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| EXECUTIVE 
SUMMARY
Artificial structures such as fish traps 
have been used to attract and support 
harvesting of marine life for thousands of 
years. 

Marine life is also known to aggregate on and 
around structures such as shipwrecks and 
breakwater walls, and floating structures (e.g. 
fish aggregating devices) have been used to 
attract fish for ease of capture. More recently, 
artificial structures have been used to enhance 
recreational (e.g. fishing and diving) activities, 
increase biodiversity and for restoration of 
marine habitats.

However, with the majority of marine 
infrastructure (including purposefully built 
artificial reefs) being located in fragile coastal 
environments, concerns have been raised 
regarding negative impacts associated with these 
structures and the need to preserve natural 
habitats and nurseries.

Therefore, there is increasing interest in taking 
some of the commercial marine activities (e.g. 
aquaculture and energy production) offshore.

This report focuses on examining feasibility of 
floating artificial reefs to address a range of 
ecosystem services, with a primary focus on food 
production and twin-functioning with energy 
installations.

In this scoping study, floating artificial reefs are defined as man-made structures that mimic 
the natural reefs in terms of biotic communities they support, such as plant or animal species 
that are being commercially cultured for food, marine products, and/or environmental benefits. 

Unlike natural reefs and traditional artificial reefs 
that occur as benthic systems, offshore floating 
artificial reefs are suspended from the surface 
to depths that are still within the photic zone, 
generally between 5 and 40 metres.

The Blue Economy CRC aims to perform world 
class, collaborative, industry focused research 
and training that underpins the growth of the 
Blue Economy through increased offshore 
sustainable aquaculture and renewable energy 
production. The project “Identifying the potential 
of floating artificial reefs to underpin offshore 
development” provides the first evaluation of the 
feasibility of development and deployment of 
floating artificial reefs. 

Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development
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With the increased interest in seaweed 
aquaculture for food, nutraceuticals, 
pharmaceuticals and carbon sequestration, 
floating artificial reefs provide opportunities to 
target these emerging markets. As floating artificial 
reefs simulate ecosystems that are responsible 
for nutrient recycling in natural systems, these 
artificial systems can assist in the recycling of 
excess nutrients from both their own activities 
as well as other adjacent aquaculture activities 
through innovative system design.

Development of novel floating artificial structures 
that serve as farms and marine habitats in 
the offshore environments provides additional 
opportunities, such as the possibility to create 
refugia for threatened species, redirect fishing 
efforts from coastal zones and access points for a 
range of renewable energy sources (e.g. wind and 
wave power).

To date, no data exists on the functioning of 
floating artificial structures as marine habitats, as 
no such structures have been developed, deployed 
and monitored for the purposes of provision of 
ecosystem services, other than recreation, or as 
small scale fish aggregation devices. 

While there is limited research on floating artificial 
reefs, this report engages with the extensive 
research on artificial infrastructure in the marine 
environment, and the evaluation of the impacts of 
such infrastructure over many decades, with some 
of the earliest research published half a century 
ago. 

This provides a baseline for the development of 
effective and sustainable solutions for artificial 
habitat creation in the offshore environment. 

Decisions on the floating reef size would be 
dictated by the primary goal of the deployment, 
reef utilisation (e.g., method of harvesting or 
monitoring) and targeted species. Floating artificial 
reef designs that aim to provide conservation, 
habitat restoration or nutrient recycling services 
need to address greater reef complexity and 
diversity of refugia. Designs of floating artificial 
reefs that are focused on the production of 
specific commercial species need to mimic 
the most favourable habitat characteristics 
and geometry used by the species across the 
size ranges being cultured, as well as habitat 
characteristics advantageous to growth and 
reproduction of their preferred food sources.  

The type of material used in the construction of 
artificial reefs is a major consideration. A wide 
range of materials have been used to create 
artificial reefs, including rocks, tyres, ropes, nets, 
fibreglass and geotextiles. Concrete has been 
the most extensively used in recent decades 
and improvements in manufacture by the 
incorporation of, for example, mussel shells or 
recycled materials, is improving the environmental 
reputation of this product. 

Different mooring configurations (e.g., taut, 
tensioned leg and catenary) should be explored 
in terms of their suitability for floating artificial 
reefs; this should include several aspects such as 
footprint, fairlead connection points, cost, intact 
and damage scenarios. Materials for mooring lines 
can vary to include wire ropes (steel), synthetic 
fibre ropes, and chains (steel).

Regulatory voids due to the novelty of offshore 
floating artificial reefs provide new challenges 
with respect to floating reefs that are more than 
“fish aggregating devices”, and it is recognised that 
social acceptability for proposed floating artificial 
reefs is a key consideration. 

The report includes a research plan for ongoing 
development on floating artificial reefs to meet 
the multiple opportunities they can provide in 
future offshore aquaculture development and 
marine stewardship.

With natural reef systems providing Australia’s most valuable seafood 
exports, floating artificial reefs provide an opportunity to compliment these 

markets for enhanced supply while reducing negative impacts. 

The report considers the state-of-the-art 
knowledge in these areas and some of the 
challenges that these ventures may need 
to consider for deployment of floating 
artificial reefs in Australian waters. 
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MARINE ENVIRONMENTS

MANY SPECIES ARE 

EITHER 
EXTINCT OR 

UNDER SEVERE RISK OF 

EXTINCTION

OF THE WORLD’S VITAL 
ECOSYSTEM SERVICES

PROVIDE

OF STOCKS ARE CONSIDERED 
AS OVERFISHED

45%

1. INTRODUCTION
Marine environments provide us with 63% 
of the world’s vital ecosystem services, 
such as carbon sequestration, oxygen 
production, weather regulation, production 
of a variety of resources for human 
consumption (e.g., food, pharmaceuticals, 
construction materials), as well as 
transport and culturally important 
artefacts and locations (Box 1) (Falkowski, 
2012, Gruber et al., 2019, Mora et al., 2011, 
Pauly and Zeller, 2016, Riser and Johnson, 
2008).

Mistakenly thought to be highly resilient, 
marine environments have been experiencing 
intensifying impacts from anthropogenic 
activities since before industrialisation (Halpern 
et al., 2008, McCauley et al., 2015, Andrello et al., 
2022, Halpern et al., 2019). 

Historical overexploitation has led to ecosystem 
collapses and local species extinctions (Jackson 
et al., 2001). These impacts have only increased 
in the recent decades, with 45% of stocks being 
considered as overfished and many species 
either going globally extinct or under severe 
risk of extinction (Dulvy et al., 2003, Dulvy et 
al., 2021, Yan et al., 2021, Foundation, 2021). 
Chemical pollution, eutrophication, introduction 
of invasive species and spread of infectious 
diseases, due to poor technologies or historical 
lack of appropriate management, have led to 
loss of biodiversity and creation of marine “dead 
zones” (Mack et al., 2000, Piola and Johnston, 
2008, Ogburn et al., 2007, Molnar et al., 2008, 
Macko, 2018, Bailey et al., 2020).

The plague of the recent decades is 
undoubtably a range of impacts associated 
with anthropogenic climate change. Marine 
environments are threatened by predicted 
increase in extreme weather events (e.g., 
cyclones), marine heatwaves (Bloemendaal et al., 
2022, Jacox et al., 2022, Smith et al., 2021), and 
the spread of range shifting species (Pinsky et 
al., 2020).

Shipping, the primary pathway of marine 
invasion, has been predicted to increase by 
over 250% in the next couple of decades, likely 
causing a 3-20% increase in marine invasions 
and associated impacts (Sardain et al., 2019). 
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Adding to historical pressures that continue to 
be exacerbated and ever rising climate change 
impacts, marine environments also face new 
threats in the 21st century, such as a range of 
novel types of pollutions (e.g., noise, light and 
microplastic pollution), that have been linked to 
significant ecosystem and human health impacts 
(Komyakova et al., 2020, Komyakova et al., 2022, 
Beloe et al., 2022, Wootton et al., 2021, Miller et 
al., 2020); and extensive replacement of natural 
habitats with artificial infrastructures (Bugnot 
et al., 2020, Floerl et al., 2021). The majority of 
these impacts are particularly severe in fragile 
and ecologically important coastal areas (Floerl et 
al., 2021, Bugnot et al., 2020, Halpern et al., 2008, 
Williams et al., 2022, Clark et al., 2021). 

Many of the stressors described above have 
accumulative and additive impacts, including 
leading to extreme habitat declines with over 
70% of habitats being lost in many locations 

(e.g., coral and oyster reefs, seagrasses, 
mangroves and kelp forests) (Butler et al., 2020, 
Lotze et al., 2006, Morais et al., 2020, Beck et al., 
2011). Extensive loss of habitats has been linked 
to dramatic phase-shifts and declines in habitat 
associated fish species, including pelagic species 
with habitat associated juvenile stages (Jones et 
al., 2004, Hughes, 1994, Lotze et al., 2006, Yan et 
al., 2021, Das, 2017). In fact, habitat loss is the 
second largest cause of marine animal extinction 
after overexploitation (Dulvy et al., 2003). These 
effects of habitat loss on fish populations are not 

surprising, as habitats provide vital resources, 
such as food and shelter, and influence outcomes 
of animal interactions, such as predation and 
competition (Jaxion-Harm and Speight, 2012, 
Hixon and Menge, 1991, Beukers and Jones, 1998, 
Ford and Swearer, 2013, Ford et al., 2016). 

A range of habitat variables, such as complexity, 
diversity and vertical relief have been linked with 
high fish abundance and diversity (Komyakova 
et al., 2013, Chabanet et al., 1997, Parsons et al., 
2016, Wilhelmsson et al., 2006). Complex and 
diverse habitats allow for niche and resource 
partitioning and hence lead to diversification 
(Willis et al., 2005, Connor and McCoy, 2001, 
Sueiro et al., 2011).

They reported that vegetated coastal ecosystems, 
including algal reefs, provide the largest value for 
provisioning services and nutrient cycling (support 
services) and could be worth as much as $120 
billion per year or $17,608 per hectare per year 
(Gaylard et al., 2020). In tropical regions, the Great 
Barrier Reef in north eastern Australia has been 
valued at $6.4 billion per year and most of this 
is attributed to cultural (mainly recreational and 
icon) values of the reef. 

Other ecosystem services such as storm and 
erosion protection, food provisioning (primarily 
fishing) and provision of nursery sites for 25% of 
all marine animals highlight the importance of 
tropical reefs (What is the economic value of the 
Great Barrier Reef?).

MARINE INVASIONS

250%
SHIPPING PREDICTED TO 

INCREASE BY

IN THE NEXT 

20 YEARS

3-20%
INCREASE IN MARINE 

INVASIONS 
AND ASSOCIATED IMPACTS

CAUSING A
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This push leads to the need to examine 
opportunities, challenges and risks associated 
with the artificial habitat development and 
deployment in offshore environments. Reef 
system productivity is fuelled by sunlight and 
the associated photosynthesis in shallow coastal 
waters. For example, kelp forests are rarely found 
deeper than 40m (Krause-Jensen et al., 2019, 
Kvile et al., 2022, Marzinelli et al., 2015). As such, 
productivity declines as reefs extend offshore 
below the photic zone (Gattuso et al., 2006). Thus, 
to move offshore and provide the ecosystem 
services associated with inshore reef systems, 
artificial reefs need to be maintained within the 
photic zone. 

Development of novel floating artificial structures, 
that serve as farms and marine habitats, in 
the offshore environments provide additional 
opportunities, such as the possibility to create 
refugia for threatened species, redirect fishing 
efforts from coastal zones and access to a range 
of renewable energy sources (e.g. wind and wave 
power) (See Section 2 for details). These and 
other opportunities may be further enhanced 
through development of multifunctional artificial 
habitats, that can address a range of human 
and ecosystem needs. To date, no data exists on 
the functioning of floating artificial structures 
as marine habitats, as no such structures have 

been developed and deployed for the purposes 
of provision of ecosystem services, other than 
tourism. However, extensive research has been 
conducted evaluating impacts associated with 
artificial infrastructure in the marine environment 
(Komyakova et al., 2022, Heery et al., 2017) (see 
Section 3 for the details) and successful attempts 
to improve infrastructure functioning as marine 
habitats have been documented around the globe 
(Komyakova et al., 2022, Dafforn et al., 2015, Evans 
et al., 2021, Dafforn, 2017, Strain et al., 2018). 
Furthermore, research examining functionality 
of natural habitats spans many decades, with 
one of the earliest published research being half 
a century old (Risk, 1972). Learnings from these 
earlier experiments and observations can provide 
a baseline for the development of effective and 
sustainable solutions for artificial habitat creation 
in the offshore environments. 

Here, we explore some of the state-of-the-
art knowledge in these areas and some of the 
challenges that developers of offshore artificial 
reef deployments may need to consider and 
address and, provide the first evaluation of the 
feasibility of development and deployment of 
floating artificial reefs (FARs) to address a range 
of ecosystem services (Box 1 and Table 1), in 
particular focussing on food production, as part  
of the Blue Economy CRC.

In the effort to reduce impacts on 
vital and fragile coastal ecosystems, 

minimise coastal hardening, but 
increase food and other resource 

production, there is a push to move 
some of the industry offshore.
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Figure 1. Conceptual representation of floating integrated aquaculture ecosystem artificial reef.

Surface floatation device to support cage and artificial reefs.

Enclosing barrier to 
allow for macimum 
water flow. To 
exclude predators 
and to prevent 
escape of cultured 
products.

Single or 
multiple point 
mooring system 
to anchor 
artificial reefs in 
depths ranging 
from 10s - 100s 
of metres.

Artificial 
reef with 
tall kelp 
species.

Artificial 
reef with 
short kelp 
species.

Bottom of cage 
consistes of an 
impermeable 
liner that collects 
sediment and 
provides a solid 
surface for cultured 
animals to move 
between reefs 
and within the 
enclosure.

Depth of 
structure limited 
to upper layers 
of the ocean 
to maintain 
artificial reefs 
within the photic 
zone.

In this scoping study floating artificial reefs are defined as man-made structures that mimic the 
natural reefs in terms of biotic communities they support, such as plant or animal species that are 
being commercially cultured for food, marine products or environmental benefits.

Unlike natural and traditional artificial reefs that occur as benthic systems, offshore floating artificial 
reefs are suspended from the surface to depths that are still within the photic zone, generally 
between 5 and 40 metres (Fig. 1).



2. FLOATING 
ARTIFICIAL  
REEF SERVICES  
AND THEIR 
ASSESSMENT 

We undertook a simple SWOT 
(Strengths, Weakness, Opportunities 
and Threats) approach as a useful 
initial ‘environmental scan’ to assess 
the ability to achieve these services, 
noting that STRENGTHS refer to 
matters where there is robust 
evidence and OPPORTUNITIES are 
matters that need to be tested but 
have a certain level of assurance 
that there is a potential.

Ecosystem Services
Ecosystem services are those services provided by the natural world which are 
linked to life on earth (Constanza et al. 1997). 

Ecosystem services are defined as 4 groups: provisioning services are the goods produced 
or provided by ecosystems and include food, timber, fuel etc. Regulating services are the 
benefits humans receive from regulation of ecosystem processes such as climate regulation, 
pest regulation, pollination etc. 

Support services are the factors necessary for producing ecosystem services such 
as nutrient cycling, primary production, soil formation etc. Cultural services are the 
nonmaterial benefits from ecosystems and include spiritual, recreational, aesthetic and 
educational (Millennium Ecosystem Assessment, 2005).

Food provisioning: marine products, freshwater, raw materials, biochemical and 
genetic resources, species, products including biotechnology products from 
targeted marine plants and animals.

Regulatory services: climate regulation (including carbon sequestration) as well 
as waste and disease regulation and buffer zones. 

Supporting services: primary production, nutrient cycling, biologically mediated 
habitats, release of pressure from additional inshore activities (e.g. food 
production).

Cultural services: includes science, conservation and education, inspirational 
aspects, recreation and tourism.

Floating artificial reef systems expected to provide a range of services: 
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G

T
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S
MARINE  
EXPORT 

PRODUCTS

Offshore FARs can supplement the existing export markets 
for high-priced marine products (e.g. rock lobsters, 

abalone).

NUTRIENT 
RECYCLING

Ability for the reef to undertake nutrient recycling for both 
itself and other adjacent operations.

FOOD  BIO-
TECHNOLOGY 

PRODUCTS

Provides a substrate for food (flora and fauna) and biotech 
products (e.g. algae for pharmaceutical products).

POLLUTANT 
EXPOSURE

Marine products can be grown in (relatively pristine) 
Southern Ocean waters, away from coastal pollutants, 

runoff from agriculture or urban centres.

DEVELOPMENT 
OPPORTUNITIES

If proven successful, as the developer of this concept, local 
companies would have first mover advantage and access 

to developments, patents etc. and a research workforce to 
continue at the cutting edge.

PROTECTION 
FROM EXTREME 

EVENTS

Reduced impact from extreme events (e.g. freshwater runoff 
and high sediment loads associated with flooding; cyclones 

and associated storm surges (including tsunamis)).

REDUCED 
COST OF 

DEVELOPMENT

Potentially lower costs due to the competing demands for 
coastal real estate.

W
E

A
K

N
E

S
S

E
S

ECOLOGICAL 
PRODUCTS

Unknown impacts on wild populations (e.g. fish aggregating 
device (FAD) effect, eco-trap effect on migration patterns, 

light/noise pollution). Many of these have similar impacts to 
other aquaculture and/or offshore platforms in general.

ENGINEERING 
CHALLENGES

Engineering aspects associated with construction, 
deployment, monitoring and removal of offshore FARs are 

unknown.

POLICY/  
MANAGEMENT

Currently a dearth of policy and management knowledge 
regarding offshore FARs, including gaps in legal frameworks. 

Both policy and management need to work across 
Australia’s state and federal jurisdictions.

KNOWLEDGE 
GAPS

As offshore FARs are novel, research is required across 
a range of scales (from basic research to pilot studies 
at small and commercial scale) to address a range of 

knowledge gaps.

ECONOMIC 
FEASIBILITY

Currently there is no existing economic information or cost- 
benefit analysis for offshore FARs.

COMMERCIAL 
VALUE

It may be difficult to mimic and maintain coastal reef 
ecosystems in offshore environments. This could have 

impacts ont he nutritional value of reef based food chains 
and subsequent growth of commercial product.

Table 1. Strengths, Weakness, Opportunities and Threats – First Pass Analysis of Floating Artificial Reefs 
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O
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N
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S
KELP 

PRODUCTION
Likely to be more robust for offshore kelp production 

(especially bull kelp) than existing inshore culture methods.

SOCIAL 
ACCEPTABILITY

FARs are a form of ecosystem aquaculture which could 
attract greater social acceptability, as evidenced by farming 

practices that adopt ecosystem approaches.

CONSUMER 
PREFERENCE

Through the culture of a multitute of species providing 
an ecosystem framework, the system closely resembles a 
marine permaculture system that may attract consumer 

preference similar to agricultural goods.

CONSERVATION

Could serve as areas for protection of threatened, 
engangered or prtected species (TEPs), especially those 

being impacted by climate change. This could be enhanced 
through breeding programs that assist in restoration.

MARINE 
SYSTEM 

PROTECTION

FARs, especially those supporting dence algal cultures, can 
dampen current and wave activity and provide protection to 

infrastructure on their leeward side.

