. 

6.2 Policy and guidance 

The relevant EPA policies and guidelines for benthic communities and habitats and the scope of each 

of these as relevant to the Proposal are outlined in Table 6.1.  

Table 6.1 Policies and guidelines 

Policy or guidance Consideration 

Environmental Quality Criteria Reference Document 

for Cockburn Sound (EPA 2017) 

The thresholds examined by the modelling were 

generally derived from EPA (2017), which provides 

comprehensive advice regarding the setting of 

triggers, even when the area of interest is outside of 

Cockburn Sound.   

Other thresholds are as per ANZG (2018). 

Factor Guideline – Benthic Communities and 

Habitats (EPA 2016a) 

EPA (2016a) provides guidance on Benthic 

Communities and Habitats, including factors which 

can impact the benthic marine environment. 

Benthic communities and habitats are assessed 

based on potential impacts to biological diversity 

and ecological integrity of either benthic 

communities such as algae, seagrass or corals, and 

habitats which are the substrate benthic 

communities grow in. Specifically, the EPA focuses 

on the extent, severity and duration of potential 

impacts, and subsequently whether any 

consequential losses to benthic communities and 

habitats are permanent or temporary.  

Technical Guidance – Protecting benthic 

Communities and Habitats (EPA 2016e) 

EPA (2016e) provides guidance on the 

environmental quality management frameworks for 

protecting Western Australia's benthic communities 

and habitats and defines the environmental values 

and objectives for ecosystem health, fishing and 

aquaculture, recreation and aesthetics, industrial 

water supply and cultural and spiritual values, as 

well as the approach to setting levels of ecological 

protection. 

The studies executed in support of the Proposal, 

including particle tracking modelling and habitat 

mapping, were designed and executed in the 

context of EPA (2016e). 

Other policy or guidance 
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Policy or guidance Consideration 

Bardi Jawi, Mayala and Maiyalam Marine Park 

Management Plans 

The proposed Bardi Jawi, Mayala and Maiyalam 

Marine Park Management Plans dictate how benthic 

communities and habitats present within the parks 

are managed.  

Australian and New Zealand Guidelines for Fresh 
and Marine Water Quality (ANZG 2018) 

 

These documents and the assessments of impacts 

contained herein are based on guidance in the 

relevant EPA documents (cited above), which are in 

turn based on the high-level guidance provided in 

ANZECC & ARMCANZ (2000) and ANZG (2018).  

6.3 Receiving environment 

6.3.1 Environmental Values 

The environmental conditions within the Buccaneer Archipelago and broader West Kimberley region, 

particularly the presence of 10m+ tidal exchanges, has a major influence on the extent and distribution 

of BCH. However, there is limited published information on the distribution, biomass, and productivity of 

BCH throughout the Buccaneer Archipelago. Key environmental values which are known to be present 

include fringing coral reefs and bombies, particularly in the waters adjacent to the Archipelagos islands, 

ephemeral meadows of seagrass (Halophila ovalis) in the nearshore regions, as well as sponge 

gardens. 

Corals  

The coral reefs of the Archipelago are of particular environmental value. Two types of reef are generally 

present; low intertidal reefs which develop narrow, horizontal or gently sloping flats at the mean low 

water mark for spring tides, and high intertidal reefs which develop coralline algal-dominated flats 

between the low water and high mark for neap tides. These high intertidal reefs are unique in that most 

coral reefs grow vertically until they reach sea level, at which point they then alternate their growth 

direction and spread out laterally into deeper water. The intertidal reefs present here on the other hand 

keep growing vertically such that the flats can be above the tidal mark for half the time (Richards and 

O'Leary 2015). The predominant species of coral in the Archipelago are varied, with Acropora 

dominating in sheltered areas of fringing reefs alongside Fungiid corals, which make way for a Porites 

dominated zone at 10-15 metres depth. Porites bommies are also present within the subtidal inner reef 

flats.  Research indicates that the species present at the inshore fringing reefs are highly divergent from 

the offshore 'oceanic' populations present, indicating that they are independent in an ecological and 

evolutionary sense (Richards et al 2017).  

These reefs are unique considering their ability to withstand bi-diurnal tidal fluxes of up to 10 m, which 

is the largest of any coral reef system in the world, which exposes the reefs to high temperatures, wind 

and sunlight at levels far above those experienced by reefs elsewhere on the globe. For example, the 

bleaching threshold for Kimberley corals for temperature is approximately 32°C, while for most other 

corals they are stressed if exposed to prolonged periods of temperatures over 29°C. This resilience was 

exhibited during the 2010-2011 marine heatwave on the WA coastline, where the inshore Kimberley 

reefs were some of the only reefs to show no evidence of widespread bleaching and mortality.  

In addition to exposure when the water mark drops below the corals, the majority of the corals in the 

nearshore regions also experience extreme turbidity due to the influx of sediment-filled freshwater 

during the wet season. As such, light levels are reduced significantly at this time of year, which reduces 

corals ability to photosynthesise. To counter-act this, many scleractinian (hard corals) species have 

adapted to filter organic particles from the water column as an example of heterotrophy. Smothering 

due to settlement of suspended particles in the water column is another challenge these species have 
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adapted to deal with. Many species actively remove sediment with their tentacles or excrete a 

protective layer of mucus, while others have adapted a morphology which prevents particles from 

settling.  

Seagrasses 

Twelve species of seagrass have been recorded in the Kimberley, with turtle grass (Thalassic 

hemprichii) and paddle weed (Halophila ovalis) the most common species found in the region 

(McMahon et al. 2017). Subtidal meadows are generally short-lived and dominated by species with fast 

turnover times and high reproduction rates, often disappearing during the wet season (Kendrick et al. 

2017).  Little detailed study has been conducted on seagrasses within the Archipelago, however the 

Sunday Island Group which is adjacent to the Archipelago contains particularly extensive and diverse 

meadows with eight species being recorded in the raised lagoons of the islands (Kendrick et al. 2017). 

With the proximity of the Group to the Archipelago it is expected that similar levels of diversity may be 

present.  

Macroalgal communities 

Across the Kimberley region more than 270 species of macroalgae have been recorded, the majority of 

which are red algae (Huisman and Sampey 2014). Sargassum species are abundant in the inshore 

habitats of the Archipelago, providing important shelter for juvenile fish.  

Sediment macrofauna 

Little information on benthic filter feeding communities exists within the Archipelago. A survey 

conducted within the Lalang-garram / Camden Sound recorded abundant and diverse sponges, 

crustaceans, echinoderms and soft corals in localised areas with hard substrate, while areas of sand or 

silt were sparse in biota (Heyward et al. 2018). The areas of highest diversity were generally associated 

with seabed channels from the Holocene transgression reflecting former river channels and drowned 

valleys which create rapid changes in depth, slope and aspect over relatively short distances. It is likely 

similar patterns of benthic communities is present within the Archipelago.  

Sediment infauna 

There is limited published data available for sediment infauna within the Buccaneer Archipelago. 

Available data suggests a relatively diverse infauna assemblage within Cone Bay for example, where a 

total of 91 different families across ten phyla (Arthropoda, Echinodermata, Mollusca, Platyhelminthes, 

Phoronida, Sipuncula, Nematoda, Nemertea, Annelida and Helichordata) were identified. The most 

abundant families comprised polychaetes (28 families, 53.3% of total infauna) and amphipods (ten 

families, 28.8% of total infauna) (Oceanica 2013a). Greater diversity is generally present within soft 

sediments.  Results from studies conducted for this Proposal, as detailed in Section 5.4, indicate a 

relatively less diverse assemblage in comparison across the broader Archipelago in deeper waters 

where samples were collected.  

Mangroves 

Significant diversity of mangroves are present throughout the islands of the Buccaneer Archipelago, 

with all 18 species of mangroves in Australia found in the Kimberley region, 10 of which are only found 

in the Kimberley (Pendretti and Paling 2001). Though the mangroves of the Archipelago have not yet 

been mapped directly, a similar suite of species could be expected.  

6.3.2 Overview of studies 

Benthic mapping study 

Benthic habitat mapping was undertaken by BMT to characterise the extent of benthic habitats within 

and adjacent to the development envelopes of the Proposal area (Annex E). 5 preliminary local 

assessment units (LAU) were defined based on the extent of the proposed leases and has since been 
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altered to capture the relative extent and area of influence of the Proposal (based on modelling 

described in Section 5), to ensure alignment with the EPA Technical Guidance: Protection of Benthic 

Communities and Habitats (EPA 2016b) (Figure 6.1). The LAUs together encompasses an area of ~200 

km2 which is spread across areas of the Archipelago in which the leases are proposed. The LAUs are 

unique in that the Proposal is non-contiguous, i.e. the Zone of Influence is generally limited to a 

constrained area at or adjacent to the leases (Section 5.4, Figure 5.30 to Figure 5.32). As such, habitat 

mapping has only been conducted for areas within the Zone of Influence, as well as for nearshore 

areas where there are known significant environmental values (e.g. fringing coral reefs). This means 

there are some habitats, between the Zone of Influence and the nearshore fringing reefs, within the 

LAUs which were not mapped. Though this is unusual, this was seen to be the most appropriate 

approach to ensure understanding of benthic habitats in proximity to the leases while still providing 

information on the proximity of significant habitats (fringing coral reefs) to the Proposal. 

 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 171 4 May 2022 

 

Figure 6.1 Local Assessment Units  
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Details on the methods and survey types are given in Annex E, with a summary given below of the 

information used in creating the habitat maps for this Proposal: 

• Satellite imagery  

• Side-scan collected by MPA at the leases 

• Ground-truthing video collected by MPA on pre-defined waypoints 

• Additional side-scan, bathymetry and multi-beam data collected by Quest Maritime in areas beyond 

the leases 

Habitats were categorised to general substrate type (i.e. rock (coral), sand, filter feeders). The category 

for rock (coral) is conservative, as it includes any fringing reef which may contain live or dead coral 

tissue.  

Habitat analysis – results 

Sand, sand with rock (rubble) and sand with silt were the dominant benthic substrates found across the 

LAUs (total cover of 28%, 19% and 29% respectively; Table 6.2, Figure 6.2, Figure 6.3). The vast 

majority of the leases themselves, as well as the deep waters adjacent to the leases, contained soft 

sediments either of silt or sand. Rocky substrates with coral were found for the most part in nearshore 

areas on fringing reefs, although one large offshore reef was identified in the northern LAU east of the 

proposed Conilurus Island lease. Overall, coral made up 6% of the habitats identified. Other vegetated 

habitats, such as filter feeders and macroalgae, totalled less than 9% all together across the 

Archipelago. Mangroves were also identified on some of the islands or along the shoreline, totalling 

1.2% of the habitats identified. No seagrass habitats were identified from the mapping conducted, 

though this is unsurprising considering the majority of the habitats mapped are in deep waters beyond 

the depth limitations of the majority of seagrass species present in the region.  

Between the LAUs, there was a clear difference between those in the north of the Archipelago and 

those in the south. The LAUs in Strickland Bay and around Razor Island were dominated by sand or 

sand with rubble habitats, with little to no silty sediments identified. Deep water habitats in the Bayliss 

LAU, the Northern LAU and the Koolan LAU however were predominantly silt or silt and sand. The 

composition of the nearshore areas in terms of coral reef habitats vs sandy shorelines were relatively 

similar. 
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Table 6.2 Extent of benthic habitat categories in mapped area across the Archipelago within each respective LAU 

Habitat Razor Island LAU Strickland Bay LAU Bayliss Islands LAU Northern LAU Koolan Island LAU 

Area (km2) Proportion 

(%) 

Area (km2) Proportion 

(%) 

Area (km2) Proportion 

(%) 

Area (km2) Proportion 

(%) 

Area (km2) Proportion 

(%) 

Mangrove 0.03 2 0.09 1 0.04 1 0.56 2 <0.01 <1 

Filter 

Feeders 

0.00 0 0.00 0 0.00 0 0.03 <1 0.00 0 

Rock (Coral) 0.17 11 0.85 6 0.49 9 1.98 6 0.17 4 

Rock 

(Rubble) 

0.21 13 0.50 3 0.22 4 0.46 1 0.04 1 

Rock 

(Rubble) and 

Macroalgae 

0.00 0 0.24 2 0.03 0 1.62 5 0.00 0 

Sand 1.08 66 5.18 36 1.02 19 6.88 22 1.42 35 

Sand and 

Macroalgae 

0.00 0 0.13 1 0.11 2 3.04 10 0.06 <1 

Sand and 

Rock 

(Rubble) 

0.15 9 7.44 52 0.69 13 2.50 8 0.41 10 

Sand and silt 0.00 0 0.00 0 2.80 52 11.77 38 1.98 49 

Silt 0.00 0 0.00 0 0.00 0 2.28 7 0.00 0 

Total 1.64 100 14.43 100 5.39 100 31.11 100 4.08 100 
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Figure 6.2 Habitat map for the northern leases  
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Figure 6.3 Habitat map for the southern leases 
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Water and sediment quality study 

To assess impacts of the Proposal on benthic habitats, a water and sediment quality study, as 

summarised in Section 5, was conducted. The relevant aspects of that study to benthic communities 

and habitats are the impacts on sediments, as well as the level of deposition and association with 

shading and smothering of benthic habitats.  

6.4 Potential impacts 

The potential for impacts to benthic communities and habitats resulting from construction and operation 

of the Proposal are summarised in Table 6.3 and Table 6.4. Potential impacts categorised as major or 

moderate are explored further below. Potential impacts listed as minor are not considered any further in 

this document.  

6.4.1 Approach 

Potential impacts to benthic communities and habitats have been considered for both the construction 

and operation of the leases as well as the construction and operation of the outfalls at the nursery sites. 

Predictive modelling, using the integrated model described in Section 5, was only conducted for the 

operation of the leases, not the construction of both, as the impacts from construction are likely to be 

acute and for the most part non-significant considering there are little to no BCH present within the 

respective proposal footprints for both the sea-cage operations and the nursery site outfalls. The 

relevant criteria used to assess impacts from the operation of the leases and nursery sites are detailed 

in Section 5.4, and were derived based off understanding of the cause-effect pathways for each 

pressure resulting from the Proposal. 

The impact of other operations in the area nearby the proposed leases, including commercial and 

industrial operations, on benthic communities and habitats are also considered to ensure the total 

cumulative impacts are well understood.  

Impacts have been defined as summarised below as per the Zone of Impact criteria.   

• Major – E.g. Results in permanent changes or long lasting (> 5 years recovery) impacts to BCH, 

either through smothering impacts or changes to sediment characteristics as a result of nutrient 

enrichment (Zone of High Impact) 

• Moderate – E.g. Results in semi-permanent changes (< 5 years recovery) impacts to BCH, either 

through smothering impacts or changes to sediment characteristics as a result of nutrient 

enrichment (Zone of Moderate Impact) 

• Minor – E.g. Results in short-term changes to BCH which are immediately remedied if the pressure 

is removed (Zone of Influence) 

• Insignificant – no impacts to BCH are expected 

The same pressure-response relationships as those detailed in Section 5 were explored to identify the 

relevant thresholds for assessing impacts of the Proposal on BCH.  

6.4.2 Potential construction impacts 

The relevant cause-effect pathways for both the construction of the nursery sites and the leases are 

summarised in Figure 5.19 and Figure 5.20. The potential impacts are summarised in Table 6.3.  
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Table 6.3 Potential impacts to Benthic Communities and Habitats from construction of the nursery sites and leases 

Development 

type 

Potential 

impacts 

Impact Context and assessment Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Removal Direct Direct removal of BCH through construction activities (placement, 

anchoring, etc.). The marine infrastructures, including the intakes structures 

and the outlet diffusers, will be installed at or near the seafloor. Direct 

losses of BCH will therefore be limited to the diameter of the 

infrastructures: 0.35 m in both the intake and outlet.  

Limited (only 

where 

infrastructure 

is present) 

Lifetime 

of 

project 

1-Insignificant 

Nursery sites Shading / 

smothering 

Indirect The drilling of risers for holding the infrastructures will result in elevated 

TSS at a local scale, potentially resulting in shading or smothering effects 

on BCH 

Limited (only 

in close 

proximity to 

the 

infrastructure) 

<1 day 1-Insignificant 

Leases Removal Direct Direct removal of BCH through construction activities (placement, 

anchoring, etc.). The marine infrastructures, i.e. the sea-cage anchorages, 

will be installed on the seafloor. Direct losses of BCH will therefore be 

limited to the size of the anchorages, each of which has a footprint of 2 m2. 

With ~24 anchorages per lease, this equates to a total footprint of 

approximately 624 m2.  

Limited (only 

where 

infrastructure 

is present) 

Lifetime 

of 

project 

3-Moderate 

Leases Shading / 

smothering 

Indirect The anchoring of the sea-cages may result in elevated TSS at a local 

scale, potentially resulting in shading or smothering effects on BCH 

Limited (only 

in close 

proximity to 

the 

infrastructure) 

<1 day 2-Minor 
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6.4.3 Potential operational impacts 

The relevant cause-effect pathways for the operation of both the nursery sites and the leases are 

summarised in 5.22. The relevant thresholds used to determine the potential impacts of the operation of 

the leases on BCH are summarised in Section 5.4, with further thresholds detailed below. The potential 

impacts themselves are summarised in Table 6.5.  

Thresholds for model interrogation 

'Irreversible loss' of benthic primary producer habitats is commonly associated with excavation or burial. 

Such activities modify BCH so significantly that the impacted community would not be expected to 

recover to the pre-impact state and therefore the loss is considered irreversible. ‘ erious damage’ is 

also intended to apply to damage to BCH that is effectively irreversible or where recovery, would not 

occur for at least 5 years (EPA 2016b). 

The appropriate thresholds were applied here as sea-cage aquaculture has the potential to cause both 

permanent loss and serious damage. Both are hereafter termed cumulative loss. The assessment 

thresholds used to determine the level of impact the Proposal will have on BCH are the same as those 

detailed in Section 5 under sediment quality; in particular the zone of impact approach. In addition to 

those criteria, there are the thresholds applicable to smothering effects and shading effects of the 

aquaculture proposal. The criteria used are summarised in Table 6.4.  
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Table 6.4 Threshold criteria for model interrogation associated with impacts to BCH 

Effect Relevant 

BCH 

Major impact (ZoHI) Moderate Impact (ZoMI) No / low impact (ZoI) 

Criteria Description     

Smothering1 

(based on 

PIANC 2010) 

Corals Sedimentation rate 

not to exceed 500 

g/m2/day 

Changes are 

detectable in the field 

and are likely to be 

related to complete 

habitat loss. Major 

impacts are likely to 

have secondary 

influences on other 

ecosystems. 

Sedimentation rate 

not to exceed 100 

g/m2/day 

Changes are 

detectable in 

the field. 

Moderate 

impacts are 

expected to be 

locally 

significant. 

Sedimentation 

rate not to 

exceed 50 

g/m2/day 

Changes are likely to 

be detected in the field 

as localised 

mortalities, but to a 

spatial scale that is 

unlikely to have any 

secondary 

consequences. 

Shading (based 

on SKM 2011) 

Corals < 1% Surface 

Irradiance (SI) at 

benthos for >40 days 

in a rolling 60 day 

period (66% of the 

modelled period). 

Applies to all daylight 

hours. 

Reductions in SI may 

result in lethal effects 

on corals 

< 60% SI at 

benthos2 for >40 

days in a rolling 60 

day period (66% of 

the modelled 

period). Applies to 

all daylight hours. 

Reductions in 

SI may result in 

sub-lethal 

effects on 

corals 

Anywhere SI is 

reduced but not 

beyond <60% at 

the benthos 

No impacts expected 

to occur. 

Deposition and 

subsequent 

changes to 

oxygen and 

hydrogen 

sulphide content  

Soft 

sediments 

See Table 5.23 

Notes: 

1. Thresholds based on those developed for sensitive coral species by the PIANC Working Group 108 (2010) 

2. Using sensitivity analysis a from SKM (2011) 

3.  No impact (Zone of Influence) assumed to be anywhere where SI is reduced but not beyond <60% at the benthos 
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Smothering 

Thresholds for smothering are based on lethal and sub-lethal end-point triggers for corals published in 

PIANC (2010), and are the same as those used in the KADZ assessment (Oceanica 2013b) and 

MWADZ assessment (BMT Oceanica 2016). The thresholds correspond to the levels of impact 

described in Table 6.4, which are based on the sensitivities of coral. These thresholds were originally 

developed for inorganic materials, but in the absence of comparative information, these thresholds were 

used as a best estimate. Though habitat mapping did not identify coral species to a taxonomic rank, it is 

known that Acropora sp. are the most sensitive of the species present in the Archipelago to smothering 

/ shading effects. As such, the criteria below are based off the sensitivities of Acropora sp. and if these 

are subsequently met then it can be expected that other coral species in the region will be protected as 

well as the Acropora. 

Shading 

An assessment of changes to light conditions from baseline through each modelling scenario was 

included as part of this assessment.  Comparisons were made based on the whether the mean level of 

light available at each respective point changed significantly from baseline when modelled under each 

farm production scenario. The comparison between baseline and the scenarios is important considering 

that for much of the modelled region, light levels at the benthos are already too low to allow for the 

growth of coral habitats (see Annex C for details). The thresholds used were based off those used to 

assess impacts on corals from light reduction for the BHPB Outer Harbour Project (SKM 2011),and are 

summarised in Table 6.4. These thresholds indicate whether the loss of surface irradiance at the 

benthos would have lethal or sub-lethal affects on corals, and were used as corals are the most 

sensitive benthic habitat present in the study region to loss of light and subsequently, if they are 

protected, it is assumed all other photosynthesizing benthic habitat types are also protected. 

Modelled impact assessment 

Smothering 

Anecdotal observations, and the results of modelling presented here, suggest that the majority of 

aquaculture waste settles to the sea-floor immediately beneath the sea-cages.  Under conditions of low 

shear stress, some of this material may accumulate, leading to smothering of resident benthic 

communities.   

The potential for impacts from smothering was investigated using the hydrodynamic model coupled to 

the particle transport model and was assessed using thresholds developed for corals (PIANC 2010). 

Corals were chosen because they exhibit poor tolerance to sedimentation relative to other invertebrates 

(Oceanica 2013), thus providing for a conservative assessment.   Rates of sediment deposition were 

calculated on a square meter basis over a 12 month period, and averaged over a 365 day period.   

Modelling indicated no exceedances of the ZoHI or ZoMI criteria (Figure 6.4 and Table 6.5) in either 

scenario. The ZoI was predicted to be dispersed beyond the boundaries of the leases in some cases, 

exhibiting the significant dispersal conditions present in the area due to the local hydrodynamics.    

Under the PIANC (2010) criteria, areas of the seafloor within the ZoI could be expected to record 

localised mortalities of coral, but not at a spatial scale expected to flow on to more serious secondary 

consequences.  As such, no corals or any other BCH are projected to be lost due to smothering 

impacts associated from the Proposal in either scenario 2 or 4. 
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Figure 6.4 Zones of impact for smothering impacts under scenario 2 
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Figure 6.5 Zones of impact for smothering impacts under scenario 4 
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Shading 

Sea-cage aquaculture has the potential to lead to increased light attenuation (at the benthic level) via a 

number of cause effect pathways: typically via increases in suspended particles and/or increases in 

phytoplankton biomass.  The potential for light intensity reduction in the bottom strata of the water 

column was investigated using the coupled hydrodynamic and water quality model.  The potential for 

impacts was investigated by comparing conditions in the baseline scenario to the modelled scenarios.  

Reductions in PAR of ~2.7% and ~7% were respectively observed immediately under the sea-cages 

and to a distance of 100 m from the sea-cage perimeter.  However, under the range of production 

scenarios simulated by the model, none produced conditions sufficient to reduce PAR to levels 

exceeding the moderate and major thresholds in Section 5.4.  The observed reductions in PAR near the 

sea-cages were the combined result of shading of the sea-cage infrastructure, and the shading effect of 

suspended particles (fish wastes).  None of the observed declined in PAR resulted from increases in 

phytoplankton.  The response of phytoplankton to the varying inputs of nitrogen, as simulated across 

the range of scenarios, is discussed further in Section 5.4.  

Sediment toxicity (oxygen content and hydrogen sulphide concentrations) 

See Section 5.4 for details on the projected results of the modelling on soft sediments.  

Algal growth potential (DIN) 

As discussed in Section 5.4, the model projects there to be increases in DIN in nearshore areas where 

fringing coral reefs are present, particularly within the northern leases (Crocodile Creek, Conilurus 

Island). An increase in DIN has the potential to allow for increases in macroalgal growth, which may 

result in harm to coral habitats. Though the modelling did project there to be substantial increases, it is 

not clear as to whether these increases would directly result in the loss of coral habitats, and as such 

losses associated with algal growth potential have not been calculated directly.  

Summary of potential operational impacts 

Table 6.5 summarises the potential operational impacts to BCH, prior to the application of mitigation 

measures.  
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Table 6.5 Potential impacts to Benthic Communities and Habitats from operation of the nursery sites and leases 

Development 

type 

Potential 

impacts 

Impact Context and assessment Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation 

measures) 

Nursery sites Shading / 

smothering 

Indirect Discharge from the nursery sites may result in elevated TSS in at a 

local scale, however this is relatively minor  

Limited 

(immediate 

vicinity of the 

outfall) 

Lifetime 

of 

project 

1-Insignificant 

Leases Shading 

(sea-cage 

infrastructure)  

Direct The sea-cage infrastructure will increase light attenuation at the 

seafloor directly underneath the cages, resulting in shading effects on 

any BCH present.  

 

Limited 

(immediately 

below the sea-

cages) 

Lifetime 

of 

project 

3-Moderate 

Leases Shading 

(elevated TSS)  

Indirect Wastes from sea-cages may increase TSS in the water column, further 

increasing light attenuation at the seafloor.  

Limited 

(immediately 

below the sea-

cages) 

Lifetime 

of 

project 

3-Moderate 

Leases Shading 

(Increase in 

phytoplankton 

biomass) 

Indirect An increase in phytoplankton biomass due to elevated nutrient inputs 

from aquaculture wastes may result in increased shading effects on 

BCH. 

Moderate 

(phytoplankton 

biomasses 

may increase 

in areas 

beyond the 

boundaries of 

the leases) 

Lifetime 

of 

project 

3-Moderate 

Leases Smothering Direct The deposition of aquaculture waste products (finfish feed, faecal 

wastes) may smother BCH, however modelling projects this to only 

have minor effects. 

Moderate 

(depositional 

material may 

disperse 

Lifetime 

of 

project, 

except 

2-Minor 
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Development 

type 

Potential 

impacts 

Impact Context and assessment Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation 

measures) 

beyond 

boundaries of 

the leases) 

while 

leases 

are 

fallowed 

Leases Sediment 

toxicity 

(deoxygenation, 

increases to 

hydrogen 

sulphide 

content) 

Indirect The deposition of aquaculture waste products (finfish feed, faecal 

wastes) may result in a change to sediment chemistry, including the 

creation of anoxic zones, potentially impacting BCH present 

Moderate 

(depositional 

material may 

disperse 

beyond 

boundaries of 

the leases) 

Lifetime 

of 

project, 

except 

while 

leases 

are 

fallowed 

3-Moderate 

Leases Nutrient 

enrichment 

(aquaculture 

wastes – algal 

growth 

potential) 

Indirect An increase in nutrient concentrations in the water column may result 

in a phase shift from coral habitats to macroalgae. 

Broad 

(nutrient 

enrichment 

may occur 

well beyond 

boundaries of 

the leases in 

some areas) 

Lifetime 

of 

project 

3-Moderate 
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6.4.4 Cumulative impacts 

The cumulative direct and indirect impacts of other operations ongoing or proposed in the vicinity of the 

development envelopes for the leases and nursery sites are summarised in Table 6.6. Though not 

listed as actual proposed projects, the establishment of the Maiyala, Mayalam and Bardi Jawi marine 

parks have the potential to result in a number of positive impacts for BCH in the region, with key 

benefits listed below:  

• Increase targeted research and monitoring on the health and condition of BCH in the marine parks 

• Establish guidelines by which BCH and marine environmental quality, which BCH is influenced by, 

are protected and maintained 
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Table 6.6 Impacts from other ongoing and proposed operations in vicinity of the development envelope for the leases and nursery sites 

Development type Phase Approved / 

Operational / 

Referred 

Potential 

impacts 

Impact Context and assessment 

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations 

Referred Waste 

generation 

Indirect During construction and operations a number of solid and liquid wastes will be 

generated, including but not limited to sewage, bilge waters, colling waters, 

deck drainage, lubricating oils, hydraulic oils and excess concrete and asphalt 

which if released into the marine environment could affect BCH.  

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations  

Referred Increase in total 

suspended 

solids 

Direct Pile driving required for port activities may remove any BCH present in that 

area. 

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations  

Referred Increase in total 

suspended 

solids 

Indirect Pile driving required for port activities may increase total suspended solids on 

a local scale 

Koolan Island Iron 

Ore Mine and Port 

Facility 

Construction / 

operations 

Operational Removal Direct The construction of the seawall and the port facility on the southern part of 

Koolan Island will / has resulted in the direct loss of 1.3 and 2.3 ha of reef flats 

respectively.  

Koolan Island Iron 

Ore Mine and Port 

Facility 

Operations Operational Toxicity / 

increase in 

turbidity 

Direct Dewatering of the settlement ponds for the iron ore facility requires water to be 

discharged into the marine environment in accordance with a Marine 

Management Plan. Potential contaminants in this water include copper, which 

could have toxic affects on BCH.    

Koolan Island Iron 

Ore Mine and Port 

Facility 

Operations Operational Toxicity / 

increase in 

turbidity 

Direct Sediment runoff from stormwater poses a risk of introducing toxic materials or 

wastes into the surrounding marine environment if waste dumps, stockpiles, 

pits and roads are not managed appropriately, which could have toxic affects 

on BCH.  

Pearl leases 

(managed by 

DPIRD)  

Operations Operational Shading Direct Pearl farm surface longlines have the potential to cause direct shading effects 

on any benthic habitats directly beneath the longlines. The small size of the 

lines and baskets in which the pearls are grown-out mean these effects are 

negligible 
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Development type Phase Approved / 

Operational / 

Referred 

Potential 

impacts 

Impact Context and assessment 

Ardyaloon Trochus 

Hatchery 

Operations Operational Nutrient 

enrichment 

Indirect Produced water for the Ardyaloon Trochus Hatchery is currently discharged 

from an outfall adjacent to the proposed outfall location for the Proposal. The 

concentration of nutrients from this outfall are however minimal and currently 

pose no risk of nutrient enrichment, and as such no subsequent impacts on 

BCH.  

Arrow Pearling 

Base 

Operations Operational Nutrient 

enrichment 

Indirect Produced water for the Arrow Pearling Base is currently discharged from an 

outfall adjacent to the proposed outfall location for the Proposal. The 

concentration of nutrients from this outfall are however minimal and currently 

pose no risk of nutrient enrichment, and as such no subsequent impacts on 

BCH.  
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6.4.5 Estimated losses of BCH 

The proportion of BCH within the ZoHI (permanent loss) and ZoMI (recoverable loss) has been 

determined based on EPA (2016f) Technical Guidance – Protection of Benthic Communities and 

Habitats.  

The Buccaneer Archipelago has had little to no development since European colonisation. The only 

historical impacts to BCH to consider were associated with the Koolan Island Iron Ore mine, which 

constructed a sea wall and port facility (impacting approximately 1.3 and 2.3 hectares of reef flat habitat 

respectively) (EPA 2005).  These impacts however are limited to the southern part of the Island, which 

though within the LAU of this study is beyond the area of expected impact. Impacts from the Cockatoo 

Island User Supply Base were well beyond the LAUs defined for this study. As such, with no other 

significant developments within the LAUs which have affected BCH, it was assumed that the only 

historical loss of BCH within the LAUs for this Proposal was that associated with the Koolan Island Iron 

Ore Mine.  

Areas of proposed Project loss within the LAUs are all within general purpose zones of the proposed 

Maiyala and Mayalam Marine Parks. Therefore, potential small-scale loss as a result of aquaculture 

operations are not anticipated to result in a significant impact to the ecological values of the Buccaneer 

Archipelago. This small potential habitat loss is also not expected to result in loss of habitat critical for 

survival of threatened and migratory marine fauna in the region (Section 7).  

