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1 EXECUTIVE SUMMARY 

This document reviews available information relevant to the possible creation of 

artificial reefs on the Great Barrier Reef (GBR), for extractive (fishing) or non-

extractive (e.g. diving) purposes. Although the literature on artificial reefs is quite 

extensive, there is surprisingly little strong evidence on either socio-economic or 

environmental benefits or impacts, so that conclusive statements about overall costs 

and benefits should be treated with caution. Elsewhere in the world, against a 

background of degraded marine ecosystems, artificial reefs can be seen to have some 

socio-economic and perhaps environmental benefits. In the context of the relatively 

healthy systems of the GBR, any benefits will be socio-economic, not environmental, 

and importantly, many of the suggested benefits (e.g. enhanced fishing) are 

inadequately justified by available evidence, may be only short-term or may be better 

provided by alternative measures with less risk. Artificial reefs have proven popular 

for both fishing and tourism/diving uses, although reviews in Australia and 

overseas question their value. 

 

In general, fished artificial reefs pose more risk than unfished artificial reefs (e.g. 

diving only), because in many circumstances, available evidence suggests that 

artificial reefs tend to aggregate existing fish stocks, rather than enhance overall fish 

production. In the short-term, aggregation of fish on and around artificial reefs may 

generally increase fishing success nearby, as expected. However, in the long-term, if 

increased and concentrated fishing on the artificial reef outweighs any increase in 

overall production, this aggregation effect may increase the vulnerability of the fish 

stocks, leading to over-fishing.  

 

Creation of artificial reefs in healthy ecosystems involves a range of potential 

environmental costs and risks. These include the replacement of prior, natural 

habitat with artificial habitat, impacts on adjacent habitats (such as shifts in trophic 

or food-web structure), on connectivity and larval dispersal patterns between 

habitats, and the introduction of pollutants, diseases or marine pests.  

 

There is a need for a careful, evidence-based, risk assessment and cost-benefit 

analysis, which critically considers: 

• The values and motivations underlying the potential social and/or economic 

benefits of artificial reefs (e.g. enhanced fishing experiences); 
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• The likelihood of artificial reefs effectively addressing those values; 

• Potential alternative solutions; 

• The balance between social or economic benefits of artificial reefs and potential 

loss of value to other interest groups (e.g. loss of naturalness or World Heritage 

value); 

• Evidence for other potential effects, including environmental impacts; 

• Potential impacts on fisheries and fisheries management; 

• Strategies to maximise benefits and minimise environmental, social and economic 

risks. 

 

Unfortunately, much of the information required for this assessment is either very 

limited or unavailable. Key knowledge gaps are identified at the end of this 

document. 
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2 RECOMMENDATIONS 

If development of artificial reefs were to proceed within the Great Barrier Reef 

Marine Park (GBRMP), it is recommended that: 

 

• Key information should be sought as a basis for any developments. In particular: 

− Clear documentation of stakeholder needs: Who wants what, why, and what is 

the best way to satisfy them; 

− Risk assessment for fished species or populations (of both target and bycatch), 

current status of populations, and total impacts by fisheries and other 

pressures (e.g. habitat loss); and 

− Nature and extent of other environmental impacts and risks. 

 

• Strategies be developed to minimise any potential negative environmental, 

fisheries or socio-economic consequences, including impacts of specific 

developments and the overall impacts of all developments in an area or region. 

 

• Colonisation take place by natural processes, rather than by translocation or 

artificial stocking of marine organisms. 

 

• Extractive use be carefully managed, again in the context of overall pressure in a 

region, and that management be considered in terms of fisheries management as 

well as management of an artificial structure. Ability to regulate fishing pressure 

and strategies to achieve this in the GBR need to be considered.  