OFFSHORE 
FOOD 

PRODUCTION

Global food demand is rising due to an increasing global 
population, and seafood production is expected to play a 
key role in future provisioning. Offshore food production 

systems focused on Australian products can assist in 
redirection of pressure from increased use of coastal 

environments.

DISEASE 
TRANSFER

As FARs are seperated from inshore coastal reefs, there is 
decreased opportunity for within species disease transfer. 
Coastal disease threats such as harmful algal blooms are 

less likely to occur offshore.

REEF 
DEVELOPMENT

By-products from the FARs, such as calcareous encrusting 
organisms can be used in a concrete mix for further reef 

development.

COASTAL 
MANAGEMENT

Reduced concerns over environmental degradation due to 
impacts on natural coastal systems.

T
H

R
E

A
T

S

BIOSECURITY
FARs could attract and harbour invasive species of diseases 

(this threat would also need to be considered for all 
offshore infrastructure).

SERVICING/ 
MONITORING

Unlike traditional aquacultire, the servicing and monitoring 
of multispecies associated with complex marine habitats is 

unknown and may require technical innovation.

OFFSHORE 
IMPACT

s with all offshore developments, there will be concern over 
the impact that these developments have on the offshore 

marine environments. For FARs, this could include pollution 
from lost or damaged gear.

STOCKING  
FEASIBILITY

FARs are reliant on the supply of juveniles/seed for stocking 
and some species, such as rock lobsters, are still in their 

infancy in seed production.
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3.	 RISK ANALYSIS OF THE POTENTIAL IMPACTS  
 OF FLOATING ARTIFICIAL REEFS

Table 2. Risks and potential impacts of Floating Artificial Reefs (FARs) (some discussed/reviewed in 
Heery et al. (2017) and Komyakova et al. (2022))

EFFECT 
TYPE

CHANGE/
EFFECT SCALE POTENTIAL 

IMPACT REFERENCES

Biosecurity

FARs may act as 
‘stepping stones’ 

and attract/
harbour invasive 
species (either 
naturally or via 
vessels used 
for servicing/
monitoring)

Unknown, 
but 

potentially 
10s to 100s 

of kilometres 
(installation 

and 
maintenance 
of structures 

could 
increase 
dispersal 
distance)

Ecological - May 
alter FAR community 

composition 
and seascape 

connectivity; changes 
to nutrient and 

energy transfers; 
potential ecological 
or economic risk; 

increased disease risk

Adams et al. 
(2014), Airoldi 
et al. (2015), 
Consoli et al. 

(2013), Fernandez-
Gonzalez et al. 

(2021), Fitridge et 
al. (2012), Layman 

et al. (2016)

Biosecurity

Introduced 
disease/

infection to FAR 
(particularly 

from biofouling 
organisms, which 
act as reservoirs 
and amplifiers of 

pathogens)

Unknown

Ecological - 
Production losses, 
reduced product 

quality

Costello et al. 
(2021), Fitridge et 

al. (2012)

Bottom-up  
limitation

Increased 
predation from 
reef-associated 

predators

Metres to 10s 
of metres

Ecological - Unknown 
(but potential 

ecological trap)

Davis et al. (1982), 
Frazer et al. 

(1991), Posey et al. 
(1992), Nelson et 

al. (1988)

End user 
conflict

Conflict arising 
between end-

users relating to 
type, use, location 
and management 

of FARs

Unknown

Sociological – 
could threaten the 
effectiveness of the 

FAR 

Pears and 
Williams (2005)

Governance

Potential lack 
of acceptance 

to FAR by local/
state/national 

policies

Unknown
Sociological – 

could limit scale/
effectiveness of FAR

Knapp and Rubino 
(2016)
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EFFECT 
TYPE

CHANGE/
EFFECT SCALE POTENTIAL 

IMPACT REFERENCES

Navigational 
hazard

Submerged 
obstacle

Dependent 
upon size 

and depth of 
FAR/mooring

Ecological - 
Entanglement of 
marine species 
Sociological -  

damage to vessels 
and FAR structure; 
production losses

Benjamins et al. 
(2014), Fabi et al. 

(2015)

Organic 
enrichment

Organic 
enrichment/site-
specific reduction 

in sedimentary 
oxygen

<2 m

Ecological - May 
alter meiofaunal 

community 
composition 

Fricke et al. 
(1986), Danovaro 

et al. (2002), 
Wilding (2014)

Pollution

Potential loss of/
damage to gear 
associated with 

FAR

Unknown

Ecological - damage 
to coastal ecosystems 
from objects washed 

ashore; potential 
for invasive species 
movement via lost 

gear; threat to 
marine organisms 

(entrapment/
entanglement, 

ingestion)

Skirtun et al. 
(2022), Werner et 

al. (2016)

Pollution
Nutrient loading/

discharge 
Unknown 

Ecological - potential 
impacts (e.g. reduced 
production, hypoxia) 

could depend on 
background dissolved 

nutrient levels, 
degree of upwelling, 

hydrodynamics; 
potential impact to 
deep sea ecosystem 

(e.g. reduced 
assimilative capacity 

of sediments) 

Buck et al. (2018), 
Troell et al. (2003)

Pollution Light/noise/ Unknown

Sociological – 
could threaten the 
effectiveness of the 

FAR 

Pears and 
Williams (2005)

Social 
acceptability

Public opposition 
to FAR/negative 

public perception 
of FAR

Unknown

Sociological – 
could threaten 

the operation and 
effectiveness of the 

FAR 

Bacher (2016), 
Kraly et al. (2022), 
Knapp and Rubino 
(2016), Froehlich 

et al. (2017)
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4. VARIABLES IN  
THE ASSESSMENT 
OF  FLOATING 
ARTIFICIAL REEFS 

4.1. CONSTRUCTION MATERIALS

The type of material, used in the construction of 
artificial reefs (ARs) is a major consideration. 

A wide range of materials have been used to 
create artificial reefs, including rocks (e.g. 
graywacke, sandstone), tyres, ropes, nets, 
fibreglass and geotextiles (Lima et al., 2019). 

It has been estimated that approximately 40% 
of ARs around the world have been constructed 
from concrete, 20% from steel, 15% from rock, 
10% from rubber and the remainder from 
materials such as ash, ceramic, shell, fibreglass 
and brick (Ramm et al., 2021).

Most studies investigating the ecological impacts 
of artificial reef materials have examined near-
shore artificial reefs located on the seafloor. In 
an analysis between artificial and natural reefs, 
(Dodds et al., 2022) found that species richness 
did not significantly vary among material types 
(although these studies were generally short 
and therefore didn’t consider long-term effects, 
e.g. initial opportunistic species eventually 
out-competed/replaced with more species-rich 
communities). 

Other studies have found the effects of 
material type is greater for sessile species, as 
they interact directly with the reef substrate 
(Dobretsov et al., 2013, Sedano et al., 2020).
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4.1.1. Concrete  

Concrete is the most commonly used material in artificial reef construction (Lima et al., 2019), owing to 
its chemical composition (which is similar to natural coral limestone), availability and durability.  

Importantly, concrete has been found to support 
greater abundances of species than other 
artificial substrates (Dodds et al., 2022). While 
the micro-texture of concrete is generally more 
homogeneous compared to natural materials such 
as rock or wood (Coombes et al., 2015), concrete 
artificial reefs display high fixation rates and high 
levels of colonisation by sessile invertebrates 
(Baine, 2001, Mos et al., 2019, Sempere-Valverde 
et al., 2018, Vivier et al., 2021). 

This may be attributable to the leaching of 
calcium hydroxide, which acts as a settlement 
cue for calcifying organisms such as bivalves, 
barnacles and corals (Mos et al., 2019, Anderson, 
1996). Concrete artificial reefs may even support 
similar species abundance as natural reefs (Dodds 
et al., 2022).

Standard concrete may contain toxic metals as 
additives to improve strength or resistance to 
chemical attack (Snelson and Kinuthia, 2010). 
Leaching of heavy metals into the surrounding 
water column can occur as a result (McManus 
et al., 2018, Müllauer et al., 2015), although 
the impact of this will likely be lessened in 
environments with high water exchange, such 
as large floating systems (Becker et al., 2020). 
Standard forms of concrete may also have a 
higher pH than seawater (Perkol-Finkel and 
Sella, 2014). Portland cement, which is a major 
construction material used in marine concrete 

artificial structures (McManus et al., 2018), has 
a much higher pH (~13) compared to seawater 
(~8) (Sella and Perkol-Finkel, 2015). Thus, its use 
in concrete structures can create communities 
dominated by alkotolerant taxa such as barnacles 
(Dennis et al., 2018, Guilbeau et al., 2003, Dooley 
et al., 1999). However, this alkaloid effect has 
been reported to be largely short-term (3-6 
months) (Dooley et al., 1999). Therefore, concrete 
remains an acceptable material for use in marine 
environments.

The concrete used in artificial reef is generally 
a high-strength marine-grade concrete which 
returns a sufficient level of rugosity, and by adding 
micro silica, it can have a balanced pH (Florisson, 
2018a, Industries, 2018, China, 2010, Dodds et al., 
2022). Integration of concrete and steel can also 
add to the benefits of artificial reefs (Florisson, 
2018a).

Within recent years, eco-friendly concrete 
alternatives have begun to be used within 
artificial reef structures.

Eco-friendly concrete attempts to provide some 
form of ecological enhancement (Sella and Perkol-
Finkel, 2015), either by varying the chemical 
properties of concrete (e.g. reducing pH)  (Hsiung 
et al., 2020), or incorporating natural materials 
into the concrete matrix (Vivier et al., 2021). 
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The efficacy of changing the chemical composition 
of concrete for ecological enhancement appears 
to be dependent on the concentration of natural 
additives, with higher concentrations of additives 
resulting in increased settlement (Lee et al., 
2009, Neo et al., 2009). Importantly, utilising 
eco-friendly concrete may reduce colonisation 
of artificial reefs by non-target species, while 
increasing target species richness (Sella and 
Perkol-Finkel, 2015, Dafforn, 2017).

Indeed, one study found that using specially-
formulated concrete compared to standard 
concrete in marine structures reduced invasive 
species richness by as much as 50%, while native 
species richness was increased by almost 45% 
(Sella and Perkol-Finkel, 2015). Albeit more recent 
studies have reported limited benefits from 
alterations of concrete chemistry (Dodds et al., 
2022).

Developing biogenic concrete from marine 
products such as oyster shells can be considered 
a solution to increase the richness and abundance 
of species (Dodds et al., 2022, Vivier et al., 
2021). The European RECIF project suggested 
incorporating crushed seashells of the queen 
scallop, (Aequipecten opercularis), into the 
substrate of concrete blocks (Vivier et al., 2021). 
Similarly, blue mussels’ shells are used for their 
calcium carbonate in the production of Blue 
Mussel concrete (Vergés, 2014).

Despite some success in the development of eco-
friendly and biogenic concrete mixtures, studies 
report that altering the surface complexity/

rugosity appears to have greater positive impacts 
on abundance in settling communities than 
altering the chemical properties of concrete 
(Dodds et al., 2022, Potet et al., 2021, Hayek et al., 
2022), as it provides more area for attachment, 
greater refuge from predators, and reduced 
impact from competition and other environmental 
stressors (Bulleri and Chapman, 2010, Strain et al., 
2018, Loke and Todd, 2016). 

An important factor determining the longevity 
of concrete structures is the extent to which 
seawater can permeate the material.

Typically, surface coating and chemical buffering 
are used to stop seawater infiltrating the 
structure (Yi et al., 2020), thereby slowing 
corrosion. However, corrosion inhibitors can also 
negatively impact the biocolonisation of concrete 
AR structures. 

Interestingly, biofouling by some encrusting 
organisms (such as barnacles, oysters, annelid 
worms and molluscs) may confer some degree 
of protection against corrosion and leaching 
of concrete (Pioch et al., 2018). For example, 
barnacles attached to concrete structures have 
been shown to reduce saltwater ingress and 
crystallisation below the concrete surface (La 
Marca et al., 2014). 

Growth of such organisms on concrete may 
also increase the strength of the structure, as 
it has been reported that coastal breakwaters 
dominated by oyster growth showed a ten-fold 
increase in strength two years post deployment 
(Risinger, 2012).

An important factor determining the longevity of concrete structures is the 
extent to which seawater can permeate the material.
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Mineral Application  
Technique (MAT)

The MAT technique exposes the metal 
structure to a low voltage electrical 
current, which causes seawater electrolysis 
and accretion of calcium carbonate. 

This method was also named the low-
voltage mineral deposition technology 
(LVMD) and can be applied to metal 
structures to grow underwater limestone 
on metal frames of any shape and size in 
the sea. This method has been shown to 
have stimulatory impacts on different types 
of marine life. 

LVMD can be sped up by increasing the 
voltage and allowing the precipitation of 
the Magnesium Hydroxide (Brucite) rather 
than the calcium carbonate, making a 
structure whose strength is comparable to 
or even superior to concrete (Margheritini 
et al., 2021).

4.1.2. Steel

Metal and steel are often introduced in the 
marine environment as part of anthropogenic 
structures, such as oil rigs, jetties, and artificial 
reefs. 

Metal structures are common in AR construction 
as the material is very stable, durable and can 
adopt complex forms. While various metals 
used in steel structures are toxic to certain 
marine species (e.g. Ni, Cr) (Aslam and Yousafzai, 
2017, Dodds et al., 2022), iron ions released 
during oxidation can be utilised by algae and 
subsequently increase primary productivity 
(Layman et al., 2016, Muñoz-Pérez, 2008, 
Lima et al., 2018). However, in some iron-poor 
environments (with low or non-existant iron 
inputs), shipwrecks have been shown to cause 
a phase shift in the coral reef community, 
moving from a coral-dominant community to 
one characterised by high benthic cover of 
turf and macroalgae, cyanobacterial mats and 
corallimorphs (Kelly et al., 2012, Work et al., 
2018). To prevent turf and macroalgae dominance 
around steel structures, the mineral application 
technique (MAT) (Box 2) can be applied to 
metal structures to enhance coral recruitment, 
survival, and growth (Hylkema et al., 2021).
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4.1.3. Wood

Despite wood being an inexpensive, renewable, 
biodegradable and non-toxic option for marine 
construction, it is a not commonly used in 
benthic artificial reefs. 

This is largely due to its low durability and 
stability within marine environments, particularly 
in areas of strong current or wave action 
(although it can be used in conjunction with 
concrete to increase its stability) (Yamamoto et 
al., 2014, Yu et al., 2015). 

Wood is a preferred material for use in floating 
structures such as marinas; however, the material 
is highly hydrophilic and most woods can be 
degraded by biological organisms and the impact 
of waves, wind and sand (Treu et al., 2019, 
Filgueira et al., 2021). To protect against wood-
degrading organisms, wood is typically treated 
with paints and coatings that may contain heavy 
metals (e.g. zinc, copper), or organic compounds 
that are toxic to both biofouling organisms as well 
as non-target organisms that colonise wooden 
structures (Filgueira et al., 2021). 

Subsequently, there has been a recent push to 
develop more environmentally friendly treatments 
for wooden marine structures (Filgueira et al., 
2021, Callow and Callow, 2011). Non-biocide 
antifouling treatments generally use hydrophobic 
compounds, such as silicon, that interfere with 
the adhesion of marine microorganisms (Filgueira 
et al., 2021, Brady, 1999, Callow and Callow, 2011). 
However, these treatments would likely inhibit 
colonisation of wooden FAR structures by reef-
associated organisms. As such, wood is unlikely to 
be suitable for long-term use within FARs.

4.1.4. Plastic & related polymers

Plastic artificial reefs commonly support lower 
abundances of species and have a higher 
environmental impact compared to reefs 
constructed with concrete or natural materials 
(Dodds et al., 2022, Vivier et al., 2021, Zhang et al., 
2020). 

Plastics often poorly mimic natural surfaces 
owing to low micro-surface complexity, and are 
therefore generally less attractive to most marine 
organisms (Becker et al., 2020). Moreover, plastics 
themselves are often hydrophobic and have low 
wettability, which can further limit settlement; 
however, some species of algae and invertebrates 
which are able to settle on such surfaces may 
benefit from reduced competition (Encinas et al., 
2010). This may be particularly true for invasive 
species. 

Crucially, plastic artificial reefs can release 
micro- and nano-plastics particles (Zhang et 
al., 2020), which can be ingested by marine 
organisms across a wide range of trophic levels 
and negatively impact feeding behaviour, growth, 
development, reproduction and lifespan (Alfaro-
Núñez et al., 2021, Gallo et al., 2018, Kawasaki 
et al., 2003, Botterell et al., 2019, Wright et al., 
2013b, Anderson et al., 2016). 

Additionally, plastics may contain chemical 
additives and contaminants which can have 
deleterious impacts on marine species at 
extremely low concentrations, such as persistent 
organic pollutants and endocrine disruptor 
chemicals (Gallo et al., 2018, Anderson et al., 
2016, Andrady, 2011). 



Despite extensive concerns associated with 
the use of plastic in the marine environment, it 
has been proposed that some polymers may be 
suitable for marine infrastructure. 

High-density polyethylene (HDPE) is a 
polyethylene thermoplastic made from 
petroleum and is one of the most commonly 
produced plastic polymers (Mazur et al., 2020, 
Kumar et al., 2011).  

HDPE has been used in some small-scale 
artificial reef experimental studies (Hong 
et al., 2019; Lokesha et al., 2013; Angel and 
Spanier, 2002), and is frequently used in 
aquaculture due to its versatility, chemical 
and biological stability (Koutny et al., 2006), 
resistance to UV degradation, high level of 
recyclability (recycling code 2) and low cost 
(Lusher et al., 2017, Kumar et al., 2011). It also 
has a longer degradation time than other forms 
of polyethylene, varying from tens of years 
for plastic bottles, to thousands of years for 
heavier industrial forms such as pipes (Chamas 
et al., 2020).

Despite longer degradation time, HDPE micro 
particles are often present in the marine 
environment, where filter feeders such as 
bivalves may be particularly susceptible to 
ingestion (Browne et al., 2008, Wright et al., 
2013a). HDPE micro particles can be taken 
up into the cells of the blue mussel (Mytilus 
edulis L.) and can cause significant effects at 
the tissue and cellular level (von Moos et al., 
2012). Similarly, Pacific oyster (Crassostrea 
gigas) embryos exposed to HDPE micro particles 
experienced negative impacts to development 
and locomotor activity (Bringer et al., 2020). 

Indeed, when considering the probability of 
exposure (factoring in global waste generation, 
mean density and degradability), HDPE is found 
to be one of the most significant polymers with 
regards to the potential risk to human health 
from food chain exposure routes in marine 
waters (Yuan et al., 2022). 

As with all petroleum-based plastics, HDPE 
production is strongly link to climate change 
issues (1.75kg of petroleum produces 1kg of 
HDPE) (Lavers et al., 2022, Ford et al., 2022). 
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The benefits of clay are that the material itself is inert, robust, sustainable, 
has a low production cost and organisms adhere well to it.

Due the concerns associated with environmental 
pollution, climate change and sustainability 
concepts, scientists are investigating alternative 
methods of producing HDPE, such as using 
sugar cane and other non-petroleum products 
(dos Santos Jr et al., 2018)(although sugarcane 
production has its own environmental impacts (El 
Chami et al., 2020)).

There may be opportunity for innovation in the 
use of plastics by using recycled plastics that 
are encased in a calcareous substance that fully 
protects leakage of micro- and nano-plastics into 
the marine environment. The calcareous casing 
provides the outer surface complexity, and the 
recycled plastic provides additional ecosystem 
benefits by locking up existing plastics.  