To determine the estimated losses of BCH associated with this project, the zone of impact criteria listed 

for the cause-effect pathways associated with the deposition of material from the sea-cages, and 

subsequent potential changes to the oxygen and hydrogen sulphide content of the sediments (see row 

4, Table 5.23), were used. Under these criteria, permanent impacts (ZoHI) were defined as those that 

take more than 5 years to recovery from, while recoverable impacts were defined as those that can be 

recovered from within 5 years after the pressures which lead to the impacts cease. These criteria were 

used in preference over the shading / smothering criteria as they:  

• have the same spatial extent as that defined for smothering effects; 

• are more conservative when estimating potential impacts particularly on areas of soft sediments, 

which were the dominant substrate type across the Archipelago; 

• are more suitable considering the modelling did not project any smothering effects under the major 

or moderate impact criteria, nor did the ZoI overlay any coral habitats, and as such this cause-effect 

pathway was less relevant in this instance; and 

• shading effects associated with the Proposal were also not projected to result in any losses of BCH 

under any scenario 

The calculations are based off the results projected under scenario 4 after 5 years production, which 

reflects the most conservative estimate of impacts for the production scenario most likely to be met in 

this Proposal. The zones of impact do not differ significantly between the scenarios after 5 years of 

production.  

Though the benthic footprint of the anchorages used in securing the sea-cages would result in impacts 

to BCH, the ZoMI as projected by the integrated model completely covers this area, and as such the 

anchorage footprint was not added to the total losses calculated.  

No losses of BCH are expected from the construction and operation of the nursery outfalls, and as such 

no calculations are included here for the outfalls.  
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Table 6.7 Anticipated cumulative permanent and temporary benthic habitat loss for the Proposal 

Benthic habitat type Area mapped (km2) Historical loss (km2) Area of permanent loss 

(ZoHI) (km2) 

Area of recoverable loss 

(ZoMI) (km2) 

Total area impacted (km2) Proportion of total mapped, 

cumulative loss (%) 

Proportion of permanent 

and recoverable Project loss 

(%) 

Razor Island LAU 

Mangrove 0.03 0.00 0.00 0.00 0.00 0 0 

Filter Feeders 0.00 0.00 0.00 0.00 0.00 0 0 

Rock (Coral) 0.18 0.00 0.00 <0.01 <0.01 3.3 3.3 

Rock (Rubble) 0.21 0.00 0.00 <0.01 <0.01 <1 <1 

Rock (Rubble) and 

Macroalgae 

0.00 0.00 0.00 0.00 0.00 0 0 

Sand 1.08 0.00 0.10 0.39 0.49 NA1 NA1 

Sand and Macroalgae 0.00 0.00 0.00 0.00 0.00 0 0 

Sand and Rock (Rubble) 0.15 0.00 0.00 <0.01 <0.01 <1 <1 

Sand and Silt 0.00 0.00 0.00 0.00 0.00 NA1 NA1 

Silt 0.00 0.00 0.00 0.00 0.00 NA1 NA1 

Strickland Bay LAU 

Mangrove 0.09 0.00 0.00 0.00 0.00 0 0 

Filter Feeders 0.00 0.00 0.00 0.00 0.00 0 0 

Rock (Coral) 0.85 0.00 0.00 <0.01 <0.01 <1 <1 

Rock (Rubble) 0.50 0.00 <0.01 0.03 0.03 6 6 

Rock (Rubble) and 

Macroalgae 

0.24 0.00 0.00 0.00 0.00 0 0 

Sand 5.18 0.00 0.43 1.47 1.90 NA1 NA1 

Sand and Macroalgae 0.13 0.00 0.00 0.00 0.00 0 0 

Sand and Rock (Rubble) 7.44 0.00 0.33 0.68 1.01 13.5 13.5 

Sand and silt 0.0 0.00 0.00 0.00 0.00 NA1 NA1 

Silt 0.00 0.00 0.00 0.00 0.00 NA1 NA1 

Bayliss Islands LAU 

Mangrove 0.04 0.00 0.00 0.00 0.00 0 0 

Filter Feeders 0.00 0.00 0.00 0.00 0.00 0 0 

Rock (Coral) 0.49 0.00 0.00 <0.01 <0.01 <1 <1 

Rock (Rubble) 0.22 0.00 0.00 <0.01 <0.01 <1 <1 

Rock (Rubble) and 

Macroalgae 

0.03 0.00 0.00 0.00 0.00 0 0 

Sand 1.02 0.00 0.00 0.00 0.00 NA1 NA1 
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Benthic habitat type Area mapped (km2) Historical loss (km2) Area of permanent loss 

(ZoHI) (km2) 

Area of recoverable loss 

(ZoMI) (km2) 

Total area impacted (km2) Proportion of total mapped, 

cumulative loss (%) 

Proportion of permanent 

and recoverable Project loss 

(%) 

Sand and Macroalgae 0.11 0.00 0.00 0.00 0.00 0 0 

Sand and Rock (Rubble) 0.69 0.00 0.00 <0.01 <0.01 <1 <1 

Sand and silt 2.80 0.00 0.07 1.26 1.33 NA1 NA1 

Silt 0.00 0.00 0.00 0.00 0.00 NA1 NA1 

Northern LAU 

Mangrove 0.56 0.00 0.00 0.00 0.00 0 0 

Filter Feeders 0.03 0.00 <0.01 <0.01 <0.01 27 27 

Rock (Coral) 1.98 0.03 0.00 0.04 0.07 3.5 2 

Rock (Rubble) 0.46 0.00 <0.01 0.06 0.06 13 13 

Rock (Rubble) and 

Macroalgae 

1.62 0.00 0.00 0.00 0.00 0 0 

Sand 6.88 0.00 0.00 0.00 0.00 NA1 NA1 

Sand and Macroalgae 3.04 0.00 0.00 <0.01 <0.01 <1 <1 

Sand and Rock (Rubble) 2.50 0.00 0.00 0.00 0.00 0 0 

Sand and silt 11.77 0.00 0.89 4.30 5.19 NA1 NA1 

Silt 2.28 0.00 0.15 1.11 1.26 NA1 NA1 

Koolan Island LAU 

Mangrove <0.01 0.00 0.00 0.00 0.00 0 0 

Filter Feeders 0.00 0.00 0.00 0.00 0.00 0 0 

Rock (Coral) 0.17 0.00 0.00 0.01 0.01 5 5 

Rock (Rubble) 0.04 0.00 0.00 0.00 0.00 0 0 

Rock (Rubble) and 

Macroalgae 

0.00 0.00 0.00 0.00 0.00 0 0 

Sand 1.42 0.00 0.00 <0.01 <0.01 NA1 NA1 

Sand and Macroalgae 0.06 0.00 0.00 0.00 0.00 0 0 

 Sand and Rock (Rubble) 0.41 0.00 0.00 <0.01 <0.01 <1 <1 

Sand and silt 1.98 0.00 0.13 1.08 1.21 NA1 NA1 

 Silt 0.00 0.00 0.00 0.00 0.00 0 0 

Notes: 

1. Sand or silt are unvegetated habitats so no BCH are lost 
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Results of the cumulative loss assessment indicate that for the most part there are no permanent or 

recoverable impacts to vegetated habitats, with most of the zone of impact occurring over unvegetated 

habitats (sand, silt). The habitat that will potentially be affected the most was rock (coral), where 

cumulative losses totalled 3.3%, 3.5% and 5% within the Razor Island, Northern and Koolan Island 

LAUs respectively. However, it is important to note that both the Razor Island and Koolan Island LAUs 

are relatively small (due to constraints regarding the mapping of the region), and as such the overall 

cumulative % loss potentially exaggerates the effects on this habitat on a regional scale. For example, 

all of the potential losses to rock (coral) are expected to be recoverable (i.e. they fall within the zone of 

moderate impact) within five years. Furthermore, the mapping of the rock (coral) habitats was 

conservative, including any area of fringing reef regardless of whether that reef contained live or dead 

coral tissue. The only other vegetated habitat to be impacted were filter feeders, which were only 

mapped within a very small area within the Northern LAU. Though the potential % loss is significant 

(27%), it is likely this exaggerates the potential impacts on filter feeders within the LAU considering in 

reality only a small area which is impacted (<0.01 km2). The vast majority (>90%) of the area of filter 

feeders impacted are also expected to recover within five years (as they fall within the zone of 

moderate impact).  

6.5 Mitigation 

MPA has applied the mitigation hierarchy to the Proposal to protect BCH, and to meet the EPA's 

environmental quality objective for ecosystem integrity. Management procedures proposed to minimise 

impacts to BCH from the Proposal are summarised in Table 6.8 and Table 6.9 in accordance with 

EPA's mitigation hierarchy.   

6.5.1 Construction 

Appropriate avoidance measures have been taken where possible to limit the impact of the construction 

of the leases and nursery outfalls on BCH.  
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Table 6.8 Mitigation strategies for reducing construction related impacts on BCH from the Proposal following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Removal • The placement of 
both the nursery 
infrastructures and 
the leases have 
been such that 
BCH is avoided as 
much as possible if 
not completely. The 
placement of the 
sea-cages within 
the leases follows 
the same 
avoidance 
approach 

• MPA will only use 
stingray anchors for 
anchoring their 
sea-cages, meaning no 
pile driving or drilling is 
required to secure them. 
These anchors are 
relatively small and 
reduce the total benthic 
footprint of the 
operations.  

• MPA are using as small 
a diameter piping as 
possible for the outfalls, 
while the length of pipe 
for the outfalls will also 
be as short as possible, 
which will further reduce 
the benthic footprint of 
the operations.  

NA NA NA NA 

Shading / smothering NA • Construction of the 
outfalls / anchoring of 
the sea-cages will be 
conducted in as short a 
time span as possible so 
as to reduce potential 
for multi-day shading / 
smothering impacts. 

NA NA NA NA 
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6.5.2 Operation 

Appropriate avoidance measures have been taken where possible to limit the impact of the operation of 

the leases and nursery outfalls on BCH.   

Environmental monitoring and management for the operational phase is outlined in the EMMP in Annex 

A.  The plan provides guidance on operational activities and the details in relation to the following:  

• Detailed monitoring and management requirements  

• Timing/frequency of monitoring and management commitments 

• Responsibilities for monitoring and management commitments 

• Contingency planning/measures in the event of an environmental or safety issue  

• Reporting requirements to government and environmental regulators. 

The major impacts on BCH from the Proposal are associated with nutrient enrichment, either enhancing 

algal growth potential or resulting in a change to sediment condition as a result of feed and faecal waste 

deposition. Similar to the maintenance of marine environmental quality, the main mitigation strategy that 

MPA can implement is the complete cessation of feeding at any particular lease, where nutrients or the 

condition of the sediments were shown to be exceeding the relevant monitoring criteria (as defined in 

the EMMP). This immediately reduces the nutrient inputs into the system, and if implemented for long 

enough should return water and sediment quality to background condition. Similarly, MPA has the 

ability to fallow sites after harvesting, or for longer periods if the production model allows for it with stock 

spread across 12 leases, while the 13th can be left to be fallowed for a whole production cycle if 

necessary. What occurs during this fallowing period is that all stock within the lease/sea-cage are 

harvested, and the sea-cages left empty for the defined period of time. This means there are no feed 

inputs, and no waste material being deposited on the benthos. As such, this provides time for the 

sediments and water quality to recover to background condition. 
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Table 6.9 Mitigation strategies for reducing operation related impacts on BCH from the Proposal following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Shading / smothering 

(nursery infrastructure) 

• MPA will use a 
mesh of 200 um on 
the outfall pipe 
remove the 
majority of 
particulate wastes 
before they are 
discharged  

• MPA will locate the 
outfalls in a 
naturally highly 
energetic, will 
mixed environment 
to assist with 
dilution 

NA NA NA NA NA 

Shading (sea-cage 

infrastructure) 

• The placement of 
the leases have 
been such that 
BCH is avoided as 
much as possible. 
The placement of 
the sea-cages 
within the leases 
follows the same 
avoidance 
approach. As such, 
the potential for 
shading effects on 
BCH is avoided as 
much as feasible.  

NA NA NA NA NA 

Shading (elevated 

TSS) 

• Placement of cage 
infrastructure in a 

• At the conclusion of 
each 18-month 

Implementation of a 

EMMP (Annex A), 

• Suspended solid 
measurements 

  



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 196 4 May 2022 

 

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

naturally highly 
energetic, well 
mixed environment 
to assist with 
dilution 

• Maintenance of 
stocking densities, 
feed inputs and 
FCRs to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of uneaten 
feeds 

grow-out cycle, the 
leases will be 
fallowed for a 
period of ~1 month, 
allowing time for 
the sediment 
conditions to 
recover. In the 
instance that a 
lease becomes 
nutrient enriched, 
MPA also have the 
option of fallowing 
a site for a full year, 
if they have 13 
leases across 
which they can 
spread their 
operations.  

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

with specific 

measures including: 

• If suspended 
solids levels 
exceed the 
respective 
criteria, then 
MPA will 
instigate an 
appropriate 
management 
action to reduce 
the effect and 
restore 
environmental 
quality. These 
measures could 
include the 
cessation of 
feeding 

at fixed 
distances down-
current of the 
sea-cage 
installation and 
at appropriate 
reference sites, 
with at least 
some of the fixed 
site positioned at 
the MEPA/HEPA 
boundary.  

 

Shading (increased 

phytoplankton 

biomass) 

• Placement of cage 
infrastructure in a 
naturally highly 
energetic, well 
mixed environment. 

• In the event of a 
bloom, or if there is 
a high risk of a 
bloom occurring 
due to natural / 
anthropogenic 
conditions, MPA 

Implementation of a 

EMMP (Annex A), 

with the following 

specific strategies: 

• If chlorophyll-a 
levels exceed 

• Nutrient and 
chlorophyll-a 
measurements 
at fixed 
distances down-
current of the 
sea-cage 

NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

• Maintenance of 
stocking densities, 
feed inputs and 
FCRs to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of uneaten 
feeds 

• Deeper cages will 
allow MPA to 
encourage stock to 
move to the bottom 
of the cages if 
harmful algal are 
present. Fresh, 
highly oxygenated 
water can also be 
pumped into the 
cages to reduce 
the opportunities 
for algae to 
proliferate 

will stop feeding 
stock, reducing 
nutrient inputs and 
minimising the 
potential for a 
bloom to occur 

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

the respective 
criteria, then 
MPA will 
instigate an 
appropriate 
management 
action to reduce 
the effect and 
restore 
environmental 
quality. These 
measures could 
include the 
review of feeding 
and stock 
biomass loading. 

installation and 
at appropriate 
reference sites, 
with at least 
some of the fixed 
site positioned at 
the MEPA/HEPA 
boundary.  

• Additional 
chlorophyll-a 
sites will be 
included in 
nearshore areas 
where modelling 
indicated 
phytoplankton 
biomasses might 
increase.  

Smothering • Placement of cage 
infrastructure in a 
naturally highly 
energetic, well 
mixed environment 
to assist with 
dilution 

• At the conclusion of 
each 18-month 
grow-out cycle, the 
leases will be 
fallowed for a 
period of ~1 month, 
allowing time for 
the sediment 

Implementation of a 

EMMP (Annex A). 

• Suspended 
solids 
measurements 
at fixed 
distances down-
current of the 
sea-cage 
installation and 

NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

• Maintenance of 
stocking densities, 
feed inputs and 
FCRs to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of uneaten 
feeds 

 

conditions to 
recover. In the 
instance that a 
lease becomes 
nutrient enriched, 
MPA also have the 
option of fallowing 
a site for a full year, 
if they have 13 
leases across 
which they can 
spread their 
operations.  

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

at appropriate 
reference sites, 
with at least 
some of the fixed 
site positioned at 
the MEPA/HEPA 
boundary.  

 

Sediment toxicity 

(deoxygenation and 

hydrogen sulphide 

concentrations) 

• Maintenance of 
stocking densities, 
feed inputs and 
FCRs to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 
escape of uneaten 
feeds 

• At the conclusion of 
each 18-month 
grow-out cycle, the 
leases will be 
fallowed for a 
period of ~1 month, 
allowing time for 
the sediment 
conditions to 
recover. In the 
instance that a 
lease becomes 
nutrient enriched, 

Implementation of a 

EMMP (Annex A). 

• Videos of 
sediment 
condition will be 
taken to confirm 
absence of 
spontaneous 
outgassing of 
hydrogen 
sulphide and/or 
observations of 
bacterial mats 
(Beggiatoa spp.)  

NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

• Deeper cages will 
allow MPA to 
encourage stock to 
move to the bottom 
of the cages if 
harmful algal are 
present. Fresh, 
highly oxygenated 
water can also be 
pumped into the 
cages to ensure 
any deoxygenation 
which occurs does 
not result in direct 
mortalities of 
stocked fish 

 

MPA also have the 
option of fallowing 
a site for a full year, 
if they have 13 
leases across 
which they can 
spread their 
operations.  

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

 

Nutrient enrichment 

(aquaculture wastes – 

algal growth potential) 

• Placement of cage 
infrastructure in a 
naturally highly 
energetic, well 
mixed environment 
to assist with 
dilution 

• Maintenance of 
stocking densities, 
feed inputs and 
FCRs to minimise 
nutrient inputs to 
the local 
environment 

• Use of floating 
feeds to prevent 
unnecessary 

• At the conclusion of 
each 18-month 
grow-out cycle, the 
leases will be 
fallowed for a 
period of ~1 month, 
allowing time for 
the sediment 
conditions to 
recover. In the 
instance that a 
lease becomes 
nutrient enriched, 
MPA also have the 
option of fallowing 
a site for a full year, 
if they have 13 

Implementation of a 

EMMP (Annex A) 

with the following 

specific strategies: 

• If nutrient levels 
exceed the 
respective 
criteria, then 
MPA will 
instigate an 
appropriate 
management 
action to reduce 
the effect and 
restore 
environmental 
quality. These 

• Nutrient 
measurements 
at fixed 
distances 
down-current of 
the sea-cage 
installation and 
at appropriate 
reference sites, 
with at least 
some of the fixed 
site positioned at 
the MEPA/HEPA 
boundary.  

 

NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

escape of uneaten 
feeds 

 

leases across 
which they can 
spread their 
operations.  

• Reduced stocking 
density (in 
comparison to 
current operations 
in Cone Bay) 
leading to a 
reduction in the 
concentration of 
wastes 

measures could 
include the 
review of feeding 
and stock 
biomass loading 
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6.6 Assessment and significance of residual impacts 

The residual impacts of the Proposal are summarised in Table 6.10 where present. The main residual 

impacts are associated with nutrient enrichment which subsequently enhances algal growth potential as 

well as potentially changing the condition of soft sediments as a result of the input of organic material. 

Both of these cause-effect pathways will be monitored under the EMMP, with management actions 

included to ensure these effects do not become significant, such as the cessation of feeding activity or 

the fallowing of particular leases.  

Table 6.10 Residual impacts on BCH  

Impact Phase Assessment Residual 

impact 

Removal Construction As both the outfalls and sea-cages will be 

sited in a way to avoid BCH, no removal 

impacts on BCH are predicted. 

1-

Insignificant 

Shading / smothering Construction The anchoring of the sea-cages and 

securing of the outfalls may re-suspend 

sediments in the immediate vicinity of the 

anchoring / securing, however any re-

suspended materials will be minimal and 

are expected to settle within a day.  

The potential for increase in total 

suspended solids is expected to be kept 

within the vicinity of the leases, with only 

minor reduction of light levels in 

comparison to baseline conditions.   

1-

Insignificant 

Shading / smothering 

(nursery sites) 

Operations The level of nutrients expected in the 

discharge from the nursery outfalls are 

expected to be minimal and immediately 

dilute to near background condition within 

the immediate vicinity of the outfall.  

Monitoring for nutrient condition in the 

vicinity of the outfalls will confirm if this is 

the case.  

1-

Insignificant 

Shading (sea-cage 

infrastructure) 

Operations The placement of the sea-cages within the 

leases will help reduce potential shading 

effects on any BCH present.  

No significant shading effects are expected 

on BCH in this manner 

2-Minor 

Shading (elevated TSS) Operations The potential for increase in total 

suspended solids is expected to be kept 

within the vicinity of the leases, with only 

minor reduction of light levels in 

comparison to baseline conditions.   

No significant shading effects are expected 

on BCH in this manner.  

2-Minor 

Shading (increased 

algal biomass) 

Operations Increased phytoplankton biomasses are 

expected in nearshore areas of Strickland 

Bay and Cone Bay in particular, however 

2-Minor 
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Impact Phase Assessment Residual 

impact 

modelling projected that this would not 

result in significant shading effects on any 

BCH. The extent of these increases is 

significantly reduced if MPA achieve an 

FCR of 1.5. The potential for long-term 

increases in phytoplankton biomasses (as 

well as discrete algal bloom events) will be 

monitored and managed under the EMMP. 

This includes additional monitoring sites in 

nearshore areas where modelling results 

showed that elevated chlorophyll-a values 

were expected. MPAs management 

actions, in the event that elevated 

phytoplankton biomasses are recorded, 

will help reduce nutrient loading into the 

system and reduce the potential for 

phytoplankton increases.  

Monitoring of phytoplankton will be 

particularly important during the wet 

season when riverine inflows increase 

nutrient loading in nearshore areas, further 

exacerbating the risk of algal blooms. 

Particular management of the timing of 

feeding etc during these seasons will help 

further reduce the risk of elevated 

phytoplankton biomasses and the risk of 

algal blooms.  

Smothering (leases) Operations The level of deposition was not predicted 

to cause any major or moderate impacts, 

while any localised changes can be 

minimised through MPA achieving an FCR 

of 1.5, as well as its other mitigation 

strategies. As such, any potential effects 

on BCH are only expected directly 

underneath the cages, and then only if 

BCH are present in these locations.  

2-Minor 

Nutrient enrichment 

(aquaculture wastes) 

resulting in a phase 

shift from coral to 

macroalgae 

Operations The level of nutrient enrichment from 

aquaculture wastes is substantial, though it 

will be significantly reduced through the 

mitigation strategies implemented by MPA, 

as well as the direction to achieve an FCR 

of 1.5.  

Any potential for nutrient enrichment 

long-term will be monitored and managed 

under the EMMP to verify that MPAs 

operations do not pose a continual risk of 

nutrient enrichment beyond the lease 

boundaries, and potential subsequent 

effects on BCH (such as a phase shift from 

coral habitats to macroalgal habitats). This 

3-Moderate 
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Impact Phase Assessment Residual 

impact 

monitoring includes the monitoring of coral 

habitats in areas near to the leases which 

might be impacted by increased nutrient 

concentrations. Any increases in growth of 

macroalgae will subsequently be recorded 

and can be responded to (through the 

cessation of feeding or fallowing of a 

particular lease), mitigating significant 

effects from occurring 

Sediment toxicity 

(oxygen content and 

hydrogen sulphide 

concentrations) 

Operations Modelling results indicated that dissolved 

oxygen levels, even in close proximity to 

the sediments, remained relatively 

consistent between scenarios and between 

baseline conditions. The results of the 

sediment diagenesis model indicate that 

the ZoHI will be for the most part directly 

underneath the sea-cages, with moderate 

impacts expected beyond the boundaries 

of the leases. However, both these zones 

fall for the most part on soft sediments. 

Long-term impacts associated with this 

cause-effect pathway will be mitigated 

through the implementation of regular 

fallowing post-harvest at each respective 

lease.  

3-Moderate 

6.7 Predicted outcome 

Considering the mitigation strategies implemented by this proposal, and the minimal cumulative impacts 

from other proposals, only moderate to minor impacts to BCH are expected within the respective LAUs. 

These moderate to minor changes are for the most part on soft sediments, with less than 0.06 km2 of 

rock (coral) habitats projected to fall under the zone of moderate impact. There are no vegetated 

habitats projected to suffer irreversible losses as a result of the Proposal, either directly or indirectly.  

Many of the contributing factors to the potential impacts on BCH will be monitored under the EMMP, 

including on coral habitats (Annex A).  With this monitoring, and the potential actions to be followed if 

an exceedance is recorded (e.g. cessation of feeding), it is expected that the EPA's objective for BCH 

can be met, with little to no impact to the diversity or ecological integrity of BCH in the region as a result 

of the Proposal.  
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7 Marine fauna 

̶  

7.1 EPA objective 

The EPA objective for the environmental factor marine fauna is to protect marine fauna so that 

biological diversity and ecological integrity are maintained. 

7.2 Policy and guidance 

The relevant EPA policies and guidelines for marine fauna and the scope of each of these as relevant 

to the Proposal are outlined in Table 7.1.  

Table 7.1 Policies and guidelines 

Policy or guidance Consideration 

Factor Guideline – Marine Fauna (EPA 2016d) EPA (2016d) provides guidance on marine fauna, 

including factors which can impact marine fauna.  

Assessment is based on potential impacts on 

marine fauna present within the Proposal area, 

either permanently or as part of their migration (e.g. 

cetaceans).  Specifically, the guideline details the 

importance of protecting marine fauna for their 

ecological roles.   

Bardi Jawi, Mayala and Maiyalam Marine Park 

Management Plans 

The proposed Bardi Jawi, Mayala and Maiyalam 

Marine Park Management Plans dictate how marine 

fauna of conservation significance should be 

managed within the borders of the marine park. This 

includes but is not limited to cetaceans, dugongs 

and other taxa, some of which are also relevant as 

being listed as Matters of National Environmental 

Significance under the EPBC Act 1996. 

Environmental Protection of Biodiversity Act (1996) The EPBC Act 1996 is the legal act dictating how 

MNES are managed and protected by the 

Commonwealth. It has been considered in relation 

to the species of conservation significance which 

may interact with this proposal.  

Biodiversity Conservation Act (2016) The Biodiversity Conservation Act (2016) replaces 

the Wildlife Conservation Act (1950) and provides a 

statutory basis for the listing of threatened species, 

specially protected species, threatened ecological 

communities, critical habitat and key threatening 

processes, while also providing the legal framework 

for managing species of conservation significance, 

which in this case would include marine fauna.  

Species specific recovery plans (e.g marine turtles, 

seabirds, whale sharks) 

Recovery plans are in place for specific species 

which may interact with this proposal. These 

management plans outline how these species are to 

be managed including a description of their biology, 

ecology as well as a summary of potential threats 

and how they should be addressed.   
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7.3 Receiving environment 

7.3.1 Desktop Assessment 

Database searches 

To assess the potential presence of marine fauna within the vicinity of the proposed nursery sites and 

lease sites, a desktop assessment was conducted using government database searches and a review 

of the scientific literature.  Database searches were completed to generate lists of species which were 

potentially within or in the vicinity of each of the nursery sites or leases, either permanently or as part of 

their migration, with a focus on species of significance as defined under the EPBC Act and BC Act, as 

well as the Department of Biodiversity, Conservation and Attractions (DBCA) Priority list. Three 

databases were searched (Table 7.2).  The search parameters used in the DAWE Protected Matters 

Search Tool included the whole of the Buccaneer Archipelago where the leases are present. For the 

Atlas of Living Australia Search tool, the Archipelago was searched with a 10 km radius.  

Table 7.2 Summary of databases for the leases and nursery sites for marine fauna 

Database Authority 
Date of 

Receipt 

Atlas of Living Australia NA 
8 October 

2021 

NatureMap 
Department of Biodiversity, Conservation and Attractions 

(DBCA 2021b) 

8 October 

2021 

Threatened & Priority Fauna 

List 

Department of Biodiversity,  Conservation and 

Attractions (DBCA 2021c) 

8 October 

2021 

Protected Matters Search Tool 

(PMST) 

Department of the Environment and Energy (DAWE 

2021) 

19 January 

2022 

 

The results of the database searches that list the conservation significant marine fauna species, which 

include marine mammals, marine reptiles, sharks and rays, finfish and marine birds, is provided in 

Table 7.3.  It was also determined if the marine fauna species had a potential critical window of 

environmental sensitivity, based on the existing state of knowledge, and if there was a likelihood of this 

occurring within the Proposal area (Table 7.3).  Critical windows of environmental sensitivity may 

include times of the year or particular locations where key species or ecological communities or critical 

processes (e.g. feeding, breeding, nursing or resting) may be particularly vulnerable to pressures from 

anthropogenic activities (EPA 2016e).   

EPBC Act 1999 

The marine waters surrounding the Proposal support a variety of fauna, several of which are significant 

and protected under the EPBC Act.  A search of the online EPBC Act Protected Matters Reporting Tool 

(Annex F) identified 20 listed threatened marine species and 26 listed migratory marine species that 

may occur near the Proposal.  The listed marine species include: four marine mammals (whales), eight 

marine reptiles (turtles and seasnakes), one fish and seven shark species.  There were also 19 listed 

marine migratory species (seabirds, sharks, rays, cetaceans, dugong, and crocodiles).  Additional 

marine species listed as possibly occurring within the project area (other matters protected by the 

EPBC Act) included 25 fish (pipefish and seahorses), 16 reptiles (seasnakes) and five other whales and 

cetaceans (dolphins). 
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BC Act 2016 

Four marine species potentially occurring in the Proposal area are listed under Schedule 1 – Fauna that 

are rare or are likely to become extinct as critically endangered fauna (Table 7.3).  Five marine species 

are listed under Schedule 2 (fauna that are rare or are likely to become extinct as endangered fauna) 

and seven marine species under Schedule 3 (fauna that are rare or are likely to become extinct as 

vulnerable fauna; Table 7.3).  Thirteen marine birds potentially occurring in the Proposal area are listed 

under Schedule 5 in which migratory birds are protected under an internal agreement (Table 7.3).   

DBCA Priority Fauna 

A search of the DBCA NatureMap Species search tool did not identify any additional species not 

already identified in the EPBC Act Protected Matters Reporting Tool (Annex G).  

Atlas of Living Australia 

A search for marine fish species reported a total of 37 species of fish within a 1 km radius of each of the 

leases or proposed nursery outfalls.  

Likelihood of Occurrence Assessment 

The likelihood of occurrence of each species of significance that were identified from the database 

searches was assessed in relation to the Proposal. The likelihood of conservation significant marine 

species identified in the database searches occurring at or adjacent to the Proposal area was 

determined through the assessment of the 1) habitat present in the Proposal area compared to the 

habitat typically associated with the species; and 2) typical species behaviour (e.g. foraging behaviour, 

migration, calving, nursing, spawning, roosting and nesting).  The results of the assessment are 

presented in Table 7.3.  

Only marine bird species are presented here, as terrestrial birds are covered in Section 9. No other 

matters as defined by State and Commonwealth legislation beyond those already covered as 

conservation significant fauna were assessed as likely to interact with the Proposal area, and as such 

are not presented in Table 7.3. For the full listing under the EPBC Act and BC Act see Annex F and 

Annex G. 
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Table 7.3 Summary of significant or migratory marine fauna listed as possible or likely to occur within the Proposal Area 

Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Mammals 

Humpback whale 

(Megaptera 

novaeangliae) 

Conservation 

Dependent 

(Schedule 6) 

Vulnerable, 

migratory 

Known calving, migration 

and resting areas in 

between in Camden 

Sound, which is approx.. 

20 kms at its closest to 

the Proposal.  The 

migratory habitat is 

primarily coastal water 

<200 m in depth and 

within 20 km of the coast 

(DAWE 2021).   

Female-calf pairs and 

unaccompanied 

individuals present near 

to the Proposal area 

between 

June-November.  

Breeding known to occur 

near to Proposal area 

Likely  Unlikely  

 

Blue whale / 

Pygmy blue whale 

(Balaenoptera 

musculus / 

musculus 

brevicauda) 

Endangered 

(Schedule 2) 

Endangered, 

migratory 

Blue whales, principally 

pygmy blue whales use 

coastal and offshore 

waters in the Kimberley. 

Potentially seasonally 

present in the Proposal 

area and adjacent waters 

No critical habitat or 

feedings grounds found 

within the Proposal area  

Species or species habitat 

known to occur near to 

Proposal area.  

Possible Unlikely  

 

Sei whale 

(Balaenoptera 

boreali) 

Endangered 

(Schedule 2) 

Vulnerable, 

migratory 

Australian Antarctic and 

temperate cool waters 

are important feeding 

grounds 

(Horwood 1997), while 

breeding occurs in 

tropical and subtropical 

No critical habitat or 

feeding grounds found 

within the Proposal area 

Species or species habitat 

may occur within area 

Unlikely Unlikely  
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

waters (DAWE 2021).  