 

• Given the information gaps and risks identified in this document, any 

development of artificial reefs in the GBRMP should be carefully planned and 

considered, and based on thorough cost-benefit analysis. A staged process, which 

starts by addressing outstanding issues, and utilises pilot projects and adaptive 

management strategies, is recommended. 
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3 BACKGROUND 

3.1 Purpose and scope of this document 

This paper provides an overview and critique of available information on artificial 

reefs and their impacts, and identifies information gaps, issues and potential 

problems, in the context of the Great Barrier Reef. The primary focus of this paper is 

environmental aspects of artificial reefs. Social and economic issues and impacts of 

artificial reefs are also briefly considered, but related work by CRC Reef Research 

Centre will report more fully on those important aspects. The paper focuses on the 

creation of artificial reefs to enhance recreational fishing and/or diving and tourism 

opportunities, which are the primary objectives of proponents of artificial reefs on 

the GBR. Given the various information gaps, the paper aims not only to critique 

existing evidence, but to identify potential problems and issues. 

 

The paper first summarises applications of artificial reefs globally and in Australia, 

reviews and critiques the potential effects on fisheries and then other environmental 

impacts, and then considers the broader socio-economic consequences and cost-

benefit analyses and potential strategies to assess and address any impacts. Finally, a 

synopsis of available literature is provided and key information gaps relevant to the 

GBR are identified. 

 

3.2 Definitions and Types of Artificial reefs 

For the purpose of this review, ‘artificial reefs’ are taken to mean any structure 

placed on the seabed deliberately to mimic some characteristic/s of a natural reef, for 

the broad purpose of habitat creation. Where relevant, the term ‘FAD’ (fish attraction 

or aggregation device) is used to mean an artificial, floating object, anchored or not, 

set up to aggregate fish (mostly pelagic species). This document does not consider 

the artificial enhancement of natural reefs, such as translocation of corals to damaged 

reefs, reef rehabilitation methods, etc. 

 

There is inconsistency in the use of the term artificial reef, so caution is needed when 

interpreting information on artificial reefs. The term ‘artificial reef’ has been used to 

encompass a wide range of structures including any objects placed in the ocean 

either intentionally or accidentally (e.g. shipwrecks). Types of artificial reefs range 

from man-made reefs intended to mimic natural reefs, through other forms of 

artificial habitats that increase benthic complexity, to fish aggregating (or attraction) 
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devices (FADs). The term FAD has been used for a wide variety of drifting, surface-

floating or mid-water objects, but is often used in a more restricted way to mean 

floating artificial objects, with the primary purpose of facilitating harvest of fish 

(mostly pelagic species) by attracting and thus aggregating them. 

 

A wide range of materials have been used to construct artificial reefs, including 

transplanted corals and other natural substrate, tyres, concrete, rocks, ship hulls, 

vehicles, oil rigs, other waste materials and purpose-designed, fabricated modules 

such as ‘Reef Balls’. Several reports have reviewed materials for use in artificial reef 

applications [e.g. 1, 2].  In developed countries, there has been a trend toward the use 

of designed, fabricated modules or ship hulls, rather than waste materials as 

previously used. New techniques such as mineral accretion are also being promoted 

[3, 4], although their evaluation is outside the scope of this paper. 

 

3.3 Applications of artificial reefs 

The purposes of artificial reefs around the world can be categorised into habitat 

creation, enhancement, restoration or protection. Additionally, structures that are 

designed for other functions (such as piers and pontoons) can incidentally serve as 

artificial reefs. The motivations of different user groups to create artificial reefs 

include: 

• Fishing enhancement – commercial, recreational or artisanal fishing [e.g. 5]; 

• Tourism / recreational opportunity enhancement – diving, submarine tours [6]; 

• Science – experimentation and research (experimental tool e.g. patch reefs, 

translocation experiments, techniques for management/restoration) [7]; 

• Mariculture [8]; 

• Mitigation / compensation (for habitat loss elsewhere) [9, 10]; 

• Conservation of biodiversity (e.g. by providing or enhancing habitat for the re-

establishment or enhancement or depleted organisms (e.g. red coral, Corallium 

rubrum, in Sardinia, Italy [11]); 

• Restoration of damaged habitat (e.g. following ship groundings in the USA[12] or 

coastal development in Singapore [13]) 

• Protection of habitat or control of fishing mortality by using artificial reefs as 

physical barriers (e.g. to protect seagrass from trawling and exclude fishing 

operations from designated areas in the Mediterranean Sea [14-16]) 
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• Protected (no-take) artificial reefs for fisheries restoration purposes, particularly 

in severely over-fished areas such as Hong Kong [17, 18]. 