However, concerns raised by communities and 
Government regarding marine plastic pollution 
may result in all plastic products being prohibited 
for use in the marine environment.

4.1.5. Ceramic and Clay 

Ceramic is becoming an attractive alternative 
material to concrete or steel in marine 
construction (Baumeister, 2022). 

Ceramic materials are non-toxic, pH neutral and 
can be built in various designs using 3D printing 
(Muliawati et al., 2022). Clay is a natural option for 
use within artificial reefs. 

The benefits of clay are that the material itself is 
inert, robust, sustainable, has a low production 
cost and organisms adhere well to it. 

Furthermore, ceramic materials can stimulate 
coral metamorphosis and are favoured by 
coralline algae, which is known to have a positive 
impact on increasing the settlement of corals and 
other benthic organisms (Levy et al., 2022). This 
can also lead to fish more promptly colonising 
ceramic reefs compared to concrete reefs 
(Santos et al., 2011). Despite these benefits, clay 
remains an underutilised option for artificial reef 
construction (Trilsbeck et al., 2019).
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Table 3. Assessment of FAR material suitability, considering environmental and engineering factors

Green – strong evidence of positive effect or high performance.

Orange – discrepancies in the results with both positive and negative impact equally 
common; limited evidence of positive effects.

Red – strong evidence of negative impacts or poor performance, Grey – insufficient 
information available.

MATERIAL BIOGENIC1 COMPLEXITY2 LONGEVITY3 STRENGTH4
OTHER 

CONSIDERATIONS: 
BUOYANCY5

Ceramic

Concrete (standard)

Concrete (eco-crete)

Plastic (HDPE)

Steel

Wood

1Biogenic – experimental studies have demonstrated limited negative impacts on marine 
biodiversity and a range of positive relationships with biodiversity variables.

2Complexity – defined as an ease of incorporating small scale complexity to the designs.

3Longevity – defined as maximum life span with life span of over 50 years identified as highly 
durability, 50-10 – as of moderate durability and >10 as poor durability.

4Strength – estimate based on combination of compressive and tension strength (MPa) of 
material, with <10 MPa identified as low strength, 10-150 MPa as moderate strength, and >150 
MPa as high strength.

5Buoyancy – defined as ease of creating buoyancy within material.



4.2. REEF DESIGN  

Documented sampling design-based research into marine habitat functionality and specific habitat 
characteristics that drive plant and animal communities is over half a century old (Klopfer, 1969, Risk, 
1972, Gorman and Karr, 1978, Luckhurst and Luckhurst, 1978). 

The evidence that humans used observations 
of nature and enhanced their fishing strategies 
using artificial installations dates back thousands 
of years with Australian Indigenous communities 
employing various fish trap designs (Rowland and 
Ulm, 2011, Stockton, 1982, Colhoun and Piper, 
1982). 

Japanese records that mention the use of 
artificial reefs for enhancing fisheries output 
are at least 300 years old with the development 
of artificial marine habitats for fisheries 
management gaining widespread attention in 
Japan and Europe in the last 80 years Fabi et al., 
2011, Grove et al., 1991, Thierry, 1988). 

In that time a large variety of artificial reef 
designs have been deployed around the world, 
from accidental and purposeful shipwrecks 
to experimental small-scale units to specially 
designed large-scale installations (Fig. 2). 

This plethora of experiences and data provides 
solid foundation for the development of 
innovative floating designs.

Some decisions regarding reef design 
characteristics would be driven by primary 
purposes of the reef deployment (e.g., 
aquaculture, conservation, fisheries 
enhancement, habitat restoration), targeted 
species, as well as locations of deployment 
from the perspective of wave exposure, depth, 
surrounding habitats and vicinity of the natural 
reef (Blount et al., 2021, Komyakova et al., 
2019a). However, there are broad habitat design 
characteristics that should be considered 
regardless of the targeted variables. The primary 
parameters of importance are reef size, geometry, 
complexity, diversity of refugia, vertical relief and 
module configuration. Apart from these, stability 
and strength must also be evaluated during the 
design.

Figure 2. Examples of the variety of artificial reef designs employed around the world. a. Various 
designs of Reef Ball® reefs in a five-point dice arrangement deployed off Frankston pier in 
Victoria, Australia. Photo courtesy of Valeriya Komyakova; b. Lobster enhancement reefs designed 
by Greg Paige from Southern Blue Reefs deployed in Tasmania, Australia. Photo courtesy of Simon 
Talbot c. Artificial small scale experimental installation at Yanaka Isl., Fiji. Photo courtesy of Kerry 
Borgula; d. Shipwreck in Thailand. Photo courtesy of Tom Coughlin.

24 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development



4.2.1. Reef Size, Surface Area and 
Volume  

Location, purpose of the reef (e.g., surf reef, 
fishing reef) and targeted fish species dictate 
most suitable reef size leading to variability in 
recommendations on optimal size (Becker et al., 
2019, Bowen et al., 2020). 

For instance, 5700 m3 has been disputed 
both as the minimum and maximum size for a 
reef (Bowen et al., 2020, Turner et al., 1969). 
In Japan, the optimal size recommended is 
3000 m3/km2 (Sato, 1985), while in Australia, 
a minimum of 800 m3 has been suggested 
(Diplock, 2010). For natural habitats, it has 
been demonstrated that larger habitats tend to 
support greater total abundances (Komyakova 
et al., 2018, Holbrook et al., 2002b). However, 
the results of the experimental artificial reef 
studies are not fully consistent. Some studies 
showed that small reef patches tend to have 
greater fish densities, while larger patches 
support greater biomass density due to the 
presence of larger individuals but in lower 
abundances (Bohnsack et al., 1994). 

Other investigations demonstrated that 
increased reef size does lead to greater fish 
abundance and species richness (Jordan et 
al., 2005, Jones et al., 2020, Shelamoff et al., 
2020). Some studies advised that increase in 
fish abundance and richness with increase in 
habitat size was linear (Jones et al., 2020), 
while other reported non-linear change (Jordan 
et al., 2005). 

Studies have also shown that fragmented 
natural and artificial reef habitats with multiple 
smaller habitat patches can support greater 
fish abundance and diversity than single 
large reefs, potentially due to increased edge 
effect and facilitation of reef associated and 
reef visiting species (Bohnsack et al., 1994, 
Jordan et al., 2005, Bonin et al., 2011, Jones et 
al., 2020). However, some positive effects of 
fragmentation observed for fish communities, 
may not translate to other organisms, with 
some studies demonstrating that fragmentation 
of kelp habitats can lead to reduction or failure 
of kelp recruitment (Layton et al., 2020). 

Generally speaking, the size of an artificial 
reef needs to be large enough to have valuable 
ecological production yet small enough to 
ensure economic value without a plateau of 
production concerning the size (Bohnsack and 
Sutherland, 1985). Furthermore, scientific 
modelling suggests that a smaller reef is more 
effective for long-term production for low 
nutrient waters with low food supply. 

MORE DEMAND FOR 

NUTRIENTS

GREATER NEED FOR 

PRIMARY 
PRODUCERS

AS SIZE OF REEF 

INCREASES
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Identifying minimum reef size that facilitates production and reef 
functionality as habitat is important; however, reef functionality as habitat 

is dependent on other structural factors and these factors may also 
determine the absolute minimum reef size.

As the size of a reef increases, there is more 
demand for nutrients in the water meaning more 
primary producers need to be available to form a 
new ecological community (Champion et al., 2015, 
Bowen et al., 2020).

With the majority of marine organisms undergoing 
a pelagic larvae stage (Kingsford et al., 2002), 
larger reefs are often considered to be more 
detectable by the recruiting larvae (Shelamoff et 
al., 2020, Komyakova and Swearer, 2019). However, 
in areas far removed from source populations 
with limited overall habitat availability, isolated 
reefs may become highly attractive (i.e., as an 
oasis). There is evidence that isolated reefs tend 
to support greater fish abundance and richness 
regardless of reef size (Jordan et al., 2005, Jones 
et al., 2020). Floating artificial reefs deployed off- 
shore would likely be impacted by these trends. 

Identifying minimum reef size that facilitates 
production and reef functionality as habitat is 
important; however, reef functionality as habitat 
is dependent on other structural factors and 
these factors may also determine the absolute 
minimum reef size. 

For example, surface area may differ for reefs 
of the same size, and the higher the surface 
area available for the settlement of algae and 
invertebrates, the greater source of food for other 
levels of the reef community and, therefore, the 
greater productive capacity (Florisson, 2018b). 
Increasing surface area within a reef would lead to 
better reef performance regardless of size.

Furthermore, reef quality can influence its 
functionality, with poor reef quality undermining 
benefits of larger size. For example, a two-year 
study that examined fish community structure 
through abundance, richness and composition 
measures demonstrated that while large, 
continuous natural reefs support greater fish 
density in comparison to small patchy artificial 
reefs, it is only true when the natural reef is 
healthy and complex. In areas where natural reefs 
were largely low-lying boulder reefs, artificial 
reefs with greater vertical reef and small-scale 
complexity supported greater fish biomass 
(Komyakova et al., 2019a). 

A study comparing fish recruitment on different 
sized artificial reef patches with transplanted kelp 
of varying density found that while recruitment 
did scale with patch size, it was twice as high 
on patches with high kelp density compared 
to low kelp density (Shelamoff et al., 2020). 
Similarly, studies examining change in coral reef 
fish community variables with changes in coral 
patch size have demonstrated a general increase 
in fish abundance and species richness with 
increasing in colony size; however, corals of higher 
complexity were shown to support significantly 
higher abundances and species richness than 
coral with lower complexity at all colony sizes 
(Komyakova et al., 2018, Holbrook et al., 2002b). 
This suggests that other factors, such as cover of 
habitat forming organism or habitat complexity, 
may play a significant role in driving fish-habitat 
relationships.
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Recommendations: 

Decisions on the floating reef size will 
be dictated by the deployment region, 
the primary goal of the deployment (e.g., 
aquaculture vs twin-functioning as habitat 
for floating energy installations), reef 
utilisation (e.g., method of harvesting or 
monitoring) and targeted species. Apart 
from biological variables, size would 
also influence feasibility and stability 
considerations. For example, larger reef 
size can reduce the risk of failure due 
to sediment transport or extreme wave 
actions (Bohnsack and Sutherland, 1985), 
but may also create challenges from a 
logistical perspective for deployment 
and monitoring. Multiple smaller reefs 
may be more economically feasible. 
Wave and current velocity will impact the 
height to base ratio although additional 
infrastructure could be used to counter 
these forces (e.g., stays).

For FARs, where the species of commercial 
interest is added for on-growing, the 
size of the reef can become a trade-off 
between the stocking density, the naturally 
available food and the acceptable amount 
of added food. 

The current state-of-knowledge suggests 
that there is a fine balance between 
habitat size, fragmentation and isolation 
that impacts certain organisms differently 
and will require careful consideration when 
constructing reefs for different purposes. 
However, overall, we recommend examining 
optional reef size from a logistics 
perspective, using suitable modelling 
approaches and in-lab testing (e.g., wave 
tanks), designing reef installations as 
fragmented habitats with patch distance 
calculated based on reef goals and 
species, and designing reefs that maximise 
surface area available (Appendix D).
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4.2.2. Reef structural characteristics

Complexity

On natural habitats, habitat complexity has 
been associated with increased fish abundance 
and species richness across multiple studies 
(Komyakova et al., 2013, Risk, 1972, Darling et al., 
2017).

While some discrepancies in the results do exist 
(e.g., Bergman et al., 2000, Gratwicke and Speight, 
2005, Jimenez et al., 2012), the majority can be 
explained by species targeted, measures of the 
complexity and employed methodology. That is, 
habitat complexity can operate at multiple scales 
and the scale of habitat complexity can influence 
different species in different ways. At a large 
scale, habitat complexity is often referred to as 
rugosity and is likely to be important for larger, 
mobile fish species (Sale, 1998, Harborne et al., 
2012). 

In contrast, rugosity was found to have little 
effect on small, site attached individuals. At a 
smaller scale (e.g., individual coral colonies), 
habitat complexity is more likely to impact 
individuals that live in close association with 
the substratum (Richardson et al., 2017, Sale, 
1998, Harborne et al., 2012). However, at very 
small-scales, patchy distribution of individuals 
may influence detection of fish-habitat 
complexity relationships (Ault and Johnson, 1998, 
Hewitt et al., 1998). For example, a study that 
investigated how the scale of measurement and 
the complexity of coral colonies may influence 
fish variables demonstrated that relationships 
detected appeared stronger at larger scales of 
measurement (i.e., 2 x 2 m2) (Komyakova et al., 
2018). Nevertheless, the same study reported 
that more complex corals tend to support 
more diverse and abundant fish communities 
(Komyakova et al., 2018). 

Similar results have been seen for experimental 
artificial reef studies (Hunter and Sayer, 2009, 
Bowen et al., 2020). For example, a study that 
examine differences in fish community variables 
between artificial reef blocks with different 
number of holes (refugia, used as a complexity 
measure) determined more complex blocks 
supported greater species richness overall and 
greater abundance for at least 30% of the species 
recorded (Hackradt et al., 2011). Another study 
that manipulated complexity of wave power 
foundations reported a 5-fold increase in crab 
abundance on complex foundations (Langhamer 
and Wilhelmsson, 2009), an effect that remained 
consistent through time for over 10 years (Bender 
et al., 2020).

Habitat complexity is believed to influence animal 
communities, as it affects biological interactions 
such as predation and competition (Almany, 
2004, Hixon and Beets, 1993, Hixon and Menge, 
1991). It is generally accepted that with increased 
complexity of the reef, the interstices created 
provide refuge for the fish, which will assist the 
species in escaping from predators and provide 
a habitat for procreation (Hackradt et al., 2011, 
Bowen et al., 2020, Kawasaki et al., 2003). A study 
examining mortality of a small reef-associated 
fish species (Trachinops caudimaculatus) between 
different artificial reef designs and natural reefs, 
has reported nine times greater mortality rates for 
individuals occupying less complex artificial reefs, 
in comparison to more complex artificial reefs 
and healthy natural reefs (Komyakova et al., 2021). 
Similar results have been shown for invertebrate 
communities, where seeded oysters’ survival was 
greater on tiles with complex surfaces compared 
to flat tiles (Strain et al., 2020).

Habitat complexity is believed to influence animal communities, as it 
affects biological interactions such as predation and competition
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Furthermore, habitat complexity, incorporated 
into artificial reef design, has also been linked 
with increased productivity of suspension 
feeders (Rouse et al., 2020). One study reported 
that productivity of Flustra foliacea (Linnaeus 
1758) was 2.4 times greater on complex artificial 
reef installations. These findings were attributed 
to differences in current regimes and food 
accessibility (Rouse et al., 2020).

Despite these findings, it is important to note 
that habitat complexity has been shown to 
correlate with other habitat variables, such as 
cover of habitat forming species and habitat 
diversity in terrestrial and marine ecosystems 
(Komyakova et al., 2013, Kristan III, 2007, 
Richardson et al., 2017, Fukunaga et al., 2020). 
Therefore, it is difficult to tease apart specific 
influences of these variables. A tropical study 
that examined multiple habitat variables in 
terms of their relationships with fish variables 
(abundance and species richness) found positive 
associations for fish species richness but 
not fish abundance with habitat complexity 
(Komyakova et al., 2013). 

However, positive relationship with fish species 
richness was quite weak, with hard coral 
cover and coral species richness explaining 
the majority of the variation in fish variables 
(fish abundance 25.5%; fish species richness 
70.5%) (Komyakova et al., 2013), suggesting that 
other structural characteristics may play a vital 
role in habitat functionality apart from habitat 
complexity.

Diversity

Marine organisms tend to use shelter that is 
closely matched to their body size (Hixon and 
Beets, 1993, Holbrook et al., 2002a). 

Therefore, complex habitats with replicated 
morphology, such as monotypic coral stands 
(e.g., branching Acropora spp. (Fig. 3a)) may rate 
high on a complexity scale but not offer diversity 
of refugia due to repetitive and limited number 
of refugia sizes, while habitats that contain 
diversity of different habitat types would rate 
high on complexity scale as well as provide a 
variety of refugia options (Fig. 3b) (Komyakova et 
al., 2013, Komyakova, 2009). 

Increased variety of refugia is directly linked to 
the increased microhabitat availability, allowing 
increased resource sharing and niche partitioning 
(St. Pierre and Kovalenko, 2014, Willis et al., 
2005, Bishop et al., 2022). 
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For example, large openings would provide 
passages for large cods and pelagic species 
swimming inside the reef, while cryptic species 
prefer a more complex reef with smaller voids and 
openings (Recfishwest, 2017). Moreover, species 
diversity is generally higher at small body sizes, 
hypothesised to be driven by opportunities to 
specialise in specific elements of a reef’s mosaic 
(Munday and Jones, 1998), further enhancing the 
importance of diversity of those elements. High 
levels of specialisation have been observed for 
several small bodied fish families, with some 
species exhibiting high levels of habitat overlap 
and others showing strong habitat partitioning 
(Apogonidae (Gardiner and Jones, 2005) and 
Gobiidae (Munday et al., 1997, Doll et al., 2021)). 

Generally, species may be associated with very 
specific habitats for food, as found for corallivores 
fish species (Pratchett et al., 2013, Russ and 
Leahy, 2017) or herbivorous specialists (Hay et al., 
1990, Gollan and Wright, 2006). Some fish species 
also display specialised shelter requirements, 
having strong preferences for particular 
morphologies or even specific species of habitat 
forming organisms (Apogon leptacanthus and 
Sphaeramia nematoptera are only found on 
Porites cylindrica (Gardiner and Jones, 2005)). 
For coral reef fish, while only 10% have been 
estimated to have direct dependencies on live 
corals (e.g., food, specific species associations) 
(Munday et al., 2007), over 75% show a negative 
response to coral decline, suggesting complex 
habitat dependencies (Jones et al., 2004, 
Pratchett et al., 2012). These studies showcase the 
importance of diverse habitat types from diversity 
of refugia sizes to diversity of habitat forming 
organisms.

Furthermore, habitat partitioning and 
specialisation occurs even within fish families that 
are considered to be habitat generalists through 
ontogenetic habitat preferences and habitat shifts 
(Komyakova et al., 2019b). For example, it has 
been demonstrated that juveniles of damselfish 
species tend to prefer plate corals during early 
life stages and move on to branching corals, 
soft corals or other reef habitats at later stages 
(Komyakova et al., 2019b). On a larger scale, while 
only 10% of coral reef fishes have been shown to 
associate with live corals at adult stages, over 
65% demonstrated preferential recruitment to live 
corals (Jones et al., 2004). Therefore, availability 
of several habitat types that support early and 
late life stages for such species is paramount for 
species survival.  

When it comes to artificial reef designs, the 
results are not dissimilar to natural habitats. 
Studies suggest that artificial reef success is 
dependent on the suitability of the void space for 
the target species (Bowen et al., 2020, Frijlink, 
2012), with the availability of suitable interstices 
impacting the number and size of fish supported 
by the reef (Sherman et al., 2002). Additionally, 
a reef’s void space, considered a shelter, can 
also impact the species’ attraction (Kawasaki et 
al., 2003) and should be designed based on the 
targeted species (Blount et al., 2021). Therefore, 
artificial reefs that incorporate diversity of 
habitats are more likely to support greater 
biodiversity or be more effective as habitat for 
particular targeted species.