Movements and 

distributions of sei 

whales are unpredictable 

and not well documented  

Fin whale 

(Balaenoptera 

physalus) 

Endangered 

(Schedule 2) 

Vulnerable, 

migratory 

Fin whales migrate 

through WA waters, with 

earliest arrival of the 

animals recorded on the 

WA coast, at Cape 

Leeuwin in April, with 

some migrating as far 

north as DAmpier (Aulich 

et al. 2019).  Acoustics 

have been heard off the 

Rottnest Trench between 

January and April 2000 

(DAWE 2021).   

No critical habitat or 

feeding grounds found 

within the Proposal area 

Species or species habitat 

likely to occur within area 

Unlikely Unlikely  

 

Brydes whale 

(Balaenoptera 

edeni) 

- Migratory Found year-round in 

waters between 40° S 

and 40° N, primarily in 

temperatures exceeding 

16.3 °C (DAWE 2021).   

No critical habitat or 

feeding grounds found 

within the Proposal area 

Species or species habitat 

may occur within area 

Unlikely Unlikely  

 

Killer Whale, Orca 

(Orcinus orca) 

- Migratory Considered a regular 

visitor to State waters in 

WA and known to follow 

whale migrationsalong 

No critical habitat or 

feeding grounds found 

within the Proposal area 

Species or species habitat 

may occur within area 

Unlikely Unlikely  
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

the West Australian 

coast.  

Snubfin dolphin 

(Orcaella 

heinsohni) 

Priority 4 Migratory Rare species which 

limited data suggests 

more likely to be found in 

shallow and protected 

coastal habitats (water 

less than 15-20 m deep) 

and are mainly found in 

water less than 20 km 

from shore (Parra et al., 

2006, Parra & Cagnazzi 

2016).   

Known population within 

Cone Bay, Roebuck Bay 

and Cygnet Bay present 

all year round.  

Species known to occur 

near to Proposal area 

Likely  

 

Likely 

 

Dugong (Dugong 

dugon) 

Other 

protected 

fauna 

Migratory Dugongs exhibit 

seasonal movements as 

a behavioural 

thermoregulatory 

response to winter water 

temperatures, though 

scales of movement are 

individualistic and 

heterogeneous (Marsh et 

al. 2011). Most 

individuals maintain a 

close association with 

inshore seagrass beds 

(Sheppard et al. 2006; 

Gredzens et al. 2014 

Known populations off 

the Dampier peninsula 

present all year round. 

Species known to occur 

near to Proposal area 

Likely Likely 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 210 4 May 2022 

 

Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Australian 

humpback dolphin 

(Sousa sahulensis 

as Sousa 

chinensis) 

Priority 4 Migratory Rare species which 

limited data suggests 

more likely to be found in 

shallow and protected 

coastal habitats (water 

less than 15-20 m deep) 

and are mainly found in 

water less than 20 km 

from shore (Parra et al., 

2006, Parra & Cagnazzi 

2016).   

 Species or species habitat 

likely to occur near to 

Proposal area. 

Likely Likely 

Spotted bottlenose 

dolphin (Tursiops 

aduncus) 

- Migratory Restricted to inshore 

areas such as bays and 

estuaries, nearshore 

waters, open coast 

environments, and 

shallow offshore waters 

including coastal areas 

around oceanic islands 

(Hale et al. 2000).  They 

have been confirmed to 

occur in estuarine and 

coastal waters of 

eastern, western and 

northern Australia.  

Reside in WA waters 

year-round.  

All year round Species or species habitat 

likely to occur near to 

Proposal area.  

Likely Likely 

Reptiles 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Short-nosed 

Seasnake 

(Aipysurus 

apraefrontalis) 

Critically 

Endangered 

Critically 

Endangered 

Typically inhabit reef flats 

adjacent to living coral 

and on coral substrates, 

or shallow waters along 

the outer reef edge 

(DAWE 2021, McCosker 

1975). The observed 

range of the Short-nosed 

seasnake is ~50 m away 

from the reef flat (Cogger 

2000). 

All year round Species or species habitat 

likely to occur near to 

Proposal area 

Likely  Unlikely  

Leaf-scaled 

seasnake 

(Aipysurus 

foliosquama) 

Critically 

Endangered 

Critically 

Endangered, 

Migratory 

Typically inhabit reef flats 

adjacent to living coral 

and on coral substrates, 

or shallow waters along 

the outer reef edge 

(DAWE 2021, McCosker 

1975).  

All year round Species or species habitat 

may occur near to Proposal 

area 

Unlikely Unlikely 

Horned seasnake 

(Acalyptophis 

pernoii) 

- Migratory Typically occur in shallow 

water up to 20 m (DAWE 

2021) on sandy/muddy 

substrates and are 

known to inhabit shallow 

bays, estuaries and tidal 

pools (DAWE 2021) 

All year round Species or species habitat 

may occur near to Proposal 

area 

Unlikely Unlikely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Dubois seasnake 

(Aipysurus 

duboisii) 

- Migratory Typically occur in shallow 

water up to 20m, with 

records of Dubois' 

seasnakes having been 

caught in trawling nets at 

depths of approximately 

45 m (Dunson 1975). 

Typically inhabit reef flats 

adjacent to living coral 

and on coral substrates, 

or shallow waters along 

the outer reef edge 

(DAWE 2021, McCosker 

1975) 

All year round Species or species habitat 

may occur near to Proposal 

area 

Possible Unlikely 

Spine-tailed 

seasnake 

(Aipysurus 

eydouxii) 

- Migratory Typically occur in shallow 

water up to 20 m (DAWE 

2021) on sandy/muddy 

substrates and are 

known to inhabit shallow 

bays, estuaries and tidal 

pools (DAWE 2021) 

All year round Species or species habitat 

may occur near to Proposal 

area 

Unlikely Unlikely 

Olive seasnake 

(Aipysurus 

foliosquama) 

- Migratory Typically occur in shallow 

water up to 20m, 

inhabiting reef flats 

adjacent to living coral 

and on coral substrates, 

or shallow waters along 

the outer reef edge 

All year round Species or species habitat 

may occur near to Proposal 

area 

Unlikely Unlikely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

(DAWE 2021, McCosker 

1975) 

Stokes' seasnake 

(Astrotia stokesii) 

- Migratory Typically occur in shallow 

water up to 20m, 

inhabiting reef flats 

adjacent to living coral 

and on coral substrates, 

or shallow waters along 

the outer reef edge 

(DAWE 2021, McCosker 

1975) 

All year round Species or species habitat 

may occur near to Proposal 

area 

Unlikely Unlikely 

Loggerhead turtle 

(Caretta caretta) 

Endangered Endangered Commonly found in coral 

and rocky reefs, sandy 

beaches and seagrass 

habitats, feeding on 

seagrass, sponges 

and/or algae (DAWE 

2021).  

Possible use of habitat 

for feeding but periods 

unknown.  

Species or species habitat 

known to occur near to 

Proposal area 

Likely Likely 

Green turtle 

(Chelonia mydas) 

Vulnerable Vulnerable, 

Migratory 

Commonly found in coral 

and rocky reefs, sandy 

beaches and seagrass 

habitats, feeding on 

seagrass, sponges 

and/or algae (DAWE 

2021).  

Documented sightings in 

the Buccaneer 

Archipelago. Possible 

use of habitat for feeding 

but periods unknown. 

Nesting occurs year 

round but predominantly 

November to March in 

the Kimberley 

Breeding known to occur 

near to Proposal area 

Likely Likely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Leatherback turtle 

(Dermochelys 

coriacea) 

Vulnerable Endangered, 

Migratory 

Pelagic feeder found in 

tropical, subtropical and 

temperate waters 

throughout the world.  No 

major nesting has been 

recorded in Australia 

although scattered 

isolated nesting occurs in 

Queensland (Qld) and 

the Northern Territory 

(NT) (DoEE 2017) 

Possible use of habitat 

but periods unknown 

Breeding likely to occur near 

to Proposal area 

Likely Likely 

Hawksbill turtle 

(Eretmochelys 

imbricata) 

Vulnerable Vulnerable Commonly found in coral 

and rocky reefs, sandy 

beaches and seagrass 

habitats, feeding on 

seagrass, sponges 

and/or algae (DAWE 

2021).  

Possible use of habitat. 

Nesting occurs year 

round but predominantly 

October to January in 

the Kimberley 

Breeding likely to occur near 

to Proposal area 

Likely Likely 

Olive ridley turtle 

(Lepidochelys 

olivacea) 

Endangered Endangered Foraging habitat of Olive 

Ridley turtles tends to 

occur across a wider 

range of depths (50-100 

m) than for other more 

coastal nearshore 

species.  

Possible use of habitat 

but periods unknown. 

Congregation or aggregation 

known to occur near to 

Proposal area. Records of 

hatchlings at Camden 

Sound. 

Likely Likely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Flatback turtle 

(Natator 

depressus) 

Vulnerable Vulnerable, 

Migratory 

Foraging habitat of 

Flatback turtles tends to 

occur across a wider 

range of depths (100-200 

m) than for other more 

coastal nearshore 

species.  

Possible use of habitat. 

Nesting occurs year 

round but predominantly 

September to March in 

the southern Kimberley 

Breeding known to occur 

near to Proposal area  

Likely Likely 

Estuarine or Salt-

water crocodile 

(Crocodylus 

porosus) 

Other 

protected 

fauna 

Migratory Large crocodilian which 

may move through 

project area, though is 

unlikely to be resident as 

leases/nursery sites are 

located away from 

waterways.  

Possible use of habitat 

but periods unknown 

Species or species habitat 

likely to occur to Proposal 

area. Previous records of 

sightings in proximity to the 

sea-cages at Cone Bay.  

Likely  Unlikely 

Sharks / rays 

Northern river 

shark (Glyphis 

garrickii) 

Priority 1 Endangered Medium sized requiem 

shark generally found in 

tidal rivers or coastal 

areas including the 

Buccaneer Archipelago. 

Possible use of habitat 

but periods unknown 

Breeding likely to occur near 

to Proposal area 

Likely 

 

Unlikely 

Dwarf sawfish 

(Pristis clavate) 

Priority 1 Vulnerable, 

Migratory 

Small primarily estuarine 

sawfish, typically inhabit 

inshore waters, 

estuaries, tidal mudflats 

and sometimes the 

lowest reaches of rivers. 

Possible use of habitat 

but periods unknown 

Breeding known to occur 

near to Proposal area 

Likely 

 

Unlikely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Freshwater sawfish 

(Pristis pristis) 

Priority 3 Vulnerable, 

Migratory 

Large sawfish typically 

inhabits inshore waters, 

estuaries, tidal mudflats 

and sometimes the 

lowest reaches of rivers, 

up to a depth of 25 m but 

mostly <10 m 

(Fernandez-Carvalho et 

al. 2014, Stevens et al. 

2008) 

Possible use of habitat 

but periods unknown 

Species or species habitat 

known to occur near to 

Proposal area. 

Likely 

 

Unlikely 

Green sawfish 

(Pristis zijsron) 

Vulnerable Vulnerable, 

Migratory 

Large sawfish typically 

inhabits inshore waters, 

estuaries, tidal mudflats 

and sometimes the 

lowest reaches of rivers. 

Possible use of habitat 

but periods unknown. 

Pupping known to occur 

in nearshore waters in 

proximity to the 

Ardyaloon nursery. 

Species or species habitat 

known to occur near to 

Proposal area. 

Likely 

 

Likely 

Whale shark 

(Rhincodon typus) 

Other 

Protected 

Fauna 

Vulnerable, 

Migratory 

Large generally pelagic 

shark species with 

known foraging areas in 

proximity to the Proposal 

area 

Possible use of habitat 

but periods unknown 

Foraging, feeding or related 

behaviour known to occur 

near to Proposal area 

Likely 

 

Unlikely 

Scalloped 

hammerhead shark 

(Sphyrna lewini) 

 Conservation 

Dependent 

Widely distributed shark 

with suitable habitat 

known to occur in 

proximity to the Proposal 

area 

Possible use of habitat 

but periods unknown 

Species or species habitat 

likely to occur near to 

Proposal area. 

Likely Unlikely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

Reef Manta Ray, 

Coastal Manta Ray 

(Mobula alfredi) 

- Migratory Typically persist in 

tropical and subtropical 

coastal waters and often 

form seasonal 

aggregations close to 

shore when food is 

abundant (DAWE 2021) 

Possible use of habitat 

but periods unknown 

Species or species habitat 

known to near to Proposal 

area. 

Likely Unlikely 

Giant Manta Ray 

(Mobula birostris) 

- Migratory Circumglobal species 

spend the majority of 

their time offshore at 

areas where upwellings 

of nutrient-rich water 

increase the availability 

of zooplankton (Luiz et 

al, 2009).  

Possible use of habitat 

but periods unknown 

Species or species habitat 

likely to occur near to 

Proposal area. 

Unlikely Unlikely 

Birds 

Common Noddy 

(Anous stolidus) 

- Migratory Migratory species known 

to feed primarily on fish 

and breed on islands and 

similar habitats as that 

found in the Buccaneer 

Archipelago 

Possible use of habitat 

but periods unknown 

Species or species habitat 

likely to occur near to 

Proposal area. 

Likely  

 

Likely 

 

Fork-tailed swift 

(Apus pacificus) 

- Migratory An aerial species which 

forages high above the 

tree canopy and rarely 

lower (Johnstone and 

Storr 1998). Occurs over 

Possible use of habitat 

but periods unknown 

Species or species habitat 

likely to occur near to 

Proposal area. 

Likely  

 

Likely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

a range of habitats 

including islands, open 

country, coasts, semi-

deserts, urban, forests 

(Pizzey and Knight 

2007). 

Streaked 

shearwater 

(Calonectris 

leucomelas) 

- Migratory Widely distributed 

migratory species 

present across coastal 

areas of northern and 

eastern Australia 

Possible use of habitat 

but periods unknown 

Species or species habitat 

known to occur near to 

Proposal area. 

Likely  

 

Likely 

 

Lesser frigatebird 

(Fregata ariel) 

- Migratory The Lesser Frigatebird 

has a very large range, 

breeding on small, 

remote tropical and sub-

tropical islands, in 

mangroves or bushes, 

and even on bare 

ground.  

Possible use of habitat 

but periods unknown 

Breeding known to occur 

near to Proposal area 

Likely  

 

Likely 

 

Greater frigatebird 

(Fregata minor) 

- Migratory Narrowly distributed 

migratory species 

present in Buccaneer 

Archipelago  

Possible use of habitat 

but periods unknown 

Species or species habitat 

likely to occur near to 

Proposal area. 

Likely  

 

Likely 

 

Bridled tern 

(Onychoprion 

anaethetus) 

- Migratory Widely distributed 

medium-sized tern 

primarily found on 

offshore islands and 

Possible use of habitat 

but periods unknown 

Breeding known to occur 

near to Proposal area 

Likely  

 

Likely 
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Scientific Name Conservation Code (Acts) Habitat description Period of habitat use 

within proposal area 

Presence / known use Likelihood Assessment 

BC EPBC    Leases Nursery 

sites 

coastline like the 

Buccaneer Archipelago 

Roseate tern 

(Sterna douglii) 

- Migratory Extremely large global 

range, mostly occurring 

on offshore islands and 

foraging by plunge diving 

into marine 

environments.  

Possible use of habitat 

but periods unknown 

Breeding known to occur 

near to Proposal area 

Likely  

 

Likely 

 

Little tern (Sternula 

albifrons) 

- Migratory Predominantly a coastal 

species, inhabiting 

beaches, sheltered 

inlets, estuaries, lakes, 

sewage farms, lagoons, 

river mouths and deltas. 

Possible use of habitat 

but periods unknown 

Breeding known to occur 

near to Proposal area 

Likely  

 

Likely 

 

Red-footed booby 

(Sula sula) 

- Migratory Widely distributed large 

marine bird with breeding 

known to occur in the 

Buccaneer Archipelago 

Possible use of habitat 

but periods unknown 

Breeding known to occur 

near to Proposal area 

Likely  

 

Likely 

 

Osprey (Pandion 

cristatus) 

Migratory Migratory Associated with 

waterbodies, particularly 

coastal areas, 

mangroves, inshore 

seas, rivers and 

estuaries (Simpson and 

Day 2010). 

Possible use of habitat 

but periods unknown 

Foraging behaviour known 

to occur near to Proposal 

area 

Likely  

 

Likely 

 

 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 220 4 May 2022 

 

State of knowledge for Conservation Significant Marine Fauna 

The likelihood of occurrence assessment determined that the following conservation significant marine 

species are known to occur or have a high potential to occur in the Proposal area.  

• Four cetaceans (Humpback whales, Snubfin dolphins, Humpback dolphins, Spotted Bottlenose 

dolphins) 

• Dugongs 

• Eight reptiles (all sea turtle species known to occur in Australia, saltwater crocodiles and short-

nosed sea snakes) 

• Six sharks (northern river sharks, dwarf sawfish, freshwater sawfish, green sawfish, whale sharks 

and scalloped hammerhead sharks) and one ray (coastal manta rays) 

• Ten seabirds  

Cetaceans 

A number of marine mammal species are known to occur in the West Kimberley region including 

humpback whales, pygmy blue and blue whales, false killer and pygmy killer whales, snubfin dolphins 

and dugong (DBCA 2020a, b, c).  Of the four whale species identified in the Proposal area, only the 

humpback whale is known to commonly occur in the West Kimberley, which is the northern migration 

destination and calving ground for the largest population of humpback whales in the world (DBCA 

2020a, b, c).  There is evidence suggesting that pygmy blue whales may be present in the Kimberley, 

though data is limited and further studies are required to investigate further (Double et al. 2014).  

Migrating killer and bryde’s whales are most often seen in relatively deeper waters and in Australia are 

most commonly seen along the continental slope and shelf areas (Bannister et al 1996).   

The Australian snubfin dolphin is a poorly understood tropical species with a distribution across shallow 

coastal and estuarine waters of northern Australia.  Limited available data on this species suggests that 

they are discontinuously distributed along the northern coastline in small sub-populations, with limited 

gene flow between sub-populations and evidence of site fidelity to the near-shore habitats of which they 

are reliant upon (Brown et al. 2016).  A recent study aimed to quantify abundance data for the 

Australian snubfin dolphin in the Kimberley region for the first time, along with two other inshore dolphin 

species.  The study recorded sightings of Snubfin dolphins at all surveyed sites, including repeated 

sightings of the same individuals between years at Cone Bay suggesting strong site fidelity to the area 

(Brown et al. 2016).  Previously, estimates of snubfin dolphin population size and structure were limited 

to accessible areas including Roebuck and Cygnet Bay, although baseline information on the relative 

importance to snubfin dolphins of several Kimberley region sites (Cygnet Bay, Cone Bay, Prince 

Regent River) has now been gathered (Brown et al. 2016). The humpback and spotted bottlenose 

dolphins are also known to use similar areas as the snubfin dolphin within the Buccaneer Archipelago 

region, particularly in the area of Yampi Sound. This is because of a high density of prey items which 

exist within these areas. Key habitats for these species, particularly the spotted bottlenose dolphin, 

include tidal mangrove systems and fringing coral and sponge reefs inside Talbot Bay (more than 20 

km from the nearest lease area) (DAWE 2022). Moderate usage of similar habitats in Yampi Sound, in 

proximity to the proposed Crocodile Creek and Conilurus Island leases, would be possible (DAWE 

2022). Of the habitats mapped as part of this assessment, none are known to be key habitats for 

cetaceans.  

Dugongs 

Dugongs are widely known to occur within the West Kimberley region and have strong cultural 

significance for coastal indigenous people of the Kimberley as a traditional food source (DBCA 2020a, b 

c).  Dugongs are known to feed on both above and below-ground seagrass biomass, so their 
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distribution broadly coincides with seagrass (Masini et al 2001, De Longh et al 2003).  Dugongs are 

mainly associated with shallow protected bays and may also be found in offshore waters, though are 

generally confined to areas up to 20 m depth within the photic zone where seagrass occurs (Grech et al 

2011, Marsh et al 2011).  A recent study confirmed the presence of a dugong hotspot in south-eastern 

parts of the Kimberley Marine Park near the Proposal area (Bayliss and Hutton 2017).  However, little is 

known of seasonal movement patterns and important feeding or breeding areas for dugong (Sheppard 

et al. 2006).  Although there is an indigenous cultural understanding of dugong distribution at certain 

times of the year, there are gaps in knowledge for other times and uncertainty regarding dugong density 

due to fluctuations in numbers of animals seen and hunted from year to year (Bayliss and Hutton 2017). 

No significant seagrass meadows were projected to be impacted by the Proposal (see Section 6).  

Reptiles 

The coastal and inshore waters of the Kimberley region supports foraging habitats and nesting beaches 

for four of the five species of marine turtles present in Australia including green, loggerhead, olive 

ridley, hawksbill and flatback turtles, with indications that breeding of leatherbacks may also occur in 

the region (DBCA 2020a, b, c).  The Kimberley coast presents a large quantitative gap in marine turtle 

knowledge for Indian Ocean waters. Limited data indicates that Loggerhead, Green and Hawksbill 

turtles are commonly found in coral and rocky reefs, sandy beaches and seagrass habitats, and feed on 

seagrass, sponges and/or algae (DAWE 2017). Therefore foraging sites occur in shallow predictable 

habitats over a depth range of 10-60 m (Pendoley 2005). The foraging habitat of Flatback and Olive 

Ridley turtles are assumed to occur across a wider range of depths (50-100 m and 10-200 m, 

respectively), whereas leatherback turtles are pelagic feeders occurring intermittently throughout the 

Kimberley region, but more commonly offshore in deeper waters (Whiting et al, 2018). Sea turtles will 

typically make long reproductive migrations to specific nesting habitats, the Hawksbill turtle migrates up 

to 2400 km between foraging areas and nesting beaches (Miller et al. 1998). Though no 

nesting/breeding locations or critical habitats have been recorded within the proposed project sites, 

there are known sites to the west of the Archipelago on the Dampier Peninsula which are in proximity to 

the nursery sites.   

Saltwater crocodiles (Crocodylus porosus) are found in Australian coastal waters, estuaries, lakes, 

inland swamps and marshes (Webb et al. 1987). In WA the species is found in most major river 

systems of the Kimberley. Distribution and individual behaviour are largely determined by the 

surrounding temperature. The movement patterns of mature salt-water crocodiles are not well known, 

but the movements of relocated animals demonstrate their ability to make long distance movements (up 

to 280 km; Walsh & Whitehead 1993).Saltwater crocodiles have been recorded in proximity to the 

current operations at Cone Bay (MPA pers, comm).  

The Horned, Short-nosed,  ubois’,  pine-tailed, Leaf-scaled, Olive and  tokes’ seasnakes typically 

occur in shallow water (up to 20 m; DAWE 2021), with records of the  ubois’ seasnake having been 

caught in trawling nets at depths of approximately 45 m (Dunson 1975). The Horned, Spine-tailed and 

 tokes’ seasnakes are typically found on sandy/muddy substrates and are known to inhabit shallow 

bays, estuaries, and tidal pools (DAWE 2021). The Short-nosed,  ubois’, Leaf-scaled, and Olive 

seasnake typically inhabit reef flats adjacent to living coral and on coral substrates, or shallow waters 

along the outer reef edge (DAWE 2021, McCosker 1975). The observed range of the Short-nosed 

seasnake is ~50 m away from the reef flat (Cogger 2000). 

Finfish and sharks 

Limited data is available on the life history of Narrow, Dwarf and Green Sawfish, though individuals 

have historically been recorded in the coastal waters off Broome. Sawfish typically inhabit inshore 

waters, estuaries, tidal mudflats and sometimes the lowest reaches of rivers. Green Sawfish have been 
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recorded in very shallow water (<1 m) to offshore trawl grounds at depths >70 m, and the Narrow 

sawfish is found at depths of ~100 m (Stevens et al. 2008). Sawfish can tolerate a wide range of salinity 

and move between estuarine and marine environments. The Largetooth sawfish have a greater affinity 

for freshwater habitats than the Narrow, Dwarf and Green Sawfish. Adult Largetooth sawfish are 

primarily found in estuaries and marine waters to a depth of 25 m but mostly <10 m (Fernandez-

Carvalho et al. 2014, Stevens et al. 2008).   

The Northern River shark inhabits large rivers, estuaries, and coastal bays, all of which are 

characterized by high turbidity, silty or muddy bottoms, and large tides (Thorburn et al, 2004). Young 

and juvenile sharks are found in fresh, brackish, and salt water (salinity ranging from 2-36 ppt), whereas 

adults have only been found in marine environments. The Northern River shark has been reported from 

King Sound, the Ord River, and Doctors Creek near Derby, WA (Thorburn et al, 2004). 

Reef manta rays, giant manta rays and whale sharks inhabit wide ranges. Reef manta rays and whale 

sharks typically persist in tropical and subtropical coastal waters and often form seasonal aggregations 

close to shore when food is abundant (DAWE 2021). These aggregations may coincide with fish 

spawning events and zooplankton blooms. Comparatively, giant manta rays are a circumglobal species 

which spend the majority of time offshore. Giant Manta Rays typically migrate with ocean-currents to 

areas where upwellings of nutrient-rich water increase the availability of zooplankton (Luiz et al, 2009). 

Giant manta rays are known to aggregate around Ningaloo Reef during autumn and winter. 

Seabirds 

The little tern nests on coastal ridges, islets, banks or sand-spits, as well as wide or flat beaches; and is 

known to breed offshore from the Dampier Peninsula. The bridled tern also breeds in the region off the 

Dampier Peninsula, including as far offshore as the Bonaparte Gulf and Ashmore Reef (Barrett et al. 

2003; Blakers et al. 1984; Higgins & Davies 1996; Johnstone & Storr 1998).  Though present within the 

region, there are no known breeding locations for the roseate tern in the region. All three species feed 

at sea on primarily on fish and crustaceans.  

The red-footed booby is the smallest species in the Booby family (Marchant & Higgins 1990), and 

though widespread globally is not well recorded in the region.  The streaked shearwater, lesser and 

greater frigatebirds and red-footed booby are all known to occur in the region of the Archipelago, 

generally feeding on fish and cephalopods at sea.  

7.4 Potential impacts 

7.4.1 Approach 

Potential impacts to marine fauna have been considered for both the construction and operation of the 

leases only. Construction and operation of the nursery sites, though it includes operation of outfalls with 

discharges of produced water, are not expected to have any impacts on marine fauna, significant or 

otherwise.  

The impact of other operations in the area nearby the proposed leases, including commercial and 

industrial operations, on marine fauna are also considered to ensure the total cumulative impacts are 

well understood. Details on potential impacts which are more complex or more likely to have a 

significant impact are also provided, however where impacts are on MNES, these have been 

summarised in Section 14 instead.  

Impacts have been defined as summarised below.   

• Lead to a long-term decrease in the size of a population 
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• Reduce the area of occupancy of a species 

• Fragment an existing population into two or more populations 

• Adversely affect habitat critical to the survival of a species 

• Disrupt the breeding cycle of a population 

• Modify, destroy, remove, isolate or decrease the availability or quality of habitat to the extent that 

the species is likely to decline 

• Result in invasive species that are harmful to a critically endangered / endangered species habitat 

• Increase disease that may cause the species to decline 

Interfere with the recovery of a species 

• Major – E.g. leads to a long-term decrease in the size of a population, adversely affect habitat 

critical to the survival of a species 

• Moderate – E.g. Results in loss of habitat for marine fauna at a local scale, though this habitat is not 

critical to the survival of a species 

• Minor – E.g. Introduction of invasive marine species already present in the region, but not 

considered harmful to a critically endangered / endangered species habitat 

• Insignificant – no impacts to marine fauna are expected 

Potential construction impacts 

The potential construction associated impacts from the construction of the leases are summarised in 

Table 7.4.  
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Table 7.4 Potential construction impacts to terrestrial fauna from construction of nursery sites  

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Leases  Vessel strike Direct Vessels used during 

anchoring or towing 

the sea-cages may 

potentially strike 

marine fauna 

Limited (impact likely 

only possible in 

areas close to lease) 

NA 3-Moderate 

Leases Noise/vibration 

generation 

Direct Noise/vibrations 

generated during 

anchoring or towing 

of sea-cages may 

disturb or repel 

marine fauna 

Limited (close to or 

within leases areas) 

<1 day at a time 

during construction 

2-Minor 

Leases Plume generation Indirect Small plumes may be 

created when 

anchorages are 

driven into seabed  

Limited (within 

leases) 

<1 day for anchoring 

to occur 

1-Insignificant 

Leases Increased risk of 

introduced marine 

pests 

Indirect Construction vessels 

may introduce 

marine pests not 

present in the area 

Limited (within 

leases) 

Throughout 

construction phase 

2-Minor 
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Potential operation impacts 

The potential operation associated impacts from the construction of the nursery sites are summarised in 

Table 7.5.  
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Table 7.5 Potential operation impacts to marine fauna from construction of leases 

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Leases Vessel strike Direct Vessels used during 

operations may 

potentially strike 

marine fauna 

Limited (within 

leases) 

Lifetime of project 3-Moderate 

Leases Entanglement Direct Marine fauna may 

become entangled in 

anchorage lines or 

sea-cages 

particularly if they are 

attracted to 

sea-cages by 

potential opportunity 

to feed on farmed 

fish 

Limited (in close 

proximity to the 

cages) 

Lifetime of project 3-Moderate 

Leases Change to natural 

predatory behaviour 

Direct Marine fauna, 

particularly avifauna, 

may change their 

natural behaviour if 

they can access the 

sea-cages and prey 

on farmed fish 

Limited (in close 

proximity to cages) 

Lifetime of project 2-Minor 

Leases Noise/vibration 

generation 

Indirect Noise/vibrations 

generated during 

operations of 

vessels, diesel 

powered generators 

Limited (within 

leases) 

Lifetime of project 2-Minor 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

and other equipment 

may disturb or repel 

marine fauna 

Leases Waste generation Indirect Wastes generated 

(e.g. farmed fish 

mortalities) may 

attract marine fauna 

if not disposed of 

appropriately 

Limited (within 

leases) 

Lifetime of project 2-Minor 

Leases Light pollution Indirect Lighting around the 

sea-cages and 

vessels may 

attract/repel marine 

fauna, or disorientate 

marine turtle 

hatchlings 

Limited (in close 

proximity to cages) 

<10 hours a day 

Lifetime of project 

2-Minor 

Leases Spread of 

disease/change to 

genetic structure of 

local populations of 

barramundi if farmed 

fish escape from 

cages 

Indirect If fish are able to 

escape from cages 

they may spread 

diseases not present 

in the native 

population or change 

the genetic structure 

of the native 

population if they are 

given the opportunity 

to interbreed 

Moderate (potential 

for impact beyond 

leases) 

Beyond lifetime of 

project 

3-Moderate 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Leases Increase in nutrients 

in water column 

resulting in increased 

likelihood of algal 

blooms 

Indirect Increased nutrient 

loading from fish 

wastes or feed 

increases the 

likelihood of algal 

blooms, which if they 

become harmful/toxic 

may poison marine 

fauna  

Broad (well beyond 

leases) 

During 18-month 

grow-out cycle. 1 

month fallowing 

period with no 

impacts.  

Lifetime of project 

3-Moderate 

Leases Deoxygenation of the 

water column as a 

result of algal blooms 

Indirect The breakdown of 

algal material may 

lead to 

deoxygenation 

events in the water 

column which can 

result in localised 

deaths of marine 

fauna 

Broad (well beyond 

leases) 

Lifetime of project 3-Moderate 

Leases Increased risk of 

introduced marine 

species 

Indirect Vessels operating at 

the leases may 

introduce species as 

they mobilise from 

different ports 

Limited (within 

leases) 

Lifetime of project 2-Minor 

Leases Minor blocking of 

channels through 

which marine fauna 

migrate through 

Indirect The physical 

structure of the 

sea-cages may 

discourage marine 

fauna from transiting 

Limited (close 

proximity to cages) 

Lifetime of project 2-Minor 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

through certain 

channels, particularly 

at the Bayliss Islands 

leases 
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Vessel strike 

The Proposal will result in an increased risk of vessel strike particularly in the vicinity of the leases 

where the sea-cage infrastructure will be installed. This risk is generally only from the three operational 

vessels that MPA are proposing to use, each of which is approximately 15-20 m long, as well as other 

smaller dinghies used in operations at each lease area. Marine fauna which are likely most at risk of 

being stricken include cetaceans (particularly inshore dolphin species), dugongs and sea-turtles, 

considering each spends significant time at the surface to breathe as well as for foraging and other key 

behaviours. Considering the vessels will however only operate at very slow speeds within the leases 

(<5 knots), and will only be transiting between nearby leases, the risk of vessel strike occurring is 

relatively low.  