Given the extent and relative health of natural reefs in the GBR, only the first three or 

four of these are considered relevant to the GBR at present.  

 

3.4 Artificial reefs overseas 

At least 40 countries have artificial reefs, although applications and motivations vary. 

For example, Japan, the global leader in development and use of artificial reefs, has 

primarily developed artificial reefs for commercial fishing purposes [19, 20], whereas 

creation of artificial reefs in the USA and Canada has been primarily aimed at 

recreational use (diving or fishing) [21, 22]. 

 

Deployment of artificial reefs has been widespread in some areas. For example, the 

USA has over 500 approved artificial reefs in coastal waters, with Florida having at 

least 350 [23], and the Philippines has over 21,600 artificial reef ‘modules’ constructed 

through government funded programs [24].  

 

Development of artificial reefs has involved support and participation by both 

Government and community groups, and in some countries financial incentives to 

build artificial reefs for fishing have been considerable. For instance, in the USA, the 

National Fisheries Enhancement Act 1994 led to the National Artificial Reef Plan in 

1985, and many hundreds of millions of dollars have been available for ‘fishing 

enhancement’ through the ‘Wallop-Breaux’ funds, which come from a 10% 

manufacturers excise tax on sport fishing equipment [24]. However, the construction 

of artificial reefs is most often proposed in response to signs of overfishing, in which 

circumstances other management actions may be needed in addition to, or instead of, 

building artificial reefs [25]. 

 

Some countries have national planning for artificial reef development (e.g. the USA 

has a national plan and database of artificial reefs [22]), yet in many countries 

deployment of artificial reefs has been largely ad hoc. Some international or regional 

initiatives have been developed. For example, the European Artificial Reef Research 

Network (EARRN) was created in 1995 (with funding from the European 

Commission), to encourage regional collaboration on artificial reefs research 

programs [26].  
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3.5 Artificial reefs and related monitoring in Australia. 

Guidelines for artificial reefs in Australia are being developed by the Department of 

Environment and Heritage (www.deh.gov.au), but are not yet available. By the early 

1990s, Australia had at least 72 artificial reefs, most of which had been constructed 

from waste materials (29 from tyres, 22 from vessels, 21 from concrete/rock/other 

material) for recreational fishing or diving [27]. Branden [28] noted that some 

Australian artificial reefs have been designated for diver-use only, in an effort to 

avoid conflict between recreational divers and fishers. In Western Australia, several 

vessels have been scuttled for use as dive sites, including the HMAS Swan in 1997 

[29], and some monitoring of artificial reefs takes place, but the data are not readily 

available. The largest number of officially endorsed artificial reefs in the country are 

in South Australia. Since the early 1970s, the then South Australian Department of 

Fisheries installed several artificial reefs of either tyre modules or ship hulls, which it 

hoped would improve recreational fishing opportunities and provide economic 

benefits. However, the South Australian government no longer recommends artificial 

reef deployment for fisheries enhancement because of risks to fish stocks (see 

www.pir.sa.gov.au; explanation section 4.2).  An article by Les Gray on the website 

of Primary Industries and Resources South Australia (PIRSA) notes since 1993, 

PIRSA “has taken the conservative approach and discouraged the construction of 

any additional artificial reefs in State waters. There is enough available evidence to 

suggest that the construction of any new reefs would increase the potential for 

species such as snapper and King George whiting to be taken without actually 

enhancing stocks of these species. The concept for constructing artificial reefs as a 

means of enhancing recreational fisheries is now considered questionable by fisheries 

managers if we are to maintain fish stocks at sustainable levels” (details at 

www.pir.sa.gov.au/pages/fisheries/environmental/artificial_reefs .htm). 