When it comes to 
artificial reef designs, the 
results are not dissimilar 

to natural habitats.
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Geometry

In terms of importance of artificial reef geometry on reef performance, the only currently available study 
that examined this question through a meta-analysis has suggested that cylindrical or cubic designs 
were most affective, but the authors also concluded that material of construction was a stronger factor 
(Vivier et al., 2021).

Other factors

Apart from specifics of artificial reef designs, such as 
complexity, habitat diversity, vertical relief and material 
of construction, a large variety of other factors plays a 
role in determining reef functionality (e.g., geographic 
deployment, location, depth, surrounding habitats, 
proximity to natural reefs and  reef shape). 

However, studies that have attempted to tease apart 
specific influences of these factors are highly limited 
and these influences would be dictated by the overall 
goal of the reef and targeted species. Small scale 
experimental studies examining differences in artificial 
reef designs in terms of reef performance as fish 
habitat in comparison to adjacent natural reefs have 
reported that reef design is particularly important 
for dictating fish species diversity and community 
composition, while location may be driving patterns in 
fish abundance (Komyakova et al., 2019b). On a large 
scale, in a recent review of artificial and natural reefs 
performance as fish habitats, it was reported that 
subtropical regions generally support greater biomass 
and species richness, while temperate and sub-arctic 
areas support greater fish densities at any given 
habitat (Paxton et al., 2020). 

Considering depth of deployment, some studies have 
suggested that deeper artificial reefs may support 
greater fish densities (Santos et al., 2013), however 
depth preferences have also been shown to change 
with ontogeny (Jaxion-Harm and Szedlmayer, 2015) and 
impact energy allocations in some species (Hoey et al., 
2007). It is likely that depth selection would need to be 
based on reef goals, species and feasibility (Blount et 
al., 2021). 

Figure 3. Habitat complexity and diversity. Habitat complexity and diversity. a. Monotypic branching 
Acropora spp. patch representing high complexity but low diversity habitat; b. Multi-coral species 
patch of coral species with a range of morphologies (branching, plate, massive etc.) representing a 
high diversity and high complexity habitat. Photo courtesy of Valeriya Komyakova. Photo location: Great 
Barrier Reef, QLD, Australia.



Recommendations: 

Based on current state of knowledge 
of habitat functionality, our broad 
recommendations for floating artificial reef 
designs that aim to provide conservation, 
habitat restoration or nutrient recycling 
services would be to target greater 
reef complexity, habitat diversity and 
vertical relief, aiming to enhance habitat 
characteristics that promote flora and fauna 
that provides these roles. 

For FARs that are focused on the production 
of specific commercial species, the design 
needs to mimic the most favourable habitat 
characteristics and geometry used by the 
species across all size ranges being grown 
as well as habitat characterises favourable 
to growth and reproduction of their 
preferred food source. 

Today, advanced 3D printing technologies 
exists that allow artificial habitat 
development that can closely mimic and 
amplify natural habitat features (Levy et al., 
2022, Evans et al., 2021). Similarly, advanced 
quantitative techniques exist to explore reef 
functioning in virtual space and determine 
their potential (Rogers et al., 2014, 
Komyakova et al., 2022). These technologies 
and tools should be employed during the 
planning stages of any artificial reef project.
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4.2.3. Configuration of Modules

The distribution and number of modules can alter the diversity and biomass of species on 
an artificial reef (Protocol/UNEP, 2009). Design, spacing and positioning of reef modules 
can be variable, and affect species abundance and richness.

The optimal size of a reef is dependent 
upon specific requirements of the reef. 
While some reefs can consist of a single 
large structure, a common approach is to 
deploy numerous structures or modules, 
which together make up a reef “field” 
(Becker et al., 2019) and increase the 
effective footprint of the reef (Blount et 
al., 2021). Increasing the number of reef 
modules has been shown to increase fish 
abundance and species richness (Jordan et 
al., 2005).

Determining the distance at which species 
associate with a reef is a key consideration 
to ensure reef modules are appropriately 
spaced (Jordan, Gilliam and Spieler 2005; 
Scott et al. 2015). It is therefore necessary 
to consider what species will be using the 
reef, and their foraging behaviours (Blount 
et al. 2021). This is particularly important 
to avoid creating “foraging haloes” around 
reef structures – areas where modules 
are placed too close together and foraging 
overlaps, leading to a depletion of prey 
(Blount et al. 2021; Campbell et al. 2011; 
Frazer and Lindberg 1994; Lindberg, Frazer 
and Stanton 1990; Reeds et al. 2018). While 
offshore FARs are unlikely to impact the 
benthic community in this way (unless the 
reef modules themselves contain a false 
“bottom” suitable for benthic species to 
inhabit), increased predation pressure may 
still be experienced by demersal (reef-
associated) species if there is insufficient 
area between reef modules. Indeed, it 
has been shown that isolation of reef 
modules can have a positive effect on both 
abundance and species richness at the 
patch and cluster scale (Jones et al. 2020; 
Jordan, Gilliam and Spieler 2005; Smith 
et al. 2017). This may be partly attributed 
to the decreasing predation impact with 
increasing distance between reefs, as there 
is some evidence that transient predators 
are more likely to visit (and spend more 
time at) aggregated reefs (Belmaker, 

Shashar and Ziv 2005; Belmaker, Ziv and 
Shashar 2009; Jones et al. 2020; Jordan, 
Gilliam and Spieler 2005; Overholtzer-
McLeod 2006). 

While increasing distance between 
modules can have a positive effect 
on abundance and richness, it is also 
important to consider the point at which 
species’ association with reefs declines, 
in order to create an assemblage that 
remains sufficiently connected. The 
optimum distance between reef modules 
will vary due to species- and class-specific 
differences in responses (Jordan, Gilliam 
and Spieler 2005). In benthic studies, the 
distance at which species tend to associate 
with artificial reefs appears to increase 
with increasing depth (Boswell et al. 2010; 
Smith et al. 2017) (Table 3), although reef 
configuration and bottom type may also 
impact species responses (Boswell et al. 
2010). 

Alternatively, if reef modules are set up to 
be independent, disconnected assemblages 
(e.g. to facilitate harvesting of certain 
species from each module), knowing the 
density dependence of key species is key to 
arranging reef modules at a distance that 
minimises movement between clusters. In 
the case of coastal reefs, this knowledge 
can also be used to minimise movement of 
species to ARs from nearby natural reefs 
(Jones et al. 2020). 

Ensuring reef clusters are appropriately 
spaced will also facilitate important 
hydrological effects around the reef 
(such as upwellings, vortices, eddies and 
slipstreams), which enhance habitat, 
move nutrients and improve feeding 
opportunities within the reef space 
(Blount et al. 2021). Modules placed too 
close together can impact water flow and 
negatively impact reef occupation (Kim et 
al. 2008).
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STUDY DEPTH SPACING REEF TYPE ENVIRONMENT

Jones  
et al. 

(2020)
4-12 m

Reef patches were 70 
m away – designed to 
minimise movement 

between natural 
habitat and reef 

clusters

Ecological - 
Entanglement of 
marine species 

Sociological -  damage 
to vessels and FAR 

structure; production 
losses

Benjamins et al. 
(2014), Fabi et al. 

(2015)

Jordan  
et al. 

(2005b)
8 m

Reef modules in 
clusters of varying 
distance – (0.33 m, 
5 m, 15 m, 25 m). 

Clusters discontinuous 
at 35 m

Concrete reef modules 
(1 m3)

Sand bottom (Ft 
Lauderdale, Florida, 

USA)

dos Santos 
et al. 
(2010)

9 m
Greater association 

0-50 m from reef than 
300 m

Concrete reef balls® 
(1 m3)

Flat, homogeneous 
sand/mud bottom 

(Rio de Janeiro 
coast, Brazil)

Rosemond 
et al. 
(2018)

10-18 m

60 m buffer zone 
between reefs (90% of 
species won’t move) 
or 120 m (99% won’t 

move)

Reef plots (containing 
a mixture of 

natural rocky reef 
and artificial reef 
structures e.g. 

concrete pipes, metal 
ships)

Natural rocky reef 
and sand flats 

(Onslow Bay, North 
Carolina,  USA)

Becker  
et al. 
(2019)

30 m

Reef modules still 
contiguous at 50 

m, fish association 
significantly reduced 

100 m from reef

Concrete modules (9 
m3)

Flat, sandy bay 
(Shoalhaven, NSW, 

Australia)

Table 4. Studies where artificial reef association distance varies with depth
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4.3.2. Anchoring Systems 

Anchors are likely to be gravity-based structures 
which may also act as bottom-mounted ARs. 
However, other types of anchors should be 
explored. Geo-tech data is vital to select and 
analyse a proper anchor system. It is appreciated 
that such data is site dependent and scarce 
and most likely would require site survey and 
core sampling. Although it is site dependent, 
scour protection/mitigation strategies should be 
developed as part of the anchor design. 

Five types of commonly used offshore anchors 
include:

	» Drag anchors

	» Vertical Loaded Anchors (VLAs)

	» Suction pile anchors

	» Driven pile anchors

	» Deadweight anchors

Offshore Standards and Recommended Practices 
(such as API and DNV) developed originally for the 
Oil & Gas industry would be useful for designing 
offshore FAR systems, and adaptation of these 
systems maybe warranted. On-bottom stability 
checks for the anchors (sliding, bearing, and 
overturning) would require coupled analysis with 

hydrodynamic loading and response models, 
mooring modelling as well as soil models. 

Design standards and guidelines:

	» ABS (2013). Offshore Anchor Data for 
Preliminary Design of Anchors of Floating 
Offshore Wind Turbines. Houston, Texas, USA. 

	» API (2008). API-RP-2SK Design and Analysis 
of Station-keeping Systems for Floating 
Structures. American Petroleum Institute.

	» DNV (2015). DNVGL-OS-E302 Offshore mooring 
chain - Rules and standards

	» DNV (2018). DNVGL-OS-E301 Position mooring - 
Rules and standards

Considerations of the effect of floating support 
structure types, soil properties, and maximum line 
tension ranges should be included in the design. 
Anchor manufacturers such as Vryhof and Bruce 
provide extensive information about anchor specs 
and design charts. ASTM D-2488 and BS CP-
2004 standards provide recommended methods 
and definitions for soil types and properties 
for the purpose of initial anchor sizing for the 
preliminary/conceptual design. However, actual 
soil properties should be obtained from site 
assessment and used in detail designs.  

4.3. MOORING AND ANCHORING SYSTEMS

4.3.1. Mooring Systems

Different mooring configurations (e.g., taut, tensioned leg and catenary) should be explored in terms 
of their suitability for offshore FARs; this should include several aspects such as footprint, fairlead 
connection points, cost, intact and damage scenarios. 

Materials for mooring lines can vary and may include wire ropes (steel), synthetic fibre ropes, and 
chains (steel). Environmental aspects should also be considered when optimising the performance 
of mooring systems. There are a few software tools available to conduct mooring analysis, examples 
include Orcaflex and ANSYS AQWA.
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5.	 GOVERNANCE 
FRAMEWORK  
 – FLOATING 
ARTIFICIAL REEFS  

Proposals to develop floating artificial 
reefs need to navigate a complex 
governance framework, recognising 
that research and development 
activities, in general, are treated 
differently (in the sense of permitting 
or licensing) to commercial or full 
scale-development. This framework 
includes Australia’s commitment 
to international agreements and 
Australian and State government 
legislation, regulation, and policy. 

5.1. INTERNATIONAL AGREEMENTS

London Convention/ Protocol  (Convention on 
the Prevention of Marine Pollution by Dumping of 
Wastes and Other Matter 1972 1996 Protocol). 

The purpose of the London Convention is to 
control all sources of marine pollution and 
prevent pollution of the sea through regulation of 
dumping into the sea of waste materials. A so-
called “black- and grey-list” approach is applied 
for wastes, which can be considered for disposal 
at sea according to the hazard they present to the 
environment. For the blacklist items dumping is 
prohibited. 

Dumping of the grey-listed materials requires 
a special permit from a designated national 
authority under strict control and provided 
certain conditions are met. All other materials or 
substances can be dumped after a general permit 
has been issued. 

The purpose of the Protocol is similar to that 
of the Convention, but the Protocol is more 
restrictive: application of a “precautionary 
approach” is included as a general obligation; a 
“reverse list” approach is adopted, which implies 
that all dumping is prohibited unless explicitly 
permitted; incineration of wastes at sea is 
prohibited; export of wastes for the purpose of 
dumping or incineration at sea is prohibited. 

Extended compliance procedures and technical 
assistance provisions have been included, 
while a so-called transitional period allows new 
Contracting Parties to phase in compliance with 
the Protocol over a period of five years, provided 
certain conditions are met. (IMO 2022) water 
outside Tasmania’s jurisdiction. 



37 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

5.2. AUSTRALIAN 
INTERGOVERNMENTAL 
FRAMEWORK

5.2.1. The Offshore Constitutional 
Settlement (OCS)

A key element in assessing and supporting 
the development and long-term viability of 
offshore artificial reefs centres on the policy and 
regulatory framework under which such actives 
are managed.

Activities within state waters (within three 
nautical miles from low water mark or from 
agreed offshore baselines) under the Offshore 
Constitutional Settlement (OCS) are governed 
by state law.  The baseline is in most cases 
the low water mark, but in some areas closing 
lines across bays means that the baseline is 
many miles offshore, for example, Spencer Gulf, 
Gulf St Vincent and Kangaroo Island in South 
Australia, and in Storm Bay and the south east 
coast in Tasmania  (see Seas and Submerged 
Lands (Territorial Sea Baseline) Proclamation 
2016 (F2016L00302)). 

The OCS framework established “Agreed 
Arrangements” in the fisheries and oil and gas 
sectors. These arrangements varied but were 
designed to provide efficient and effective 
management in offshore resources sectors 
recognising state capacity and capability, while 
maintaining Australia’ international obligations. 
Agreed Arrangements allowed the establishment 
of Joint Authorities to manage activities 
across jurisdictions, and these arrangements 
themselves have evolved over time.  

The most recent iteration is the MOU related to 
offshore aquaculture in Bass Strait, negotiated 
between the Commonwealth and the Tasmanian 
Government in 2021-22, to govern research 
and development in water outside Tasmania’s 
jurisdiction.
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5.3. COMMONWEALTH LEGISLATION

Commonwealth legislation impact on, or are likely to impact on, the regulation and management of 
floating artificial reefs, in particular the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act) (Table 5).

Table 5. Commonwealth Legislation relating to Floating Artificial Reefs (FARs)

ENVIRONMENT 
PROTECTION 

AND 
BIODIVERSITY 

CONSERVATION 
ACT 1999  

(EPBC ACT)

	» Provide legislative base to the Australian government environmental interests, 
and mandate processes where activities impact on or potentially impact on 
“matters of national environmental significance” (MNES):

	» World heritage properties
	» National heritage places
	» Wetlands of international importance 
	» Nationally threatened species and ecological communities
	» Migratory species
	» Commonwealth marine areas
	» The Great Barrier Reef Marine Park
	» Nuclear actions (including uranium mining)
	» A water resource, in relation to coal seam gas development and large coal 

mining development
	» Proposals for activities outside state waters may also need to address Key 

Ecological Features (KEFs) under the EPBC Act (DAWE, 2022a)

ENVIRONMENT 
PROTECTION 

SEA DUMPING 
ACT 1981  

(SEA DUMPING 
ACT)

	» Regulates the loading and dumping of waste at sea and the placement of 
artificial reefs within Australian Waters” (DAWE, 2022a)

	» The Act applies to all vessels, aircraft and platforms in Australian waters, and to 
all Australian vessels and aircraft in any part of the sea. The disposal of waste 
and other matter at sea is prohibited, except for some controlled materials 
which require a permit. Permits are most commonly issued for: 

	» The disposal of dredge material

	» The creation of artificial reefs 

	» The dumping of vessels, platforms or other manmade structures 

	» Burials at sea

	» The Act does not apply to operational discharges from ships, such as sewage 
and galley scraps  

SEA 
INSTALLATIONS 

ACT 1987

	» Provides a legislative base to manage artificial structure in the marine 
environment. “A sea installation is defined as any man-made structure that can 
be used for an environment related activity, either when in physical contact 
with the seabed or whilst floating.” (DAWE, 2022a). Examples provided of sea 
installations are tourism pontoons, artificial islands, fish aggregating devices. 
Fishing and aquaculture, Oil platforms, drill ships or defence installations are 
specifically excluded from the ambit of the Sea Installations Act 1987. The Act 
does not apply to the area under State jurisdiction from low water mark to the 
three mile boundary.

UNDERWATER 
CULTURAL 

HERITAGE ACT 
2018

	» Gives effect to Australia’s obligations under the International Convention on the 
Protection of the Underwater Cultural Heritage (2001). The legislation updated 
and replaced the Historic Shipwrecks Act 1976 that was developed to address 
specific aspects of underwater heritage, specifically ‘treasure’ from sunken 
ships. The Historic Shipwrecks Act, along with the Great Barrier Reef Marine Park 
Act 1975  was incorporated into the OC framework in 1979 (Haward, 1989).

NAVIGATION 
ACT 2012

	» Provides a major reform of and contemporary focus to the (much amended) 
Navigation Act 1912.

Table 5. Commonwealth Legislation relating to Floating Artificial Reefs (FARs).
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5.4. COMMONWEALTH POLICIES AND PLANS 

5.4.1. Plastics in Artificial Reefs Policy 2022

The current policy guidance notes that the Australian government’s “preferred environmental outcome 
is that artificial reefs avoid the use of plastic fibres and instead utilise traditional steel reinforcement or 
other natural fibres as a concrete reinforcement.”

	» The department considers the use of 
plastic fibres in artificial reef modules to be 
unsuitable due to:

	» the lack of long-term studies and therefore 
scientific uncertainty about the breakdown 
of artificial reef modules containing plastic 
fibres over their design life

	» the department’s concern about the 
feasibility of monitoring the exposure, 
breakdown and release of plastic fibres 
from the artificial reef modules over the life 
of the permit

	» the department’s concern about the 
feasibility of removal of artificial reef 
modules if monitoring identifies that release 
of plastic fibres has occurred or is likely to 
occur

	» concern for consequent impacts on the 
marine environment if plastic fibres are 
released.

	» The department is unlikely to recommend the 
granting of sea dumping permits for artificial 
reefs which include plastic fibres in their 
designs.
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5.5. State Legislation and Policies

To date, at least 150 artificial reefs have 
been deployed in Australian waters and 
they are one of the most common types of 
aquatic infrastructure deployed for fisheries 
enhancement (Recfishwest, 2017). Floating 
structures tend to be focused solely on Fish 
Aggregation Devices to assist in development of 
recreational fisheries (e.g. in Tasmania).

5.6. Community Interests 

Floating artificial reefs are likely to generate 
interest among various stakeholders with diverse 
and conflicting values; therefore, it is crucial 
to identify and understand the stakeholders’ 
opinions and values (Sutton and Bushnell, 2007). 

A key here will be providing sufficient 
information to the community on the scale and 
scope of the proposal in the development phase 
of any project. Among different stakeholders 
the local community should be considered from 
different perspectives. Site selection issues 
related to floating artificial reefs differ from 
those issues relate to fixed benthic or bottom 
reefs. For example, local users’ opinions and 
expectations should be included in the project 
deployment to gain local people’s support and 
ensure the project’s success.