Entanglement 

There is only a minor risk of entanglement of marine fauna with the sea-cage infrastructure (i.e. 

anchorage lines, sea-cage netting), as to maintain the sea-cages in position the anchorage lines must 

be very rigid or taut. Few other ropes or lines which might pose a risk of entanglement are present. This 

as such makes it difficult for any fauna to become entangled in the line. In terms of the netting, the 

mesh size is relatively small to ensure that no barramundi are able to escape, and as such this reduces 

the risk of any marine fauna on the outside from becoming entangled themselves.  

Noise/vibration generation 

All marine fauna likely to be significantly affected by noise / vibration generation from the Proposal are 

listed as MNES (i.e. cetaceans), as such see Section 14 for details on the potential impacts.   

Light pollution 

All marine fauna likely to be significantly affected by light pollution from the Proposal are listed as 

MNES (i.e. sea turtles), as such see Section 14 for details on the potential impacts.  

Spread of disease / change to genetic structure of local populations 

If farmed barramundi are able to escape from the sea-cages, there is a risk that they may introduce 

pathogens in local native populations which are not currently present. This could have a significant 

impact on native barramundi populations particularly as they will likely have no immunity to the 

introduced disease or pathogen. There is also a risk that the disease becomes endemic in native 

barramundi populations beyond the local area if diseased individuals mix with individuals from other 

regions. The National Biosecurity Plan for Barramundi Farms lists 13 exotic and 33 endemic diseases 

which barramundi have either been confirmed to be susceptible or are possibly susceptible. These 

diseases include bacteria, viruses, fungi as well as endo and ectoparasites (Landos et al 2019). Each of 

these diseases impacts barramundi differently, however they all generally result in mortality of diseased 

individuals in a matter of days or months from infection. Furthermore, each disease can spread quickly 

within a particular sea-cage or lease once an infected individual is introduced. There is also the risk of 

transfer between infected leases, which generally occurs if they are within 5 km of each other. For the 

Proposal, the greatest risks are generally from bacteria, as outbreaks in Australian barramundi farms 

are usually associated with elevated temperatures during summer or rapid changes in salinity, which is 

a common occurrence in the Buccaneer Archipelago during the wet season. Other diseases known to 

be present in Western Australia and are a risk to barramundi include redspot, or epizootic ulcerative 

syndrome (EUS), which was most likely introduced to the state through the importation of ornamental 

fish (Makaira 1999).  

Escapees from sea-cages may also pose a risk of changing the genetic structure of local populations. 

Barramundi that are translocated for the purposes of aquaculture are generally genetically different to 

natural populations as a result of artificial selection. If they escape, these individuals may inter-breed 

with native populations. Any change to the genetic structure of native populations due to inter-breeding 

with farmed fish will likely reduce the overall health of native populations in the sense that farmed fish 
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will not know how to respond to predators while adverse genetic mutations which are removed through 

natural selection are able to prevail in farmed individuals (Makaira 1999).  

Nutrient enrichment and deoxygenation 

The risk of nutrient enrichment to marine fauna is two-fold; firstly nutrient enrichment can increase the 

likelihood of algal blooms, which if they become toxic may result in the reduction in health or mortalities 

of marine fauna. Secondly, the breakdown of algal blooms may lead to deoxygenation in the water 

column and sediments, which may result in eutrophication and subsequent mortalities to marine fauna. 

These events can be both localised or broadscale, depending on the extent of nutrient enrichment and 

the background water quality at the time (i.e. during wet season there is already higher nutrient 

concentrations in the region due to fluvial inputs, meaning the potential risk/extent of nutrient 

enrichment is also naturally higher at these times). Fish kills as a result of eutrophication do occur 

naturally, however the input of extra nutrients from the Proposal does increase the risk of this occurring 

more often. Though these risks are real, the modelling results projected that even in areas of 

enrichment and/or high phytoplankton biomass (and therefore high risks of algal blooms) that no 

significant anoxia or hypoxia events were projected to occur. The reason for this is that though the 

model projects high levels of biological oxygen demand at the sediment water interface, the extent of 

water movement through the system is such that the level of drawdown is unlikely to be ecological 

consequence, as oxygen levels are quickly resupplied by new seawater inputs.  

Introduced marine species 

There is a low-level risk of the introduction of invasive marine species (IMS) as a result of the Proposal, 

mainly due to vessel movements to the leases from Derby. Most of the known IMS present in Western 

Australia are temperate species, however some are known to occur in the tropics including the Acorn 

barnacle (Megabalanus rosa) which is found at Cockatoo Island in the north of the Buccaneer 

Archipelago. Anytime MPA's vessels are in the port there is a risk IMS may interact with the vessel. 

However, as MPA's vessels are generally only in the port for a short space of time (less than 5 days at 

a time generally) the risk of IMS interacting with the vessels is relatively low. Furthermore, as the 

vessels are not returning to any other ports as part of normal operations, nor will they transit beyond the 

Kimberley region, there is little to no risk of IMS from other areas being introduced into the Archipelago 

by the Proposal.  

7.4.2 Cumulative impacts 

The cumulative direct and indirect impacts of other operations ongoing or proposed in the vicinity of the 

development envelopes for the leases are summarised in Table 7.6. Though not listed as actual 

proposed projects, the establishment of the Maiyala, Mayalam and Bardi Jawi marine parks have the 

potential to result in a number of positive impacts for marine fauna in the region, with key benefits listed 

below:  

• Increase targeted research on the health and condition of marine fauna in the marine parks 

• Establish protected areas (sanctuary zones) in which marine fauna cannot be taken 

• Establish guidelines by which benthic habitats and marine environmental quality, which marine 

fauna rely on, are protected 
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Table 7.6 Impacts from other ongoing and proposed operations in vicinity of the development envelope for the leases 

Development type Phase Approved / 

Operational / 

Referred 

Potential impacts Impact Context and assessment 

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations  

Referred Vessel strike Direct Vessels used during construction or operations may strike 

marine fauna  

Cockatoo Island 

Multi-user Supply 

Base  

Construction  Referred Loss of benthic 

habitats and 

communities 

Indirect The clearing of 5.64 ha of bare rock, sand or pebbles and 0.54 

ha of hard coral or algae may result in loss of habitat for some 

marine fauna 

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations  

Referred Reduction in marine 

environmental quality 

Indirect A reduction in marine environmental quality with pile driving and 

waste generation may impact marine fauna 

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations  

Referred Light pollution Indirect Light emitted from the project may attract some marine fauna 

(fish, zooplankton, birds) while disorientating marine turtle 

hatchlings 

Cockatoo Island 

Multi-user Supply 

Base  

Construction / 

operations  

Referred Noise pollution Direct / 

Indirect 

Noise generated from the project may change fauna behaviour, 

interfere with communication between fauna or cause physical 

injury to hearing and other internal organs. 

Pearl leases 

(managed by DPIRD)  

Operations Operational Vessel strike Direct Vessels used during operations in the area may strike marine 

fauna 

Pearl leases 

(managed by DPIRD)  

Operations Operational Entanglement Direct Marine fauna may become entangled in the pearl lease surface 

longlines 

Pearl leases 

(managed by DPIRD)  

Operations Operational Noise pollution Direct Vessels operating at the pearl leases will generate low level 

noise which may change fauna behaviour or interfere with 

communication between fauna 
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7.5 Mitigation 

Management procedures proposed to minimise impacts to marine fauna from the Proposal are 

summarised below in accordance with EPA's mitigation hierarchy.   

7.5.1 Construction 

Appropriate avoidance measures have been taken where possible to limit the impact of the construction 

of the leases on marine fauna (Table 7.7).   
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Table 7.7 Mitigation strategies for reducing construction related impacts at the leases following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Vessel strike • Vessels will only 
operate at ~0.5 
knots when towing 
cages and as such 
pose no risk to 
striking marine 
fauna. At other 
times, vessels will 
keep to local speed 
limits. 

NA NA NA NA NA 

Noise/vibration 

generation 

• The mooring 
system used for 
these cages will not 
require any 
drilling/pile driving 
reducing potential 
noise/vibration 
generation.  

• Vessels will 
operate at ~0.5 
knots when towing 
and anchoring 
cages or less 
reducing the 
amount of 
noise/vibration 
generation.  

NA NA NA NA 

Plume generation NA • Stingray anchors 
used in anchoring 
sea-cages will 
likely produce only 
a very small plume 
which will not last 
for more than half a 
day 

NA NA NA NA 

Increased risk of 

introduced marine 

pests 

NA • Vessels used in 
construction work 
will likely be owned 
by MPA and only 
operate in the 

  NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Kimberley region, 
reducing the 
likelihood of IMS 
from other regions 
being introduced.  
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7.5.2 Operation 

Appropriate avoidance measures have been taken where possible to limit the impact of the operation of 

the leases on marine fauna (Table 7.8).   

On transit between leases or on other jobs they pose no greater risk than any fishing or tourist vessels 

which operate in the area.  
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Table 7.8 Mitigation strategies for reducing operation related impacts at the leases following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets (if required) 

Vessel strike NA • Operations 
vessels will only 
be operating at 
low speeds 
around the leases 
and as such pose 
a low risk to 
marine fauna.  

NA NA NA NA 

Entanglement • Anchorage lines 
are taut enough 
such that they 
would not allow 
for any marine 
fauna to become 
entangled, rather 
the lines act as a 
barrier. 

• Staff will be on 
site at the cages 
at all times, 
meaning if any 
fauna do become 
entangled action 
can be taken 
immediately to 
follow the 
appropriate 
process in 
disentangling the 
fauna  

NA NA NA NA 

Change to natural 

predatory behaviour 

• Anti-predator 
nets below the 
water and anti-
bird nets above 
the cages 
prevent access to 
fish and fish feed 
from both groups 
of predators 

NA NA NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets (if required) 

Noise/vibration 

generation 

NA • Diesel generators 
on the barges will 
only be run during 
daylight hours 
which will reduce 
the level of noise 
and vibrations 
generated. 
Unnecessary 
vessel 
movements will be 
kept to a 
minimum.   

NA NA NA NA 

Waste generation • A mortality 
disposal system 
will be 
implemented 
which ensures 
dead fish are 
removed from 
cages as soon as 
possible. No 
mortalities will be 
disposed of at 
sea, rather they 
will be taken 
back to the Derby 
shore-base and 
disposed of 
appropriately 
there.  

• Any wastes 
generated from 
staff living on site 
will be taken back 
to the Derby 
shore-base and 
disposed of 
appropriately 
there.   

NA NA NA NA 

Light pollution • All work activities 
(e.g. feeding, 
harvesting) 

• Lighting from the 
vessels and 
sea-cages will 

NA NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets (if required) 

requiring 
illumination on 
site will occur 
during daylight 
hours, avoiding 
the need for 
significant 
lighting at night 

follow the best 
practice lighting 
designs as much 
as possible 
(DAWE 2020). 
Specific examples 
include:  

• Block-out blinds 
on the central 
barge to prevent 
accommodation 
light from 
escaping 

• Vessel deck lights 
extinguished to 
minimum required 
for human safety 
and when not 
necessary 

• Lighting at night to 
be kept to 
navigation lights 
only where safe 

• Use suitable lights 
which are shown 
to have less 
impacts on marine 
turtles e.g. 
low/high pressure 
sodium vapour, 
amber LED or PC 
amber (avoiding 
white LEDs and 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets (if required) 

short wavelength 
violet/blue light) 

Spread of 

disease/change to 

genetic structure of local 

populations of 

barramundi if farmed 

fish escape from cages 

NA • Broodstock will be 
sourced from the 
same Australian 
genetic group 
reducing the 
potential for a 
change in genetic 
structure of local 
populations. All 
broodstock will be 
checked for 
potential diseases 
before they are 
accepted at the 
nursery sites and 
again before they 
are transported to 
the leases as part 
of DPIRDs 
regulatory 
requirements.  

• The management 
of barramundi 
stock on site 
including the risk 
of introduction of 
diseases is 
managed under 
the aquaculture 
licence that MPA 
will receive from 
DPIRD for each 
of the proposed 
leases and 
nursery sites.  

• DPIRDs 
biosecurity group 
will require 
testing of all fish 
stock before they 
are transferred to 
the sea-cages to 
certify they are 
disease free as 
detailed in 
DPIRDs 
translocation 
policy for 
barramundi, 
including the 
provision of a 
Translocation 
Approval (DOF 
2002). Further 
monitoring as 
detailed under 
the National 
Biosecurity Plan 
Guidelines for 
Australian 
Barramundi 
Farms will be 
followed, 
including; 

• Visual 
examination of 
fish daily 

NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets (if required) 

• Routine 
microscopic 
surveillance for 
ectoparasites 

• Diver inspection 
of nets twice 
weekly 

• Removal of any 
mortalities daily 
to prevent spread 
of disease from 
dead fish 

Increase in nutrients in 

water column resulting 

in increased likelihood of 

algal blooms 

See Table 5.25 

Deoxygenation of the 

water column because 

of algal blooms 

See Table 5.25 

Increased risk of 

introduced marine 

species 

 • Vessels used in 
operations will be 
from within the 
region reducing 
the potential for 
IMS being 
introduced from 
other regions.  

NA • DPIRDs 
biosecurity group 
will require 
testing of the 
vessels used in 
construction and 
operations to 
reduce the risk of 
IMS introduction 

 

NA NA 
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7.6 Assessment and significance of residual impacts 

The residual impacts of the Proposal are summarised in Table 7.9 where present.  Overall, the 

Proposal, along with the potential cumulative impacts from other proposals or projects in the vicinity of 

this proposal, do not pose a significant impact to marine fauna on a regional or local scale. 

Table 7.9 Residual impacts on marine fauna 

Impact Phase Assessment Residual 

impact 

Vessel strike Construction / 

operations 

All vessels will be operating at ~0.5 knots 

during construction and will keep to local 

speed limits, meaning there is no greater 

risk of vessel strike from vessels from the 

project then there already is from tourist or 

fishing operations 

1-

Insignificant 

Noise/vibration 

generation 

Construction / 

operations 

All noise and vibration will be kept to a 

minimum both during construction and 

operations. However, some noise 

generation which will be consistent at each 

lease area throughout the lifetime of the 

project will be present, potentially repelling 

fauna at a minor level 

2-Minor 

Plume generation Construction  The level of plume expected from 

anchoring the sea-cages using the stingray 

anchoring system is minimal and will not 

pose a threat to marine fauna 

1-

Insignificant 

Increased risk of 

introduced marine pests 

Construction / 

operations 

All vessels will be operating only on a local 

scale reducing the threat of introduction of 

IMS from other regions. DPIRD biosecurity 

protocol requirements will help ensure any 

IMS are detected before they pose a 

significant risk 

2-Minor 

Entanglement Operations Because of the tautness of the anchoring 

lines of the sea-cages it is very difficult if 

not impossible for marine fauna to become 

entangled, meaning there is little to no risk 

of this impact occurring 

1-

Insignificant 

Change to natural 

predatory behaviour 

Operations With the inclusion of anti-predator nets 

above and below the surface of the sea 

predators will be unable to enter the cages 

to feed on fish or fish feed, meaning no 

change to natural predatory behaviour is 

expected 

1-

Insignificant 

Waste generation Operations With the inclusion of the mortality waste 

program and the removal of all wastes 

from vessels to the Derby shore base there 

is no waste which will be disposed of at 

sea, therefore there will be no impact on 

marine fauna 

1-

Insignificant 
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Impact Phase Assessment Residual 

impact 

Light pollution Construction / 

operations 

Anchoring of the sea-cages will only occur 

during the day reducing the amount of light 

pollution generated during construction to 

little or nothing. The amount of light 

generated once leases are operational will 

be kept to a minimal level with the 

mitigation strategies included, therefore 

there is only a minor level of impact on 

marine fauna expected.  

2-Minor 

Spread of 

disease/change to 

genetic structure of 

local populations of 

barramundi if farmed 

fish escape from cages 

Operations With the use of an Australian barramundi 

genetic strain and appropriate fish health 

checks required under DPIRD regulations 

there is only a minor risk of fish escapees 

from the sea-cages causing any spread of 

disease or change to the genetic structure 

of the natural population of barramundi. 

See DOF (2002) for further details on the 

specific testing requirements that the 

Proposal will be subject to under DPIRD 

(previously DOF) regulations.  

2-Minor 

Increase in nutrients in 

water column resulting 

in increased likelihood 

of algal blooms 

Operations The level of nutrient enrichment from 

aquaculture wastes is substantial, though it 

will be significantly reduced through the 

mitigation strategies implemented by MPA, 

particularly the direction to achieve an FCR 

of 1.5.  

Any potential for nutrient enrichment long-

term will be monitored and managed under 

the EMMP to verify that MPAs operations 

do not pose a continual risk of nutrient 

enrichment beyond the lease boundaries. 

Subsequent impacts on marine fauna 

should as such be reduced.  

2-Minor 

Deoxygenation of the 

water column as a 

result of algal blooms 

Operations Modelling results indicated that dissolved 

oxygen levels, even in close proximity to 

the sediments, remained relatively 

consistent between scenarios and between 

baseline conditions. Because dissolved 

oxygen is key to the survival of the stocked 

fish, it will be monitored on site at all 

leases every single day, in addition to the 

monitoring required under the EMMP. As 

such, any time low oxygen levels are 

recorded management actions will be 

immediately implemented to help increase 

oxygen levels.  Subsequent impacts on 

marine fauna should as such be reduced.  

2-Minor 

Minor blocking of 

channels through which 

Operations The worst potential blockage of channels 

will occur at Bayliss and Hidden Islands, at 

2-Minor 
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Impact Phase Assessment Residual 

impact 

marine fauna migrate 

through 

which there will still be at least 0.5 km of 

space between the cages and the 

shoreline for marine fauna to pass through. 

This is also not noted as being a major 

channel for the passage of marine fauna, 

while there are multiple alternate areas 

marine fauna could pass through without 

any more physical effort. 

 

7.7 Predicted outcome 

Considering the mitigation strategies implemented by this proposal, and the little to no cumulative 

impacts from other proposals or projects, no significant harm to marine fauna is expected in the vicinity 

of the Proposal. As such, it is expected that the EPA's objective for Marine Fauna can be met.  
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8 Flora and vegetation 

̶  

8.1 EPA objective 

The EPA objective for the environmental factor flora and vegetation is to protect flora and vegetation so 

that biological diversity and ecological integrity are maintained.  

8.2 Policy and guidance 

The relevant EPA policies and guidelines for flora and vegetation and the scope of each of these as 

relevant to the Proposal are outlined in Table 8.1. 

Table 8.1 Policies and guidelines 

Policy or guidance Consideration 

Factor Guideline – Flora and Vegetation (EPA 

2016h) 

EPA (2016h) provides guidance on flora and 

vegetation, including factors which can affect flora 

and vegetation.  

Flora and vegetation are assessed based on 

potential for habitat loss, degradation or 

fragmentation, as well as the introduction of invasive 

species, changes to substrate or hydrology, or 

impacts on other species with important ecological 

functions such as pollinators, seed dispersal vectors 

or essential symbiotic fungi.  

Technical Guidance – Flora and Vegetation Surveys 

for Environmental Impact Assessment (EPA 2016i) 

EPA (2016i) provides technical guidance on 

developing studies for assessing flora and 

vegetation, specifically; survey preparation and 

desktop studies; determining the type of survey 

required; sampling techniques and survey design; 

and data analysis and reporting.  

Biodiversity Conservation Act (2016) The Biodiversity Conservation Act (2016) replaces 

the Wildlife Conservation Act (1950) and provides a 

statutory basis for the listing of threatened species, 

specially protected species, threatened ecological 

communities, critical habitat and key threatening 

processes, while also providing the legal framework 

for managing species of conservation significance. 

8.3 Receiving environment 

8.3.1 Desktop assessment 

Database searches 

To assess the potential presence of terrestrial flora and vegetation within the vicinity of the proposed 

nursery sites, a desktop assessment was conducted using government database searches and 

Stantec's internal EnviroExploreTM program for each of the three proposed nursery sites (the Study Area 

in this case).  Database searches were completed to generate lists of species which were potentially 

within or in the vicinity of each of the nursery sites, with a focus on species and communities of 

significance as defined under the EPBC Act and BC Act, as well as the Department of Biodiversity, 
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Conservation and Attractions (DBCA) Priority list.  Six database searches were conducted in relation to 

the nursery sites, with buffer distances for threatened species/communities searches having been 

specified by specialists at DBCA depending on the volume of records (Table 8.2).  

Table 8.2 Summary of databases and associated buffers for the three proposed sites for terrestrial 

flora and ecological communities 

Database Authority 
Date of 

Receipt 

Buffer (km) 

Ardyaloon 
Arrow 

pearling 
Broome 

Threatened and 

Priority Flora Database Department of Biodiversity, 

Conservation and Attractions 

(DBCA 2021a) 

17 August 

2021 

80 – 90 km joint buffer 

Western Australian 

Herbarium Specimen 

Database 

NatureMap 

Department of Biodiversity, 

Conservation and Attractions 

(DBCA 2021b) 

8 September 

2021 

40 

Threatened & Priority 

Ecological 

Communities List 

Department of Biodiversity,  

Conservation and Attractions 

(DBCA 2021c) 

13 August 

2021 

50 

Protected Matters 

Search Tool (PMST) 

Department of the 

Environment and Energy 

(DAWE 2021) 

8 September 

2021 

40 

Source: modified from Stantec (2021) 

Likelihood of Occurrence 

The likelihood of occurrence of each species of significance that were identified from the database 

searches was assessed in relation to each of the proposed nursery sites. Rankings were assigned 

using the definitions and criteria provided in Table 8.3.  

Table 8.3 Criteria for assessing the likely presence of significant flora 

Likelihood: Confirmed 

The species has been recorded unambiguously (i.e. during recent assessments of the Study Area or from 

reliable records obtained via database searches or from current vouchered specimen at WA Herbarium) in 

the Study area. 

Likelihood: Likely 

• There is a medium to high likelihood that the species occurs in the Study Area as it occurs within the 
known distribution of the species, contains suitable habitat (either year round or intermittently, such as 
temporary water sources or features that are only relied upon during certain times of the year and the 
species has been recorded recently nearby). 

• Likelihood: Possible 

• There is a potential for the species to occur in the Study area, as: 

• The species has been recorded recently nearby, however; 

• the species may not have been detectable during current or previous studies (e.g. rare, patchily 
distributed, non-optimal study timing). 
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Likelihood: Confirmed 

• the species is known to be cryptic and may not have been detectable despite extensive studies. 

The species has been recorded recently nearby and species presence cannot be ruled out due to factors 

such as species ecology or distribution, however; 

• doubt remains over taxonomic identification. 

• the majority of habitat does not appear suitable. 

• coordinates are doubtful. 

Likelihood: Unlikely 

The species is unlikely to occur in the Study Area as: 

• the species has not been recorded locally through DBCA database searches; 

• the Study Area lacks potential or critical habitat, supporting at best marginally suitable habitat, and/or 
being severely degraded; 

• only recorded from a few historic record/s and no other collections in the area; and 

• the species has not been recorded in the Study Area despite adequate Study efforts, such as a 
standardised methodology or targeted searching within potentially suitable habitat. 

Source: modified from Stantec (2021) 

Results 

Current vegetation condition 

Ardyaloon 

The majority of vegetation present at Ardyaloon is coastal heathland, however a patch of monsoon vine 

thicket ("Vine 43a"; ~0.12 ha), which is recognised as a high priority for conservation/protection under 

the community's Interim Recovery Plan 2018-2023 (Department of Biodiversity, Conservation and 

Attractions 2018), is present within the southern half of the development envelope (Figure 8.2). This 

TEC is approximately ~40+ metres away from the planned footprint of the buildings to be developed on 

site. The vegetation within the development envelope has not previously been cleared, except at the 

northern end where some vegetation has been cleared for the development of a road.  

Arrow Pearling Base 

There is little remnant vegetation present within the development envelope of the Arrow Pearling Base 

nursery site. The site has previously been cleared of almost all vegetation with only some weeds 

remaining. No groundcover, heathland or canopy cover is present on site within the development 

envelope.  



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 248 4 May 2022 

 

Figure 8.1 Site photos at the proposed Arrow Pearling Base nursery site 

Broome Tropical Aquaculture Park 

There is little to no remnant vegetation present within the Lot 6 of the BTAP nursery site. The site has 

previously been cleared to allow for the development of a small tourist based aquaculture facility. There 

is some remnant vegetation within Lots 4 and 5 which are adjacent to Lot 6, however this vegetation is 

not extensive. The vegetation type is coastal heathland, with no trees or canopy cover. Small bushes 

and sparse groundcover are all that is present.  

Threatened and Priority Ecological Communities 

One potential State or Commonwealth listed Threatened Ecological Community (TEC), and three State-

listed Priority Ecological Communities (PECs) have been previously recorded within the proximity of the 

three nursery sites. Six terrestrial priority-listed, and one vulnerable-state-listed listed PECs have been 

identified within 20 km of the proposed sites (Table 8.4). Suitable habitat may occur in the Ardyaloon 

Site to support the TEC; however all TECs and PECs are considered unlikely to occur in the Arrow 

pearling and Broome Site due to a lack of optimal habitat and extensive clearing. 

Table 8.4 TEC/PEC in proximity to the proposed nursery sites 

TEC/PEC BC Act EPBC Act Distance from project sites (km) 

Ardyaloon Arrow 

pearling 

Broome 

Assemblages of Bunda Bunda organic mound 

springs 

Vulnerable - 110.41 29.72 93.19 

Monsoon (vine) thickets on coastal sand 

dunes of Dampier Peninsula 

Vulnerable Endangered 0.0 3.7 0.0 

Species-rich faunal community of the intertidal 

mudflats of Roebuck Bay 

Vulnerable - 173.31 105.16 0.0 

Corymbia paractia dominated community on 

dunes 

Priority 1 - 165.51 87.63 0.0 

Dwarf Pindan community of Broome Coast Priority 1 - 194.22 119.66 2.04 
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TEC/PEC BC Act EPBC Act Distance from project sites (km) 

Ardyaloon Arrow 

pearling 

Broome 

Kimberley Vegetation Association 770 Priority 1 - 173.76 97.70 9.80 

Relict dune system dominated by extensive 

stands of Minyjuru (Mangarr) Sersalisia 

(formerly Pouteria) sericea. 

Priority 1 - 177.43 102.47 0.0 

Assemblages of Lolly Well Springs wetland 

complex 

Priority 3 - 70.93 15.23 121.44 

Eighty Mile Land System Priority 3 - 220.46 149.17 26.39 

Gourdon Land System Priority 3 - 235.40 160.30 39.32 

Kimberley Vegetation Association 37 Priority 3 - 23.9 15.94 23.98 

Kimberley Vegetation Association 67 Priority 3 - 44.42 9.72 44.84 

Kimberley Vegetation Association 73 Priority 3 - 168.05 92.03 6.77 

Roebuck Land System Priority 3 - 159.96 99.29 15.08 

Nimalaica (Nimalarragun) claypan and 

associated wetland assemblages 

Priority 4 - 170.64 96.21 26.4 

Source: modified from Stantec (2021) 

Significant flora 

A total of 67 significant flora species were identified from the desktop assessment as having been 

recorded within the vicinity of Ardyaloon, Arrow pearling, and the Broome Site (Stantec 2021). Those 

species which were classified as possible or likely to occur in the vicinity of any of the nursery sites are 

summarised in Table 8.5 (full results are given in Annex H).  The complete results include 19 species 

listed as Priority 1 (P1), 6 species listed as Priority 2 (P2), 40 species listed as Priority 3 (P3), and one 

species listed as Priority 4 (P4). Within Ardyaloon, nine species each are considered likely or possible 

to occur, and 58 are considered unlikely to occur. One species is considered possible to occur in the 

Arrow pearling site, with the remaining 66 considered unlikely to occur, and four species are considered 

possible to occur in the Broome Site, with the remaining 63 considered unlikely to occur (Stantec 2021). 

One of these species, Seringia exastia, is listed as Threatened under the provisions of the BC Act and 

Critically Endangered under the EPBC Act (DAWE 2020a, WAH 2020). Following molecular studies by 

Binks et al. (2020) the widespread Seringia elliptica was incorporated into Seringia exastia; a species 

previously known from only two locations near Broome. The newly circumscribed Seringia exastia will 

represent a common, widespread species that would not meet the criteria for conservation significance 

and should be delisted (Binks et al. 2020). Although FloraBase (WAH 2020) and Species Profile and 

Threats Database (SPRAT) (DoAWE 2020a) currently1 maintain Seringia exastia as a listed species, 

this represents a lag in the updating of state and federal significant species lists which was planned for 

early 2021, although this has not yet occurred (DBCA pers. comm. 2020). Seringia exastia, is 

considered unlikely to occur at all of the three potential sites. 

 
1 As at November 2020. 
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Table 8.5 Summary of significant flora listed as likely to occur within the Study Area 

Scientific 

Name 

Conservation 

Code (Acts) 

Nearest Known Location (km) Description and Habitat Likelihood Assessment 

BC EPBC Ardyaloon Arrow 

pearling 

Broome Ardyaloon Arrow pearling Broome 

Cullen 

candidum 

1 - 0.09 >40 >100 Shrub, to 3 m high. Flowers 

white, from September to 

October. Clayey sand.  

Likely to occur. 

Suitable habitat 

may occur, and 

the species has 

been recorded in 

close proximity to 

the Study Area. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 40 

km. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 100 

km. 

Paranotis 

halfordii 

3 - 1.14 >40 37.11 Small herb, up to 30 cm. Flower 

white-pink. Rocky standstone, 

rocky soils, cliffs. Dampier 

Peninsula.  

Likely to occur.  

Suitable habitat 

may occur, and 

the species has 

been recorded in 

close proximity to 

the Study Area. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 40km. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 30km. 

Stylidium 

pindanicum 

3 - 6.65 26.93 25.22 Annual herb, growing up to 25 

cm. Flower pink. Clay flats, 

sandy clays, seasonal swamps. 

West Kimberley, Dampier 

Peninsula.  

Likely to occur. 

Suitable habitat 

may occur, and 

the species has 

been recorded in 

close proximity to 

the Study Area. 

Unlikely to occur. 

Although within the 

species potential 

range, suitable 

habitat is unlikely to 

occur at the nursery 

site. 

Unlikely to occur. 

Although within the 

species potential 

range, suitable 

habitat is unlikely to 

occur at the nursery 

site. 
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Scientific 

Name 

Conservation 

Code (Acts) 

Nearest Known Location (km) Description and Habitat Likelihood Assessment 

BC EPBC Ardyaloon Arrow 

pearling 

Broome Ardyaloon Arrow pearling Broome 

Tephrosia 

valleculata 

3 - 2.8 >40 >100 Erect, few-stemmed shrub, to 2 

m high. Flowers orange & 

green, April to September. 

Sandy, often shallow, soil 

around sandstone. Rock 

outcrops. West and East 

Kimberley.  

Likely to occur. 

Suitable habitat 

may occur, and 

the species has 

been recorded in 

close proximity to 

the Study Area. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 40km. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 

100km. 

Triodia 

acutispicula 

3 - 1.27 >40 >100 Tussock-forming resinous 

perennial, grass-like or herb, 

0.5-1.5 m high. Flower cream-

brown, January to April. Sandy 

soils. River levees, pindan 

plains, rocky hillslopes & 

outcrops. West and East 

Kimberley regions.  

Likely to occur. 

Suitable habitat 

may occur, and 

the species has 

been recorded in 

close proximity to 

the Study Area. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 40km. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 

100km. 