 

Queensland has three large multi-component artificial reefs south of the GBRMP, in 

Hervey Bay and Moreton Bay [24]. Monitoring programs are undertaken by 

community groups, such as the Bundaberg and District Artificial Reef Association 

[30]. Queensland Department of Primary Industries & Fisheries (QDPI&F) [24] 

reviewed and evaluated the datasets, but concluded the programs were not generally 

adequate to detect realistic levels of change in either species composition or mean 

abundance. Currently, the HMAS Brisbane is being prepared for deployment as an 
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artificial reef dive site off the Sunshine Coast in Queensland. The lead agency in the 

‘sinking the Brisbane’ project is the Environmental Protection Agency, and it is 

proposed to prohibit extractive activities by declaring a small marine park (details at 

www.epa.qld.gov.au/about_the_epa/coming_events/sink_the_brisbane/).  

 

In the GBR, a number of wrecked ships and aircraft sunk unintentionally act as 

artificial reefs [31], and are popular with fishers and/or divers, the best known being 

the S.S. Yongala. However, to date, no permits have been issued for intentional 

creation of artificial reefs in the GBRMP.  

 

4  POTENTIAL ENVIRONMENTAL IMPACTS OF ARTIFICIAL 

REEF CREATION IN THE GBR 

4.1 General factors affecting the nature and extent of impacts  

The extent and nature of the effects of artificial reefs and FADs will depend on 

numerous factors, including: 

1) design and construction materials;  

2) placement;  

3) extent of development (total number, size etc);  

4) colonisation and stocking processes (‘natural’ or facilitated by translocation or 

artificial stocking of corals or other organisms, including fish); 

5) use - in particular, the extent of fishing pressure, if any. 

 

4.2 Effects of fished artificial reefs on fishing, fisheries and fish 

stocks/populations 

4.2.1 Enhancement of recreational fishing experience 

Artificial reefs may potentially enhance recreational fishing experience and success in 

several, not always desirable ways [25, 32] including:  

• Increased ease and convenience – by establishing known locations where 

desirable species are likely to be found, providing convenient fishing spots with 

easy access and reduced travel time; 

• Increased participation  – individual anglers may fish more often or for longer 

periods, and more people may go fishing; 

• Increased catchability e.g. by attracting fish away from their natural, more 

protective habitats, artificial reefs may make fish more susceptible to fishing 

gears; 
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• Increasing fishing catches. Serious concerns have been expressed by several 

authors that high catches around artificial reefs are most likely due to the 

concentrating effect of artificial reefs making it easier for fishers to catch fish, and 

hence carry a risk of over-fishing [23, 24, 33-35] and see next section. 

Artificial reefs for recreational fishing enhancement may offer financial benefits 

to the sports fishing industry and social and economic benefits to local 

communities, however such benefits are not guaranteed and there may be 

alternatives to artificial reef deployment that could provide similar benefits at 

lower environmental risk. 

 

4.2.2 Increased production or aggregation? 

Theoretically, artificial reefs may enhance fishing catches by increasing one or more 

of production, aggregation or pressure (Table 1 ) [25, 32]:  

 

Table 1: Possible effects of artificial reefs on fish stocks and fishing 
 
Mechanism Likely effect on fish populations Likely effects on fishing catch 

 Local Stocks Regional stocks Short-term Long-term 

Increased fish numbers at site: 

 Increased Production Increase Increase Minor Increase 

 Increased Aggregation Increase *None/Decrease? Increase **Increase/Decrease? 

Increased Pressure:     

 Increased catchability Decrease Decrease Increase **Increase/Decrease? 

 Increased effort Decrease Decrease Increase **Increase/Decrease? 

 

Points to note include: 

• Increasing production is clearly the most desirable outcome, as it results in 

increased overall fish stocks (by improving aspects of survival or growth). There 

is very little direct evidence for this [25, and see below];  

• Increased attraction and aggregation of pre-existing fish stocks simply increases 

stock availability to fishers, but not overall stocks. This may take two forms: 

− Attraction and redistribution of already exploited resources; 

− Availability of previously unexploited species or components of 

populations [34]; 

• Increased catchability may result for example from attracting fish away from 

their natural, more protective habitats, where they are less susceptible to fishing 

gear, or by aggregating pelagic fish; 
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• Increased effort may arise in several ways:  

− Reducing search times by establishing known locations where desirable 

species are likely to be found; 

− Providing convenient fishing locations, with improved access and reduced 

travel time, resulting in increased duration or frequency of fishing trips, 

increased time spent fishing, and increased numbers of fishers 

participating [32]; 

• *Impacts of aggregation and increased pressure on regional stocks, and long term 

fishing success, will depend critically on the balance between overall production, 

and overall mortality, including all catch, both recreational and commercial [34, 

36]. (Although not widely recognised, the cumulative impact of recreational 

fishing may be substantial as some 800,000 recreational fishers are based in 

Queensland [37], and total recreational catch is not currently regulated on the 

GBR). 