The Plastics in Artificial Reefs Policy 2022 is 
directly linked to the Threat Abatement Plan for 
the Impacts of Marine Debris on the Vertebrate 
Wildlife of Australia’s Coasts and Oceans (2018) 
and the Australian Government’s National 
Plastics Plan (2021).

The Threat Abatement Plan “incorporates 
actions needed to abate the listed key 
threatening process, particularly actions to 
develop understanding about microplastic 
impacts and the potential role of new 
technologies in waste management. 

The actions are intended to be feasible, 
effective and efficient, as required by the EPBC 
Act. The plan binds the Commonwealth and its 
agencies to respond to the impact of marine 
debris on vertebrate marine life, and identifies 
the research, management and other actions 
needed to reduce the impacts of marine debris 
on affected species.” (DAWE, 2022b)
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6. IMPLEMENTATION 
CHALLENGES & LIMITATIONS

This review has identified a number of key implementation 
challenges in the development and deployment of floating 
artificial reefs. 

Challenges include, for example, reef design, including materials and 
engineering; moorings or anchoring; management and monitoring, 
regulatory approval, costs and financing, sites and target species and 
social acceptability. 

While the Australian Government has introduced policy guidance on 
artificial reefs, regulatory challenges remain with respect to floating 
reefs that are more than “fish aggregating devices”.  In addition to 
legislative and regulatory measures, financing and social acceptability 
are also key factors influencing development of floating artificial reefs.
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7. CONCLUSION
This report has addressed the 
opportunities and constraints related 
to the development and use of floating 
benthic artificial reefs, defined for our 
purposes as “manmade structures that 
mimic the natural reefs of the plant or 
animal species that is being commercially 
cultured for food, marine products or 
environmental benefits, suspended from 
the surface to depths that are still within 
the photic zone, generally between 5 and 
40 metres”.

As this review has found, there is limited 
literature on floating artificial reefs with much 
analysis focused on fixed or benthic reefs.  To-
date, artificial reefs have not been used for the 
provision of commercial seafood or other marine 
products through aquaculture.  

While there are many challenges, floating 
artificial reefs can provide significant benefits 
in the provision of quality high priced export 
marine products, the provision of nutrient 
recycling and carbon sequestrations ecosystem 
services and buffering services for other 
offshore developments. As with all innovative 
and novel systems, multiple challenges need 
to be researched to develop and/or ascertain 
the benefits that can be accrued. Given these 
potential multiple benefits, we have provided a 
roadmap to provide the necessary information 
to support future decision making in the 
development of floating artificial reefs.

8. ACKNOWLEDGEMENTS
The authors acknowledge the financial support of the Blue Economy Cooperative Research 
Centre, established and supported under the Australian Government’s Cooperative Research 
Centres Program, grant number CRC-20180101.



43 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

9. REFERENCES
ADAMS, T. P., MILLER, R. G., ALEYNIK, D. & 
BURROWS, M. T. 2014. Offshore marine renewable 
energy devices as stepping stones across 
biogeographical boundaries. Journal of Applied 
Ecology, 51, 330-338.

AIROLDI, L., TURON, X., PERKOL-FINKEL, S. & 
RIUS, M. 2015. Corridors for aliens but not for 
natives: effects of marine urban sprawl at a 
regional scale. Diversity and Distributions, 21, 
755-768.

ALFARO-NÚÑEZ, A., ASTORGA, D., CÁCERES-
FARÍAS, L., BASTIDAS, L., SOTO VILLEGAS, 
C., MACAY, K. C. & CHRISTENSEN, J. H. 2021. 
Microplastic pollution in seawater and marine 
organisms across the Tropical Eastern Pacific and 
Galápagos. Scientific Reports, 11, 6424.

ALMANY, G. R. 2004. Does increased habitat 
complexity reduce predation and competition in 
coral reef fish assemblages? Oikos, 106, 275-284.

ANDERSON, J. C., PARK, B. J. & PALACE, V. P. 
2016. Microplastics in aquatic environments: 
Implications for Canadian ecosystems. 
Environmental Pollution, 218, 269-280.

ANDERSON, M. J. 1996. A chemical cue induces 
settlement of Sydney rock oysters, Saccostrea 
commercialis, in the laboratory and in the field. 
Biological Bulletin, 190, 350-358.

ANDRADY, A. L. 2011. Microplastics in the marine 
environment. Marine Pollution Bulletin, 62, 1596-
1605.

ANDRELLO, M., DARLING, E. S., WENGER, A., 
SUÁREZ‐CASTRO, A. F., GELFAND, S. & AHMADIA, 
G. N. 2022. A global map of human pressures 
on tropical coral reefs. Conservation Letters, 15, 
e12858.

ANGEL, D. L. & SPANIER, E. 2002. An application 
of artificial reefs to reduce organic enrichment 
caused by net-cage fish farming: preliminary 
results. ICES Journal of Marine Science, 59, 
S324-S329.

ASLAM, S. & YOUSAFZAI, A. M. 2017. Chromium 
toxicity in fish: A review article. Journal of 
entomology and zoology studies, 5, 1483-1488.

AULT, T. R. & JOHNSON, C. R. 1998. Spatial 
variation in fish species richness on coral reefs: 
habitat fragmentation and stochastic structuring 
processes. Oikos, 354-364.

BACHER, K. 2016. Perceptions and misconceptions 

of aquaculture: a global overview.

BAILEY, A., MEYER, L., PETTINGELL, N., MACIE, 
M. & KORSTAD, J. 2020. Agricultural practices 
contributing to aquatic dead zones. Ecological 
and Practical Applications for Sustainable 
Agriculture. Springer.

BAINE, M. 2001. Artificial reefs: a review of 
their design, application, management and 
performance. Ocean & Coastal Management, 44, 
241-259.

BAUMEISTER, J. The Evolution of Aquatecture: 
SeaManta, a Floating Coral Reef. In: PIĄTEK, 
Ł., LIM, S. H., WANG, C. M. & DE GRAAF-VAN 
DINTHER, R., eds. WCFS2020, 2022// 2022 
Singapore. Springer Singapore, 131-142.

BECK, M. W., BRUMBAUGH, R. D., AIROLDI, L., 
CARRANZA, A., COEN, L. D., CRAWFORD, C., 
DEFEO, O., EDGAR, G. J., HANCOCK, B. & KAY, M. 
C. 2011. Oyster reefs at risk and recommendations 
for conservation, restoration, and management. 
Bioscience, 61, 107-116.

BECKER, A., SMITH, J. A., TAYLOR, M. D., MCLEOD, 
J. & LOWRY, M. B. 2019. Distribution of pelagic 
and epi-benthic fish around a multi-module 
artificial reef-field: Close module spacing 
supports a connected assemblage. Fisheries 
Research, 209, 75-85.

BECKER, L. R., EHRENBERG, A., FELDRAPPE, V., 
KRÖNCKE, I. & BISCHOF, K. 2020. The role of 
artificial material for benthic communities – 
Establishing different concrete materials as hard 
bottom environments. Marine Environmental 
Research, 161, 105081.

BELOE, C. J., BROWNE, M. A. & JOHNSTON, E. 
L. 2022. Plastic Debris As a Vector for Bacterial 
Disease: An Interdisciplinary Systematic Review. 
Environmental Science & Technology, 56, 2950-
2958.

BENDER, A., LANGHAMER, O. & SUNDBERG, J. 
2020. Colonisation of wave power foundations by 
mobile mega-and macrofauna–a 12 year study. 
Marine Environmental Research, 161, 105053.

BENJAMINS, S., HARNOIS, V., SMITH, H., 
JOHANNING, L., GREENHILL, L., CARTER, C. & 
WILSON, B. 2014. Understanding the potential 
for marine megafauna entanglement risk from 
marine renewable energy developments. Scottish 
Natural Heritage Commissioned Report No. 791.

BERGMAN, K. C., ÖHMAN, M. C. & SVENSSON, 



44 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

S. 2000. Influence of habitat structure on 
Pomacentrus sulfureus, a western Indian Ocean 
reef fish. Environmental Biology of Fishes, 59, 
243-252.

BEUKERS, J. S. & JONES, G. P. 1998. Habitat 
complexity modifies the impact of piscivores on a 
coral reef fish population. Oecologia, 114, 50-59.

BISHOP, M. J., VOZZO, M. L., MAYER-PINTO, M. & 
DAFFORN, K. A. 2022. Complexity–biodiversity 
relationships on marine urban structures: 
reintroducing habitat heterogeneity through eco-
engineering. Philosophical Transactions of the 
Royal Society B, 377, 20210393.

BLOEMENDAAL, N., DE MOEL, H., MARTINEZ, 
A. B., MUIS, S., HAIGH, I. D., VAN DER WIEL, K., 
HAARSMA, R. J., WARD, P. J., ROBERTS, M. J. & 
DULLAART, J. C. 2022. A globally consistent local-
scale assessment of future tropical cyclone risk. 
Science advances, 8, eabm8438.

BLOUNT, C., KOMYAKOVA, V., BARNES, L., LINCOLN 
SMITH, M., ZHANG, D., REEDS, K., MCPHEE, D., 
TAYLOR, M. D., MACBETH, W. & NEEDHAM, E. 2021. 
Using ecological evidence to refine approaches to 
deploying offshore artificial reefs for recreational 
fisheries. Bulletin of Marine Science, 97, 665-698.

BOHNSACK, J. A., HARPER, D. E., MCCLELLAN, D. 
B. & HULSBECK, M. 1994. Effects of reef size on 
colonization and assemblage structure of fishes 
at artificial reefs off southeastern Florida, USA. 
Bulletin of Marine Science, 55, 796-823.

BOHNSACK, J. A. & SUTHERLAND, D. L. 
1985. Artificial reef research: a review with 
recommendations for future priorities. Bulletin of 
marine science, 37, 11-39.

BONIN, M. C., ALMANY, G. R. & JONES, G. P. 
2011. Contrasting effects of habitat loss and 
fragmentation on coral‐associated reef fishes. 
Ecology, 92, 1503-1512.

BOTTERELL, Z. L. R., BEAUMONT, N., 
DORRINGTON, T., STEINKE, M., THOMPSON, R. C. 
& LINDEQUE, P. K. 2019. Bioavailability and effects 
of microplastics on marine zooplankton: A review. 
Environmental Pollution, 245, 98-110.

BOWEN, K., GOSDEN, E., SHEPHERD, J., 
FLORISSON, J., WATTS, S., BOCK, S. AND 
MINUTILLO, M. 2020. EVALUATING PRODUCTIVITY 
ON ARTIFICIAL REEFS. Western Australia: 
Recfishwest.

BRADY, R. F. 1999. Properties which influence 
marine fouling resistance in polymers containing 
silicon and fluorine. Progress in Organic Coatings, 
35, 31-35.

BRINGER, A., THOMAS, H., PRUNIER, G., DUBILLOT, 
E., BOSSUT, N., CHURLAUD, C., CLÉRANDEAU, 
C., LE BIHANIC, F. & CACHOT, J. 2020. High 
density polyethylene (HDPE) microplastics impair 
development and swimming activity of Pacific 
oyster D-larvae, Crassostrea gigas, depending 
on particle size. Environmental Pollution, 260, 
113978.

BROWNE, M. A., DISSANAYAKE, A., GALLOWAY, 
T. S., LOWE, D. M. & THOMPSON, R. C. 2008. 
Ingested Microscopic Plastic Translocates to the 
Circulatory System of the Mussel, Mytilus edulis 
(L.). Environmental Science & Technology, 42, 
5026-5031.

BUCK, B. H., TROELL, M. F., KRAUSE, G., ANGEL, 
D. L., GROTE, B. & CHOPIN, T. 2018. State of the 
Art and Challenges for Offshore Integrated Multi-
Trophic Aquaculture (IMTA). Frontiers in Marine 
Science, 5.

BUGNOT, A., MAYER-PINTO, M., AIROLDI, L., HEERY, 
E., JOHNSTON, E., CRITCHLEY, L., STRAIN, E., 
MORRIS, R., LOKE, L. & BISHOP, M. 2020. Current 
and projected global extent of marine built 
structures. Nature Sustainability, 1-9.

BULLERI, F. & CHAPMAN, M. G. 2010. The 
introduction of coastal infrastructure as a driver 
of change in marine environments. Journal of 
Applied Ecology, 47, 26-35.

BUTLER, C. L., LUCIEER, V. L., WOTHERSPOON, S. 
J. & JOHNSON, C. R. 2020. Multi-decadal decline 
in cover of giant kelp Macrocystis pyrifera at the 
southern limit of its Australian range. Marine 
Ecology Progress Series, 653, 1-18.

CALLOW, J. A. & CALLOW, M. E. 2011. Trends in 
the development of environmentally friendly 
fouling-resistant marine coatings. Nature 
Communications, 2, 244.

CHABANET, P., RALAMBONDRAINY, H., AMANIEU, 
M., FAURE, G. & GALZIN, R. 1997. Relationships 
between coral reef substrata and fish. Coral 
reefs, 16, 93-102.

CHAMAS, A., MOON, H., ZHENG, J., QIU, Y., 
TABASSUM, T., JANG, J. H., ABU-OMAR, M., 
SCOTT, S. L. & SUH, S. 2020. Degradation Rates 
of Plastics in the Environment. ACS Sustainable 
Chemistry & Engineering, 8, 3494-3511.

CHAMPION, C., SUTHERS, I. M. & SMITH, J. A. 
2015. Zooplanktivory is a key process for fish 
production on a coastal artificial reef. Marine 
Ecology Progress Series, 541, 1-14.

CHINA, W. A. D. O. F. D. T. S. K. 2010. Review and 
assessment of artificial reefs for use in Western 



45 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

Australia.

CLARK, G., FISCHER, M. & HUNTER, C. 2021. 
Australia state of the environment 2021: coasts. 
independent report to the Australian Government 
Minister for the Environment. Commonwealth of 
Australia, Canberra.

COLHOUN, E. A. & PIPER, A. 1982. Stone Fish-
Traps at Cooks Corner, Freycinet Peninsula, 
Eastern Tasmania. Australian Archaeology, 14, 
115-118.

CONNOR, E. & MCCOY, E. 2001. Species-area 
relationships. In: (ED), L. S. (ed.) Encyclopedia of 
Biodiversity. . Acad. Press, London.

CONSOLI, P., ROMEO, T., FERRARO, M., SARÀ, 
G. & ANDALORO, F. 2013. Factors affecting fish 
assemblages associated with gas platforms in the 
Mediterranean Sea. Journal of Sea Research, 77, 
45-52.

COOMBES, M. A., LA MARCA, E. C., NAYLOR, L. A. 
& THOMPSON, R. C. 2015. Getting into the groove: 
Opportunities to enhance the ecological value 
of hard coastal infrastructure using fine-scale 
surface textures. Ecological Engineering, 77, 314-
323.

COSTELLO, C., CAO, L., GELCICH, S., CISNEROS-
MATA, M. Á., FREE, C. M., FROEHLICH, H. E., 
GOLDEN, C. D., ISHIMURA, G., MAIER, J. & 
MACADAM-SOMER, I. 2020. The future of food 
from the sea. Nature, 1-6.

COSTELLO, K. E., LYNCH, S. A., MCALLEN, R., 
O’RIORDAN, R. M. & CULLOTY, S. C. 2021. The role 
of invasive tunicates as reservoirs of molluscan 
pathogens. Biological Invasions, 23, 641-655.

DAFFORN, K. A. 2017. Eco-engineering and 
management strategies for marine infrastructure 
to reduce establishment and dispersal of non-
indigenous species. Management of Biological 
Invasions, 8, 153-161.

DAFFORN, K. A., GLASBY, T. M., AIROLDI, L., 
RIVERO, N. K., MAYER-PINTO, M. & JOHNSTON, 
E. L. 2015. Marine urbanization: an ecological 
framework for designing multifunctional 
artificial structures. Frontiers in Ecology and the 
Environment, 13, 82-90.

DANOVARO, R., GAMBI, C., MAZZOLA, A. & MIRTO, 
S. 2002. Influence of artificial reefs on the 
surrounding infauna: analysis of meiofauna. ICES 
Journal of Marine Science, 59, S356-S362.

DARLING, E. S., GRAHAM, N. A., JANUCHOWSKI-
HARTLEY, F. A., NASH, K. L., PRATCHETT, M. S. 
& WILSON, S. K. 2017. Relationships between 
structural complexity, coral traits, and reef fish 

assemblages. Coral Reefs, 36, 561-575.

DAS, S. 2017. Ecological restoration and 
livelihood: contribution of planted mangroves as 
nursery and habitat for artisanal and commercial 
fishery. World Development, 94, 492-502.

DAVIES, T. W., DUFFY, J. P., BENNIE, J. & GASTON, 
K. J. 2014. The nature, extent, and ecological 
implications of marine light pollution. Frontiers in 
Ecology and the Environment, 12, 347-355.

DAVIS, N., VANBLARICOM, G. R. & DAYTON, P. K. 
1982. Man-made structures on marine sediments: 
Effects on adjacent benthic communities. Marine 
Biology, 70, 295-303.

DAWE. 2022a. Sea Installations [Online]. 
Australian Government Department of 
Agriculture, Water and the Environment. 
Available: https://www.awe.gov.au/environment/
marine/sea-installations [Accessed August 2022].

DAWE 2022b. Plastics in Artificial Reefs. 
Australian Government Department of 
Agriculture, Water and the Environment.

DENNIS, H. D., EVANS, A. J., BANNER, A. J. & 
MOORE, P. J. 2018. Reefcrete: Reducing the 
environmental footprint of concretes for eco-
engineering marine structures. Ecological 
Engineering, 120, 668-678.

DEPLEDGE, M. H., GODARD-CODDING, C. A. J. & 
BOWEN, R. E. 2010. Light pollution in the sea. 
Marine Pollution Bulletin, 60, 1383-1385.

DIPLOCK, J. 2010. Artificial Reefs - Design and 
Monitoring Standards Workshops. Fisheries 
Research and Development Corporation Project.

DOBRETSOV, S., ABED, R. M. M. & VOOLSTRA, 
C. R. 2013. The effect of surface colour on the 
formation of marine micro and macrofouling 
communities. Biofouling, 29, 617-627.

DODDS, K. C., SCHAEFER, N., BISHOP, M. J., 
NAKAGAWA, S., BROOKS, P. R., KNIGHTS, A. M. & 
STRAIN, E. M. A. 2022. Material type influences 
the abundance but not richness of colonising 
organisms on marine structures. Journal of 
Environmental Management, 307.

DOLL, P. C., MUNDAY, P. L., BONIN, M. C. & JONES, 
G. P. 2021. Habitat specialisation and overlap in 
coral reef gobies of the genus Eviota (Teleostei: 
Gobiidae). Marine Ecology Progress Series, 677, 
81-94.

DOOLEY, K. M., KNOPF, F. C. & GAMBRELL, R. P. 
1999. PH-NEUTRAL CONCRETE FOR ATTACHED 
MICROALGAE AND ENHANCED CARBON DIOXIDE 
FIXATION - PHASE I. United States.



46 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

DOS SANTOS JR, L. A., SM THIRÉ, R. M., B. 
LIMA, E. M., RACCA, L. M. & DA SILVA, A. 
L. N. Mechanical and thermal properties 
of environment friendly composite based 
on mango’s seed shell and high‐density 
polyethylene.  Macromolecular Symposia, 2018. 
Wiley Online Library, 1800125.