Source: modified from Stantec (2021) 
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Source: modified from Stantec (2021) 

Figure 8.2 Significant flora identified from the desktop assessment in relation to the proposed nursery sites 
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8.4 Potential impacts 

8.4.1 Approach 

Potential impacts to terrestrial flora and ecological communities have been considered for both the 

construction and operation of the nursery sites only.  

The impact of other operations in the area nearby the proposed nursery sites, including commercial and 

industrial operations, on terrestrial flora and ecological communities are also considered to ensure the 

total cumulative impacts are well understood.  

Impacts have been defined as summarised below:  

• Major – E.g. Results in direct loss of terrestrial flora/ecological communities which significantly 

reduces the representation of that habitat at a regional or local level 

• Moderate – E.g. Results in some loss of terrestrial flora/ecological communities on a local scale 

• Minor – E.g. The health of terrestrial flora/ecological communities might be reduced on a local scale, 

but no habitat is lost 

• Insignificant – no impacts to terrestrial flora/ecological communities is expected 

8.4.2 Potential construction impacts 

The potential for construction associated impacts from the construction of the nursery sites are 

summarised in Table 8.6.  
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Table 8.6 Potential construction impacts to terrestrial flora and ecological communities from construction of nursery sites  

Development type Potential impacts Impact Context and assessment Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Land/vegetation 

clearing  

Direct The clearing of 3.37 ha 

of vegetation will be 

required at the 

Ardyaloon nursery, with 

some minor clearing also 

required at Broome and 

the Arrow Pearling 

nursery sites (0.57 ha 

and 1.58 ha respectively, 

though the majority of 

this area has previously 

been cleared and any is 

not native).  

Limited (within 

development 

envelope of the 

nursery sites) 

Lifetime of project 3-Moderate 

Nursery sites Dust deposition on 

vegetation 

Indirect Dust may be generated 

and deposited on 

vegetation during 

construction of nursery 

sites 

Limited (within 

development 

envelope of the 

nursery sites) 

Limited to daylight 

hours during 

construction phase 

1-Insignificant 

Nursery sites Changes to 

vegetation structure 

and composition 

through spread of 

weeds.  

Indirect The delivery of materials 

or supplies from beyond 

the local area will 

increase the risk of 

weeds being introduced 

into the nearby 

environment. 

Moderate 

(beyond 

development 

envelope of the 

nursery sites) 

Beyond lifetime of 

project 

2-Minor 
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8.4.3 Potential operation impacts 

The potential for operations associated impacts from the operation of the nursery sites are summarised 

in Table 8.7.  
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Table 8.7 Potential operations impacts to terrestrial flora and ecological communities from operation of nursery sites  

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Spillage of 

chemicals/hydrocarbons 

stored at the nursery 

site onto flora or 

vegetation 

Indirect Some diesel fuel 

(<1000L) and other 

chemicals will be 

stored at the nursery 

sites for fuelling the 

diesel generators for 

power supply.   

Limited (within 

development 

envelope of nursery 

sites) 

<1 day 2-Minor 

Nursery sites Changes to vegetation 

structure and 

composition through 

spread of weeds.  

Indirect The delivery of 

materials or supplies 

from beyond the 

local area will 

increase the risk of 

weeds being 

introduced into the 

nearby environment.  

Moderate (beyond 

development 

envelope of nursery 

sites) 

Beyond lifetime of 

project 

2-Minor 
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8.4.4 Cumulative impacts 

The cumulative direct and indirect impacts of other operations ongoing or proposed in the vicinity of the 

development envelopes for the nursery sites are summarised in Table 8.8.   

Table 8.8 Impacts from other ongoing and proposed operations in vicinity of the development 

envelope for the nursery sites  

Development 

type 

Phase Approved / 

Operational / 

Referred 

Potential 

impacts 

Impact Context and assessment 

Broome 

Boating Facility 

Construction  Referred Vegetation 

clearing 

Direct Construction of the terrestrial 

elements of the Proposal may 

result in direct removal or 

damage to terrestrial flora or 

ecological communities.  

Ardyaloon 

Trochus 

Hatchery 

Operations Operational Introduction 

of weeds 

Indirect The delivery of materials or 

supplies to the Ardyaloon 

Trochus Hatchery increases the 

risk of transfer of weeds into the 

local environment 

Arrow Pearling 

Base 

Operations Operational Introduction 

of weeds 

Indirect The delivery of materials or 

supplies to the Arrow Pearling 

Base increases the risk of 

transfer of weeds into the local 

environment 

 

8.5 Mitigation 

Management procedures proposed to minimise impacts to terrestrial flora and ecological communities 

from the Proposal are summarised in Table 8.9 in accordance with EPA's mitigation hierarchy.   

8.5.1 Construction 

Appropriate avoidance measures have been taken where possible to limit the impact of the construction 

of the nursery sites on terrestrial flora and vegetation.   
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Table 8.9 Mitigation strategies for reducing construction related impacts at the nursery sites following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Management Monitoring Restoration Offsets 

Clearing of flora or 

vegetation 

• Vegetation of 
conservation 
significance will 
be maintained 
and not cleared 
during the 
construction of 
the nursery sites.  

NA • A permit under 
Part V of the EP 
Act for Land 
Clearing will be 
required a will 
ensure only 
vegetation that is 
approved to be 
removed will be 
removed. 

NA NA NA 

Dust deposition on 

flora or vegetation 

NA • Water may be used 
during construction to 
suppress dust 
generation if deemed 
necessary 

NA NA NA NA 
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8.5.2 Operation 

Appropriate avoidance and minimisation measures have been taken where possible to limit the impact 

of the operation of the nursery sites on terrestrial flora and vegetation (Table 8.10).  
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Table 8.10 Mitigation strategies for reducing operation related impacts at the nursery sites following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Management Monitoring Restoration Offsets 

Spillage of hydrocarbons/chemicals 

on flora and vegetation 

• Diesel fuel and 
other 
dangerous 
goods will be 
kept in 
Dangerous 
Goods 
approved 
containers 
away from 
vegetated 
areas, with an 
appropriate 
spill kit on site 
at all times in 
the event of a 
spill.  

NA NA NA NA NA 

Introduction of weeds  • Materials and 
supplies will be 
checked for 
any foreign 
materials (e.g. 
seeds, weeds) 
upon delivery.  

NA NA NA NA NA 

 

 

 

 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 261 4 May 2022 

 

8.6 Assessment and significance of residual impacts 

The residual impacts of the Proposal are summarised in Table 8.11 where present.  Overall, the 

Proposal, along with the potential cumulative impacts from other proposals or projects in the vicinity of 

this proposal, do not pose a significant impact to the terrestrial flora or ecological communities on a 

regional or local scale. 

Table 8.11 Residual impacts on terrestrial flora and vegetation 

Impact Phase Assessment Residual 

impact 

Clearing of flora or 

vegetation 

Construction All flora of conservation significance will be 

maintained and not cleared during 

construction and operation of the nursery 

sites. Any potential clearing of native 

vegetation will be managed under Part V of 

the EP Act. 

1-

Insignificant 

Dust deposition on flora 

or vegetation 

Construction  The amount of dust generated from 

construction activities is expected to be 

minimal, and if dust generation becomes 

significant appropriate dust suppression 

strategies will mitigate the potential impacts 

1-

Insignificant 

Spillage of 

hydrocarbons/chemicals 

on flora and vegetation 

Operations The potential for spillage of 

hydrocarbons/chemicals will be 

avoided/minimised through the use of DG 

safe containers and the keeping of an 

appropriate spill kit on site at all times.  

1-

Insignificant 

Introduction of weeds   Operations The potential impact of weeds being 

introduced is not significantly increased if 

the Proposal proceeds at the Broome site 

and Arrow Pearling Base site as they are 

already significantly altered from their 

natural condition.  

1-

Insignificant 

8.7 Predicted outcome 

Considering the mitigation strategies implemented by this proposal, and the little to no cumulative 

impacts from other proposals or projects, no significant harm to terrestrial flora or ecological 

communities is expected in the vicinity of the Proposal. As such, it is expected that the EPA's objective 

for Terrestrial Flora and Ecological Communities can be met.  
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9 Terrestrial fauna 

̶  

9.1 EPA objectives 

The EPA’s objective for the factor Terrestrial Fauna is to protect terrestrial fauna so that biological 

diversity and ecological integrity are maintained.  

9.2 Policy and guidance 

The relevant EPA policies and guidelines for flora and vegetation and the scope of each of these as 

relevant to the Proposal are outlined in Table 9.1.   

Table 9.1 Policies and guidelines 

Policy or guidance Consideration 

Factor Guideline – Terrestrial fauna (EPA 2016d) EPA (2016d) provides guidance on terrestrial fauna, 

including factors which can impact on terrestrial 

fauna.   

Terrestrial fauna are assessed based on potential 

for habitat loss, degradation or fragmentation, 

mortality or displacement of individuals or 

populations, as well as the introduction of invasive 

species, reduced or prevention of access to feeding 

or roosting habitats, disruption of the dispersal of 

individuals required to colonise new areas inhibiting 

maintenance of genetic diversity between 

populations, or disruption of pollinators and seed 

dispersal vectors.   

Technical Guidance – Sampling of short-range 

endemic invertebrate fauna (EPA 2016q) 

EPA (2016q) provides technical guidance on 

developing studies for assessing short range 

endemic invertebrate fauna, specifically; 

approaches to survey design; sampling 

considerations; preservation of specimens; 

identification and analysis; reporting standards; and 

application.  

Technical Guidance – Terrestrial fauna surveys for 

environmental impact assessment (EPA 2016o) 

EPA (2016o) provides technical guidance on 

developing studies for assessing vertebrate fauna, 

specifically; survey preparation and desktop studies, 

determining the type of survey required; habitat 

assessment; sampling techniques and survey 

design; data analysis; mapping; and reporting 

Biodiversity Conservation Act (2016) The Biodiversity Conservation Act (2016) replaces 

the Wildlife Conservation Act (1950) and provides a 

statutory basis for the listing of threatened species, 

specially protected species, threatened ecological 

communities, critical habitat and key threatening 

processes, while also providing the legal framework 

for managing species of conservation significance. 
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9.3 Receiving environment 

9.3.1 Desktop Assessment 

The same desktop assessment was completed for Terrestrial Fauna as was completed for Terrestrial 

Flora and Vegetation.  

Database searches 

To assess the potential presence of terrestrial fauna within the vicinity of the proposed nursery sites, a 

desktop assessment was conducted using government database searches and Stantec's internal 

EnviroExploreTM program for each of the three proposed nursery sites (the Study Area in this case). 

Database searches were completed to generate lists of species which were potentially within or in the 

vicinity of each of the nursery sites, with a focus on species of significance as defined under the EPBC 

Act and BC Act, as well as the Department of Biodiversity, Conservation and Attractions (DBCA) 

Priority list.  Three database searches were conducted in relation to the nursery sites, with buffer 

distances for threatened species searches having been specified by specialists at DBCA depending on 

the volume of records (Table 9.2).  

Table 9.2 Summary of databases and associated buffers for the three proposed sites for terrestrial 

fauna 

Database Authority 
Date of 

Receipt 

Buffer (km) 

Ardyaloon 
Arrow 

pearling 
Broome 

NatureMap 

Department of Biodiversity, 

Conservation and Attractions 

(DBCA 2021b) 

8 September 

2021 

40 

Threatened & 

Priority Fauna List 

Department of Biodiversity,  

Conservation and Attractions 

(DBCA 2021d) 

19 August 

2021 

30 30 15 

Protected Matters 

Search Tool (PMST) 

Department of the Environment 

and Energy (DAWE 2021) 

8 September 

2021 

40 

Source: modified from Stantec (2021) 

Likelihood of occurrence 

The likelihood of occurrence of each species of significance that were identified from the database 

searches was assessed in relation to each of the proposed nursery sites. Rankings were assigned 

using the definitions and criteria provided in Table 9.3.  

Table 9.3 Criteria for assessing the likely presence of significant fauna 

Likelihood: Confirmed 

The species has been recorded unambiguously (i.e. during recent assessments of the Study Area or from 

reliable records obtained via database searches) in the Study area. 

Likelihood: Likely 

There is a medium to high likelihood that the species occurs in the Study Area as it occurs within the 

known distribution of the species, contains suitable habitat (either year round or intermittently, such as 

temporary water sources or features that are only relied upon during certain times of the year e.g. breeding 

caves, for fauna) and the species has been recorded recently nearby. 
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Likelihood: Possible 

There is a potential for the species to occur in the Study area, as: 

The species has been recorded recently nearby, however; 

• the species may not have been detectable during current or previous studies (e.g. rare, patchily 
distributed, highly mobile (fauna), non-optimal study timing). 

• the species is known to be cryptic and may not have been detectable despite extensive studies. 

The species has been recorded recently nearby and species presence cannot be ruled out due to factors 

such as species ecology or distribution, however; 

• doubt remains over taxonomic identification. 

• the majority of habitat does not appear suitable. 

• coordinates are doubtful. 

Likelihood: Unlikely 

The species is unlikely to occur in the Study Area as: 

• the species has not been recorded locally through DBCA database searches; 

• the Study Area lacks potential or critical habitat, supporting at best marginally suitable habitat, and/or 
being severely degraded; 

• only recorded from a few historic record/s and no other collections in the area; and 

• the species has not been recorded in the Study Area despite adequate Study efforts, such as a 
standardised methodology or targeted searching within potentially suitable habitat. 

Source: modified from Stantec (2021) 

Results 

The desktop assessment identified a total of 105 terrestrial vertebrate fauna species of significance with 

the potential to occur within the Proposed sites (Stantec 2021) comprising 11 mammal, 82 bird, and 11 

reptile species. Previously recorded significant fauna species that are likely to occur in the vicinity of the 

Study Area are presented in Table 9.4. Annex H details the codes and terms used to describe species 

of significance as listed in Table 9.4.  

Of these species, within the Ardyaloon site, 2 are considered likely to occur, 34 are considered possible 

to occur, and 68 are considered unlikely to occur. All species are considered unlikely to occur within 

both Arrow pearling and the Broome Site.  Some migratory shorebird species have been recorded in 

close proximity and may utilise the mangrove and shoreline habitat nearby. These species are therefore 

included as possible to occur but are unlikely to be dependent on habitat within the Study Area.  

Some significant species listed as Threatened, Migratory, and/or Priority fauna may be included in 

multiple categories. Several species are excluded from the likelihood of occurrence as they have no 

probability of occurring within the Study Area due to being marine species. These species included; 

• Brown Booby (Sula leucogaster) 

• Common Noddy (Anous stolidus) 

• Northern Giant Petrel (Macronectes halli) 

• Masked Booby (Sula dactylatra) 
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Table 9.4 Summary of significant fauna listed as possible or likely to occur within the Study Area 

Scientific Name Conservation 

Code (Acts) 

Nearest Known Location Description and Habitat Likelihood Assessment 

BC EPBC Ardyaloon Arrow 

pearling 

Broome Ardyaloon Arrow pearling Broome 

Osprey (Pandion 

cristatus) 

Mi Mi 0.27 15.86 0.14 Associated with 

waterbodies, particularly 

coastal areas, mangroves, 

inshore seas, rivers and 

estuaries (Simpson and Day 

2010). 

Likely to occur. 

Suitable habitat 

may occur, and the 

species has been 

recorded in close 

proximity to the 

Study Area. 

Unlikely to occur. 

Although within the 

species potential 

range, suitable 

habitat is unlikely to 

occur at the nursery 

site. 

Unlikely to 

occur. 

Although within 

the species 

potential range, 

suitable habitat is 

unlikely to occur 

at the nursery 

site. 

Dampierland 

Burrowing 

Snake 

(Simoselaps 

minimus) 

P2 - 15.68 >100 2.24 The species occurs in the 

Dampierland bioregion of 

the western Kimberley 

region of Western Australia, 

where the characteristic 

habitat is pindan woodland.  

Likely to occur. 

Suitable habitat 

may occur, and the 

species has been 

recorded in close 

proximity to the 

Study Area. 

Unlikely to occur. 

Suitable habitat for 

this species is 

unlikely to occur at 

the nursery site and 

the species has not 

been recorded 

recently within 

100km. 

Unlikely to 

occur. 

Although within 

the species 

potential range, 

suitable habitat is 

unlikely to occur 

at the nursery 

site. 

Source: modified from Stantec (2021) 
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Figure 9.1 Terrestrial vertebrate fauna of significance identified from the desktop assessment in relation to each proposed site 
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9.4 Potential impacts 

9.4.1 Approach 

Potential impacts to terrestrial fauna have been considered for both the construction and operation of 

the nursery sites only.  

The impact of other operations in the area nearby the proposed nursery sites, including commercial and 

industrial operations, on terrestrial fauna are also considered to ensure the total cumulative impacts are 

well understood.  

Impacts have been defined as summarised below:  

• Major – E.g. Results in direct loss of terrestrial fauna which significantly reduces the representation 

of that species at a regional or local level 

• Moderate – E.g. Results in loss of habitat that terrestrial fauna in the region are known to use on a 

local scale 

• Minor – E.g. The health of terrestrial fauna might be reduced on a local scale, but no habitat is lost 

• Insignificant – no impacts to terrestrial fauna is expected 

9.4.2 Potential construction impacts 

The potential for construction associated impacts from the construction of the nursery sites are 

summarised in Table 9.5.  
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Table 9.5 Potential construction impacts to terrestrial fauna from construction of nursery sites  

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Land/vegetation 

clearing leading to 

loss of habitat 

Direct The clearing of 3.37 

ha of vegetation will 

be required at the 

Ardyaloon nursery, 

with some minor 

clearing also required 

at Broome and the 

Arrow Pearling 

nursery sites (0.57 

ha and 1.57 ha 

respectively, though 

most of this area has 

previously been 

cleared). This may 

result in loss of some 

local habitat for 

species present in 

the area, but no 

fragmentation.  

Limited (development 

envelope of nursery 

sites) 

Lifetime of project 2-Minor 

Nursery sites Risk of entrapment at 

construction sites 

Indirect Fauna may be 

attracted by waste or 

rubbish material left 

by construction crew, 

becoming entrapped 

within the 

construction site and 

Limited (development 

envelope of nursery 

sites) 

Construction phase 

for each nursery site 

2-Minor 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

potentially injuring 

themselves. 

Nursery sites Noise/vibration 

generation during 

construction 

Indirect Increased 

noise/vibrations 

generated during 

construction may 

repel fauna present 

in the area or reduce 

their ability to 

communicate with 

each other.  

Limited (development 

envelope of nursery 

sites) 

Construction phase 

for each nursery site 

2-Minor 

Nursery sites Light generation 

during construction 

Indirect Increased light 

pollution during 

construction may 

attract/repel 

(depending on the 

species) fauna 

present in the area 

Limited (development 

envelope of nursery 

sites) 

Construction phase 

for each nursery site 

1-Insignificant 
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9.4.3 Potential operation impacts 

The potential for operation associated impacts from the operation of the nursery sites are summarised 

in Table 9.6.  



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 271 4 May 2022 

 

Table 9.6 Potential operation impacts to terrestrial fauna from operation of nursery sites  

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Noise/vibration 

generation during 

operations 

Indirect Increased 

noise/vibrations 

generated during 

operations (e.g. from 

running of diesel 

generators) may 

frighten species 

present in the area or 

reduce their ability to 

communicate with 

each other 

Limited (development 

envelope of nursery 

sites) 

10 hours a day 

Lifetime of project 

2-Minor 

Nursery sites Risk of entrapment 

within the nursery 

sites 

Indirect Wastes or other 

materials from 

nursery operations 

may attract fauna, 

which may in turn 

become trapped 

within the nursery 

sites.  

Limited (development 

envelope of nursery 

sites) 

Lifetime of project 2-Minor 

Nursery sites Light generation 

during operations 

Indirect Increased light 

pollution in the area 

once nursery sites 

are operational may 

repel fauna at a local 

scale.  

Limited (development 

envelope of nursery 

sites) 

Lifetime of project 1-Insignificant 
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9.4.4 Cumulative impacts 

The cumulative direct and indirect impacts of other operations ongoing or proposed in the vicinity of the 

development envelopes for the nursery sites are summarised in Table 9.7.  

Table 9.7 Impacts from other ongoing and proposed operations in vicinity of the development 

envelope for the nursery sites  

Development 

type 

Phase Approved / 

Operational / 

Referred 

Potential 

impacts 

Impact Context and assessment 

Broome 

Boating Facility  

Construction  Referred Vegetation 

clearing 

Direct Construction of the terrestrial 

elements of the Proposal may 

result in direct removal of habitat 

for terrestrial fauna  

Broome 

Boating Facility 

Construction Referred Noise 

generation 

Indirect Noise generated during 

construction of the Facility may 

repel fauna at a local scale 

9.5 Mitigation 

Management procedures proposed to minimise impacts to terrestrial fauna from the Proposal are 

summarised below in accordance with EPA's mitigation hierarchy.   

9.5.1 Construction 

Appropriate avoidance measures have been taken where possible to limit the impact of the construction 

of the nursery sites on terrestrial fauna (Table 9.8).   
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Table 9.8 Mitigation strategies for reducing construction related impacts at the nursery sites following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Clearing of flora or 

vegetation resulting 

in removal of habitat 

• Vegetation of 
conservation 
significance will 
be maintained 
and not cleared 
during the 
construction of 
the nursery sites.  

NA NA NA NA NA 

Risk of entrapment at 

construction site 

• Construction site 
will be 
appropriately 
blocked off to 
prevent fauna 
from entering the 
site and 
potentially 
becoming trapped 

NA 

 

NA NA NA NA 

Light generation • Construction will 
only occur during 
the day so no 
artificial lighting 
will be required.  

NA NA NA NA NA 
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9.5.2 Operation 

Appropriate avoidance measures have been taken where possible to limit the impact of the operations 

at the nursery sites on terrestrial fauna (Table 9.9).   
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Table 9.9 Mitigation strategies for reducing operation related impacts at the nursery sites following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Restoration Offsets 

Noise generation from diesel 

generators 

NA • Diesel generators will only 
be run as and when 
necessary during daylight 
hours at the Arrow Pearling 
Base site 

NA NA 

Risk of entrapment at nursery 

site 

• Nursery sites will be 
appropriately fenced off to 
prevent fauna entry 

• Any materials which might 
attract fauna, including 
wastes, will be kept within 
suitable containers which 
fauna are not able to gain 
access to.  

NA NA 
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9.6 Assessment and significance of residual impact 

The residual impacts of the Proposal on terrestrial fauna are summarised in Table 9.10 where present.  

Overall, the Proposal, along with the potential cumulative impacts from other proposals or projects in 

the vicinity of this proposal, do not pose a significant impact to the terrestrial fauna on a regional or local 

scale. 

Table 9.10 Residual impacts on terrestrial fauna 

Impact Phase Assessment Residual 

impact 

Clearing of flora or 

vegetation resulting 

in loss of habitat 

Construction All flora of conservation significance will be 

maintained and not cleared during 

construction and operation of the nursery 

sites. Any potential clearing of native 

vegetation will be managed under Part V of 

the EP Act.  

The vegetation that will be cleared (a total of 

5.34 ha at most) does not represent more 

than 1% of habitat for any fauna of 

conservation significance on a local or 

regional scale.  

Other proposals in the area also do not 

result in the clearing of a significant level of 

habitat.  

1-

Insignificant 

Risk of entrapment  Construction / 

Operations 

The risk of entrapment for fauna, both during 

construction and operations, will be 

minimised through appropriate site fencing as 

well as waste management. Ground-dwelling 

fauna will as such be unable to access the 

sites while avifauna will not be attracted due 

to appropriate management of wastes.  

1-

Insignificant 

Noise/vibration 

generation 

Construction / 

Operations 

Any noise generated during construction will 

be short term and should not result in 

significant repelling of fauna from the nearby 

habitat. Noise generated during operations 

will also be kept to a minimum with diesel 

generators only operating for 10 hours a day.  

1-

Insignificant 

Light pollution Operations Any light pollution from the nursery sites once 

they are operational will be minimal and 

should not act as a significant attractant to 

fauna 

1-

Insignificant 

9.7 Predicted outcome 

Considering the mitigation strategies implemented by this proposal, and the little to no cumulative 

impacts from other proposals or projects, no significant harm to terrestrial fauna is expected in the 

vicinity of the Proposal. As such, it is expected that the EPA's objective for Terrestrial Fauna can be 

met.  
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10 Greenhouse Gas Emissions 

̶  

10.1 EPA objectives 

The EPA objective for this environmental factor is to reduce net greenhouse gas (GHG) emissions in 

order to minimise the risk of environmental harm associated with climate change.   

10.2 Policy and guidance 

The relevant EPA policies and guidelines for greenhouse gas emissions and the scope of each of these 

as relevant to the Proposal are outlined in Table 10.1.  

Table 10.1 Policies and guidelines 

Policy or guidance Consideration 

Factor Guideline – Greenhouse Gas Emissions 

(EPA 2019) 

EPA (2019) provides guidance on greenhouse gas 

emissions, including factors which can impact the 

environment associated with climate change.  

Greenhouse gas emissions are assessed based on 

certain development activities within the Proposal 

area, either during construction or ongoing 

operations. Specifically, the guideline details the 

threshold criteria for assessing scope 1 emissions of 

a proposal.    

State Greenhouse Gas Emissions Policy for Major 

Projects (State Emissions Policy) 

The State Emissions Policy commits the State 

Government to working with all sectors of the WA 

economy to achieve net zero GHG emissions by 

2050, through the development of GHG 

management plans and credible offsets schemes. 

Carbon Credits (Carbon Farming Initiative) Act 2011 Australian standard for recognising Australian 

Carbon Credit Units. The EPA advises that where 

carbon offsets are to be implemented under a GHG 

management plan, they should meet offset integrity 

principles and be based on clear, enforceable and 

accountable methods based on this standard. 

10.3 Receiving environment 

10.3.1 Environmental values 

The environmental values related to greenhouse gases as applied in EIA are assessed on its potential 

impact to the environment through climate change.   

With little to no major industrial activity, or commercial activity of another kind, meaning there has been 

as of yet few emissions created at a local scale.  

10.3.2 Overview of studies 

BMT conducted a study to determine the level of GHG emissions that are expected to occur through 

the development of this Proposal and the ongoing operations associated with the Proposal.  An 

assessment of GHG emissions (annual and total) over the estimated life of the Proposal was provided 

according to the internationally recognised and accepted standard for companies to use in quantifying 
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and reporting their GHG emissions. The Greenhouse Gas Protocol: A Corporate Accounting and 

Reporting Standard (World Resources Institute, 2004) Guideline was used to estimate the level of GHG 

emissions likely to be generated by the Proposal.  

10.4 Potential impacts 

The potential impacts to greenhouse gas emissions generated by the project are associated with 

construction of the nursery sites and leases, as well as the use of diesel generators at leases and as 

the main or back-up source of power at the nursery sites.  As such, MPA has estimated the following 

Scope 1 and Scope 2 emission sources for the Proposal which are largely extrapolated from existing 

operations in Cone Bay.  

Table 10.2 Total estimated fuel and electricity use from the Proposal 

Activity Equipment Duration (total) Est Fuel use 

(KL)  

Est. Electricity 

Use (kWH) 

Scope 1 

Construction vessel 

use  

1 x 20-30m length 

vessel 

 351 - 

Operational vessel 

use 

13 x 20-30m length 

vessels 

3 x 15-20m length 

vessels 

10 hours per day, 

365 days per year 

22, 265 - 

Electricity used for 

pen operations 

13 x 7kVa 

Generators 

10 hours per day, 

365 days per year 

949 - 

Electricity use at 

Arrow Pearling 

Nursery 

1 X 11kVA 

Generator 

24 hours per day, 

365 days per year 

263 - 

Scope 2 

Electricity use at 

Broome/Ardyaloon 

Nursery sites 

Mains Power 24 hours per day, 

365 days per year 

- 802, 416 

TOTAL 23, 828 802, 416 

10.5 Mitigation 

Management procedures proposed to minimise greenhouse gas emissions from the Proposal are 

summarised below in accordance with EPA's mitigation hierarchy.   

10.5.1 Construction 

The likely construction GHG emissions are minor, being associated with vessel fuel use. No suitable 

emissions reducing mitigation strategies are available for use during construction of the nursery sites or 

leases.  

10.5.2 Operations 

Appropriate emissions reduction measures have been taken where possible to limit the impact of the 

operation of the nursery sites and leases on greenhouse gas emissions. These are summarised in 

Table 10.3. MPA will also explore the potential use of alternative energy supply options (i.e. use of 
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alternative fuels or renewable energy) as the project progresses, which should reduce overall 

greenhouse gas emissions. 
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Table 10.3 Mitigation strategies for reducing greenhouse gas emissions generated during operations at the nursery sites and leases following EPAs 

mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Emissions generated 

from diesel generator 

usage at leases 

NA 

 

Diesel generators will 

only be run for 10 

hours a day during 

daylight at the leases 

as needed. Battery 

power systems will 

be used at all other 

times. 

MPA will also explore 

the use of solar or 

other alternate power 

systems to enable off 

grid operations which 

will significantly 

reduce fuel 

emissions.  

NA NA NA NA 

Emissions generated 

from diesel generator 

usage as main power 

source at Arrow 

Pearling nursery site.  

NA Diesel generators will 

only be run for 10 

hours a day during 

daylight at the leases 

as needed. Battery 

power systems will 

be used at all other 

times. MPA will also 

explore the use of 

solar or other 

alternate power 

systems to enable off 

grid operations which 

NA NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

will significantly 

reduce fuel 

emissions.  
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10.6 Assessment and significance of residual impacts 

Using the GHG calculation methodology and emission factor from the National Greenhouse Accounts 

Factors Workbook (2020), the total GHG emissions has been calculated using the following formulas: 

1. For transportation fuel:  

 

Where:  

i. Eij is the emissions of gas type (j), carbon dioxide, methane or nitrous oxide, from fuel type 

(i) (CO2-e tonnes).  

ii. Qi is the quantity of fuel type (i) (kilolitres or gigajoules) combusted for transport energy 

purposes 

iii. ECi is the energy content factor of fuel type (i) (gigajoules per kilolitre or per cubic metre) 

used for transport energy purposes 

iv. EFijoxec is the emission factor for each gas type (j) (which includes the effect of an oxidation 

factor) for fuel type (i) (kilograms CO2-e per gigajoule) used for transport energy purposes  

2. For Stationary Energy (non-transport, liquid fuel): 

 

where:  

i. Eij is the emissions of gas type (j), (carbon dioxide, methane or nitrous oxide, from fuel type 

(i) (CO2-e tonnes) 

ii. Qi is the quantity of fuel type (i) (kilolitres) combusted for stationary energy purposes  

iii. ECi is the energy content factor of fuel type (i) (gigajoules per kilolitre) for stationary energy 

purposes, according to Table 3. 

 If Qi is specified in gigajoules, then ECi is 1. 

iv. EFijoxec is the emission factor for each gas type (j) (which includes the effect of an oxidation 

factor) for fuel type (i) (kilograms CO2-e per gigajoule) according to Table 3.  

3. For electricity use: 

 

i. Y is the scope 2 emissions measured in CO2e tonnes 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 283 4 May 2022 

 

ii. Q is the quantity of electricity purchased (kWH) 

iii. EF is the scope 2 emissions factor for Western Australia (kg CO2e per KWH) (i.e. 0.58) 

Table 10.4 shows the GHG calculations for the project. The total amount of CO2e emissions generated 

by construction of the nursery sites and leases (once all are completed) is ~1,000 t CO2e. On an 

annual basis, the operational GHG emissions are approximately 6, 520 t CO2e once all nursery sites 

and leases are operational. Over 90% of GHG emissions generated on an annual basis are from 

operational vessel use.   

Table 10.4 GHG emissions  

Activity Est Fuel use 

(KL) Deisel 

Est. electricity 

use (kWH) 

Energy Content 

Factor (GJ/Kl) 

GHG Emission 

Factor (2020) 

Total GHG 

Emissions after 

10 years 

(tCO2e) 

Construction 

vessel use  

351 - 38.6 70.4 953 

Operational 

vessel use 

22, 265 - 38.6 70.4 60,503 

Electricity used 

for pen 

operations 

949 - 38.6 70.2 2,572 

Electricity use at 

Arrow Pearling 

Nursery 

263 - 38.6 70.2 713 

Electricity use at 

Broome/Ardyalo

on Nursery sites 

- 802, 416 NA 0.58 465 

TOTAL 23, 828 802, 416 NA NA 65, 204 

10.7 Predicted outcome 

The project will not produce Scope 1 emissions that exceed the 100,000t annual limit set by the WA 

Government.  Therefore, the predicted outcome is that the Proposal will not adversely impact the 

 tate’s ability to achieve net zero GHG emissions by   5 . 
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11 Social surroundings 

̶  

11.1 EPA objectives 

The EPA’s objective for the factor  ocial  urroundings is to protect social surroundings from significant 

harm.   

