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Abstract. The Exmouth Integrated Artiﬁcial Reef (King Reef) was deployed in July 2018 and is the ﬁrst installation in
Australia to innovatively combine repurposed oil and gas infrastructure with purpose-built concrete reef modules. The
project involved a collaborative approach between industry, government (state and commonwealth), researchers and the
community, creating a world-leading engineering solution using science-based habitat enhancement. The project
integrated six mid-depth buoys with 49 artiﬁcial reef modules, providing more than 27 000 m3 of habitat. Once support
structures for subsea facilities, the decommissioned assets are now important habitat features that increase ecosystem
productivity. The unique design and conﬁguration of the structures on the sea ﬂoor resulted in a rapid increase in the
diversity and abundance of marine biota, as detected by a collaboration between citizen scientists and researchers.
Within 2 years, over 90 species of ﬁsh have already been observed, which is much greater than the sand habitat upon
which the reef was installed. The results contribute to informed discussions, about the viability and effectiveness of
artiﬁcial structures providing industry, regulators and the community with conﬁdence around the beneﬁts and effects of
various installations. The Exmouth community has been advocating for the installation of an artiﬁcial reef for
several years. At King Reef, the integration and repurposing of assets provide a range of long-term beneﬁts to
communities, including fostering community ownership and stewardship of these assets while providing new, safe and
accessible ﬁshing and diving opportunities.
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Introduction
‘King Reef’, which is Western Australia’s largest artiﬁcial
reef for recreational ﬁshing, was deployed in July 2018 and is
the ﬁrst Australian artiﬁcial reef to use repurposed oil and gas
infrastructure. The artiﬁcial reef project was initiated by local
recreational ﬁshers for the purpose of providing a safe and
enjoyable ﬁshing experience for small boats, families and
tourists in the sheltered waters of the Exmouth Gulf. Through
a collaborative approach, Recﬁshwest and Exmouth’s
recreational ﬁshing community worked with government,
industry, engineers and scientists to turn this concept into a
reality (Fig. 1). This project began on a smaller scale using
recreational ﬁshing licence revenue, and grew into an
AU$1 million reef project with a view to generating longterm social, economic and environmental beneﬁts to the region.
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An emerging global challenge exists in how best to manage
subsea oil and gas assets at the end of their operational life in a
way that maximises environmental and community beneﬁts
while addressing economic and logistical challenges. Six large
steel tanks (ﬁsh towers) that form the foundation of King Reef
are repurposed mid-depth buoys from BHP’s Grifﬁn ﬁeld.
These structures underwent cleaning and modiﬁcations to
support greater habitat complexity. These ﬁsh towers were
then integrated with 49 purpose-built concrete modules
(Apollo, Abitat and Pyramid concrete designs) to create a
unique reef that differs in both size and design to Western
Australia’s other purpose-built artiﬁcial reefs. The artiﬁcial
reef modules range in height from 1 to 10 m and are situated
across 0.81 ha. The reef provides more than 27 000 m3 of
habitat aimed to increase the diversity and abundance of
marine biota, making it one of the largest purpose-built reef
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Fig. 1. The King Reef project involved a collaborative approach between the recreational ﬁshing sector and the community, the oil and gas industry,
government (state and commonwealth) and researchers to create a world-leading engineering solution for habitat enhancement. Photograph by James Florisson.

habitats for the purpose of recreational ﬁsheries enhancement
in the Southern Hemisphere.
The goal of this research was to monitor how the ﬁsh
assemblages on the King Reef developed over time and how
they compared to natural habitats.

Methods
The local community have actively conducted scientiﬁc
monitoring on King Reef, both before and after installation.
As a key component of the reef development process,
Recﬁshwest has developed a unique, world-ﬁrst citizen
science program involving local recreational ﬁshers in the
long-term monitoring of artiﬁcial reefs (Florisson et al. 2018).
In partnership with Curtin University, community volunteers
were trained and provided with specialised stereo baited remote
underwater video systems (stereo-BRUVS), to record the
diversity of marine life the reef supports.
Sampling was conducted in Exmouth Gulf, north Western
Australia between May 2018 and September 2019. StereoBRUVS surveys targeted sand and natural reef habitats,
which were compared to samples collected from the artiﬁcial
reef site both before and after the installation of King Reef.
Stereo-BRUVS were deployed with a bait arm and bag

containing 1 kg crushed pilchards (Sardinops sagax), which
attracted ﬁsh into the camera’s ﬁeld of view (Logan et al.
2017). The stereo-BRUVS was deployed to the sea ﬂoor at
survey sites for a minimum of 60 min before being retrieved
(Watson et al. 2005; Langlois et al. 2010).
The Reef Vision program data were complemented with
stereo video transects from a small remote operated vehicle
(ROV). The stereo-ROV was operated from a small vessel
and was used to survey the diversity, number and length of
ﬁsh at the artiﬁcial reef, sand, natural reef and sponge sites.
Length measurements calculated using stereo video techniques
were then used to ascertain ﬁsh biomass using documented
length–weight relationships. The stereo-ROV was also used to
sample differences in ﬁsh assemblages between the four module
types (ﬁsh towers, Pyramids, Apollos and Abitats).