• **An increase in fishing mortality due to either increased aggregation, 

catchability or effort on the longer term response of fishing catches depends on 

the level of exploitation. If the stock is fully exploited or over exploited increased 

fishing mortality would result in more overfishing and a decrease in long-term 

catches.  It is unlikely these days to have underexploited stocks, but increased 

fishing mortality in such a scenario should achieve an increase in long-term 

catches. 

 

Thus, enhanced fishing success, or an increase in fish numbers/stocks in the 

immediate vicinity of a newly created artificial reef, may represent a redistribution 

and not an overall increase in fish stocks for the surrounding area [23, 24, 33-35, 38, 

39]. If the overall effects of increased aggregation, catchability and effort are not 

outweighed by increased overall productivity, the artificial reef has the potential to 

contribute to over-fishing, instead of lessening fishing pressure on natural reefs or 

habitats as intended [23, 24, 33-35]. This is considered most likely if total fishing 

pressure on artificial reefs is unregulated and allowed to expand freely [23, 38-42]. 

 

In general, creation of artificial reefs does not appear to benefit overall fish 

stocks/populations where extractive use is permitted [24]. Catch rates have indeed 

been high around artificial reefs [e.g. 43, 44, 45], and around some existing structures 

in the GBR, but several reviews of international literature related to the aggregation 
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versus production debate have found very little reliable evidence of increased overall 

productivity of target fishes due to artificial reef creation [23-25, 46].  For desirable 

fishery species, most artificial reefs appear to act primarily to aggregate existing fish 

populations: i.e. an abundance of fish around artificial reefs does not mean more fish 

overall, but rather that fish have been focussed / attracted from other areas [23, 24, 

34, 43, 46, 47].  Although, in some circumstances, artificial reefs have resulted in some 

increase in production of specific taxa [25, 38], calculations based on experience from 

around the world indicate that if extractive use (fishing) is freely allowed, then the 

removal of fish (fishing catches) usually far exceeds any new production due to the 

artificial reef [34]. By concentrating fish and fishing effort in the same location, and 

by increasing effort and effectiveness, artificial reefs can increase the risk of 

overfishing [23, 25]. A review of the effects of artificial reefs on fish stocks by the 

Queensland Department of Primary Industries concluded the potential for 

overfishing following aggregation and the increased availability of already depleted 

fish stocks is a serious risk of artificial reef deployment [24, pg. 11]. The abundant 

and large fish frequently observed on unfished artificial reefs (e.g. the SS Yongala) 

may reflect both aggregation/attraction and protection from fishing. 

 

4.2.3 Other issues, variability and scale of effects: 

Artificial reefs may also facilitate targeting of bottlenecks in species biology or 

distributions (e.g. spawning aggregation, migration route, etc), potentially resulting 

in rapid depletions of fish populations [34]. For example, artificial reefs might allow 

focused catch of fish that migrate, such as mangrove jack that travel across the 

continental shelf during their lifecycle (ontogenetic migration) or Spanish mackerel 

that migrate along the GBR seasonally, potentially resulting in over-exploitation. 

Similarly, an artificial reef which allowed targeting of the bait ball/ juvenile marlin/ 

sailfish association off Cape Bowling Green would be highly undesirable due to 

potential to heavily fish a bottleneck in their complex lifecycles and disrupt their 

important ecological functions in cross-shelf and inter-oceanic connectivity of the 

Great Barrier Reef World Heritage Area and other ecosystems [48, 49]. 