11.2 Policy and guidance 

The relevant EPA policies and guidelines for social surroundings and the scope of each of these as 

relevant to the Proposal are outlined in Table 11.1.   

Table 11.1 Policies and guidelines 

Policy or guidance Consideration 

Factor Guideline – Social surroundings (EPA 2016s) EPA (2016s) provides guidance on social 

surroundings, including how it is considered by the 

EPA. Specifically, the Factor Guideline states "there 

must be a clear link between a proposal or 

scheme’s impact on the physical or biological 

surroundings and the subsequent impact on a 

person’s aesthetic, cultural, economic or social 

surroundings".  

Examples of social surroundings which may be 

affected include Aboriginal heritage and culture, 

natural and historical heritage, amenity and 

economic values.  

Bardi Jawi, Mayala and Maiyalam Marine Park 

Management Plans 

The proposed Bardi Jawi, Mayala and Maiyalam 

Marine Park Management Plans dictate how areas 

of significance should be managed, including in 

terms of social surroundings. 

11.3 Receiving environment 

11.3.1 Native Title Rights and Interests 

The Proposal falls within multiple Native Title Determinations, as summarised in Table 11.2 and 

Figure 11.1. The proposed areas are located within areas where Non-Exclusive Native Title exists, or 

where Native Title has been historically extinguished or found not to exist.  

The project has the potential to impact on existing Native Title Rights and Interests where they have been 

found to exist. Consultation with Registered Native Title Representative Bodies is ongoing regarding the 

management of impacts to Native Title Rights and Interests. 

MPA is committed to minimising the impacts of its operations and maximising opportunity and benefits to 

Traditional Owners throughout the Proposals lifetime. MPA is therefore seeking to execute MOUs and/or 

ILUA's where Native Title may be impacted; and working with all Native Title Determination Bodies to 

develop training, employment and business procurement strategies that will ensure opportunities extends 

beyond the direct impacts of Native Title.  

MPA expects to execute MOUs and/or ILUAs with groups before the end of the 2023 calendar year, and 

develop comprehensive training, employment and business strategies targeting Aboriginal people and 

businesses over the same period.  
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Table 11.2 Native Title Determination and Development Envelope of the Proposal 

Native Title 

Determination 

Native Title Type Relevant Prescribed 

Body Corporations 

(PBCs) 

Part of the Proposal 

which falls within 

Yawuru Community NTD Native title does not exist Yawuru Native Title 

Holders Aboriginal 

Corporation RNTBC 

Broome Nursery 

Jabirr Jabiir/Ngumbarl, 

Nyul Nyul and Nimanburr 

people NTD 

Native title exists – non-

exclusive 

Gogolanyngor Aboriginal 

Corporation, Nimanburr 

Aboriginal Corporation, 

Nyul Nyul PBC 

Aboriginal Corporation 

Arrow Pearling Base 

Nursery 

Bardi and Jawi NTD Native title exists – non-

exclusive 

Bardi and Jawi 

Miimidiman Aboriginal 

Corporation RNTBC 

Ardyaloon Nursery 

Mayala People NTD Native title exists – non-

exclusive 

Mayala Inninalang 

Aboriginal Corporation 

Dorothy Island Lease 

Area 

Bayliss Islands Leases 

Cecelia Island Lease 

Area 

Edeline Islands Leases 

Mary Island Lease Area 

Razor Island Lease Area 

Wanjina Wunggurr 

Community NTD 

Native title exists – non-

exclusive 

Wanjina-Winnggur 

(Native Title) Aboriginal 

Corporation RNTBC 

Crocodile Creek Lease 

Area 

Conilurus Island Lease 

Area 

Koolan Island Lease 

Area  
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Figure 11.1 Native Title Determinations in the vicinity of the leases 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 287 4 May 2022 

 

Figure 11.2 Native Title Determination in the vicinity of the proposed nursery sites 
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11.3.2 Aboriginal Heritage and Cultural Associations 

A desktop search of the Department of Planning, Lands and Heritage (DPLH) Aboriginal Heritage 

Inquiry System (AHIS) identified that both the nursery sites and leases intersect seven known 

Aboriginal Heritage Values and six others which have been lodged (Table 11.3). Consultation with the 

respective traditional owners about the siting of the proposed nursery sites have not indicated that 

significant sites other than those listed are present, however this cannot be ruled out. Prior to 

construction of the nursery sites, traditional owners will be further consulted with to ensure no artefacts 

or significant sites are disturbed, or if they are found in proximity to the proposed sites then they can be 

returned to the appropriate peoples or left in situ.  

Table 11.3 Aboriginal / Other Heritage Sites within the Development Envelope 

Site ID Name Type Status Relevant part of DE 

Nursery sites 

13500 Lalanan Fish Trap Registered Site Ardyaloon Nursery 

12388 Culenugoon Beach Ceremonial  Registered Site 

13888 Mwarngun NA Lodged 

13889 Djugogun NA Lodged 

13938 Nimamara NA Lodged 

13939 Gundulmara NA Lodged 

12873 Entrance 

Point/Yinara 

Artefacts / Scatter, 

Midden / Scatter, 

Mythological, Camp 

Registered Site Broome Nursery 

12410 Lintapitjin/Lot 2065 

Port Drive 

Artefacts / Scatter, 

Ceremonial, 

Midden / Scatter, 

Mythological 

Registered Site 

12872 Gantheaume Point 

2 

Artefacts / Scatter, 

Midden / Scatter, 

Camp 

Registered Site 

20259 SPB17 – Sandy 

Point Burial 

Historical, Skeletal 

Material / Burial 

Lodged Arrow Pearling 

Nursery 

13399 Tooker Point 

Dunes 2 

Camp Lodged 

13398 Tooker Point 

Dunes 1 

Artefacts / Scatter, 

Midden / Scatter. 

Camp 

Registered Site 

Leases 

14676 Strickland Bay Painting Registered Site Razor Island Lease 

Area 

Mary Island Lease 

Area 

Edeline Island 

South Lease Area 
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Figure 11.3 and Figure 11.4 show the known extent of definitively mapped culturally significant sites in 

proximity to the proposed leases and nursery sites. Any impacts of the Proposal on these sites would 

primarily be indirect and at a minor or insignificant level.  
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Figure 11.3 Lodged and registered Aboriginal heritage listings in the vicinity of the leases 
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Figure 11.4 Lodged and registered Aboriginal heritage listings in the vicinity of the nursery sites 
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11.3.3 Community 

The Traditional Owners of the land and sea country in which the proposed leases and nursery sites, as 

well as the established communities of Beagle Bay, Djarindjin and Ardyaloon, are the primary sensitive 

receptors who may be impacted by the Proposal. In addition, community respite and living leases on 

Country such as Yalloon, Silvergull Creek, Coppermine Creek and Koolan Island (proposed) 

established by Traditional Owners may also be impacted by the Proposal. The project spans across 

numerous different language groups country including Dambimangari, Mayala, Bardi and Jawi, Jabir 

Jabir, Nyul Nyul and Yawuru.  

The respective Mayala and Dambimangari Traditional Owners in the region have strong cultural 

associations with the area surrounding the proposed leases. The peoples of these groups hold deep 

and spiritual connections to Country, and have been and will continue to practice their culture and 

maintain their Country for thousands of years. They carry this responsibility to manage and speak for 

Country on behalf of their ancestors. As such, it is of vital importance that these connections to Country 

are maintained and enhanced where possible. These connections are listed specifically within the 

proposed management plans for the marine parks in the region so as to manage emerging and 

potential pressures which may impact or harm Country.  

At Ardyaloon, those living and working at the Trochus hatchery, as well as tourists who visit the 

hatchery, may be impacted by the Proposal. The same goes for those living and working at the Arrow 

Pearling Base, which is not only a commercial pearling centre but also provides accommodation to 

tourists. These groups may suffer from a loss of amenity in relation to the Proposal. In Broome, the 

proposed nursery is located within the Kimberley Port Authority boundaries and is more than 1km from 

residential zones. 

Recreational fishers frequent the Buccaneer Archipelago, with locally based fishing clubs focusing their 

fishing on nearshore reefs of the Archipelago. Though areas of exclusion will be implemented around 

the sea-cages (not the entire leases), this will not significantly limit recreational fishing opportunities, 

considering most of the leases are located in deep waters distanced from habitats where recreational 

targeted species are more likely to reside. Furthermore, the proposed footprint of the sea-cages at the 

leases is <20 ha, which would only exclude <0.1% more area than that already defined under the 

proposed marine park zoning (for the Mayala and Maiyalam Marine Parks) with its sanctuary zones and 

special purpose zones.  

Recreational boaters also frequent the Buccaneer Archipelago. Similar to recreational fishers, while 

exclusion areas may be implemented around the sea-cages this will not significantly impede free 

navigation or quiet enjoyment by mariners.  

The nearby Crown Lease on Cockatoo Island provides accommodation for tourists and mining 

exploration and is located nearby the proposed leases.   

Multiple tour groups and small cruise businesses operate in the region of the leases. These include 

Ocean Dream Charters, Horizontal Falls Seaplane Adventures, Bluesun Travel Kimberley and One 

Tide Charters. The majority of these tour groups offer flights to Cape Leveque or Cockatoo Island from 

which boat tours are run.  The regular travel routes for these operates are not expected to intersect with 

any of the leases.   

The Buccaneer Archipelago, though environmentally and culturally significant, is limited in access to the 

public. Most public use of the area are from recreational or charter fishers, or other boat-based tours or 

cruises which operate from Derby or Broome.  The importance of the Archipelago to these groups is its 

remoteness and environment which remains relatively undisturbed and developed, with no significant 
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human settlements (the population is sparse, with some small aboriginal and mining settlements and 

visiting fishers and tourists).  

11.3.4 Economic 

Iron ore mining has occurred intermittently on Cockatoo and Koolan Islands, with Mt Gibson Iron 

currently operating the mine at Koolan Island and Cockatoo Island Mining acquiring the mining leases 

for Cockatoo Island in 2021. The main settlement within the area of the nursery sites other than Broome 

is One Arm Point, with a population of approximately 300 people. With the establishment of state 

managed marine parks in the Archipelago it is expected tourist use of the region will grow (Ref) through 

nature-based and cultural tourism activities as noted above.  

The primary sectors are mining, construction, transport and tourism, with aquaculture (as included 

under fishing) an area of significant potential expansion. Mining operations on Koolan Island by Mt 

Gibson is the largest industrial scale operation in the Buccaneer Archipelago. A historical mine of BHP, 

Mt Gibson acquired the mining rights with production and sales of high-grade hematite recommenced in 

April 2019 following a two-year seawall reconstruction and mine refurbishment program. As of 31 

December 2020, Mount Gibson had exported in excess of 28Mt of ore from Koolan Island. Cockatoo 

Island Iron Ore operations most recently operated in 2015 until the operator, Pluton resources was 

placed into administration. Recently, drilling programs by tenement holders on the island have 

commenced with an intention to firm up potential viability of recommencing operations. In Dogleg creek, 

east of the most north-eastern leases, safe harbour is provided for barge operations of CMC marine 

which supports the provision of supplies to Mt Gibson Iron’s operations and activity on Cockatoo Island. 

The safe harbour is also a refuelling supply base for passing recreational and commercial fishers.  

Commercial fishing in the region of the Archipelago contributes significantly to the local economy, 

equating to more than $65 million annually. Six state-based commercial fisheries operate within or 

adjacent to the Buccaneer Archipelago, with the most likely potential interactions to occur with the 

Kimberley Gillnet and Barramundi Managed Fishery, the Trochus fishery which is jointly operated by 

native title holders, and the aquaculture Pearl Oyster Fishery (DPIRD 2017).  However, the Kimberley 

Gillnet and Barramundi Fishery is limited to four licences who can only operate within three nautical 

miles of the high water mark in the nearshore and estuarine zones (DPIRD 2021). As such, little to no 

commercial barramundi fishing occurs in the vicinity of the leases. Together, the KGBF and Trochus 

fishery contribute < $1 million annually to the region, while the aquaculture Pearl Oyster Fishery 

contributes approximately $63.5 million annually. Charter fishing and recreational fishing in the region 

also contribute significantly to the state and local economy (part of the $2.4 billion attributed at a state 

level to recreational fishing annually), with a report on the total expenditure of West Australians on 

recreational fishing in the Kimberley estimated at $184 million (McLeod and Lindner 2018).  

The Trochus hatchery at Ardyaloon, which was first established in 1988 as a joint research station 

between the local community and the Department of Fisheries, was established to help address 

concerns regarding the sustainability of the Trochus fishery.  The fishery itself has been in operation 

since the 1900s and holds strong cultural and economic significance to the Ardyaloon community.  The 

hatchery has been successful at re-stocking juvenile Trochus in the nearby populations to help support 

community members commercially fish for the species, while the shells are also sold to the aquarium 

industry providing an alternative source of income to the community.  

The other proposed nursery site near the Aboriginal community at Beagle Bay will be adjacent to the 

Arrow Pearling Base, a pearl farm which is still in current operation today. Live culture of native pearl is 

carried out at the base, while a modern fishing operation for pearl shell from the Base also occurs. The 

Base also now offers accommodation to tourists, further expanding its economical contribution to the 

region. The healthy natural environment in proximity to the Pearling Base is a key factor in bringing 
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tourists to the operation, and as such the maintenance of the natural environment is of major 

importance to the Base.    

The proposed expansion of operations from 1,500 tonnes to 30,000 tonnes and the consolidation of the 

supply chain through the development of nurseries in the West Kimberley is expected to derive 

substantial economic and employment benefits to the region. The overall construction phase of the 

project is expected to create 257 jobs and deliver $57.6 million in economic impact to the region. More 

importantly, the longer-term operational employment and economic impacts are substantive, potentially 

creating over 1,000 direct and indirect new jobs, many of which will be located in the Kimberley region. 

The anticipated growth in Gross Regional Product once the project is fully developed is $238 million.  

According to the 2016 Census, unemployment on the Dampier was 16% compared to the national rate 

at the same time of 6.8%. Such growth in employment opportunities supporting both the nurseries and 

leases will create new meaningful training and employment pathways for the existing communities on 

the Dampier Peninsula, in addition to Derby and Broome. These remote workforce positions may 

further support Traditional Owner aspirations to have greater residency in the Buccaneer Archipelago 

where sustainable employment can be secured, and integration of logistics associated with the 

operations make access for goods and services would be greatly enhanced.  

11.3.5 Amenity 

The West Kimberley Region where the project is located is recognised nationally as one of Australia’s 

most special places. The area is described in its National Heritage Register listing as follows: 

It is a vast area of dramatic and relatively undisturbed landscapes that has great biological 

richness and provides important geological and fossil evidence of Australia's evolutionary history. 

With sheer escarpments and pristine rivers that cut through sandstone plateaux and ancient coral 

reefs to create spectacular waterfalls and deep gorges, the region's remoteness has created a 

haven that supports plant and animal species found nowhere else on the Australian continent. 

Against the backdrop of this extraordinary landscape is woven a remarkable account of Aboriginal 

occupation over the course of more than 40,000 years and the story of European exploration and 

settlement, from William Dampier's landing at Karrakatta Bay to the development of rich and 

vibrant pastoral and pearling industries that continue today. 

The Archipelago is known for its remoteness and healthy environment. The visual amenity of the 

location is highly valued by Traditional Owners, residents of the region and visitors, who frequent the 

region annually via the remote cruise industry.   

The installation of the sea-cages will change the amenity and characteristics of the area. The extensive 

historical use over 70-years of the areas for pearling activity however is expected to result in an impact 

to the landscape that is still synonymous with the historical use of the region Traditional Owners, 

residents and visitors already experience and are cognisant of, particularly compared to the significant 

impacts alternative uses, such as mining, have had. Though members of the public do have access to 

the Archipelago, because of its remoteness there are generally few people travelling or living in the 

region itself, and as such the limiting of access to some areas is likely of lesser impact than it would be 

in other well-known tourist hotspots that are commonly accessed by the public. As such, visual amenity 

is not expected to be affected significantly.  

11.3.6 Historic / Natural Heritage 

A search of the Australian National Shipwreck Database indicated there were no shipwrecks in the 

vicinity of the Development Envelope of the Proposal.  
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A search of the inHerity database for historic/European heritage places listed under the State Register 

identified one known historic or European heritage places within the Development Envelope of the 

Proposal. This was the Port of Broome listing (Place Number 06720, type – building, municipal 

inventory). No other known historic or European heritage places were identified.  

The West Kimberley, which includes the entire Development Envelope of the Proposal is listed as a 

National Heritage Place for natural heritage. National Heritage Places are Australia's natural, historic 

and Indigenous places of outstanding significance to the nation, and are a MNES under the EPBC Act 

1999. The region was listed as it contains unique examples of natural heritage found nowhere else in 

Australia as well as significant sites or areas of cultural heritage for Aboriginal peoples. Some of the key 

reasons for its listing are summarised below: 

• King Leopold Orogen – records of key geological events in the evolution of the Australian continent 

• Devonian Reef – continuous record of 20 million years of reef deposition and shows response of a 

Late Devonian reef to a mass extinction event 

• Gogo fossil sites 

• Current biological/ecological significance – Devonian Reef systems, vine thickets, freshwater river 

systems 

• Movement of material (marine shell beads) by Aboriginal people 

• Symbolic use of Ochre 

• Aboriginal trade in pearl shell (Pinctada maxima) 

Further detail is provided in Section 14.  

11.4 Potential impacts 

11.4.1 Approach 

Potential impacts to social surroundings have been considered for both the construction and operation 

of the nursery sites and leases. For the nursery sites, the primary focus is on the Aboriginal 

communities living in proximity to the development envelope including the sites of cultural significance 

which are included under the West Kimberley National Heritage Place, as well as the tourism centres at 

the Ardyaloon Trochus Hatchery and Arrow Pearling Base.  For the leases, the primary focus is on the 

use of the region by commercial and recreational fishers as well as other tour groups. As discussed 

above, these are the key aspects of social surroundings which could potentially be impacted by the 

Proposal.  

The impact of other operations in the area nearby the proposed nursery sites and leases, including 

commercial and industrial operations, on social surroundings are also considered to ensure the total 

cumulative impacts on social surroundings are well understood.  

Impacts have been defined as summarised below.   

• Major – E.g. Results in direct loss of artefacts of cultural significance, significantly reduces capability 

for other commercial projects in the region to operate, reduces amenity or access to areas 

permanently 

• Moderate – E.g. Results in loss of access to areas of cultural significance for a moderate period of 

time, visual amenity of an area of natural heritage is reduced or has a moderate and ongoing impact 

on other commercial projects in the region to operate 
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• Minor – E.g. results in some disturbance of cultural heritage which can be readily ameliorated, 

results in temporary loss of amenity or access or has a minor and short term impact on other 

commercial projects in the region 

• Insignificant – no impacts to social surroundings are expected 

11.4.2 Potential construction impacts 

The potential for construction associated impacts from the construction of the nursery sites and 

development of the leases are summarised in Table 11.4 and Table 11.5. 
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Table 11.4 Potential construction impacts to social surroundings from construction of nursery sites  

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Dust generation  Indirect There is potential for 

dust to be generated at 

the Ardyaloon and 

Arrow Pearling nursery 

sites during 

construction which may 

impact those living in 

the Ardyaloon 

community and the 

Arrow Pearling Base.  

Moderate (beyond 

development 

envelope of nursery 

sites) 

Construction phase 

of the project 

1-Insignificant 

Nursery sites Noise generation Indirect There is potential for 

noise to be generated 

at all nursery sites 

during construction as a 

result of the use of 

machinery which may 

impact those living in 

the Ardyaloon 

community and the 

Arrow Pearling Base.  

Moderate (beyond 

development 

envelope of nursery 

sites) 

Construction phase 

of the project 

1-Insignificant 

Nursery sites Disturbance of 

culturally significant 

sites  

Direct / Indirect The proposed nursery 

sites are either within or 

in close proximity to 

culturally significant 

sites. Dust and noise 

generated from the 

construction of the 

Limited 

(development 

envelope of nursery 

sites) 

Construction phase 

of the project 

3-Moderate 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

nursery sites may 

impact the amenity of 

these significant sites, 

while the construction 

site itself, particularly for 

Ardyaloon, may contain 

evidence of fish traps or 

ceremonial artefacts.  

Nursery sites Disturbance to visual 

amenity 

Direct During the construction 

phase there may be a 

loss of visual amenity 

for the Trochus 

hatchery and Arrow 

Pearling Base which 

may impact the 

attractiveness of the 

tourist operations.   

 

The construction of the 

outfalls required at the 

Arrow Pearling Base 

and Ardyaloon may 

impact on the visual 

amenity of the 

surrounding marine 

environment 

Limited 

(development 

envelope of nursery 

sites) 

Construction phase 

of the project 

2-Minor 

Nursery sites Increased pressure 

on local communities 

Indirect During the construction 

phase, there will be 

Moderate (within the 

local area 

Construction phase 

of the project 

2-Minor 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

from workforce 

personnel, including 

potential impacts on 

cultural associations 

with land and sea 

country 

approximately 10-20 

construction personnel 

on site at each nursery 

at any one time. This 

puts additional pressure 

on local communities 

where resident numbers 

are relatively low. 

Workforce personnel 

while on site may in 

their free time conduct 

activities, such as 

camping, fishing or 

walking, in areas where 

Traditional Owners 

have cultural 

associations with land 

and sea country. Any 

activity in these areas 

as such has the 

potential to negatively 

impact these cultural 

associations.  

surrounding the 

nurseries) 

Leases Noise generation Indirect There is potential for 

noise to be generated 

at all leases when 

anchoring the sea-

cages. However, no 

Limited 

(development 

envelope of leases) 

Construction phase 

of the project 

1 - Insignificant 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

sensitive receptors are 

in the region.  

Leases Disturbance to visual 

amenity 

Direct During the construction 

phase there may be a 

loss of visual amenity 

for any tour 

groups/fishers/members 

of the public which may 

impact the 

attractiveness of tourist 

operations in the area, if 

they are passing in 

proximity to the leases.  

Limited 

(development 

envelope of leases 

Construction phase 

of the project 

1 - Insignificant 

Leases Loss of access Direct During the construction 

phase loss of access, 

both for members of the 

public and local 

communities will occur 

at the proposed leases 

in the vicinity of the 

sea-cages 

Limited 

(development 

envelope of leases) 

Construction phase 

of the project 

3 - Moderate 

Leases Navigational hazards Direct The sea-cages, barges 

and associated vessels 

have the potential to be 

navigational hazards if 

members of the public 

stray such that they are 

within the leases. 

Limited 

(development 

envelope of leases) 

Construction phase 

of the project 

1 - Insignificant 
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11.4.3 Potential operational impacts 

The potential for operations associated impacts from the operation of the nursery sites and leases are 

summarised in Table 11.5.  
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Table 11.5 Potential operations impacts to social surroundings from operation of nursery sites and leases 

Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Odour generation  Indirect There is potential for 

fuel emissions to be 

generated from diesel 

fuel generators during 

operations at the Arrow 

Pearling Base nursery 

site.  

Limited 

(development 

envelope of the 

nursery site) 

10 hours a day 

Lifetime of project 

2-Minor 

Nursery sites Noise generation Indirect There is potential for 

noise to be generated 

at all nursery sites 

during operations 

because of the use of 

machinery which may 

impact those living in 

the Ardyaloon 

community and the 

Arrow Pearling Base.  

Limited 

(development 

envelope of the 

nursery sites) 

Lifetime of project 1-Insignificant 

Nursery sites Disturbance of 

culturally significant 

sites 

Indirect The proposed nursery 

sites at are in relatively 

close proximity to 

culturally significant 

sites. Odour and noise 

generated from the 

operation of the nursery 

sites may impact the 

amenity of the 

significant sites.  

Limited 

(development 

envelope of the 

nursery sites) 

Lifetime of project 1-Insignificant 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

Nursery sites Disturbance to visual 

amenity 

Direct The discharge from the 

outfalls required at the 

Arrow Pearling Base 

and Ardyaloon may 

impact on the visual 

amenity of the 

surrounding marine 

environment. 

Limited 

(development 

envelope of the 

nursery sites) 

Lifetime of project 2-Minor 

Nursery sites Increased pressure 

on local communities 

from workforce 

personnel, including 

potential impacts on 

cultural associations 

with land and sea 

country 

Indirect Once operational, MPA 

personnel (between 

10-20 at each nursery 

at any one time) will be 

on site at each nursery 

24 hours a day / 365 

days a year. This puts 

additional pressure on 

local communities 

where resident numbers 

are relatively low. 

Workforce personnel 

while on site may in 

their free time conduct 

activities, such as 

camping, fishing or 

walking, in areas where 

Traditional Owners 

have cultural 

associations with land 

and sea country. Any 

Moderate (within the 

local area 

surrounding the 

nurseries) 

Lifetime of project 1-Insignificant 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

activity in these areas 

as such has the 

potential to negatively 

impact these cultural 

associations.  

Leases Odour generation  Indirect There is potential for 

fuel emissions from 

diesel 

engines/generators to 

be generated during 

operations at the 

leases.   

Limited 

(development 

envelope of the 

leases) 

Lifetime of project 1 - Insignificant 

Leases Disturbance to 

cultural associations 

on sea country 

Indirect Operations at the 

leases have the 

potential to disturb 

cultural associations of 

local Traditional Owner 

groups through a 

change in the 

environment (e.g. 

through cause-effect 

pathways associated 

with nutrient 

enrichment) 

Moderate (beyond 

the development 

envelope of the 

leases) 

Lifetime of project 2 - Minor 

Leases Disturbance to visual 

amenity 

Direct During operations 

phase there may be a 

loss of visual amenity 

for any tour 

Limited 

(development 

envelope of the 

leases) 

Lifetime of project 1 - Insignificant 
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Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts (prior to the 

application of 

mitigation measures) 

groups/fishers/members 

who are passing 

through the area 

adjacent to the leases 

which may impact the 

attractiveness of tourist 

operations in the area.   

Leases Loss of access Direct Once operational loss 

of public access is 

expected in the 

proposed leases.  

Limited 

(development 

envelope of the 

leases) 

Lifetime of project 3 - Moderate 

Leases Navigational hazards Direct The sea-cages, barges 

and associated vessels 

have the potential to be 

navigational hazards if 

members of the public 

stray such that they are 

within the leases. 

Limited 

(development 

envelope of the 

leases) 

Lifetime of project 1 - Insignificant 
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11.4.4 Cumulative impacts 

The cumulative direct and indirect impacts of other operations ongoing or proposed in the vicinity of the 

development envelopes for the nursery sites are summarised in Table 11.6.  Though not listed as 

actual proposed projects, the establishment of the Maiyala, Mayalam and Bardi Jawi marine parks have 

the potential to result in a number of positive impacts for social surroundings in the region, with key 

benefits listed below:  

• Enhance eco-tourism operations as demand for tourism in an established marine park will likely 

increase  

• Establish clear management guidelines regarding cultural associations within the marine parks and 

how these should be interacted with by members of the public, tour groups, fisheries operators etc 

• Enhance educational programs regarding land and sea country within the proposed marine parks to 

help improve both local and tourists understanding of the cultural and environmental values of the 

region  
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Table 11.6 Impacts from other ongoing and proposed operations in vicinity of the development envelope for the nursery sites and leases 

Development type Phase Approved / Operational / 

Referred 

Potential impacts Impact Context and assessment 

Ardyaloon Trochus 

Hatchery 

Operations 

 

Operational Disturbance to visual 

amenity  

Indirect The discharge from the outfall 

at the Ardyaloon Trochus 

Hatchery may impact on the 

visual amenity of the 

surrounding marine 

environment 

Ardyaloon Trochus 

Hatchery 

Operations 

 

Operational Odour generation Indirect The use of diesel generators 

as backups for mains power at 

Ardyaloon Trochus Hatchery 

results in some odour 

generation from fuel emissions 

which is limited to the 

immediate vicinity and only at 

times when mains power is not 

available.  

Ardyaloon Trochus 

Hatchery 

Operations 

 

Operational Noise generation Indirect The use of diesel generators 

as backups for mains power at 

Ardyaloon Trochus Hatchery 

results in some noise 

generation which is limited to 

the immediate vicinity and only 

at times when mains power is 

not available.  

Arrow Pearling Base Operations 

 

Operational Odour generation Indirect The use of diesel generators at 

Arrow Pearling Base results in 

some odour generation which 

is limited to the immediate 
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Development type Phase Approved / Operational / 

Referred 

Potential impacts Impact Context and assessment 

vicinity and only during limited 

hours.  

Arrow Pearling Base Operations 

 

Operational Noise generation Indirect The use of diesel generators at 

Arrow Pearling Base results in 

some noise generation which 

is limited to the immediate 

vicinity and only during limited 

hours.  

Broome Tropical 

Aquaculture Park 

Operations 

 

Operational Disturbance to visual 

amenity 

Indirect The BTAP facility discharges 

water from their aquaculture 

tanks underneath the Broome 

Port Jetty  

Broome Tropical 

Aquaculture Park 

Operations 

 

Operational Odour generation Indirect The use of diesel generators 

as backups for mains power at 

BTAP results in some limited 

odour generation which is 

limited to the immediate vicinity 

and only at times when mains 

power is not available.  

Broome Tropical 

Aquaculture Park 

Operations 

 

Operational Noise generation Indirect The use of diesel generators 

as backups for mains power at 

BTAP results in some limited 

noise generation which is 

limited to the immediate vicinity 

and only at times when mains 

power is not available.  

Cockatoo Island 

Multi-User Supply Base 

Construction / 

Operations 

Referred Impacts to visual amenity Direct The development of a large 

supply base on the southern 

end of Cockatoo Island will 
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Development type Phase Approved / Operational / 

Referred 

Potential impacts Impact Context and assessment 

result in further changes to 

visual amenity of the region 

already impacted by the 

original mine and other 

facilities established on the 

Island. 

Koolan Island Iron Ore 

Mine and Port Facility 

Operations Operational Impacts to visual amenity Direct The continuing mining of ore 

from Koolan Island significantly 

impacts the visual amenity of 

the surrounding area for any 

groups or individuals passing 

through the area by vessel. 

Pearl leases (managed 

by DPIRD) 

Operations Operational Impacts to visual amenity Direct The pearl leases currently in 

operation throughout the 

Buccaneer Archipelago impact 

the visual amenity of the region 

in the sense that buoys, lines 

and navigational lighting for 

these operations are present in 

areas where groups or 

individuals pass through by 

vessel. 

Broome Boating Facility Construction  Referred Disturbance to heritage 

values 

Direct Construction of the marine and 

terrestrial elements of the 

Proposal may result in direct 

removal or damage to 

Aboriginal heritage sites, 

dinosaurian tracks or 

shipwrecks. 
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Development type Phase Approved / Operational / 

Referred 

Potential impacts Impact Context and assessment 

The application of a 

Construction Environmental 

Management Plan will aim to 

limit these impacts to an 

insignificant level. 

Broome Boating Facility Operations Referred Disturbance to heritage 

values 

Indirect During operations, changes to 

the transport, erosion and 

accretion of sand on beaches 

adjacent to the boat ramp, as 

well as increased visitation and 

boating traffic at the site, may 

result in permanent burial or 

increased erosion of Aboriginal 

heritage sites, dinosaurian 

tracks or shipwrecks.  

The inclusion of appropriate 

signage as well as other 

control measures should limit 

the impact of the development 

to a minor level.  

Kimberley Marine 

Offloading Facility 

Operations Approved Noise generation Indirect During operations noise will be 

generated, however the total 

noise levels are not expected 

to be above that of the Broome 

Port nearby 

Kimberley Marine 

Offloading Facility 

Operations Approved 

 

Disturbance to heritage 

values 

Indirect During operations, more boat 

traffic is expected however 

these will not be in the vicinity 

of Aboriginal heritage sites, 
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Development type Phase Approved / Operational / 

Referred 

Potential impacts Impact Context and assessment 

dinosaurian tracks or 

shipwrecks.  