DOS SANTOS, L. N., BROTTO, D. S. & ZALMON, I. 
R. 2010. Fish responses to increasing distance 
from artificial reefs on the Southeastern Brazilian 
Coast. Journal of Experimental Marine Biology 
and Ecology, 386, 54-60.

DUARTE, C. M., CHAPUIS, L., COLLIN, S. P., COSTA, 
D. P., DEVASSY, R. P., EGUILUZ, V. M., ERBE, C., 
GORDON, T. A. C., HALPERN, B. S., HARDING, H. 
R., HAVLIK, M. N., MEEKAN, M., MERCHANT, N. D., 
MIKSIS-OLDS, J. L., PARSONS, M., PREDRAGOVIC, 
M., RADFORD, A. N., RADFORD, C. A., SIMPSON, 
S. D., SLABBEKOORN, H., STAATERMAN, E., 
VAN OPZEELAND, I. C., WINDEREN, J., ZHANG, 
X. & JUANES, F. 2021. The soundscape of the 
Anthropocene ocean. Science, 371, eaba4658.

DULVY, N. K., PACOUREAU, N., RIGBY, C. L., 
POLLOM, R. A., JABADO, R. W., EBERT, D. A., 
FINUCCI, B., POLLOCK, C. M., CHEOK, J. & 
DERRICK, D. H. 2021. Overfishing drives over 
one-third of all sharks and rays toward a global 
extinction crisis. Current Biology, 31, 4773-4787. 
e8.

DULVY, N. K., SADOVY, Y. & REYNOLDS, J. D. 2003. 
Extinction vulnerability in marine populations. 
Fish and fisheries, 4, 25-64.

EL CHAMI, D., DACCACHE, A. & EL MOUJABBER, 
M. 2020. What are the impacts of sugarcane 
production on ecosystem services and human 
well-being? A review. Annals of Agricultural 
Sciences, 65, 188-199.

ENCINAS, N., PANTOJA, M., ABENOJAR, J. & 
MARTÍNEZ, M. A. 2010. Control of wettability of 
polymers by surface roughness modification. 
Journal of Adhesion Science and Technology, 24, 
1869-1883.

EVANS, A. J., LAWRENCE, P. J., NATANZI, A. 
S., MOORE, P. J., DAVIES, A. J., CROWE, T. 
P., MCNALLY, C., THOMPSON, B., DOZIER, A. 
E. & BROOKS, P. R. 2021. Replicating natural 
topography on marine artificial structures–A 
novel approach to eco-engineering. Ecological 
Engineering, 160, 106144.

FABI, G., SCARCELLA, G., SPAGNOLO, A., 
BORTONE, S. A., CHARBONNEL, E., GOUTAYER, 
J. J., HADDAD, N., LÖK, A., TROMMELEN, M. 
& DIVISION, F. A. A. E. A. P. 2015. Practical 
Guidelines for the Use of Artificial Reefs in 

the Mediterranean and the Black Sea. General 
Fisheries Commission for the Mediterranean 
(GFCM) - Session Report. Rome: FAO.

FABI, G., SPAGNOLO, A., BELLAN-SANTINI, D., 
CHARBONNEL, E., ÇIÇEK, B. A., GARCÍA, J. J. G., 
JENSEN, A. C., KALLIANIOTIS, A. & SANTOS, M. 
N. D. 2011. Overview on artificial reefs in Europe. 
Brazilian journal of oceanography, 59, 155-166.

FALKOWSKI, P. 2012. Ocean science: the power of 
plankton. Nature, 483, S17-S20.

FERNANDEZ-GONZALEZ, V., NAVARRO-MAYORAL, 
S. & SANCHEZ-JEREZ, P. 2021. Connectivity 
Patterns for Direct Developing Invertebrates in 
Fragmented Marine Habitats: Fish Farms Fouling 
as Source Population in the Establishment and 
Maintenance of Local Metapopulations. Frontiers 
in Marine Science, 8.

FERRIER-PAGÈS, C., LEAL, M. C., CALADO, R., 
SCHMID, D. W., BERTUCCI, F., LECCHINI, D. & 
ALLEMAND, D. 2021. Noise pollution on coral 
reefs? — A yet underestimated threat to coral 
reef communities. Marine Pollution Bulletin, 165, 
112129.

FILGUEIRA, D., BOLAÑO, C., GOUVEIA, S. & 
MOLDES, D. 2021. Enzymatic Functionalization 
of Wood as an Antifouling Strategy against the 
Marine Bacterium Cobetia marina. Polymers, 13.

FITRIDGE, I., DEMPSTER, T., GUENTHER, J. & DE 
NYS, R. 2012. The impact and control of biofouling 
in marine aquaculture: a review. Biofouling, 28, 
649-669.

FLOERL, O., ATALAH, J., BUGNOT, A. B., 
CHANDLER, M., DAFFORN, K. A., FLOERL, L., 
ZAIKO, A. & MAJOR, R. 2021. A global model 
to forecast coastal hardening and mitigate 
associated socioecological risks. Nature 
Sustainability, 4, 1060-1067.

FLORISSON, J. H., ROWLAND, A.J., MATTHEWS, 
A.C., TWEEDLEY, J.R. AND CAMPBELL, L.L 2018a. 
The applications, needs, costs, benefits and 
cost-effective monitoring methods of habitat 
Enhancement Structures in Western Australia 
Recfishwest.

FLORISSON, J. H., ROWLAND, A.J., MATTHEWS, 
A.C., TWEEDLEY, J.R. AND CAMPBELL, L.L 2018b. 
The applications, needs, costs, benefits and 
cost-effective monitoring methods of habitat 
Enhancement Structures in Western Australia: 
Appendix I. Can recreational fishers provide an 
effective means of monitoring artificial reefs? : 
Recfishwest.

FORD, H. V., JONES, N. H., DAVIES, A. J., GODLEY, 



47 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

B. J., JAMBECK, J. R., NAPPER, I. E., SUCKLING, C. 
C., WILLIAMS, G. J., WOODALL, L. C. & KOLDEWEY, 
H. J. 2022. The fundamental links between 
climate change and marine plastic pollution. 
Science of The Total Environment, 806, 150392.

FORD, J. R., SHIMA, J. S. & SWEARER, S. E. 2016. 
Interactive effects of shelter and conspecific 
density shape mortality, growth, and condition in 
juvenile reef fish. Ecology, 97, 1373-1380.

FORD, J. R. & SWEARER, S. E. 2013. Two’s 
company, three’s a crowd: Food and shelter 
limitation outweigh the benefits of group living in 
a shoaling fish. Ecology, 94, 1069-1077.

FOUNDATION, M. 2021. The Global Fishing Index: 
Assessing the sustainability of the world’s marine 
fisheries. Perth, Wester Australia.

FRAZER, T. K., LINDBERG, W. J. & STANTON, G. R. 
1991. Predation on sand dollars by gray triggerfish, 
Balistes capriscus, in the northeastern Gulf of 
Mexico. Bull. Mar. Sci., 48, 159-164.

FRICKE, A. H., KOOP, K. & CLIFF, G. 1986. 
Modification of sediment texture and 
enhancement of interstitial meiofauna by an 
artificial reef. Transactions of the Royal Society of 
South Africa, 46, 27-34.

FRIJLINK, S. 2012. Artificial Reefs in Tasmania: 
a Background Report to inform Future 
Developments.

FROEHLICH, H. E., GENTRY, R. R., RUST, M. 
B., GRIMM, D. & HALPERN, B. S. 2017. Public 
Perceptions of Aquaculture: Evaluating 
Spatiotemporal Patterns of Sentiment around the 
World. PLOS ONE, 12, e0169281.

FUKUNAGA, A., BURNS, J. H., PASCOE, K. H. & 
KOSAKI, R. K. 2020. Associations between benthic 
cover and habitat complexity metrics obtained 
from 3D reconstruction of coral reefs at different 
resolutions. Remote Sensing, 12, 1011.

GALLO, F., FOSSI, C., WEBER, R., SANTILLO, D., 
SOUSA, J., INGRAM, I., NADAL, A. & ROMANO, D. 
2018. Marine litter plastics and microplastics 
and their toxic chemicals components: the need 
for urgent preventive measures. Environmental 
Sciences Europe, 30, 13.

GARDINER, N. M. & JONES, G. P. 2005. Habitat 
specialisation and overlap in a guild of coral 
reef cardinalfishes (Apogonidae). Marine Ecology 
Progress Series, 305, 163-175.

GATTUSO, J.-P., GENTILI, B., DUARTE, C. M., 
KLEYPAS, J., MIDDELBURG, J. J. & ANTOINE, 
D. 2006. Light availability in the coastal 
ocean: impact on the distribution of benthic 

photosynthetic organisms and their contribution 
to primary production. Biogeosciences, 3, 489-
513.

GAYLARD, S., WAYCOTT, M. & LAVERY, P. 2020. 
Review of Coast and Marine Ecosystems in 
Temperate Australia Demonstrates a Wealth of 
Ecosystem Services. Frontiers in Marine Science, 
7.

GOLLAN, J. R. & WRIGHT, J. T. 2006. Limited 
grazing pressure by native herbivores on 
the invasive seaweed Caulerpa taxifolia in 
a temperate Australian estuary. Marine and 
Freshwater Research, 57, 685-694.

GORMAN, O. T. & KARR, J. R. 1978. Habitat 
structure and stream fish communities. Ecology, 
59, 507-515.

GRATWICKE, B. & SPEIGHT, M. R. 2005. Effects 
of habitat complexity on Caribbean marine fish 
assemblages. Marine Ecology Progress Series, 
292, 301-310.

GROVE, R., SONU, C. & NAKAMURA, M. 1991. 
Design and engineering of manufactured habitats 
for fisheries enchancement.

GRUBER, N., CLEMENT, D., CARTER, B. R., FEELY, 
R. A., VAN HEUVEN, S., HOPPEMA, M., ISHII, M., 
KEY, R. M., KOZYR, A. & LAUVSET, S. K. 2019. The 
oceanic sink for anthropogenic CO2 from 1994 to 
2007. Science, 363, 1193-1199.

GUILBEAU, B. P., HARRY, F. P., GAMBRELL, R. 
P., KNOPF, F. C. & DOOLEY, K. M. 2003. Algae 
attachment on carbonated cements in fresh and 
brackish waters—preliminary results. Ecological 
Engineering, 20, 309-319.

HACKRADT, C. W., FELIX-HACKRADT, F. C. & 
GARCIA-CHARTON, J. A. 2011. Influence of habitat 
structure on fish assemblage of an artificial reef 
in southern Brazil. Mar Environ Res, 72, 235-47.

HALPERN, B. S., FRAZIER, M., AFFLERBACH, 
J., LOWNDES, J. S., MICHELI, F., O’HARA, C., 
SCARBOROUGH, C. & SELKOE, K. A. 2019. Recent 
pace of change in human impact on the world’s 
ocean. Scientific reports, 9, 1-8.

HALPERN, B. S., WALBRIDGE, S., SELKOE, K. 
A., KAPPEL, C. V., MICHELI, F., D’AGROSA, C., 
BRUNO, J. F., CASEY, K. S., EBERT, C. & FOX, H. E. 
2008. A global map of human impact on marine 
ecosystems. science, 319, 948-952.

HARBORNE, A. R., MUMBY, P. J. & FERRARI, R. 
2012. The effectiveness of different meso-
scale rugosity metrics for predicting intra-
habitat variation in coral-reef fish assemblages. 
Environmental Biology of Fishes, 94, 431-442.



48 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

HAWARD, M. 1989. The Australian offshore 
constitutional settlement. Marine Policy, 13, 334-
348.

HAY, M. E., DUFY, J. E., PAUL, V. J., RENAUD, P. E. 
& FENICAL, W. 1990. Specialist herbivores reduce 
their susceptibility to predation by feeding on 
the chemically defended seaweed Avrainvillea 
longicaulis. Limnology and oceanography, 35, 
1734-1743.

HAYEK, M., SALGUES, M., SOUCHE, J. C., WEERDT, 
K. D. & PIOCH, S. 2022. From concretes to 
bioreceptive concretes, influence of concrete 
properties on the biological colonization of 
marine artificial structures. IOP Conference 
Series: Materials Science and Engineering, 1245, 
012008.

HEERY, E., BISHOP, M., CRITCHLEY, L., BUGNOT, 
A., AIROLDI, L., MAYER-PINTO, M., SHEEHAN, 
E., COLEMAN, R., LOKE, L., JOHNSTON, E., 
KOMYAKOVA, V., MORRIS, R., STRAIN, E., 
NAYLOR, L. & DAFFORN, K. 2017. Identifying the 
consequences of ocean sprawl for sedimentary 
habitats. Journal of Experimental Marine Biology 
and Ecology, 492.

HEWITT, J., THRUSH, S., CUMMINGS, V. & TURNER, 
S. 1998. The effect of changing sampling 
scales on our ability to detect effects of large-
scale processes on communities. Journal of 
Experimental Marine Biology and Ecology, 227, 
251-264.

HIXON, M. A. & BEETS, J. P. 1993. Predation, prey 
refuges, and the structure of coral‐reef fish 
assemblages. Ecological Monographs, 63, 77-101.

HIXON, M. A. & MENGE, B. A. 1991. Species 
diversity: prey refuges modify the interactive 
effects of predation and competition. Theoretical 
Population Biology, 39, 178-200.

HOEY, J., MCCORMICK, M. & HOEY, A. 2007. 
Influence of depth on sex-specific energy 
allocation patterns in a tropical reef fish. Coral 
Reefs, 26, 603-613.

HOLBROOK, S. J., BROOKS, A. J. & SCHMITT, R. J. 
2002a. Predictability of fish assemblages on coral 
patch reefs. Marine and Freshwater Research, 53, 
181-188.

HOLBROOK, S. J., BROOKS, A. J. & SCHMITT, R. J. 
2002b. Variation in structural attributes of patch-
forming corals and in patterns of abundance 
of associated fishes. Marine and Freshwater 
Research, 53, 1045-1053.

HONG, S., CHOI, Y., KIM, T., LEE, G. S., HUR, D. 
S. & KWON, S. 2019. The enhanced mitigation of 

coastal erosion using the artificial coral reefs. 
Journal of Coastal Research, 91, 11-15.

HSIUNG, A. R., TAN, W. T., LOKE, L. H., FIRTH, L. 
B., HEERY, E. C., DUCKER, J., CLARK, V., PEK, Y. S., 
BIRCH, W. R. & ANG, A. C. 2020. Little evidence 
that lowering the pH of concrete supports greater 
biodiversity on tropical and temperate seawalls. 
Marine Ecology Progress Series, 656, 193-205.

HUGHES, T. P. 1994. Catastrophes, phase shifts, 
and large-scale degradation of a Caribbean coral 
reef. Science, 265, 1547-1551.

HUNTER, W. & SAYER, M. 2009. The comparative 
effects of habitat complexity on faunal 
assemblages of northern temperate artificial and 
natural reefs. ICES Journal of Marine Science, 66, 
691-698.

HYLKEMA, A., HAKKAART, Q. C., REID, C. B., 
OSINGA, R., MURK, A. J. & DEBROT, A. O. 2021. 
Artificial reefs in the Caribbean: A need for 
comprehensive monitoring and integration into 
marine management plans. Ocean & Coastal 
Management, 209, 105672.

INDUSTRIES, N. D. O. P. 2018. Southern Sydney 
offshore artificial reef – Long term management 
plan. NSW Department of Primary Industries.

JACKSON, J. B., KIRBY, M. X., BERGER, W. H., 
BJORNDAL, K. A., BOTSFORD, L. W., BOURQUE, B. 
J., BRADBURY, R. H., COOKE, R., ERLANDSON, J. & 
ESTES, J. A. 2001. Historical overfishing and the 
recent collapse of coastal ecosystems. science, 
293, 629-637.

JACOX, M. G., ALEXANDER, M. A., AMAYA, D., 
BECKER, E., BOGRAD, S. J., BRODIE, S., HAZEN, 
E. L., POZO BUIL, M. & TOMMASI, D. 2022. Global 
seasonal forecasts of marine heatwaves. Nature, 
604, 486-490.

JAXION-HARM, J. & SPEIGHT, M. 2012. Algal 
cover in mangroves affects distribution and 
predation rates by carnivorous fishes. Journal of 
Experimental Marine Biology and Ecology, 414, 
19-27.

JAXION-HARM, J. & SZEDLMAYER, S. 2015. Depth 
and artificial reef type effects on size and 
distribution of red snapper in the Northern Gulf 
of Mexico. North American Journal of Fisheries 
Management, 35, 86-96.

JIMENEZ, H., BIGOT, L., BOURMAUD, C., 
CHABANET, P., GRAVIER-BONNET, N., HAMEL, M., 
PAYRI, C., MATTIO, L., MENOU, J. & NAEEM, S. 
2012. Multi-taxa coral reef community structure 
in relation to habitats in the Baa Atoll Man and 
Biosphere UNESCO Reserve (Maldives), and 



49 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

implications for its conservation. Journal of sea 
research, 72, 77-86.

JONES, G., BARONE, G., SAMBROOK, K. & BONIN, 
M. 2020. Isolation promotes abundance and 
species richness of fishes recruiting to coral reef 
patches. Marine Biology, 167, 1-13.

JONES, G. P., MCCORMICK, M. I., SRINIVASAN, M. 
& EAGLE, J. V. 2004. Coral decline threatens fish 
biodiversity in marine reserves. Proceedings of 
the National Academy of Sciences, 101, 8251-8253.

JORDAN, L. K., GILLIAM, D. S. & SPIELER, R. E. 
2005. Reef fish assemblage structure affected 
by small-scale spacing and size variations of 
artificial patch reefs. Journal of experimental 
marine biology and ecology, 326, 170-186.

KAWASAKI, H., SANO, M. & SHIBUNO, T. 2003. The 
relationship between habitat physical complexity 
and recruitment of the coral reef damselfish, 
Pomacentrus amboinensis: an experimental study 
using small-scale artificial reefs. Ichthyological 
Research, 50, 0073-0077.

KELLY, L. W., BAROTT, K. L., DINSDALE, E., 
FRIEDLANDER, A. M., NOSRAT, B., OBURA, D., 
SALA, E., SANDIN, S. A., SMITH, J. E., VERMEIJ, M. 
J. A., WILLIAMS, G. J., WILLNER, D. & ROHWER, F. 
2012. Black reefs: iron-induced phase shifts on 
coral reefs. The ISME Journal, 6, 638-649.

KINGSFORD, M. J., LEIS, J. M., SHANKS, A., 
LINDEMAN, K. C., MORGAN, S. G. & PINEDA, J. 
2002. Sensory environments, larval abilities and 
local self-recruitment. Bulletin of Marine Science, 
70, 309-340.

KLOPFER, P. H. 1969. Habitats and territories: a 
study of the use of space by animals.

KNAPP, G. & RUBINO, M. C. 2016. The Political 
Economics of Marine Aquaculture in the 
United States. Reviews in Fisheries Science & 
Aquaculture, 24, 213-229.

KOMYAKOVA, V. 2009. Habitat characteristics as 
determinants of the local diversity and structure 
of coral reef fish communities. James Cook 
University.

KOMYAKOVA, V., CHAMBERLAIN, D., JONES, 
G. P. & SWEARER, S. E. 2019a. Assessing the 
performance of artificial reefs as substitute 
habitat for temperate reef fishes: Implications for 
reef design and placement. Science of the total 
environment, 668, 139-152.