 

Maintaining healthy fish populations is not only important for economic and social 

wellbeing, but also for biodiversity and ecosystem health.  Fishery or bycatch species 

may have a number of biological characteristics, such as rarity, late age at sexual 

maturity, long life span or spawning aggregation behaviour, which make them 
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vulnerable to depletion under pressure.  Effects of fishing artificial reefs and FADs 

will vary for different species groups and biological characteristics, and with the 

design, size and placement of the artificial structure [38, 47]. For example, in the GBR 

context, the effects of artificial reefs on fishes with ontogenetic migratory behaviour 

(such as mangrove jack) will differ from the effects on benthic reef fishes that tend 

not to move so far as adults (e.g. coral trouts), or on pelagic fishes which may be 

aggregated by new structures in previously open waters.   

 

Importantly, there is a risk that these impacts on fish populations and fisheries may 

occur at regional scales, not just locally if fishing of artificial reefs leads to increased 

fishing pressure on already depleted stocks or life-stages such that total mortality 

exceeds sustainable levels. This could harm pre-existing fisheries, vulnerable target 

species or bycatch, and exacerbate conflicts between fisheries. For example, artificial 

reef development that facilitated increased targeting of already depleted stocks of 

Spanish mackerel could have far reaching effects. Similarly, it would be undesirable 

to allow extractive use of artificial reefs that increased pressure on rare or vulnerable 

bycatch species such as Queensland groper or sharks. There is a need for expert 

assessment to explicitly consider the scale of these risks for relevant GBR species or 

populations (of both target and bycatch) and to assess the degree of risk to 

biodiversity and ecosystem function. The design, placement and, in particular, the 

total number and scale of artificial reef development and the degree of extractive use, 

will influence the extent and scale of the impacts.  

 

4.3 Other ecological / environmental consequences 

The creation of artificial reefs involves a number of environmental costs and 

potentially significant risks beyond those associated with fishing/extractive uses. 

Many of these have not been assessed in the scientific literature sufficiently to allow 

proper cost-benefit analyses [33]. Most deployments and studies of artificial reefs 

have taken place in the context of degraded or over-fished environments, where 

there is greater scope for beneficial outcomes. In contrast, the relatively healthy 

ecosystems of the GBR are more vulnerable to negative impacts. 

 

4.3.1 Risk of pollution and contamination 

Introducing materials to the marine environment carries considerable risks of 

pollution and contamination, and even apparently innocuous materials may reduce 
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water quality or have toxic effects on surrounding marine life. Many commonly used 

materials may contribute to chemical pollution. For example, ships would require 

cleaning of all fuel and lubricant residues, cargo, paints, especially anti-foulants, and 

any potentially polluting construction material (e.g. asbestos). Iron is often a limiting 

nutrient in marine ecosystems, and addition of iron (e.g. ship hulls) has had 

surprisingly large and long-term impacts on phytoplankton levels [50]. Long-term 

impacts through corrosion, leaching or chemical degradation also need to be 

considered. This is a potentially serious issue, which would require careful 

consideration and assessment in any proposal. 

 

4.3.2 Loss of pre-existing habitat and species 

Creation of artificial reefs intrinsically involves loss of pre-existing habitat: in effect, a 

natural habitat (lagoonal, inshore etc.) is replaced by an artificial habitat [51]. Inter-

reefal and lagoon bottom habitats and their resident species have been undervalued 

in comparison to coral reefs, often considered ‘empty’, but they have high ecological 

and conservation value. Current research (e.g. the Seabed Biodiversity Project, see 

www.reef.crc.org.au/resprogram/programC/seabed/index.htm) is providing new 

evidence of complex and highly diverse habitats and roles in ecosystem function, 

although it also demonstrates the major lack of knowledge about these habitats, their 

extent, relationships and functions. Altered benthic habitats and increased fish 

populations around artificial reefs at locations that are atypical of the natural system 

may affect the integrity or functioning of the marine ecosystem [51]. 