Broome Town Beach 

Groyne Upgrade and 

Jetty Project 

Construction Operational Disturbance to heritage 

values 

Indirect During construction of the 

Groyne and Jetty, changes to 

transport, erosion and 

accretion of sand on beaches 

adjacent to the Groyne and 

Jetty may result in increased 

erosion, however these 

impacts will be managed under 

a Environmental Management 

Plan and are not expected to 

have a significant impact on 

the heritage values.  
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11.5 Mitigation 

Management procedures proposed to minimise impacts to social surroundings from the Proposal are 

summarised below in accordance with EPA's mitigation hierarchy.   

11.5.1 Construction 

Appropriate avoidance measures have been taken where possible to limit the impact of the construction 

of the nursery sites and leases on social surroundings (Table 11.7).   
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Table 11.7 Mitigation strategies for reducing construction related impacts at the nursery sites and leases following EPAs mitigation hierarchy 

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Odour generation 

from fuel emissions 

from diesel 

generators used 

during construction of 

nursery sites/leases 

NA 

 

• Diesel generators 
will only be run 
when needed to 
minimise 
emissions of fuel 
and potential for 
odour generation. 

NA NA NA NA 

Noise generation 

from diesel 

generators, 

construction 

equipment 

NA 

 

• Construction 
equipment and 
diesel generators 
only to be used in 
daylight 
eliminating noise 
pollution after or 
before work 
hours. 

NA NA NA NA 

Disturbance of 

culturally or 

environmentally 

significant areas 

• Significant 
stakeholder 
engagement has 
been conducted 
with the Bardi 
Jawi, the Maiyala 
and Mayalam 
peoples to ensure 
that the proposed 
nursery sites and 
leases are not in 
proximity to areas 
of cultural 
significance. This 
has included the 
removal of 

NA • MPA will follow 
the management 
strategies outlined 
in the proposed 
management 
plans for the 
proposed Mayala, 
Maiyalam and 
Bardi Jawi Marine 
Parks, which 
summarise how 
activities on land 
and sea country 
need to be 
managed to 
ensure 

NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

several leases 
from the Proposal 
(e.g. Edeline 
Island East)  

• Stakeholder 
engagement with 
the DBCA has 
also been carried 
out to ensure 
leases are not 
interacting with 
proposed 
sanctuary zones 
for the proposed 
Maiyala or 
Mayalam Marine 
Parks. 

appropriate 
visitation only 
within culturally 
sensitive areas 
(DBCA 2020a, b, 
c).  

Disturbance to visual 

amenity with 

construction of 

outfalls 

NA 

 

• The size of the 
outfalls are kept 
to as small a size 
as possible and 
will discharge into 
a deeper water 
area where 
produced water is 
diluted as quickly 
as possible. 

NA NA NA NA 

Increased pressure 

on local communities 

from workforce 

personnel 

• Local construction 
companies, who 
already have 
cultural education 
programs in 
place, will be 
hired as much as 

NA • Workforce 
education 
programs will be 
implemented for 
construction 
personnel, to 
ensure all 

NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

possible to ensure 
work personnel 
are as familiar 
with cultural and 
environmental 
values as 
possible 

personnel 
understand the 
cultural and 
environmental 
values of the 
region and as 
such will help 
ensure their 
behaviour does 
nothing to impact 
on these values.  

 

Loss of access to 

marine areas 

NA • Leases and sea-
cage clusters 
have been 
designed to be as 
small as possible 
reducing the area 
of exclusion for 
commercial and 
recreational 
fishers as much 
as possible. 

• All leases are 
located away from 
areas of cultural 
or environmental 
significance 
ensuring no loss 
of access to these 
areas from the 
Proposal. 

• Construction at 
the leases will 

• MPA will follow 
the management 
strategies outlined 
in the proposed 
management 
plans for the 
proposed Mayala, 
Maiyalam and 
Bardi Jawi Marine 
Parks, which 
summarise how 
activities on land 
and sea country 
need to be 
managed to 
ensure Traditional 
Owners have 
access to Sea 
Country (DBCA 
2020a, b, c).  

NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

only begin when 
at the appropriate 
point of the 
staged expansion 
plan, i.e. loss of 
access will only 
occur after this 
point.  

Navigational hazards NA 

 

• During 
construction of 
the sea-cages 
and outfalls 
exclusion zones 
will be established 
around the 
construction area, 
with appropriate 
signage and 
lighting denoting 
the exclusion 
zones.  

• Notices to 
mariners as 
required under 
Department of 
Transport 
procedures will be 
acquired and 
advertised in the 
appropriate 
manner.  

NA NA NA 
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11.5.2 Operation 

Appropriate avoidance measures have been taken where possible to limit the impact of the operation of 

the nursery sites and leases on social surroundings (Table 11.8).    
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Table 11.8 Mitigation strategies for reducing operation related impacts at the nursery sites and leases following EPAs mitigation hierarchy  

Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

Odour generation 

from fuel emissions 

from diesel 

generators used 

either as main or 

backup power 

sources at nursery 

sites and leases 

NA 

 

• Diesel generators 
will only be run for 
10 hours a day 
during daylight at 
the leases as 
needed. Battery 
power systems 
will be used at all 
other times.  

NA NA NA NA 

Noise generation 

from diesel 

generators 

NA 

 

• Diesel generators 
will only be run for 
10 hours a day 
during daylight at 
the leases as 
needed. Battery 
power systems 
will be used at all 
other times.  

NA NA NA NA 

Disturbance of 

culturally significant 

areas 

• Stakeholder 
engagement has 
been conducted 
with the Bardi 
Jawi, the Maiyala 
and Mayalam 
peoples to ensure 
that the proposed 
nursery sites and 
leases are not in 
proximity to areas 
of cultural 
significance. This 
has included the 

NA • MPA will follow 
the management 
strategies outlined 
in the proposed 
management 
plans for the 
proposed Mayala, 
Maiyalam and 
Bardi Jawi Marine 
Parks, which 
summarise how 
activities on land 
and sea country 
need to be 

NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

removal of 
several leases 
from the Proposal 
(e.g. Edeline 
Island East)  

managed to 
ensure 
appropriate 
visitation only 
within culturally 
sensitive areas 
(DBCA 2020a, b, 
c).  

Increased pressure 

on local communities 

from workforce 

personnel 

• Local personnel 
will be hired as 
much as possible 
to ensure work 
personnel are as 
familiar with 
cultural and 
environmental 
values of the local 
region 

NA • Workforce 
education 
programs will be 
implemented for 
operations 
personnel, to 
ensure all 
personnel 
understand the 
cultural and 
environmental 
values of the 
region and as 
such will help 
ensure their 
behaviour while 
on site does 
nothing to impact 
on these values.  

 

NA NA NA 

Disturbance to visual 

amenity at leases 

with formation of sea-

cages 

NA 

 

• The arrangement 
of the sea-cages 
will be such that 
they are as close 
to each other as 
possible, reducing 

NA NA NA NA 
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Potential impact Avoidance Minimisation Manage Monitor Restoration Offsets 

the overall 
impacts to visual 
amenity.  

Loss of access to 

marine areas 

NA • Leases and sea-
cage clusters 
have been 
designed to be as 
small as possible 
reducing the area 
of exclusion for 
commercial and 
recreational 
fishers as much 
as possible. 

• All leases are 
located away from 
areas of cultural 
significance 
ensuring no loss 
of access to these 
areas from the 
Proposal. 

• MPA will follow 
the management 
strategies outlined 
in the proposed 
management 
plans for the 
proposed Mayala, 
Maiyalam and 
Bardi Jawi Marine 
Parks, which 
summarise how 
activities on land 
and sea country 
need to be 
managed to 
ensure Traditional 
Owners have 
access to Sea 
Country (DBCA 
2020a, b, c).  

NA NA NA 

Navigational hazards NA 

 

• Once operational, 
exclusion zones 
will be established 
around the leases 
with appropriate 
signage and 
lighting denoting 
the exclusion 
zones.  

• Notices to 
mariners as 
required under 
Department of 
Transport 
procedures will be 
acquired and 
advertised in the 
appropriate 
manner.  

NA NA NA 
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11.6 Assessment and significance of residual impact 

The residual impacts of the Proposal are summarised in Table 11.9 where present.  Overall, the 

Proposal, along with the potential cumulative impacts from other proposals or projects in the vicinity of 

this proposal, do not pose a significant impact to the social surroundings on a regional or local scale.   

Table 11.9 Residual impacts on social surroundings  

Impact Phase Assessment Residual 

impact 

Odour generation Construction / 

operations 

Odour generation from construction and 

operation of the Proposal will be kept to an 

absolute minimum.  

Cumulative impacts from operation of diesel 

generators by the Arrow Pearling Base and 

Ardyaloon Trochus Hatchery are not 

significant.  

1-

Insignificant 

Noise generation Construction / 

operations 

Noise generation from construction and 

operation of the Proposal will be kept to an 

absolute minimum.  

Cumulative impacts from operation of diesel 

generators by the Arrow Pearling Base and 

Ardyaloon Trochus Hatchery are not 

significant.  

1-

Insignificant 

Disturbance to 

culturally or 

environmentally 

significant areas 

Construction / 

operations 

The arrangement of the leases and nursery 

sites are such that disturbance to culturally 

or environmentally significant areas will be 

avoided. MPA will follow the management 

strategies outlined in DBCA (2020a, b, c) to 

ensure cultural associations with Land and 

Sea Country are unaffected by the Proposal.  

Any potential environmental impacts will 

further be managed through the 

implementation of the EMMP (Annex A).  

Cumulative impacts from other proposals or 

projects are therefore unchanged. 

2-Minor 

Disturbance to 

visual amenity 

Construction / 

operations 

The siting of the outfalls at the nursery sites 

ensures discharges are diluted as efficiently 

as possible, reducing any visual plume 

effects. 

The constrained arrangement of sea-cages 

within the leases reduces the overall visual 

footprint to an insignificant level.  

No cumulative impacts from other proposals 

or projects exist. 

1-

Insignificant 

Increased pressure 

on local 

communities from 

workforce 

personnel 

Construction / 

operations 

The number of construction personnel 

required on site at any one time will likely be 

less than 20, and operations personnel will 

only be approximately 10-20, meaning there 

is no requirement for additional facilities 

1- 

Insignificant 
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Impact Phase Assessment Residual 

impact 

(accommodation, services etc) to be 

developed other than those already present. 

Furthermore, an education program will be 

implemented for all personnel, both 

construction and operations, to ensure staff 

and contractors understand the cultural and 

environmental values of the area, and 

manage their behaviour to ensure these 

values are not disturbed. This will be further 

helped through the hiring of local companies 

/ personnel as much as possible. As such, 

the overall impacts are considered to be 

insignificant.  

Loss of access to 

marine areas 

Construction / 

operations 

Leases are arranged to avoid culturally or 

environmentally significant areas. However, 

some loss of access to the public, including 

commercial and recreational fishers, is 

unavoidable. Regardless, most fishing in the 

region does not occur in proximity to the 

leases considering the depth in which they 

are located.  

MPA will ensure Traditional Owners have 

access to Sea Country per the management 

strategies outlined in DBCA (2020a, b, c) 

No cumulative impacts from other proposals 

or projects exist.  

2-Minor 

Navigational 

hazards 

Construction / 

operations 

Appropriate signage and lighting will be 

implemented around the sea-cages and 

leases to minimise risk of the accidental 

access by the public. 

No cumulative impacts from other proposals 

or projects exist. 

1-

Insignificant 

11.7 Predicted outcome 

Considering the mitigation strategies implemented by this proposal, including appropriate site selection 

of leases and nursery sites to avoid areas of cultural or environmental significance, no significant harm 

to Aboriginal heritage and culture or natural and historic heritage sites is expected in the vicinity of the 

Proposal. The establishment of the marine parks in the Buccaneer Archipelago will further help ensure 

the cultural associations and values on Land and Sea Country are upheld through clear management 

strategies which MPA will follow. MPAs continual engagement with Traditional Owners in the region will 

assist with ensuring all impacts of the Proposal are well understood and can be mitigated through 

ongoing consultation. Furthermore, the economic benefits the project provides will help diversity the 

local economy significantly and provide employment to many local communities. As such, it is expected 

that the EPA's objective for Social Surroundings can be met.   
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12 Other environmental factors 

̶  

The following environmental factors are not considered to be Key Environmental Factors for the 

Proposal: 

• Coastal processes 

• Landforms 

• Subterranean fauna 

• Terrestrial environmental quality 

• Inland waters 

• Air quality 

• Human health 

These are summarised in Table 12.1.  
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Table 12.1 Summary of impact assessment on other environmental factors 

Environmental Factor & 

Objective 

Relevant Proposal Activities Potential Impact Mitigation Impact Assessment 

Coastal Processes 

To maintain the geophysical 

processes that shape coastal 

morphology so that the 

environmental values of the 

coast are protected. 

Sea-cages, outfall construction 

and operation.  

General operations (e.g. 

vessel movements) 

The sea-cages may change 

local hydrodynamic conditions 

in the immediate vicinity of the 

cages, which could potentially 

alter beach formations or 

profiles. Greater vessel usage 

in these areas may also 

contribute to the same 

changes. 

The construction of outfalls on 

dune systems may change 

beach profiles. 

Avoid: The proposed leases 

are distant from any shoreline 

and as such no change in 

hydrodynamic conditions is 

expected at the shoreline 

Minimise: The outfalls are 

constructed of HDPE and are 

~300mm in diameter meaning 

the effects on dune profiles or 

build-up will be negligible 

Meets EPA objective.  

Though the sea-cages and the 

outfalls may change 

hydrodynamics or coastal 

process on a local scale, any 

affects are not expected to be 

significant and the EPA 

objective for coastal processes 

is considered to be met.  

Landforms 

To maintain the variety and 

integrity of significant physical 

landforms so that 

environmental values are 

protected.  

None of the Proposal elements 

are expected to affect 

landforms  

NA  NA NA 

Subterranean Fauna 

To protect subterranean fauna 

so that biological diversity and 

ecological integrity are 

maintained. 

Drilling of bores for 

groundwater extraction at 

nursery sites 

The extraction of groundwater 

for bores may impact any 

subterranean fauna present in 

the area.  

Manage: The extraction of 

groundwater will be managed 

by a 5C Licence to Take Water 

under the Rights in Water and 

Irrigation Act 1914 

Meets EPA objective. 

The extraction of groundwater 

for bores is only expected to 

impact a small area 

considering the relatively 

minor volumes required, and 

as such no significant impacts 

on Subterranean Fauna are 

expected.  
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Environmental Factor & 

Objective 

Relevant Proposal Activities Potential Impact Mitigation Impact Assessment 

Terrestrial Environmental 

Quality 

To maintain the quality of land 

and soils so that 

environmental values are 

protected. 

Development of nursery sites The development of the 

nursery sites may change local 

run-off patterns or wastes may 

contaminate soils present.  

Avoid: All wastes will be 

managed appropriately such 

that none contaminate the 

soils in the areas adjacent to 

the nursery sites.  

Meets EPA objective.  

Through appropriate waste 

management the Proposal is 

not expected to pose any risk 

to terrestrial environmental 

quality.  

Inland Waters 

To maintain the hydrological 

regimes and quality of 

groundwater and surface 

water so that environmental 

values are protected 

Drilling of bores for 

groundwater extraction at 

nursery sites 

The extraction of groundwater 

for bores will potentially reduce 

the water table in the vicinity of 

the nursery sites 

Manage: The extraction of 

groundwater will be managed 

by a 5C Licence to Take Water 

under the Rights in Water and 

Irrigation Act 1914 

Meets EPA objective.  

The extraction of groundwater 

for bores is only expected to 

impact a small area 

considering the relatively 

minor volumes required, and 

as such no significant impacts 

on Subterranean Fauna are 

expected.  

Air Quality 

To maintain air quality and 

minimise emissions so that 

environmental values are 

protected. 

Fuel emissions from diesel 

generators 

Fuel emissions from vessels 

Fuel emissions from diesel 

generators and vessels may 

change the air quality at a 

local scale 

NA Meets EPA objective. 

Fuel emissions from both 

diesel generators and vessels 

are not expected to be 

significant, and any changes to 

air quality will be on a very 

limited scale and will not 

continue for a long period of 

time.  

Human Health 

To protect human health from 

significant harm. 

Fuel emissions from diesel 

generators/vessels 

 

Fuel emissions from diesel 

generators and vessels may 

impact residents living near to 

the nursery sites or MPA staff 

operating the vessels / leases.  

NA Meets EPA objective. 

Fuel emissions from both 

diesel generators and vessels 

are not expected to be 

significant, and any changes to 
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Environmental Factor & 

Objective 

Relevant Proposal Activities Potential Impact Mitigation Impact Assessment 

air quality will be on a very 

limited scale and will not 

continue for a long period of 

time.  
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13 Offsets 

̶  

No offsets are predicted to be required as part of this Proposal.  
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14 Matters of National Environmental Significance 

̶  

14.1 Relevance of MNES to the Proposal 

The Proposal has not previously been referred nor deemed a controlled action under the 

Commonwealth EPBC Act and no controlled action provisions are currently applicable. 

Table 14.1 presents a summary of the relevant Matters of National Environmental Significance (MNES). 

As presented, the Proposal intersects with or is in the vicinity of the following MNES: 

• Listed threatened ecological communities 

• Listed threatened species (marine fauna) 

• Listed migratory species 

• National heritage areas 

Though a RAMSAR wetland is listed on the east coast of Roebuck Bay, this is greater than 20 km from 

the nearest nursery site (Broome) with the proposal not projected to have any impacts at that distance.  

Table 14.1 Summary of MNES relevant to the Proposal 

Matter of MNES Relevance to the Proposal 

Listed threatened species and ecological 

communities 

Relevant. 

Nursery at Ardyaloon intersects with one potential 

TEC. See Section 8 

Leases lie adjacent to habitat for several threatened 

marine fauna species. See Section 7 

Listed migratory species Relevant 

Leases lie adjacent to habitat for several migratory 

marine fauna species. See Section 7 

Wetlands of national importance Not relevant 

Proposed nursery areas are >20 km from nearest 

RAMSAR wetland. 

Commonwealth marine areas Not relevant 

Proposed leases are >10 km from commonwealth 

waters, and no impacts from the Proposal are 

predicted to reach these waters.  

World Heritage properties Not relevant 

No World Heritage properties in vicinity of the 

Proposal. 

National Heritage places Relevant 

The West Kimberley National heritage Place covers 

both the proposed leases and proposed nursery 

sites. See Sections 5 to 9 for relations to 

environmental values of the national heritage place, 

and Section 11 for social surroundings aspect of the 

national heritage place.  
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Matter of MNES Relevance to the Proposal 

Nuclear actions Not relevant 

Proposal is not a nuclear action 

Great Barrier Reef marine park Not relevant 

Proposal is not near to the Great Barrier Reef 

Marine Park 

Protection of water resources from coal seam gas 

development and large coal mining development 

Not relevant 

Proposal is not a coal-related development 

14.2 Relevant policy and guidance 

The relevant policy and guidance regarding MNES are summarised in Table 14.2. 

Table 14.2 Policies and guidelines 

Policy or guidance 

Environmental Protection and Biodiversity Conservation Act 1999 Matters of National Environmental 

Significance Significant impact guidelines (DAWE 2013) 

Industry guidelines for avoiding, assessing and mitigating impacts on EPBC Act listed migratory shorebird 

species (DAWE 2015) 

Offshore aquaculture – EPBC Policy Act Statement 2.2 

14.3 Existing environmental values 

Table 14.3 provides a summary of the listed threatened ecological communities, threatened species 

and migratory species which have been identified to have some extent of suitable habitat within the 

Proposal area. Further details of the environmental values presented in Table 14.3 are presented in 

Sections 7, 8 and 9.  

A summary of the environmental values listed under the national heritage place for the West Kimberley 

which are relevant to this proposal in terms of potential impacts is provided in Table 14.3. 
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Table 14.3 Environmental values of MNES adjacent to or intersecting the proposed nursery sites or proposed leases  

Listed species / 

community 

EPBC Act Status Likelihood of occurrence Description of values 

adjacent to or 

intersecting proposed 

nursery sites 

Description of values 

adjacent to or 

intersecting proposed 

leases 

Biologically important 

area: yes / no 

Ecological communities  

Monsoon vine thicket 

("Vine 43a")  

Endangered Potentially present 

(Ardyaloon) 

Unlikely (Arrow Pearling 

Base and Broome) 

Potential patch within the 

development envelope of 

the Ardyaloon nursery. 

Requires a 50 m buffer 

around it 

NA  

Terrestrial flora – none listed under the EPBC act are likely to occur in proximity to the nursery sites  

Terrestrial fauna – none listed under the EPBC act are likely to occur in proximity to the nursery sites  

Marine fauna / migratory species  

Humpback whale 

(Megaptera 

novaeangliae) 

Vulnerable, migratory Likely NA Breeding known to occur 

near to proposed leases. 

Yes (Figure 14.1 and 

Figure 14.2) 

Snubfin dolphin (Orcaella 

heinsohni) 

Migratory Likely NA Species known to occur 

near to Proposal area 

Yes (Figure 14.1 and 

14.2) 

Dugong (Dugong dugon) Migratory Likely NA Species known to occur 

near to Proposal area 

Yes (Figure 14.3) 

Australian humpback 

dolphin (Sousa 

sahulensis as Sousa 

chinensis) 

Migratory Likely NA Species or species 

habitat likely to occur 

near to Proposal area. 

Yes (Figure 14.1 and 

14.2) 
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Listed species / 

community 

EPBC Act Status Likelihood of occurrence Description of values 

adjacent to or 

intersecting proposed 

nursery sites 

Description of values 

adjacent to or 

intersecting proposed 

leases 

Biologically important 

area: yes / no 

Spotted bottlenose 

dolphin (Tursiops 

aduncus) 

Migratory Likely NA Species or species 

habitat likely to occur 

near to Proposal area.  

Yes (Figure 14.1 and 

14.2) 

Short-nosed Seasnake 

(Aipysurus 

apraefrontalis) 

Critically Endangered Likely NA Species or species 

habitat likely to occur 

near to Proposal area 

NA 

Loggerhead turtle 

(Caretta caretta) 

Endangered Likely Species or species 

habitat known to occur 

near to Proposal area 

Species or species 

habitat known to occur 

near to Proposal area 

No  

Green turtle (Chelonia 

mydas) 

Vulnerable, Migratory Likely Breeding known to occur 

near to Proposal area 

Breeding known to occur 

near to Proposal area 

No 

Leatherback turtle 

(Dermochelys coriacea) 

Endangered, Migratory Likely Breeding likely to occur 

near to Proposal area 

Breeding likely to occur 

near to Proposal area 

No 

Hawksbill turtle 

(Eretmochelys imbricata) 

Vulnerable Likely Breeding likely to occur 

near to Proposal area 

Breeding likely to occur 

near to Proposal area 

No 

Olive ridley turtle 

(Lepidochelys olivacea) 

Endangered Likely Congregation or 

aggregation known to 

occur near to Proposal 

area. Records of 

hatchlings at Camden 

Sound. 

Congregation or 

aggregation known to 

occur near to Proposal 

area. Records of 

hatchlings at Camden 

Sound. 

No 

Flatback turtle (Natator 

depressus) 

Vulnerable, Migratory Likely Breeding known to occur 

near to Proposal area  

Breeding known to occur 

near to Proposal area  

Yes (Figure 14.4) 
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Listed species / 

community 

EPBC Act Status Likelihood of occurrence Description of values 

adjacent to or 

intersecting proposed 

nursery sites 

Description of values 

adjacent to or 

intersecting proposed 

leases 

Biologically important 

area: yes / no 

Estuarine or Salt-water 

crocodile (Crocodylus 

porosus) 

Migratory Likely NA Species or species 

habitat likely to occur to 

Proposal area. Previous 

records of sightings in 

proximity to the sea-

cages at Cone Bay.  

NA 

Northern river shark 

(Glyphis garrickii) 

Endangered Likely NA Breeding likely to occur 

near to Proposal area 

No 

Dwarf sawfish (Pristis 

clavate) 

Vulnerable, Migratory Likely NA Breeding known to occur 

near to Proposal area 

No 

Freshwater sawfish 

(Pristis pristis) 

Vulnerable, Migratory Likely NA Species or species 

habitat known to occur 

near to Proposal area. 

No 

Green sawfish (Pristis 

zijsron) 

Vulnerable, Migratory Likely Pupping known to occur 

in waters adjacent to 

Ardyaloon 

Species or species 

habitat known to occur 

near to Proposal area. 

Yes (Figure 14.6) 

Whale shark (Rhincodon 

typus) 

Vulnerable, Migratory Likely NA Foraging, feeding or 

related behaviour known 

to occur near to Proposal 

area 

No 

Scalloped hammerhead 

shark (Sphyrna lewini) 

Conservation Dependent Likely NA Species or species 

habitat likely to occur 

near to Proposal area. 

No 
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Listed species / 

community 

EPBC Act Status Likelihood of occurrence Description of values 

adjacent to or 

intersecting proposed 

nursery sites 

Description of values 

adjacent to or 

intersecting proposed 

leases 

Biologically important 

area: yes / no 

Reef Manta Ray, Coastal 

Manta Ray (Mobula 

alfredi) 

Migratory Likely NA Species or species 

habitat known to near to 

Proposal area. 

No 

Common Noddy (Anous 

stolidus) 

Migratory Likely NA Species or species 

habitat likely to occur 

near to Proposal area. 

No 

Fork-tailed swift (Apus 

pacificus) 

Migratory Likely NA Species or species 

habitat likely to occur 

near to Proposal area. 

No 

Streaked shearwater 

(Calonectris leucomelas) 

Migratory Likely NA Species or species 

habitat known to occur 

near to Proposal area. 

No 

Lesser frigatebird 

(Fregata ariel) 

Migratory Likely NA Breeding known to occur 

near to Proposal area 

Yes (Figure 14.7 and 

Figure 14.8) 

Greater frigatebird 

(Fregata minor) 

Migratory Likely NA Species or species 

habitat likely to occur 

near to Proposal area. 

Yes (Figure 14.7 and 

Figure 14.8) 

Lesser crested tern 

(Thalasseus 

bengalensis) 

Migratory Likely NA Species or species 

habitat likely to occur 

near to Proposal area. 

Yes (Figure 14.7 and 

Figure 14.8) 

Bridled tern 

(Onychoprion 

anaethetus) 

Migratory Likely NA Breeding known to occur 

near to Proposal area 

Yes (Figure 14.7 and 

Figure 14.8) 

Roseate tern (Sterna 

douglii) 

Migratory Likely NA Breeding known to occur 

near to Proposal area 

Yes (Figure 14.7 and 

Figure 14.8) 
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Listed species / 

community 

EPBC Act Status Likelihood of occurrence Description of values 

adjacent to or 

intersecting proposed 

nursery sites 

Description of values 

adjacent to or 

intersecting proposed 

leases 

Biologically important 

area: yes / no 

Little tern (Sternula 

albifrons) 

Migratory Likely NA Breeding known to occur 

near to Proposal area 

Yes (Figure 14.7 and 

Figure 14.8) 

Red-footed booby (Sula 

sula) 

Migratory Likely NA Breeding known to occur 

near to Proposal area 

Yes (Figure 14.7 and 

Figure 14.8) 

Osprey (Pandion 

cristatus) 

Migratory Likely NA Foraging behaviour 

known to occur near to 

Proposal area 

NA 

National Heritage Places 

West Kimberley National 

Heritage Place 

NA Present The West Kimberley national heritage place includes 

the entire region of the Proposal, both on land and in 

waters. Further detail on the values of the West 

Kimberley are provided in Table 14.4.  

NA 
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Table 14.4 Summary of the environmental values for the West Kimberley National Heritage Place that are relevant to the Proposal 

Category Relevant criterion Environmental values Reason for listing Relevance 

Ecology, biogeography and 

evolution 

 

A – Events, processes Biological significance 

Species richness and diversity 

Monsoonal vine thickets 

River systems 

 

Flora and fauna species 

richness and endemism; and 

as refugia protecting against 

human-induced environmental 

changes 

Evolutionary refugial role that 

has resulted in high 

invertebrate richness and 

endemism 

Areas of evolutionary refugia 

demonstrated by national high 

values for freshwater fish and 

turtle endemism 

Nursery sites and leases may 

impact certain species, 

particularly the Ardyaloon 

nursery in relation to the 

monsoon vine thicket patch 

present there.  

D – Principal characteristics of 

a class of places 

Roebuck Bay migratory hub – 

highly visited by migratory 

waterbird species 

Importance as a class of avian 

habitat (a migratory or staging 

post), and for the regular 

presence of migratory, 

protected or endangered 

avifauna.  

Discharge from the BTAP site 

falls into Roebuck Bay.  

Wealth of land and sea A – Events, processes Aboriginal trade in pearl shell – 

pearl shell beds 

Source of the item most widely 

distributed by Aboriginal 

people in the course of 

Australia's cultural history 

The Arrow Pearling nursery is 

adjacent to the Arrow Pearling 

Base which is still operational 

currently 

E – Aesthetic characteristics Kimberley coast from 

Buccaneer Archipelago to 

George River  

• Rugged sandstone coast 

• Drowned river valleys 

Its aesthetic characteristics 

valued by the Australian 

community, including the 

unusual effect of tidal 

movement 

The sea-cages in each of the 

leases may change the 

aesthetics at a local scale 
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Category Relevant criterion Environmental values Reason for listing Relevance 

• Offshore reefs 

• Islands 

G – Social Value European pearling  Pearling coast has a special 

associated with the Australian 

community for evoking 

memories of pearling.  

The Arrow Pearling nursery is 

adjacent to the Arrow Pearling 

Base which is still operational 

currently 
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14.3.2 Biologically important areas – Humpback whales and Pygmy blue whales 

The 8 proposed leases north of the Bayliss Islands fall within a biologically important area for 

Humpback whales (Figure 14.1). This area is listed as a biologically important area as it is used for 

several reasons by Humpbacks on their annual migration north along the Kimberley Coast, including 

nursing, calving and resting (DAWE 2022). Humpbacks (in mother and calf pairings) are generally 

present during the mid-year months (June-August). The reasons as to why humpbacks use this region 

is because of its warm water and sheltered environment, which makes it an ideal resting place before 

they return on their southerly migration in the latter parts of the year.  

A biologically important area is also listed for pygmy blue whales in the coastal waters offshore Broome 

(Figure 14.2). This area is listed because it is known to be used by pygmy blue whales on their annual 

migration along the west Australian coastline.  

14.3.3 Biologically important areas – inshore dolphins 

A biologically important area which includes the entirety of the region for the proposed leases is listed 

for the three inshore dolphin species (Australian snubfin dolphin, Australian humpback dolphin and the 

spotted bottlenose dolphin) (Figure 14.1). All three species reside in the region year-round, with Yampi 

Sound (near to the leases at Crocodile Creek and Conilurus Island) being particularly important 

breeding, calving and foraging grounds for each species due to the high density of prey species within 

the area (DAWE 2022). For the snubfin and humpback dolphins, the deep fjord-like passages 

throughout the northern section of the Buccaneer Archipelago provides ideal habitat for these species; 

while the tidal mangroves and shallow coral reefs are preferred by the spotted bottlenose dolphins. It 

should be noted that the whole region is listed as a biologically important area for these species, and as 

such the leases do not take up a significant proportion of that region.  

The nearshore region adjacent to the proposed Ardyaloon nursery and Roebuck Bay at Broome are 

also listed as known biologically important areas for the snubfin dolphin, for both breeding and calving 

as well as foraging (Figure 14.2). The area near to the proposed Arrow Pearling nursery site is also 

listed as a potential biologically important area for the snubfin dolphin, though this area is only classified 

as moderate usage rather than high usage like the other areas (DAWE 2022).  

14.3.4 Biologically important areas – dugongs 

The entire west coast of the Dampier Peninsula, including the waters surrounding the proposed nursery 

sites at Ardyaloon and Arrow Pearling Base, are listed as a biologically important area for dugongs as 

they are known to use the area for foraging (Figure 14.3). Roebuck Bay is also listed as a biologically 

important area as it is a likely migration route and resident area for dugongs in the region (DAWE 

2022).  