KOMYAKOVA, V., CHAMBERLAIN, D. & SWEARER, S. 
E. 2021. A multi-species assessment of artificial 
reefs as ecological traps. Ecological Engineering, 
171, 106394.

KOMYAKOVA, V., JAFFRÉS, J. B., STRAIN, E. M., 
CULLEN-KNOX, C., FUDGE, M., LANGHAMER, O., 
BENDER, A., YAAKUB, S. M., WILSON, E. & ALLAN, 
B. J. 2022. Conceptualisation of multiple impacts 
interacting in the marine environment using 
marine infrastructure as an example. Science of 
the Total Environment, 154748.

KOMYAKOVA, V., JONES, G. P. & MUNDAY, P. L. 
2018. Strong effects of coral species on the 
diversity and structure of reef fish communities: 
A multi-scale analysis. PloS one, 13, e0202206.

KOMYAKOVA, V., MUNDAY, P. & JONES, G. 2019b. 
Comparative analysis of habitat use and 
ontogenetic habitat-shifts among coral reef 
damselfishes. Environmental Biology of Fishes, 
102, 1201-1218.

KOMYAKOVA, V., MUNDAY, P. L. & JONES, G. P. 
2013. Relative importance of coral cover, habitat 
complexity and diversity in determining the 
structure of reef fish communities. PLoS One, 8, 
e83178.

KOMYAKOVA, V. & SWEARER, S. 2019. Contrasting 
patterns in habitat selection and recruitment of 
temperate reef fishes among natural and artificial 
reefs. Marine environmental research, 143, 71-81.

KOMYAKOVA, V., VINCE, J. & HAWARD, M. 2020. 
Primary microplastics in the marine environment: 
scale of the issue, sources, pathways and current 
policy. Report to the National Environmental 
Science Program, Marine Biodiversity Hub. IMAS, 
University of Tasmania.

KOUTNY, M., SANCELME, M., DABIN, C., PICHON, 
N., DELORT, A.-M. & LEMAIRE, J. 2006. Acquired 
biodegradability of polyethylene containing 
pro-oxidant additives. Polymer Degradation and 
Stability - POLYM DEGRAD STABIL, 91, 1495-1503.

KRALY, P., WEITZMAN, J. & FILGUEIRA, R. 2022. 
Understanding factors influencing social 
acceptability: Insights from media portrayal 
of salmon aquaculture in Atlantic Canada. 
Aquaculture, 547, 737497.

KRAUSE-JENSEN, D., SEJR, M. K., BRUHN, A., 
RASMUSSEN, M. B., CHRISTENSEN, P. B., HANSEN, 
J. L., DUARTE, C. M., BRUNTSE, G. & WEGEBERG, 
S. 2019. Deep penetration of kelps offshore along 
the west coast of Greenland. Frontiers in Marine 
Science, 375.

KRISTAN III, W. B. 2007. Expected effects of 
correlated habitat variables on habitat quality 
and bird distribution. The Condor, 109, 505-515.

KUMAR, S., PANDA, A. K. & SINGH, R. K. 2011. 
A review on tertiary recycling of high-density 



50 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

polyethylene to fuel. Resources, Conservation and 
Recycling, 55, 893-910.

KVILE, K. Ø., ANDERSEN, G. S., BADEN, S. P., 
BEKKBY, T., BRUHN, A., GEERTZ-HANSEN, O., 
HANCKE, K., HANSEN, J. L., KRAUSE-JENSEN, D. 
& RINDE, E. 2022. Kelp forest distribution in the 
Nordic region. Frontiers in Marine Science, 887.

LA MARCA, E. C., COOMBES, M. A., VILES, H. A. 
& NAYLOR, L. A. 2014. The bio-protective role of 
a biological encrustation/Il Ruolo bio-protettivo 
di un’incrostazione biologica. Biologia Marina 
Mediterranea, 21, 345-346.

LANGHAMER, O. & WILHELMSSON, D. 2009. 
Colonisation of fish and crabs of wave energy 
foundations and the effects of manufactured 
holes–a field experiment. Marine environmental 
research, 68, 151-157.

LAVERS, J. L., BOND, A. L. & ROLSKY, C. 2022. 
Far from a distraction: plastic pollution and the 
planetary emergency. Biological Conservation, 
272, 109655.

LAYMAN, C. A., ALLGEIER, J. E. & MONTAÑA, 
C. G. 2016. Mechanistic evidence of enhanced 
production on artificial reefs: A case study in 
a Bahamian seagrass ecosystem. Ecological 
Engineering, 95, 574-579.

LAYTON, C., CAMERON, M. J., TATSUMI, M., 
SHELAMOFF, V., WRIGHT, J. T. & JOHNSON, C. R. 
2020. Habitat fragmentation causes collapse of 
kelp recruitment. Marine Ecology Progress Series, 
648, 111-123.

LEE, C. S., WALFORD, J. & GOH, B. 2009. Adding 
coral rubble to substrata enhances settlement 
of Pocillopora damicornis larvae. Coral Reefs, 28, 
529-533.

LEVY, N., BERMAN, O., YUVAL, M., LOYA, Y., 
TREIBITZ, T., TARAZI, E. & LEVY, O. 2022. Emerging 
3D technologies for future reformation of coral 
reefs: Enhancing biodiversity using biomimetic 
structures based on designs by nature. Science of 
The Total Environment, 830, 154749.

LIMA, J. S., ZALMON, I. R. & LOVE, M. 2019. 
Overview and trends of ecological and 
socioeconomic research on artificial reefs. Marine 
environmental research, 145, 81-96.

LIMA, J. S., ZAPPES, C. A., DI BENEDITTO, A. P. 
M. & ZALMON, I. R. 2018. Artisanal fisheries and 
artificial reefs on the southeast coast of Brazil: 
Contributions to research and management. 
Ocean & Coastal Management, 163, 372-382.

LOKE, L. H. L. & TODD, P. A. 2016. Structural 
complexity and component type increase 

intertidal biodiversity independently of area. 
Ecology, 97, 383-393.

LOKESHA, SUNDAR, V. & SANNASIRAJ, S. 2013. 
Artificial reefs: a review. The International Journal 
of Ocean and Climate Systems, 4, 117-124.

LOTZE, H. K., LENIHAN, H. S., BOURQUE, B. 
J., BRADBURY, R. H., COOKE, R. G., KAY, M. C., 
KIDWELL, S. M., KIRBY, M. X., PETERSON, C. H. & 
JACKSON, J. B. 2006. Depletion, degradation, and 
recovery potential of estuaries and coastal seas. 
Science, 312, 1806-1809.

LUCKHURST, B. & LUCKHURST, K. 1978. Analysis of 
the influence of substrate variables on coral reef 
fish communities. Marine Biology, 49, 317-323.

LUSHER, A., HOLLMAN, P. & MENDOZA-HILL, J. 
2017. Microplastics in fisheries and aquaculture: 
status of knowledge on their occurrence and 
implications for aquatic organisms and food 
safety, FAO.

MACK, R. N., SIMBERLOFF, D., MARK LONSDALE, 
W., EVANS, H., CLOUT, M. & BAZZAZ, F. A. 
2000. Biotic invasions: causes, epidemiology, 
global consequences, and control. Ecological 
applications, 10, 689-710.

MACKO, S. A. 2018. A perspective on marine 
pollution. The Marine Environment and United 
Nations Sustainable Development Goal 14. Brill 
Nijhoff.

MARGHERITINI, L., MØLDRUP, P., JENSEN, R. L., 
FRANDSEN, K. M., ANTONOV, Y. I., KAWAMOTO, K., 
DE JONGE, L. W., BJØRGÅRD, T. L., SIMONSEN, 
M. E. & VACCARELLA, R. 2021. Innovative material 
can mimic coral and boulder reefs properties. 
Frontiers in Marine Science, 8, 750.

MARZINELLI, E. M., WILLIAMS, S. B., BABCOCK, 
R. C., BARRETT, N. S., JOHNSON, C. R., JORDAN, 
A., KENDRICK, G. A., PIZARRO, O. R., SMALE, D. A. 
& STEINBERG, P. D. 2015. Large-scale geographic 
variation in distribution and abundance of 
Australian deep-water kelp forests. PloS one, 10, 
e0118390.

MAZUR, K., JAKUBOWSKA, P., ROMAŃSKA, P. & 
KUCIEL, S. 2020. Green high density polyethylene 
(HDPE) reinforced with basalt fiber and 
agricultural fillers for technical applications. 
Composites Part B: Engineering, 202, 108399.

MCCAULEY, D. J., PINSKY, M. L., PALUMBI, S. R., 
ESTES, J. A., JOYCE, F. H. & WARNER, R. R. 2015. 
Marine defaunation: animal loss in the global 
ocean. Science, 347, 1255641.

MCMANUS, R. S., ARCHIBALD, N., COMBER, S., 
KNIGHTS, A. M., THOMPSON, R. C. & FIRTH, L. B. 



51 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

2018. Partial replacement of cement for waste 
aggregates in concrete coastal and marine 
infrastructure: A foundation for ecological 
enhancement? Ecological Engineering, 120, 655-
667.

MILLER, M. E., HAMANN, M. & KROON, F. J. 
2020. Bioaccumulation and biomagnification of 
microplastics in marine organisms: A review and 
meta-analysis of current data. PLoS One, 15, 
e0240792.

MOLNAR, J. L., GAMBOA, R. L., REVENGA, C. 
& SPALDING, M. D. 2008. Assessing the global 
threat of invasive species to marine biodiversity. 
Frontiers in Ecology and the Environment, 6, 485-
492.

MORA, C., TITTENSOR, D. P., ADL, S., SIMPSON, A. 
G. & WORM, B. 2011. How many species are there 
on Earth and in the ocean? PLoS Biol, 9, e1001127.

MORAIS, R. A., DEPCZYNSKI, M., FULTON, C., 
MARNANE, M., NARVAEZ, P., HUERTAS, V., BRANDL, 
S. J. & BELLWOOD, D. R. 2020. Severe coral 
loss shifts energetic dynamics on a coral reef. 
Functional Ecology, 34, 1507-1518.

MOS, B., DWORJANYN, S. A., MAMO, L. T. & 
KELAHER, B. P. 2019. Building global change 
resilience: Concrete has the potential to 
ameliorate the negative effects of climate-driven 
ocean change on a newly-settled calcifying 
invertebrate. Science of The Total Environment, 
646, 1349-1358.

MULIAWATI, N. P., SETIADI, I. M. D., VERMA, G., 
WARDANI, M. L. D. & OTIVRIYANTI, G. Artificial 
Coral Reef Growth Media Model Engineering from 
Ceramic.  E3S Web of Conferences, 2022. EDP 
Sciences, 00033.

MÜLLAUER, W., BEDDOE, R. E. & HEINZ, D. 2015. 
Leaching behaviour of major and trace elements 
from concrete: Effect of fly ash and GGBS. 
Cement and Concrete Composites, 58, 129-139.

MUNDAY, P. & JONES, G. 1998. The ecological 
implications of small body size among coral-reef 
fishes. Oceanography and Marine Biology, 36, 373-
411.

MUNDAY, P., JONES, G., SHEAVES, M., WILLIAMS, 
A. & GOBY, G. 2007. Chapter 12: Vulnerability of 
the Great Barrier Reef to climate change. Climate 
Change and the Great Barrier Reef, eds. Johnson 
JE & Marshall PA Great Barrier Reef Marine Park 
Authority and Australian Greenhouse Office, 
Australia.

MUNDAY, P. L., JONES, G. P. & CALEY, M. J. 1997. 
Habitat specialisation and the distribution and 

abundance of coral-dwelling gobies. Marine 
Ecology Progress Series, 152, 227-239.

MUÑOZ-PÉREZ, J. J. 2008. Artificial reefs to 
improve and protect fishing grounds. Recent 
patents on engineering, 2, 80-86.

NELSON, W. G., NAVRATIL, P. M., SAVERCOOL, 
D. M. & VOSE, F. E. 1988. Short-term effects of 
stabilized oil ash reefs on the marine benthos. 
Marine Pollution Bulletin. 1988.

NEO, M. L., TODD, P. A., TEO, S. L.-M. & CHOU, 
L. M. 2009. Can artificial substrates enriched 
with crustose coralline algae enhance larval 
settlement and recruitment in the fluted giant 
clam (Tridacna squamosa)? Hydrobiologia, 625, 
83-90.

OGBURN, D. M., WHITE, I. & MCPHEE, D. P. 
2007. The disappearance of oyster reefs from 
eastern Australian estuaries—impact of colonial 
settlement or mudworm invasion? Coastal 
Management, 35, 271-287.

PARSONS, D. F., SUTHERS, I. M., CRUZ, D. 
O. & SMITH, J. A. 2016. Effects of habitat on 
fish abundance and species composition on 
temperate rocky reefs. Marine Ecology Progress 
Series, 561, 155-171.

PAULY, D. & ZELLER, D. 2016. Catch 
reconstructions reveal that global marine 
fisheries catches are higher than reported and 
declining. Nature communications, 7, 10244.

PAXTON, A. B., SHERTZER, K. W., BACHELER, N. 
M., KELLISON, G. T., RILEY, K. L. & TAYLOR, J. C. 
2020. Meta-analysis reveals artificial reefs can be 
effective tools for fish community enhancement 
but are not one-size-fits-all. Frontiers in Marine 
Science, 7, 282.

PEARS, R. J. & WILLIAMS, D. M. 2005. Potential 
effects of artificial reefs on the Great Barrier 
Reef: background paper. CRC Reef Research 
Centre Technical Report No. 60. CRC Reef 
Research Centre, Townsville, Australia.

PERKOL-FINKEL, S. & SELLA, I. Ecologically active 
concrete for coastal and marine infrastructure: 
Innovative matrices and designs. In: BURGESS, 
K., ALLSOP, W. & ALLSOP, W., eds., 2014. ICE 
Publishing, 1139-1149.

PINSKY, M. L., SELDEN, R. L. & KITCHEL, Z. J. 
2020. Climate-driven shifts in marine species 
ranges: Scaling from organisms to communities. 
Annual Review of Marine Science, 12, 153-179.

PIOCH, S., RELINI, G., SOUCHE, J. C., STIVE, M. 
J. F., DE MONBRISON, D., NASSIF, S., SIMARD, 
F., ALLEMAND, D., SAUSSOL, P., SPIELER, R. & 



52 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

KILFOYLE, K. 2018. Enhancing eco-engineering 
of coastal infrastructure with eco-design: 
Moving from mitigation to integration. Ecological 
Engineering, 120, 574-584.

PIOLA, R. F. & JOHNSTON, E. L. 2008. Pollution 
reduces native diversity and increases 
invader dominance in marine hard‐substrate 
communities. Diversity and Distributions, 14, 329-
342.

POSEY, M. H., VOSE, F. E. & LINDBERG, W. J. 1992. 
Short-term responses of benthic infauna to the 
establishment of an artificial reef. Diving Sci. 
1992, Proc. Am. Acad. Underw. Sci. 12th Annu. Sci. 
Diving Symp, 125-131.

POTET, M., FABIEN, A., CHAUDEMANCHE, S., 
SEBAIBI, N., GUILLET, T., GACHELIN, S., COCHET, 
H., BOUTOUIL, M. & POUVREAU, S. 2021. Which 
concrete substrate suits you? Ostrea edulis 
larval preferences and implications for shellfish 
restoration in Europe. Ecological Engineering, 162, 
106159.

PRATCHETT, M., GRAHAM, N. & COLE, A. 2013. 
Specialist corallivores dominate butterflyfish 
assemblages in coral‐dominated reef habitats. 
Journal of Fish Biology, 82, 1177-1191.

PRATCHETT, M. S., COKER, D. J., JONES, G. P. & 
MUNDAY, P. L. 2012. Specialization in habitat use 
by coral reef damselfishes and their susceptibility 
to habitat loss. Ecology and evolution, 2, 2168-
2180.

PROTOCOL/UNEP, L. C. A. 2009. Guidelines for the 
Placement of Artificial Reefs. London, UK.

RAMM, L. A., FLORISSON, J. H., WATTS, S. L., 
BECKER, A. & TWEEDLEY, J. R. 2021. Artificial reefs 
in the Anthropocene: a review of geographical 
and historical trends in their design, purpose, and 
monitoring. Bulletin of Marine Science, 97, 699-
728.

RECFISHWEST 2017. Artificial Reefs in Australia: 
A Guide to Developing Aquatic Habitat 
Enhancement Structures. Suite 3, 45 Northside 
Drive, Hillarys, Western Australia.

RICHARDSON, L. E., GRAHAM, N. A. & HOEY, A. 
S. 2017. Cross-scale habitat structure driven 
by coral species composition on tropical reefs. 
Scientific Reports, 7, 1-11.

RISER, S. C. & JOHNSON, K. S. 2008. Net 
production of oxygen in the subtropical ocean. 
Nature, 451, 323-325.

RISINGER, J. D. 2012. Biologically dominated 
engineered coastal breakwaters.

RISK, M. J. 1972. Fish diversity on a coral reef in 
the Virgin Islands. Atoll Research Bulletin.

ROGERS, A., BLANCHARD, J. L. & MUMBY, P. J. 
2014. Vulnerability of coral reef fisheries to a 
loss of structural complexity. Current Biology, 24, 
1000-1005.

ROSEMOND, R. C., PAXTON, A. B., LEMOINE, H. 
R., FEGLEY, S. R. & PETERSON, C. H. 2018. Fish 
use of reef structures and adjacent sand flats: 
implications for selecting minimum buffer zones 
between new artificial reefs and existing reefs. 
Marine Ecology Progress Series, 587, 187-199.

ROSER, M., RITCHIE, H. & ORTIZ-OSPINA, E. 2019. 
World population growth. Our world in data, First 
published 2013.

ROUSE, S., PORTER, J. S. & WILDING, T. A. 2020. 
Artificial reef design affects benthic secondary 
productivity and provision of functional habitat. 
Ecology and evolution, 10, 2122-2130.

ROWLAND, M. J. & ULM, S. 2011. Indigenous fish 
traps and weirs of Queensland. Queensland 
Archaeological Research, 14, 1-58.

RUSS, G. R. & LEAHY, S. M. 2017. Rapid decline 
and decadal-scale recovery of corals and 
Chaetodon butterflyfish on Philippine coral reefs. 
Marine Biology, 164, 1-18.

SALE, P. F. 1998. Appropriate spatial scales for 
studies of reef‐fish ecology. Australian Journal of 
Ecology, 23, 202-208.

SANTOS, L. N., GARCÍA-BERTHOU, E., AGOSTINHO, 
A. A. & LATINI, J. D. 2011. Fish colonization of 
artificial reefs in a large Neotropical reservoir: 
material type and successional changes. 
Ecological Applications, 21, 251-262.

SANTOS, M. N., OLIVEIRA, M. T. & CÚRDIA, J. 2013. 
A comparison of the fish assemblages on natural 
and artificial reefs off Sal Island (Cape Verde). 
Journal of the Marine Biological Association of 
the United Kingdom, 93, 437-452.

SARDAIN, A., SARDAIN, E. & LEUNG, B. 2019. 
Global forecasts of shipping traffic and biological 
invasions to 2050. Nature Sustainability, 2, 274-
282.

SATO, O. 1985. SCIENTIFIC RATIONALES FOR 
FISHING REEF DESIGN. Bulletin of Marine 
Science, 37, 329-335.