 

There is general consensus that artificial reefs may increase biomass of sessile benthic 

invertebrates, excluding fishery species [e.g. 10, 52].  However, for most targeted 

invertebrate species, as for fish, there is only very limited evidence that artificial reefs 

may enhance production rather than merely attract animals from other locations and 

the specific circumstances (e.g. experimental shellfish culture in the Adriatic Sea [53], 

octopus in Japan [38]) are not directly applicable to the GBR. Further, invertebrate 

assemblages on artificial reefs are generally quite different to natural communities of 

either natural reefs or pre-existing habitat, in community structure, diversity, species 

composition and relative abundance of species [e.g. 54, 55]. Thus the overall 

ecosystem has been altered, but not necessarily enhanced.  
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4.3.3 Changes to surrounding ecology 

Importantly, ecological impacts of artificial reef creation on surrounding ecology are 

not well understood, but are unlikely to be limited to the immediate site. Potential 

effects include: 

• Removal/ depletion of mobile species (e.g. fish) from surrounding areas [47, 56, 

57], with potential ‘trophic cascades’ in which disproportionately larger effects 

are seen on species lower down the food web (e.g. outbreaks of prey species no 

longer kept in check by predatory fishes, etc). 

• Spill over of predators, competitors or grazers onto surrounding areas, with the 

potential to create permanent ‘haloes’ of over-grazed or altered habitat of 

unknown extent [58-60]; 

• Altered behaviour, such as movement and migration patterns, as discussed 

above (Section 4.2.2). 

• Changed relative abundance and distribution patterns [61-64]; 

• Effects on local hydrology [65]. 

• Interference with natural connectivity patterns between reefs. The dispersal of 

larval fish, corals and other organisms, may be altered by: 

− the presence of new habitat which captures recruits destined for natural reefs 

inshore; 

− feeding by planktivorous fishes on artificial reefs; or 

− providing an intermediate stepping stone, linking naturally separate 

populations or facilitating invasions of diseases or pest species; 

Most of these impacts on surrounding habitats have not been adequately assessed, 

and most previous impact assessments only looked for very localised effects.  

Furthermore, other authors have suggested that some assessments were based on 

seriously flawed survey designs or questionable figures [33, 65-71], providing little 

indication of the spatial and temporal scales of impacts and any stabilization [54, 55, 

59, 72]. Clearly the extent and severity of any impacts will depend on the nature of 

the surrounding habitats, and may in some cases be minor, or stabilise rapidly, but 

better information is required. 

 

4.3.4 Dislodgement or break-up of structures 

Dislodgement or break-up of vessels or other artificial reef structures, particularly 

during severe weather events such as cyclones, may affect adjacent marine habitats 
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and their values (and may reduce the benefits of the artificial reef). Documented 

effects of storms on artificial reefs in the USA have ranged from no impacts, to partial 

or total structural modification [73, 74]. Movement can be considerable, and has 

exceeded 1.9 km for small structures, and even large structures can be affected. For 

instance, movement of a 140 m long ship in 33 m of water has been documented [75]. 

This potential for damage to valued marine habitats should be included in risk 

analyses. 

 

4.3.5 Introduction of diseases, marine pests, or contamination of genetic stocks. 

There is a growing realisation that the introduction of diseases, marine pests or 

contamination of genetic stocks could have devastating consequences in the marine 

environment, and even large marine systems such as the GBR are potentially 

vulnerable to such problems. Translocation of organisms to colonise artificial reefs is 

not recommended as this practice carries serious risks of adverse environmental 

outcomes, including introduction of diseases or interference with natural gene flows 

[76]. Similarly, transporting a vessel for use as a dive wreck, would require measures 

to prevent introduction of marine pests. 

 

5  NON-EXTRACTIVE USE OF ARTIFICIAL REEFS FOR 

TOURISM/RECREATION 

Given the interest in the creation of artificial reefs for tourism/recreation purposes 

on the GBR, it is unfortunate that this aspect has received relatively little attention in 

the international literature, although various guidelines have been developed [e.g. 

77, 78-80]. Artificial reefs may potentially enhance diving/tourism opportunities in 

several ways by providing: a focus and guaranteed experience for recreational 

divers; convenient, all weather access to dive sites; and new marketing/economic 

opportunities for local communities.  However, beneficial outcomes are not 

guaranteed, and Bohnsack & Sutherland’s [33] warning that “ the potential exists for 

major mistakes which could be difficult, costly, or impossible to correct” still holds 

true. The environmental impacts of unfished artificial reefs are addressed above 

(Section 4.3), but would avoid the risks of overfishing etc (Section 4.2). Socio-

economic effects are also not well documented, but artificial reefs for diving only 

have proven popular in other areas of Australia [28]. After public debate, Canadian 

groups have attempted to create ecologically responsible artificial reefs for sports 

diving, with apparent economic benefits to local communities [21]. Applications 
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overseas have included creating artificial reefs for submarine tourism [81]. Although 

some proposals have included use of artificial reefs for both diving and fishing on 

the same structures, these uses are generally considered incompatible (see Conflict 

and resource allocation issues Section 6.1).  