Results
King Reef exhibited rapid initial colonisation after deployment.
The abundance, species diversity and biomass of ﬁsh on King
Reef exceeded values observed on nearby natural reef, sand and,
in some cases, sponge garden habitats within Exmouth Gulf.
Exmouth Reef Vision volunteers and researchers recorded 28
species within 28 days of the reef’s deployment, 40 species
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within 4 months and 60 species within 6 months; to date (under
2 years since deployment), over 90 species have been observed
on King Reef. Data collected by volunteers have identiﬁed
King Reef as a likely candidate for the fastest developing
artiﬁcial reef in Western Australia.
Species including bludger trevally (Carangoides
gymnostethus), bluespotted tuskﬁsh (Choerodon cauteroma),
estuary cod (Epinephelus coioides), red emperor (Lutjanus
sebae), brownstripe red snapper (Lutjanus vitta), tarwhine
(Rhabdosargus sarba), ﬂathead (Platycephalus endrachtensis)
and goldstripe sardinella (Sardinella gibbosa) were strongly
associated with the artiﬁcial reef. Most of these species are
targeted recreationally, with a signiﬁcant increase in these
species’ abundance as the artiﬁcial reef developed. The range
of habitat niches created by the four types of modules that make
up King Reef may help explain the increase in abundance and
diversity of ﬁsh observed.
Reef module type signiﬁcantly affects species association.
The ﬁsh towers had the highest mean ﬁsh abundance, species
diversity and biomass. This is likely due to not only their size,
but also the greater vertical proﬁle, structural complexity and
void space they provide for marine life. These structures create
complex habitats with high vertical proﬁle, holes, crevices,
ledges and ﬂat surfaces for algae and other benthos to recruit
onto (as has been seen in previous studies; see Rilov and
Benayahu 2000; Seaman 2000). Several species were
predominantly associated with the ﬁsh towers, including
small schooling species such as striped seapike (Sphyraena
obtusata) and sand bass (Psammoperca waigiensis).
An unexpected outcome of this monitoring was the
observation of juvenile red emperor (L. sebae) at the artiﬁcial
reef site (Fig. 2). This species was commonly observed around
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Apollos and ﬁsh towers in high abundances. L. sebae
individuals were not observed during sampling at any of the
natural habitats, and were not encountered in any of the other
samples collected. Monitoring the movement and growth of
this species, which is highly valued by both recreational and
commercial ﬁsheries, may provide insights into the production
potential of King Reef. The topic of production versus
attraction at an artiﬁcial reef site has long been discussed,
although uncovering whether artiﬁcial reefs are producing ﬁsh
or merely attracting ﬁsh from surrounding habitats is crucial
when determining the effectiveness of artiﬁcial structures as
ﬁshery enhancement tools (Bortone 1998; Powers et al. 2003).
It should be acknowledged that the limited time since
deployment of King Reef means that quantifying production
and attraction during this study was not feasible. However, the
recruitment of two separate year groups and an increase in the
net biomass of juvenile L. sebae are positive signs.

Discussion
King Reef now exhibits a diverse ﬁsh community, demonstrating
that repurposing infrastructure can result in productive,
thriving ecosystems while creating a lasting legacy for local
ﬁshing communities. The King Reef project involved a
collaborative approach between the recreational ﬁshing sector
and community, the oil and gas industry, government (state and
commonwealth) and researchers to create a world-leading
engineering solution for habitat enhancement. The ﬁshers of
Exmouth demonstrated exceptional leadership, proving that
ﬁshing communities across the state, and throughout
Australia, can improve ﬁshing opportunities through sciencebased habitat enhancement.

Fig. 2. King Reef supports a diverse ecosystem, including abundant populations of juvenile red emperor Lutjanus sebae. Photograph by Exmouth
Reef Vision.

438

The APPEA Journal

This study also demonstrates how citizen science programs
such as Reef Vision can act as highly cost-effective monitoring
programs. Community Reef Vision volunteers were able to
successfully perform BRUV sampling to collect data on ﬁsh
abundance and species diversity on King Reef. Finally, the
King Reef project builds on the scientiﬁc and community
understanding of how artiﬁcial structures supplement the
marine environment to ensure that decommissioning achieves
the best outcomes for all stakeholders.
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