SEDANO, F., NAVARRO-BARRANCO, C., GUERRA-
GARCÍA, J. M. & ESPINOSA, F. 2020. From sessile 
to vagile: understanding the importance of 
epifauna to assess the environmental impacts of 
coastal defence structures. Estuarine, Coastal 



53 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

and Shelf Science, 235, 106616.

SELLA, I. & PERKOL-FINKEL, S. 2015. Blue is the 
new green – Ecological enhancement of concrete 
based coastal and marine infrastructure. 
Ecological Engineering, 84, 260-272.

SEMPERE-VALVERDE, J., OSTALÉ-VALRIBERAS, E., 
FARFÁN, G. M. & ESPINOSA, F. 2018. Substratum 
type affects recruitment and development of 
marine assemblages over artificial substrata: A 
case study in the Alboran Sea. Estuarine, Coastal 
and Shelf Science, 204, 56-65.

SHELAMOFF, V., LAYTON, C., TATSUMI, M., 
CAMERON, M. J., EDGAR, G. J. & JOHNSON, C. R. 
2020. High kelp density attracts fishes except 
for recruiting cryptobenthic species. Marine 
Environmental Research, 161, 105127.

SHERMAN, R., D. S. GILLIAM & SPIELER, R. 
E. 2002. Artificial reef design: void space, 
complexity, and attractants. ICES Journal of 
Marine Science, 59, S196-S200.

SKIRTUN, M., SANDRA, M., STRIETMAN, W. J., VAN 
DEN BURG, S. W. K., DE RAEDEMAECKER, F. & 
DEVRIESE, L. I. 2022. Plastic pollution pathways 
from marine aquaculture practices and potential 
solutions for the North-East Atlantic region. 
Marine Pollution Bulletin, 174, 113178.

SMITH, K. E., BURROWS, M. T., HOBDAY, A. 
J., SEN GUPTA, A., MOORE, P. J., THOMSEN, 
M., WERNBERG, T. & SMALE, D. A. 2021. 
Socioeconomic impacts of marine heatwaves: 
Global issues and opportunities. Science, 374, 
eabj3593.

SNELSON, D. G. & KINUTHIA, J. M. 2010. 
Resistance of mortar containing unprocessed 
pulverised fuel ash (PFA) to sulphate attack. 
Cement and Concrete Composites, 32, 523-531.

ST. PIERRE, J. I. & KOVALENKO, K. E. 2014. Effect 
of habitat complexity attributes on species 
richness. Ecosphere, 5, 1-10.

STOCKTON, J. 1982. Stone wall fish-traps in 
Tasmania. Australian Archaeology, 14, 107-114.

STRAIN, E. M. A., CUMBO, V. R., MORRIS, R. L., 
STEINBERG, P. D. & BISHOP, M. J. 2020. Interacting 
effects of habitat structure and seeding with 
oysters on the intertidal biodiversity of seawalls. 
PloS one, 15, e0230807.

STRAIN, E. M. A., LAI, R. W. S., WHITE, C. A., 
PIARULLI, S., LEUNG, K. M. Y., AIROLDI, L. & 
O’BRIEN, A. 2022. Editorial: Marine Pollution - 
Emerging Issues and Challenges. Frontiers in 
Marine Science, 9.

STRAIN, E. M. A., OLABARRIA, C., MAYER-PINTO, 
M., CUMBO, V., MORRIS, R. L., BUGNOT, A. B., 
DAFFORN, K. A., HEERY, E., FIRTH, L. B., BROOKS, 
P. R. & BISHOP, M. J. 2018. Eco-engineering urban 
infrastructure for marine and coastal biodiversity: 
Which interventions have the greatest ecological 
benefit? Journal of Applied Ecology, 55, 426-441.

SUEIRO, M. C., BORTOLUS, A. & SCHWINDT, 
E. 2011. Habitat complexity and community 
composition: relationships between different 
ecosystem engineers and the associated 
macroinvertebrate assemblages. Helgoland 
Marine Research, 65, 467-477.

SUTTON, S. G. & BUSHNELL, S. L. 2007. 
Socio-economic aspects of artificial reefs: 
Considerations for the Great Barrier Reef Marine 
Park. Ocean & Coastal Management, 50, 829-846.

THIERRY, J.-M. 1988. Artificial reefs in Japan—a 
general outline. Aquacultural Engineering, 7, 321-
348.

TREBILCO, R., FISCHER, M., HUNTER, C., HOBDAY, 
A., THOMAS, L. & EVANS, K. 2021. Australia state 
of the environment 2021: marine. independent 
report to the Australian Government Minister for 
the Environment. Commonwealth of Australia, 
Canberra.

TREU, A., ZIMMER, K., BRISCHKE, C., LARNØY, 
E., GOBAKKEN, L. R., ALOUI, F., CRAGG, S. M., 
FLÆTE, P. O., HUMAR, M., WESTIN, M., BORGES, 
L. & WILLIAMS, J. 2019. Durability and protection 
of timber structures in marine environments in 
Europe: An overview. BioResources, 14, 10161-
10184.

TRILSBECK, M., GARDNER, N., FABBRI, A., 
HAEUSLER, M. H., ZAVOLEAS, Y. & PAGE, M. 
2019. Meeting in the middle: Hybrid clay three-
dimensional fabrication processes for bio-reef 
structures. International Journal of Architectural 
Computing, 17, 148-165.

TROELL, M., HALLING, C., NEORI, A., CHOPIN, T., 
BUSCHMANN, A. H., KAUTSKY, N. & YARISH, C. 
2003. Integrated mariculture: asking the right 
questions. Aquaculture, 226, 69-90.

TURNER, C. H., EBERT, E. E. & GIVEN, R. 
R. 1969. Fish Bulletin 146. Man-Made Reef 
Ecology. DEPARTMENT OF FISH AND GAME, THE 
RESOURCES AGENCY, STATE OF CALIFORNIA.

VERGÉS, J. C. 2014. Artificial reef materials: 
Preliminary study of the potential for the 
development of ”Macroalgae reefs” in the 
Limfjorden.

VIVIER, B., DAUVIN, J.-C., NAVON, M., RUSIG, A.-M., 



54 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

MUSSIO, I., ORVAIN, F., BOUTOUIL, M. & CLAQUIN, 
P. 2021. Marine artificial reefs, a meta-analysis of 
their design, objectives and effectiveness. Global 
Ecology and Conservation, 27, e01538.

VON MOOS, N., BURKHARDT-HOLM, P. & KÖHLER, 
A. 2012. Uptake and Effects of Microplastics on 
Cells and Tissue of the Blue Mussel Mytilus edulis 
L. after an Experimental Exposure. Environmental 
Science & Technology, 46, 11327-11335.

WERNER, S., BUDZIAK, A., VAN FRANEKER, J., 
GALGANI, F., HANKE, G., MAES, T., MATIDDI, M., 
NILSSON, P., OOSTERBAAN, L. & PRIESTLAND, E. 
2016. Harm caused by Marine Litter: MSFD GES 
TG Marine Litter-thematic report, Publications 
Office of the European Union.

WILDING, T. A. 2014. Effects of man-made 
structures on sedimentary oxygenation: Extent, 
seasonality and implications for offshore 
renewables. Marine Environmental Research, 97, 
39-47.

WILHELMSSON, D., YAHYA, S. A. & ÖHMAN, M. C. 
2006. Effects of high-relief structures on cold 
temperate fish assemblages: A field experiment. 
Marine Biology Research, 2, 136-147.

WILLIAMS, B. A., WATSON, J. E., BEYER, H. L., 
KLEIN, C. J., MONTGOMERY, J., RUNTING, R. K., 
ROBERSON, L. A., HALPERN, B. S., GRANTHAM, H. 
S. & KUEMPEL, C. D. 2022. Global rarity of intact 
coastal regions. Conservation Biology, e13874.

WILLIS, S., WINEMILLER, K. & LOPEZ-FERNANDEZ, 
H. 2005. Habitat structural complexity and 
morphological diversity of fish assemblages in a 
Neotropical floodplain river. Oecologia, 142, 284-
295.

WOOTTON, N., REIS-SANTOS, P. & GILLANDERS, B. 
M. 2021. Microplastic in fish–A global synthesis. 
Reviews in Fish Biology and Fisheries, 31, 753-771.

WORK, T. M., AEBY, G. S., NEAL, B. P., PRICE, N. 
N., CONKLIN, E. & POLLOCK, A. 2018. Managing an 
invasive corallimorph at Palmyra Atoll National 
Wildlife Refuge, Line Islands, Central Pacific. 
Biological Invasions, 20, 2197-2208.

WRIGHT, S. L., ROWE, D., THOMPSON, R. C. & 
GALLOWAY, T. S. 2013a. Microplastic ingestion 
decreases energy reserves in marine worms. 
Current Biology, 23, R1031-R1033.

WRIGHT, S. L., THOMPSON, R. C. & GALLOWAY, T. 
S. 2013b. The physical impacts of microplastics 
on marine organisms: A review. Environmental 
Pollution, 178, 483-492.

YAMAMOTO, K. C., DE CARVALHO FREITAS, C. E., 
ZUANON, J. & HURD, L. E. 2014. Fish diversity and 
species composition in small-scale artificial reefs 
in Amazonian floodplain lakes: Refugia for rare 
species? Ecological Engineering, 67, 165-170.

YAN, H. F., KYNE, P. M., JABADO, R. W., LEENEY, 
R. H., DAVIDSON, L. N., DERRICK, D. H., FINUCCI, 
B., FRECKLETON, R. P., FORDHAM, S. V. & DULVY, 
N. K. 2021. Overfishing and habitat loss drive 
range contraction of iconic marine fishes to near 
extinction. Science Advances, 7, eabb6026.

YI, Y., ZHU, D., GUO, S., ZHANG, Z. & SHI, C. 2020. 
A review on the deterioration and approaches to 
enhance the durability of concrete in the marine 
environment. Cement and Concrete Composites, 
113, 103695.

YU, J., CHEN, P., TANG, D. & QIN, C. 2015. 
Ecological effects of artificial reefs in Daya Bay 
of China observed from satellite and in situ 
measurements. Advances in Space Research, 55, 
2315-2324.

YUAN, Z., NAG, R. & CUMMINS, E. 2022. Ranking 
of potential hazards from microplastics polymers 
in the marine environment. Journal of Hazardous 
Materials, 429, 128399.

ZHANG, D., CUI, Y., ZHOU, H., JIN, C., YU, X., XU, 
Y., LI, Y. & ZHANG, C. 2020. Microplastic pollution 
in water, sediment, and fish from artificial reefs 
around the Ma’an Archipelago, Shengsi, China. 
Science of the Total Environment, 703, 134768.

 



55 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

| APPENDIX A – PROJECT SYNOPSIS

PROJECT LEADER PROJECT TEAM

Marcus Haward, University of Tasmania. 	» Valeriya Komyakova, University of Tasmania. 

	» Brigette Wright, University of Tasmania. 

	» Stewart Frusher, University of Tasmania. 

	» Saeed Mohajernasab, University of Tasmania. 

	» Ali Shakourloo, University of Tasmania.

	» Nagi  Abdussamie, University of Tasmania.

	» Marcus  Haward, University of Tasmania.

	» Brian von Herzen, Climate Foundation.

	» Kristien Veys, Blauwe Cluster, Belgium.

	» Gregory Page, Southern Blue Reefs.  

	» Adam Brancher, Southern Ocean Carbon 
Company. 

	» Frances Huddlestone, Oysters Tasmania.

	» Sven Frijlink, Department of Natural Resources 
and Environment Tasmanian Government.  

	» Simon Clark, Macquarie University.

	» Rouzbeh Abbassi, Macquarie University.

	» Fatemeh Saleh, Macquarie University.

	» Ehsan Arzagh, University of Tasmania.

	» Til Baalisampang, University of Tasmania.

	» Vikram Garaniya, University of Tasmania.

PROJECT LEADER

	» Valeriya Komyakova, University of Tasmania. 

	» Brigette Wright, University of Tasmania. 

	» Stewart Frusher, University of Tasmania. 

	» Saeed Mohajernasab, University of Tasmania. 

	» Ali Shakourloo, University of Tasmania.

	» Nagi  Abdussamie, University of Tasmania.

	» Marcus  Haward, University of Tasmania.

DATE REPORTED TO THE BE CRC

October 2022 

APPROVED BY THE BE CRC

Dr John Whittington, BE CRC CEO

PROJECT OBJECTIVE(S) BE CRC MILESTONES

	» Identify the potential for floating benthic 
artificial systems to support marine products.

	» Assess the current state of knowledge on 
environmental and economic (market and 
non-market) benefits of incorporating artificial 
ecosystems into the design of integrated 
offshore developments.

	» Assess current design opportunities and 
constraints in the construction of floating 
artificial benthic ecosystems suitable for 
offshore developments. Assess alternative 
mooring/anchoring systems.

	» Identify current regulatory and policy issues 
with respect to development, deployment and 
operation of artificial ecosystems, and how 
these systems can assist in demonstrating 
responsible management of offshore 
developments.

	» RP1.1.2 Commercial-ready designs and sub-
systems for offshore aquaculture cages in a 
high-energy environment.

	» RP1.1.2 Commercial-ready designs and sub-
systems for offshore aquaculture cages in a 
high-energy environment.

	» RP2.1.2 Advanced understanding of, and 
industry-ready knowledge to- improve fish 
biology in offshore environments.

	» RP2.2.2 A framework for integrating production 
and engineering technologies that advances 
overall productivity of seafood marine products.

	» RP2.3.2 Platform to underpin the value and 
promotion of seafood from new aquaculture 
systems.



56 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

BE CRC MILESTONES

	» RP4.1.1 Multi-criteria regional marine spatial 
planning tool for the identification of regional 
areas that would be feasible (technically and 
economically) for integrated multiple-use 
platforms.

	» RP4.2.1 Framework for assessing proposed 
offshore activities & supporting specific site 
selection.

UTILISATION/COMMERCIALISATION OPPORTUNITIES

	» Development of research map to guide development of a prototype floating artificial reef.

	» Outline of current regulatory and policy issues with respect to development, deployment and 
operation of artificial reef systems.  

INTELLECTUAL PROPERTY

	» N/A

CONFIDENTIALITY

Does this report include confidential information?  Yes –  or  No X



57 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

| APPENDIX B – SHORT SCIENCE SUMMARY
A short science summary for this project is provided on the following page(s).

57 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development



58 Blue Economy CRC  |  Identifying the Potential of Artificial Floating Benthic Ecosystems to Underpin Offshore Development

SHORT  
SUMMARY

5.21.002
Identifying the Potential of Artif icial Floating Benthic 
Ecosystems to Underpin Offshore Development.

www.blueeconomycrc.com.au  |  enquiries@blueeconomycrc.com.au
The Blue Economy CRC is funded in part under the Australian Government’s CRC program administered by the Department of Industry, Science, Energy and Resources.

KEY POINTS

» Reefs are common benthic systems throughout 
Australia’s extensive coastline and provide 

significant ecosystem services, many of which 

can be provided by artificial reef systems.

» Floating of artificial reefs to maintain 
them within the photic zone is a way to 
extend these ecosystem services beyond 
inshore waters and throughout Australia’s 
Exclusive Economic Zone.

» Floating of artificial reefs is a novel and blue 

skies concept and current knowledge is reliant 
on artificial reefs position on the seabed in 

coastal environments.
» As a novel concept, significant advantages in 

leading developments in his area, including 

patents and first mover advantages can be 

achieved. Disadvantages include the unproven 

design, untested economic viability and lack of 
regulatory frameworks.

» A research roadmap is presented to address 

these disadvantages and develop the substantial 
opportunities which floating artificial offshore 

reefs can provide to the Australian economy.

THE CHALLENGE

To-date artificial reefs have been confined to 
coastal systems where they are placed on the 
seabed. Floating artificial reefs so that they can 
be suspended in the photic zone and anchored 
in all water depths has never been attempted. 
This scoping study brought together the existing 

knowledge and expertise on existing artificial reef 
construction and designs to develop a roadmap for 
the development of floating artificial
reefs.

THE OPPORTUNITY

Australia’s most valuable seafood exports are reef
based species and floating artificial reefs provide 
an opportunity to build on these products. They 
also provide opportunities to recycle nutrients 
from their own and other food production systems, 
to produce products for carbon sequestration, to 
provide buffering of oceanic sea conditions and 
assist in restoration of coastal systems. By being 
based on ecosystem principles, floating artificial 
reefs are likely to be more socially accepted than 
other traditional aquaculture systems.

OUR RESEARCH

This scoping study aimed to provide a summary of 
the existing knowledge on floating artificial reefs 
and develop a roadmap for development of floating
artificial reef systems.

Floating artificial reefs are defined as artificial reef
systems that are suspended from the surface to 
depths that maintain the reefs within the photic 
zone so that primary production is maintained. This 
is considered to be in depths from 5m to 40m.

As floating artificial reefs are a new approach to 
aquaculture systems, there was no literature 
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available and information regarding their design and 
construction was reliant on literature pertaining to
artificial reefs used in the coastal zone and 
positioned on the seafloor.

Natural reef systems are one of the most dominant
coastal ecosystems in Australia and provide 
substantial ecosystem services including 
provisioning of food and other marine products, 
cycling of nutrients, carbon sequestration, buffering 
of coastal foreshores and cultural services for 
traditional first nations peoples. Artificial reefs can 
supply many of these ecosystem services as well 
as providing restoration opportunities for degraded 
reef systems.

Artificial reefs that more closely replicate natural 
systems in rugosity of surface material, three 
dimensional shape including different sized voids 
and crevices have proven to be provide more 
diverse biological communities.

Concrete has been the major building material 
to-date and advances in improving the ecological 
footprint of concrete are encouraging. Other 
products including ceramics and recycled HDPE 
plastic are also worthy of consideration.

As a novel concept, design considerations in the
structures for support of floating artificial reefs,
containment of culture products and moorings 
need to be developed although some information 
can be obtained from the oil and gas industry and 
offshore fish aggregation devices. A schematic of 
a conceptual design identifying some of the key 

considerations is provided in Figure 1.

Figure 1. Schematic of a hypothetical floating artificial 

reef design highlighting design considerations

As an innovative concept, floating artificial reefs will 
require engineering and technology research into 
materials, mooring and anchoring systems, stability, 
structural analysis, monitoring technologies and 
installation techniques. Ecological design will focus 
on complexity for both commercial species, nutrient 
recycling species and carbon sequestration and 
ocean dampening species. Biological considerations 
include the species mix, their stocking densities to 
minimise external food inputs and maintain high 
growth rates. Key Australian species for temperate 
regions included rock lobsters, abalone, bull and 
giant kelps and urchins.

Although there is current legislation and 
international agreements on offshore structures 
and dumping at sea, new or adapted regulations 
are likely to be needed for the development of 
floating offshore artificial reefs. These are likely 
to also encompass other offshore infrastructure 
such as platforms. Societal understanding and 
expectations of what floating artificial reefs are, 
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how they work and the benefits and impacts of their 
use need to be transparently accessed throughout 
their development.

OUTCOMES

A roadmap, identifying the research needs from the

Seafood and Marine Products; Environment 

Developments programs, was developed that 

prototype for industry consideration and adoption.

NEXT STEPS

The next step is the development of an integrated
project that addresses the research outlined in the
roadmap. This will provide greater certainty in 
the structural integrity and biological productivity 
of thesystem to determine economic viability, 
including market and non-market values.
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