14.3.5 Biologically important areas – marine turtles 

There are no known biologically important areas or areas of critical habitat for marine turtles listed in 

proximity to the proposed leases, though turtles are observed in the region.  

For the nursery sites, critical habitat and biologically important areas are listed for flatback turtles which 

encompass the nearshore waters near the Arrow Pearling nursery site and the BTAP site in Broome 

(DAWE 2022) (Figure 14.4).  The critical habitat and biologically important area is listed for the 

Lacepede Islands, with a 60 km interesting buffer which includes the area at the Arrow Pearling nursery 

site (DAWE 2022). A second area of critical habitat is identified at Eco Beach south of Broome, with a 

60 km internesting buffer which includes the entirety of the Broome population centre. No nesting is 

known to occur at the proposed nursery sites themselves.  
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Critical habitat is also identified at Cape Leveque with a 20 km interesting buffer for the Olive Ridley 

turtle, however this buffer though in proximity to the Ardyaloon nursery does not encompass it.  

14.3.6 Biologically important areas – sawfish 

There are no known biologically important areas for sawfish in relation to the proposed leases, though 

sawfish are observed in the region. 

Biologically important areas are identified in proximity to the Ardyaloon nursery for all three species of 

sawfish (dwarf sawfish, freshwater sawfish and green sawfish), however the area only intersects with 

the nursery for the northern end of the area for the green sawfish (Figure 14.5). This area is listed as 

biologically important as it is known to be used for pupping by the sawfish (DAWE 2022).  

14.3.7 Biologically important areas – seabirds 

A biologically important area is identified for both the lesser and greater frigatebird for almost the entire 

Buccaneer Archipelago, which includes all of the proposed leases (Figure 14.7, Figure 14.8). For the 

greater frigatebird, this area is identified as it is known that breeding occurs on the offshore islands 

beyond the extent of the Archipelago at Ashmore Reef (small numbers) and Adele Island (2-300 pairs), 

so there is potential for moderate usage of the nearshore areas where the leases are proposed to be 

sited. Breeding occurs in May-June and August.  For the lesser frigatebird, breeding is known to occur 

on Ashmore Reef, Long Reef, Adele Island and Bedout Island in relation to the leases, and Lacepede 

Islands (in relation to the nursery sites at Ardyaloon and Arrow Pearling Base). Breeding occurs from 

March to September. Birds are generally resident in the area all year round, particularly within 30 km of 

the breeding sites, though they do move around the region to different islands for foraging (DAWE 

2022).  
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Figure 14.1 Biologically Important Areas for cetaceans in proximity to the proposed leases 
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Figure 14.2 Biologically Important Areas for cetaceans in proximity to the proposed nursery sites 
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Figure 14.3 Biologically Important Areas for dugongs in proximity to the proposed nursery sites 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 342 4 May 2022 

 

Figure 14.4 Biologically Important Areas for marine turtles in proximity to the proposed nursery sites 
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Figure 14.5 Biologically Important Areas for sharks in proximity to the proposed leases 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 344 4 May 2022 

 

Figure 14.6 Biologically Important Areas for sharks in proximity to the proposed nursery sites 
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Figure 14.7 Biologically Important Areas for seabirds in proximity to the proposed leases 
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Figure 14.8 Biologically Important Areas for seabirds in proximity to the proposed nursery sites 
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14.4 Summary of potential impacts 

Potential impacts to MNES have been considered for both the construction and operation of the nursery 

sites and leases. All impacts are discussed in the relevant WA EPA environmental factors in Sections 7, 

8 and 9, as they primarily centre on flora and fauna which are covered also by state legislation. 

However brief summaries are provided below in Table 14.6. With the lack of development in the region, 

there are also no significant cumulative impacts from other developments, past, present or near future, 

expected on MNES.  Cumulative impacts which are present are summarised in Table 7.6, Table 8.8 

and Table 9.7 for marine fauna, terrestrial flora and vegetation and terrestrial fauna respectively.  

The significance criteria of the potential impacts are aligned with those listed in DAWE (2013) and the 

marine bioregional plan for the North-west marine region (DAWE 2012), and definitions for significance 

are summarised below for the MNES relevant to this Proposal (Table 14.5).  
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Table 14.5 Significant impact criteria for MNES relevant to the Proposal 

MNES Significant impact criteria 

Listed threatened 

species and ecological 

communities – critically 

endangered and 

endangered species, 

vulnerable species 

• Lead to a long-term decrease in the size of a population 

• Reduce the area of occupancy of a species 

• Fragment an existing population into two or more populations 

• Adversely affect habitat critical to the survival of a species 

• Disrupt the breeding cycle of a population 

• Modify, destroy, remove, isolate or decrease the availability or quality of habitat to the extent that the species is likely to decline 

• Result in invasive species that are harmful to a critically endangered / endangered species habitat 

• Increase disease that may cause the species to decline 

• Interfere with the recovery of a species 

Listed threatened 

species and ecological 

communities – critically 

endangered and 

endangered ecological 

communities, vulnerable 

ecological communities 

• Reduce the extent of an ecological community 

• Fragment or increase fragmentation of an ecological community 

• Adversely affect habitat critical to the survival of an ecological community 

• Modify or destroy abiotic factors necessary for an ecological community's survival 

• Cause a substantial change in the species composition of an occurrence of an ecological community 

• Cause a substantial reduction in the quality or integrity of an occurrence of an ecological community e.g. assisting invasive species or 
causing mobilisation of fertilisers, herbicides or other chemicals 

• Interfere with the recovery of an ecological community 

Listed migratory species • Substantially modify, destroy or isolate an area of important habitat for a migratory species 

• Result in an invasive species that is harmful to the migratory species becoming established in an area of important habitat for the 
migratory species 

• Seriously disrupt the lifecycle of an ecologically significant proportion of the population of a migratory species 

National heritage places • One or more of the National Heritage values to be lost 

• One or more of the National Heritage values to be degraded or damaged 

• One or more of the National Heritage values to be notably altered, modified, obscured or diminished 
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Table 14.6 Potential impacts to MNES as a result of the construction / operation of the Proposal 

MNES Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts 

(according to 

MNES guidance) 

Threatened 

ecological 

communities / 

National Heritage 

Place (monsoon 

vine thicket 

listing) 

Nursery sites Land clearing  Direct The clearing of 

vegetation at 

Ardyaloon may 

impact the potential 

TEC present, 

however any 

potential TEC itself 

will not be cleared 

as part of the 

Proposal  

Limited (clearing 

of vegetation <3 

ha) 

Lifetime of project Non-significant 

Nursery sites Dust generation Indirect Dust generated 

during the 

construction of the 

nursery sites may 

impact the health of 

vegetation present 

Limited (within 

development 

envelope) 

During 

construction 

phase of project 

Non-significant 

Threatened / 

migratory species 

/ National 

Heritage place 

(biological 

significance) 

Leases Vessel strike Direct Vessels operating at 

the leases have the 

potential to strike 

marine fauna. This is 

particularly relevant 

for inshore dolphins 

and marine turtles. 

However, the 

number of vessels 

operating in the 

vicinity of the leases 

Limited (within 

development 

envelope) 

Lifetime of project Non-significant 
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MNES Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts 

(according to 

MNES guidance) 

is not expected to 

increase significantly 

(3 vessels total 

transiting between 

leases). As such, the 

risks of vessel strike 

are no greater than 

that which currently 

exists from 

commercial and 

recreational fishers. 

Leases Noise/vibration 

generation 

Indirect Noise/vibrations 

generated during 

anchoring or towing 

of sea-cages may 

disturb or repel 

marine fauna. 

Noise/vibrations 

generated by 

vessels operating at 

the leases may 

result in localised 

noise pollution, 

however it is not 

expected to be at an 

intensity or extent to 

significantly impact 

marine fauna 

Limited (close to 

or within leases 

areas) 

<1 day at a time 

during 

construction 

Throughout 

operations 

Non-significant 
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MNES Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts 

(according to 

MNES guidance) 

Leases Plume generation Indirect Small plumes may 

be created when 

anchorages are 

driven into seabed  

Limited (within 

leases) 

<1 day for 

anchoring to 

occur 

Non-significant 

Leases Increased risk of 

introduced marine 

pests 

Indirect Construction vessels 

may introduce 

marine pests not 

present in the area 

Limited (within 

leases) 

Throughout 

construction 

phase 

Non-significant 

Leases Entanglement Direct Marine fauna may 

become entangled in 

anchorage lines or 

sea-cages 

particularly if they 

are attracted to sea-

cages by potential 

opportunity to feed 

on farmed fish 

Limited (in close 

proximity to the 

cages) 

Lifetime of project Non-significant 

Leases Change to natural 

predatory 

behaviour 

Direct Marine fauna, 

particularly avifauna, 

may change their 

natural behaviour if 

they can access the 

sea-cages and prey 

on farmed fish 

Limited (in close 

proximity to 

cages) 

Lifetime of project Non-significant 

Leases Waste generation Indirect Wastes generated 

(e.g. farmed fish 

mortalities) may 

Limited (within 

leases) 

Lifetime of project Non-significant 
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MNES Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts 

(according to 

MNES guidance) 

attract marine fauna 

if not disposed of 

appropriately 

Leases Light pollution Indirect Lighting around the 

sea-cages and 

vessels may 

attract/repel marine 

fauna, or 

disorientate marine 

turtle hatchlings 

Limited (in close 

proximity to 

cages) 

<10 hours a day 

Lifetime of project 

Non-significant 

Leases Increase in 

nutrients in water 

column resulting 

in increased 

likelihood of algal 

blooms 

Indirect Increased nutrient 

loading from fish 

wastes or feed 

increases the 

likelihood of algal 

blooms, which if they 

become 

harmful/toxic may 

poison marine fauna  

Broad (well 

beyond leases) 

During 18-month 

grow-out cycle. 1 

month fallowing 

period with no 

impacts.  

Lifetime of project 

Significant 

Leases Deoxygenation of 

the water column 

as a result of algal 

blooms 

Indirect The breakdown of 

algal material may 

lead to 

deoxygenation 

events in the water 

column which can 

result in localised 

deaths of marine 

fauna 

Broad (well 

beyond leases) 

Lifetime of project Significant 
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MNES Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts 

(according to 

MNES guidance) 

Leases Increased risk of 

introduced marine 

species 

Indirect Vessels operating at 

the leases may 

introduce species as 

they mobilise from 

different ports 

Limited (within 

leases) 

Lifetime of project Non-significant 

Leases Minor blocking of 

channels through 

which marine 

fauna migrate 

through 

Indirect The physical 

structure of the 

cages may 

discourage marine 

fauna from transiting 

through certain 

channels, 

particularly at the 

Bayliss Islands 

leases 

Limited (close 

proximity to 

cages) 

Lifetime of project Non-significant 

National Heritage 

Place (aesthetics) 

Leases Change to 

aesthetics 

Direct The sea-cages at 

the leases have the 

potential to change 

the aesthetic value 

of the local area 

Limited (within 

leases) 

Lifetime of project Non-significant 

National Heritage 

Place (cultural 

values) 

Nursery sites Disturbance of 

culturally 

significant sites / 

cultural 

association 

Direct / Indirect The proposed 

nursery sites are 

either within or in 

close proximity to 

culturally significant 

sites. Dust and noise 

generated from the 

construction of the 

Limited 

(development 

envelope of 

nursery sites) 

Lifetime of project Significant 
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MNES Development type Potential impacts Impact Context and 

assessment 

Extent Duration Significance of 

Impacts 

(according to 

MNES guidance) 

nursery sites may 

impact the amenity 

of these significant 

sites, while the 

construction site 

itself, particularly for 

Ardyaloon, may 

contain evidence of 

fish traps or 

ceremonial artefacts. 

At the lease sites, 

having greater boat 

traffic in the area 

may result in 

personnel moving 

through important 

sites for their cultural 

associations, 

particularly if 

personnel are 

unaware of these 

cultural associations.  
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14.4.2 MNES – threatened / migratory marine species 

Vessel strike 

The Proposal will result in an increased risk of vessel strike particularly in the vicinity of the leases 

where the sea-cage infrastructure will be installed. This risk is generally only from the three operational 

vessels that MPA are proposing to use, each of which is approximately 15-20 m long, as well as other 

smaller dinghies used in operations at each lease area. MNES which are likely most at risk of being 

stricken include inshore dolphin species (humpback, snubfin and spotted bottlenose dolphins), 

humpback whales, dugongs and sea-turtles, considering each spends significant time at the surface to 

breathe as well as for foraging and other key behaviours. The risk to humpback whales will be 

seasonal, considering they are only present in the Kimberley region between June-August. The risk to 

all other listed MNES will be year-round, as the majority of these species are resident in the region and 

do not undertake any significant migrations. Considering the vessels will however only operate at very 

slow speeds within the leases (<5 knots), and will only be transiting between leases which are within 

close proximity to each other, the risk of vessel strike occurring is relatively low.  

Entanglement 

There is only a minor risk of entanglement of listed MNES with the sea-cage infrastructure (i.e. 

anchorage lines, sea-cage netting), as to maintain the sea-cages in position the anchorage lines must 

be very rigid or taut. Few other ropes or lines which might pose a risk of entanglement are present. This 

as such makes it difficult for any fauna to become entangled in the line. In terms of the netting, the 

mesh size is relatively small to ensure that no farmed fish are able to escape, and as such this reduces 

the risk of any marine fauna on the outside from becoming entangled themselves.  

Noise generation 

Noise generated by vessels and diesel generators used at the leases for both construction and 

operations has the potential to result in localised noise pollution, which may impact marine fauna in the 

region, particularly inshore dolphins which are known to use the area around the proposed leases year-

round for breeding, calving and foraging. The operational vessels used for the Proposal will always 

operate at less than 5 knots within the leases, and will only operate at higher speeds when transiting 

between leases. As such, the intensity of the noise generated by the vessels engines is predicted to be 

in the order of 130 dB at most (Olesiuk et al 2012). The diesel generators in use at the leases will also 

create some low-level noise pollution above the surface of the water, likely in the order of ~86 dB 

(ASHRAE 2002). These noise levels are not predicted to be harmful to marine fauna, however they are 

likely to be audible. As such, the potential impacts on marine fauna are likely to be centred on short-

term behavioural responses (e.g. separation of mother-calf pairings, fleeing from site of disturbance), 

long-term avoidance (e.g. reduced abundance within or utilisation of noisy areas) and masking of 

animal sounds (e.g. masking of prey resulting in increase to foraging effort, masking of communication 

between individuals resulting in decrease in reproductive rates) (Olesiuk et al 2012).  

Studies of the effects of whale watching vessels, which are likely comparable to the small vessels used 

at aquaculture sites, showed the source levels ranged from 145 to 169 dB re: 1uPa @ 1m, slightly 

higher than that likely to be generated by the vessels used in the Proposal. According to the criteria in 

Southall et al (2007), noise at these levels could potentially result in moderate behavioural responses in 

the low-frequency cetaceans at distances of up to 10 km, and up to several kilometres for other 

functional marine mammal groups (humpback dolphins for example detect sounds in the range of 5-120 

kHz which is in the mid to low frequency range, while humpback whales operate at a low frequency 

between 5-24 kHz; Li and Wang 2017, Whitlow et al 2006). However, the noise levels discussed here 

are for vessels operating at mid to high speeds, while the vessels in use at the leases will as stated only 

operate at very low speeds. Though vessels will operate at higher speeds when transiting, these transit 

times will be relatively short (generally 1 hour max), and will not be required every day of operations.  
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Previous studies have indicated that noise generated by routine aquaculture operations, which includes 

the use of diesel generators as well as pumps, cage cleaning with pressure hoses amongst others, is 

unlikely to be sufficient to cause injury to marine fauna, though it may result in behavioural responses at 

close range. For example, harbour porpoise at an aquaculture site in the Bay of Fundy were observed 

to be temporarily displaced by noisy activities such as cage cleaning yet returned quickly (within 10 

minutes) to the area when the disturbance ended (Haar et al 2009). Furthermore, a study conducted at 

the site of the current Cone Bay operations to identify the presence and behaviour of snubfin and 

humpback dolphins indicated that the behaviour of the individuals present at the site were similar to 

behaviour of individuals at other sites in the region, and as such there was no suggestion that they were 

directly impacted by the noise generated by vessels nearby (Brown et al. 2017).  

As the construction of the leases for the purposes of securing the sea-cages does not require any pile 

driving or other significant noise-generating activities, other than that of general vessel operations, it is 

not expected that the potential for noise pollution is any greater than that already described above.  

Light pollution 

A minor level of light pollution will be generated at each of the leases, with navigational lighting required 

on the sea-cages and vessels (flashing LEDs) for safety and navigation; while some lighting will also be 

present on the centralised barge considering it is the accommodation centre for MPA staff at the leases. 

As the lighting required at each of the leases is centred around the barge systems, it is not expected 

that significant light pollution would be observed beyond the border of the leases.  Some lighting will 

also be required at the nursery sites, however the majority of this lighting will be for indoor purposes 

with no significant lighting required outdoors. 

Light pollution has the potential to change the behaviour of marine fauna, particularly marine turtle 

hatchlings which may be disorientated or misorientated by artificial light (Kamrowski et al 2012, Thums 

et al 2016, Wilson et al 2018). No biologically important areas (i.e. nesting sites) for marine turtles have 

been identified in proximity to any of the leases, while the nursery sites at the Arrow Pearling Base and 

BTAP are only on the periphery of the 60 km internesting buffer for flatback turtles. It is possible that 

some turtles do nest on the sandy beaches in proximity to the leases, with these areas potentially not 

yet identified as survey effort has not been able to encompass the entire Buccaneer Archipelago 

considering its remoteness. However, due to the nature of the rugged coastline of the Archipelago and 

its islands, sandy beaches are very rare in proximity to the leases and, if they are present, they are 

generally less than 100 m in length. As such, considering the low level of light generated by the 

Proposal, and the lack of significant habitats in proximity to the Proposal, the potential impacts on 

marine turtles from light pollution are predicted to be non-significant.  

Nutrient enrichment/algal blooms 

Fish and feed wastes at the leases have the potential to result in nutrient enrichment, and subsequently 

algal blooms, in areas across the Archipelago (see Section 5.4 for details on modelling results of this 

particular impact). In relation to MNES, this does have the potential to impact the biological diversity of 

the region, which is a key value of the West Kimberley National Heritage Place. Though these risks are 

real, the modelling results projected that even in areas of enrichment and/or high phytoplankton 

biomass (and therefore high risks of algal blooms) that no significant anoxia or hypoxia events were 

projected to occur. The reason for this is that though the model projects high levels of biological oxygen 

demand at the sediment water interface, the extent of water movement through the system is such that 

the level of drawdown is unlikely to be ecological consequence, as oxygen levels are quickly resupplied 

by new seawater inputs.  
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14.5 Mitigation  

Appropriate mitigation strategies in reference to MNES following the mitigation hierarchy have been 

applied and are summarised in Sections 7, 8, 9 and 11. No additional mitigation strategies regarding 

impacts on MNES are predicted to be required.  

14.6 Assessment and residual impacts 

The residual impacts of the Proposal on MNES are summarised in Table 14.7 where present.  Overall, 

the Proposal, along with the potential cumulative impacts from other proposals or projects in the vicinity 

of this proposal, do not pose a significant impact to MNES on a regional or local scale. No offsets are 

expected to be required in relation to MNES.  

Table 14.7 Residual impacts on MNES 

Impact Phase Assessment Residual 

impact 

Land clearing Construction All flora of conservation significance 

(specifically the monsoon vine thickets) will 

be maintained and not cleared during 

construction and operation of the nursery 

sites. Any potential clearing of native 

vegetation will be managed under Part V of 

the EP Act.  

Non-

significant 

Dust deposition on 

flora or vegetation 

Construction The amount of dust generated from 

construction activities is expected to be 

minimal, and if dust generation becomes 

significant appropriate dust suppression 

strategies will mitigate the potential impacts 

Non-

significant 

Vessel strike Construction / 

operations 

All vessels will be operating at ~0.5 knots 

during construction and will keep to local 

speed limits, meaning there is no greater risk 

of vessel strike from vessels from the project 

then there already is from tourist or fishing 

operations 

Non-

significant 

Noise/vibration 

generation 

Construction / 

operations 

All noise and vibration will be kept to a 

minimum both during construction and 

operations. However, some noise generation 

which will be consistent at each lease area 

throughout the lifetime of the project will be 

present, potentially repelling fauna at a minor 

level. This is not expected to isolate 

populations of marine fauna or impact 

migratory routes.  

Non-

significant 

Plume generation Construction  The level of plume expected from anchoring 

the sea-cages using the stingray anchoring 

system is minimal and will not pose a threat 

to marine fauna 

Non-

significant 

Increased risk of 

introduced marine 

pests 

Construction / 

operations 

All vessels will be operating only on a local 

scale reducing the threat of introduction of 

IMS from other regions. DPIRD biosecurity 

Non-

significant 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 358 4 May 2022 

 

Impact Phase Assessment Residual 

impact 

protocol requirements will help ensure any 

IMS are detected before they pose a 

significant risk 

Entanglement Operations Because of the tautness of the anchoring 

lines of the sea-cages it is very difficult for 

marine fauna to become entangled, meaning 

there is little to no risk of this impact 

occurring 

Non-

significant 

Change to natural 

predatory behaviour 

Operations With the inclusion of anti-predator nets 

above and below the surface of the sea 

predators will be unable to enter the cages to 

feed on fish or fish feed, meaning no change 

to natural predatory behaviour is expected 

Non-

significant 

Waste generation Operations With the inclusion of the mortality waste 

program and the removal of all wastes from 

vessels to the Derby shore base there is no 

waste which will be disposed of at sea, 

therefore there will be no impact on marine 

fauna 

Non-

significant 

Light pollution Construction / 

operations 

Anchoring of the sea-cages will only occur 

during the day reducing the amount of light 

pollution generated during construction to 

little or nothing. The amount of light 

generated once leases are operational will 

be kept to a minimal level with the mitigation 

strategies included, therefore there is only a 

minor level of impact on marine fauna 

expected.  

Non-

significant 

Spread of 

disease/change to 

genetic structure of 

local populations of 

barramundi if 

farmed fish escape 

from cages 

Operations With the use of an Australian barramundi 

genetic strain and appropriate fish health 

checks required under DPIRD regulations 

there is only a minor risk of fish escapees 

from the sea-cages causing any spread of 

disease or change to the genetic structure of 

the natural population of barramundi. 

Non-

significant 

Increase in 

nutrients in water 

column resulting in 

increased likelihood 

of algal blooms 

 The level of nutrient enrichment from 

aquaculture wastes is substantial, though it 

will be significantly reduced through the 

mitigation strategies implemented by MPA, 

particularly the direction to achieve an FCR 

of 1.5.  

Any potential for nutrient enrichment 

long-term will be monitored and managed 

under the EMMP to verify that MPAs 

operations do not pose a continual risk of 

nutrient enrichment beyond the lease 

boundaries 

Non-

significant 
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Impact Phase Assessment Residual 

impact 

Deoxygenation of 

the water column 

as a result of algal 

blooms 

 Modelling results indicated that dissolved 

oxygen levels, even in close proximity to the 

sediments, remained relatively consistent 

between scenarios and between baseline 

conditions. Because dissolved oxygen is key 

to the survival of the stocked fish, it will be 

monitored on site at all leases every single 

day, in addition to the monitoring required 

under the EMMP. As such, any time low 

oxygen levels are recorded management 

actions will be immediately implemented to 

help increase oxygen levels.   

Non-

significant 

Minor blocking of 

channels through 

which marine fauna 

migrate through 

Operations The worst potential blockage of channels will 

occur at Bayliss and Hidden Islands, at 

which there will still be at least 0.5 km of 

space between the cages and the shoreline 

for marine fauna to pass through. This is 

also not noted as being a major channel for 

the passage of marine fauna, while there are 

multiple alternate areas marine fauna could 

pass through without any more physical 

effort 

Non-

significant 

Change to 

aesthetics 

Operations Though sea-cages will change the aesthetics 

in the leases, the use of the areas by 

tourists, commercial/recreational fishers and 

other users is expected to be minimal, even 

if tourism increases when the region where 

the leases are proposed will be designated 

as marine parks in the future. 

Non-

significant 

Disturbance of 

culturally significant 

sites 

Construction  The arrangement of the leases and nursery 

sites are such that disturbance to culturally 

or environmentally significant areas will be 

avoided. MPA's adherence to the 

management strategies outlined in the 

management plans for the marine parks 

(DBCA 2020a, b, c) will further minimise any 

potential impacts to cultural associations or 

other values within the Archipelago.  

Cumulative impacts from other proposals or 

projects are therefore unchanged. 

Non-

significant 
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15 Holistic impact assessment 

̶  

The EP Act principles and EPA guidance documents have been considered in this document to assess 

the potential impacts of the Proposal on the EPAs environmental factors. The preliminary environmental 

factors considered most relevant to the Proposal are: 

• Marine environmental quality 

• Benthic communities and habitats 

• Marine fauna 

• Social surroundings 

Each of these factors have been addressed separately in sections 5-11 (as well as terrestrial flora and 

fauna which are unlikely to be exposed to any significant impacts), with other environmental factors 

considered in section 12. Though it is predicted that the EPA's Objectives for each environmental factor 

can be met following implementation of this Proposal, some consideration for the holistic impacts of the 

Proposal on the environment must be undertaken as per EPA's guidance. The connection of these 

environmental factors, as well as the potential combined effects, residual impacts and final outcomes 

are summarised below, in line with EPA (2021b).  

15.1 Interactions between environmental factors 

15.1.1 Marine environmental factors 

The EPA factors for marine environmental quality, benthic communities and habitats, and marine fauna 

are intrinsically linked. Potential impacts of the Proposal on one factor inherently impact other factors. 

The key interactions or connections present in this case are highlighted in Figure 15.1 and summarised 

below.  

The project may result in several impacts to marine environmental quality. These impacts have the 

potential to either then directly or indirectly effect both benthic communities and habitats as well as 

marine fauna. The most significant potential changes will be as a result of nutrient enrichment from feed 

and fish wastes, both in the water column and in the sediments. As described in Section 5.4, nutrient 

enrichment in the water column may result in increases to phytoplankton biomass as well as allowing 

for greater algal growth potential. Both of these changes will impact benthic communities and habitats, 

with elevated phytoplankton biomasses increasing light attenuation at the benthos while algal growth on 

corals and other BCH is more likely with increased nutrients. In a worst-case scenario, this could 

eventually result in phase shifts from coral to macroalgal habitats. Nutrient enrichment in the sediments 

in a worst-case scenario can also result in deoxygenation and eventually toxification of sediments, 

which will further result in the decline in health and/or loss of cover of benthic communities and habitats.  

An increase in particulate deposition from feed and fish wastes will further increase light attenuation at 

the benthos while resulting in smothering effects on benthic communities and habitats.  

Any potential impacts on benthic communities and habitats could result in the loss of habitat or sources 

of food for any marine fauna present. Effects to marine environmental quality can also directly impact 

marine fauna. Fish kill events are also possible as a result of elevated phytoplankton biomasses, either 

directly if they block fish gills or indirectly in the event of eutrophication.  Toxic effects from the use of 

anti-biotics in curing diseased stock may also occur if anti-biotics are dispersed beyond the boundaries 

of the sea-cages.  
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All of the above impacts could further impact social surroundings, as they would mean the reduction in 

health of key environmental values, such as coral reefs or marine fauna, all of which are of great 

importance to traditional owners, fishers (both recreational and commercial), and tour groups who 

operate in the region. Any change to these values may impact these groups in different ways. The 

reduction in coral health for example would impact traditional owners heritage value, while potentially 

affecting the economic viability of commercial and social amenity value of recreational fishing in the 

area if juvenile fish, which depend on healthy coral reefs as a place of refuge, numbers fall. By no 

means does this represent the full scale of linkages between impacts to any of the marine EPA kev 

environmental factors and social surroundings.   

The results of the technical studies completed here however suggest that, once mitigation strategies 

are applied (e.g.. targeting of an FCR of 1.5), the majority of the potential impacts become minor, or if 

not are directly monitored under the EMMP. The monitoring will confirm if any of these potential impacts 

are occurring before they have a significant impact, with associated management actions at this point 

ensuring the reduction of the stressors relevant to the potential impacts.  As such, no follow on impacts 

are expected on social surroundings.  
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Notes: 

1. Dark blue = marine environmental quality impacts/effects, orange = benthic communities and habitats impacts/effect; light blue = marine fauna impacts/effects 

2. Not all interactions between factors are shown, just those which are expected to be significant as a result of this proposal 

Figure 15.1 Key interactions of impacts between marine environmental factors  
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15.1.2 Terrestrial environmental factors 

The EPA factors for terrestrial flora and communities, and terrestrial fauna are intrinsically linked. 

Potential impacts of the Proposal on one factor inherently impact other factors. The key interactions or 

connections present in this case are highlighted in Figure 15.2 and summarised below.  

The major interactions between terrestrial flora and communities and terrestrial fauna will be through 

either the loss or degradation of flora / communities which leads to a loss of habitat for fauna. These 

impacts will be either from the direct result of land clearing for the nursery footprints, or through dust 

generation during construction or the introduction of weeds and other pests both while the nursery sites 

are being constructed and then when they are operational.  

These impacts are however not expected to be significant and have been addressed in the respective 

sections above. The mitigation strategies applied by MPA, in terms of avoiding areas of important 

habitat, will reduce any impacts to an almost negligible level. As such, it is not expected that there will 

be any substantial combination effects due to the interaction between these two factors.  

Figure 15.2 Key interactions of impacts between terrestrial environmental factors 

15.2 Additional mitigation measures  

No additional mitigation measures are required to mitigate combined effects between environmental 

factors. Each of the mitigation measures detailed above or in the EMMP (Annex A) will reduce the 

potential impact at its source, meaning combined effects are not likely to subsequently occur.  

15.3 Assessment and residual impacts 

No significant residual combined effects are expected from the Proposal once mitigation measures 

(specific for each environmental factor) are implemented.  

15.4 Outcomes based conditions 

Though each of the environmental factors are intrinsically linked with each other, and combined effects 

are possible as a result of the Proposal, each of the combined effects will be sufficiently mitigated 

through the strategies detailed in the sections for the respective key environmental factors noted above 

and in the EMMP (Annex A). As such, no outcomes-based conditions for the environment as a whole 

are expected to be necessary.  
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15.5 Summary 

In summary, the Proposal has the potential to impact various aspects of the environment, particularly 

marine environment quality and benthic communities and habitats, across a broad region. The 

mitigation strategies implemented however are expected to reduce the overarching environmental 

impact, meaning any residual impacts for each factor are likely to be discrete and small in scale. As 

such, the Proposal does not pose a significant risk to the environment as a whole, with the potential for 

impacts on one factor causing follow-on effects on another negligible with the management actions 

included under the EMMP.  
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16 Cumulative environmental impact assessment 

̶  

Cumulative impacts from this proposal have been considered within the respective impact assessment 

sections for each key environmental factor. Overall, no significant cumulative impacts are expected, 

either from past, current or near-future projects. The only project which has the potential for some 

cumulative impacts are from the Koolan Island Iron Ore mine on benthic communities and habitats. The 

impacts of this proposal on benthic communities and habitats, in conjunction with those from the mine 

are not expected to result in significant losses of habitats. Furthermore, any future impacts on the 

marine environment in the region of the Proposal will be mitigated with the inclusion of the whole region 

under the Maiyalam, Mayala and Bardi and Jawi Marine Parks. As such, it is expected that the EPAs 

objectives for each of the respective environmental factors discussed here can be met after the 

implementation of this Proposal.  
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Annex D Baseline Marine Environmental Quality Report 
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Annex E Benthic Communities and Habitats Report 
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Annex G NatureMap Report 

̶  

 



 

Ocean Barramundi Expansion Project - Section 38 Referral Supporting Report 

 
 

 
175801.000 | 1 | 0 H-1 4 May 2022 

 

Annex H Terrestrial Flora, ecological communities and fauna desktop 

assessment 
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Annex I Aboriginal Heritage Inquiry System Report 
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