 

6  SOCIO-ECONOMIC CONSEQUENCES AND COST-BENEFIT 

ANALYSIS 

The major motivation for creation of artificial reefs in the GBR is the perceived social 

and/or economic benefits, principally to sports diving or to recreational fishing, so it 

is important to ensure that these benefits are realised. However, there is surprisingly 

limited evidence to document the validity and extent of those benefits [33, 51, 67, 82, 

83], notwithstanding the demonstrated popularity of existing structures (e.g. the S.S. 

Yongala).   

 

Although some authors have reported favourable social/economic benefits  [e.g. 6, 

84], Whitmarsh [83] noted that from the perspective of both commercial enterprise 

and society as a whole there is still considerable doubt regarding the circumstances 

under which artificial reefs are a worthwhile investment.  Brock [81] argued that 

non-extractive use of artificial reefs by the tourism industry may provide higher 

economic gain than use by fisheries. A possible lower cost and lower risk alternative 

to creation of new artificial reefs is to look at ways to enhance fishing or diving 

opportunities by making use of existing wrecks. 

 

There is a need for detailed cost-benefit analyses for creation of artificial reefs in the 

GBR. Such analyses should include careful assessment of both project risk and 

project worth [85], and the evidence to support the potential socio-economic benefits 

of such developments must be as carefully critiqued and analysed as the evidence for 

environmental impacts [33]. For example, perceived benefits to fishing may be short-

term only or only realised if fishing effort is carefully managed (as above, Section 4.2 

[20, 32]), or might need to be balanced against potential effects of any ecological 

impacts on adjacent tourism sites. In some areas (e.g. South Australia), problems and 

risks associated with artificial reefs have outweighed the benefits, resulting in 

specific recommendations against further deployments as discussed in Section 3.5. 

Further, removal of an unsuccessful artificial reef is likely to be very costly and 

difficult [33]. 
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In assessing social and economic benefits, it is important to understand the 

underlying values and expectations of all sectors of the community, in order to 

critically assess both the extent to which artificial reefs are realistically likely to 

provide the expected benefits, and whether alternative approaches may better 

address those values and expectations or may have less risks associated. (Before 

doing what we think the public wants, we should actually ask them what they want.) 

 

Even with best management practices, artificial reefs may have negative impacts on 

some World Heritage values of the GBR as a natural phenomenon, and may be 

unpopular with some interest groups (e.g. conservation groups) as ‘not natural.’ 

Such social costs must be weighed against social benefits to other interest groups in 

risk assessments and cost-benefit analyses. In this context, the GBR situation is 

exceptional, because artificial reefs elsewhere have generally been deployed against a 

background of degraded natural value (degraded habitats or over-fishing), and so 

may be seen as enhancing or rehabilitating natural worth. In contrast, on the GBR, 

deployment would be against a background of high natural value, potentially 

degrading that value. Finally, artificial reefs will have management costs; poorly 

managed artificial reefs or unregulated fishing harvest can lead to environmental, 

economic or social problems [e.g. 40]. 

 

6.1 Conflict and resource allocation issues  

Creation of artificial reefs may give rise to conflicts over use and resource allocation 

[33]. Conflicts over artificial reefs can arise over 1) common stock; and/or 2) user 

congestion [32]; and 3) resource allocation. For example, if artificial reefs are 

allocated to enhance recreational fishing, to the exclusion of commercial fishing, this 

may have real or perceived costs to commercial fishers, especially if reduction in 

overall common stocks results; alternatively, if artificial reefs are open to both 

sectors, overall fishing pressure and associated risks may be significantly higher. 

Similarly, conflicting interests may arise between fishing and tourism sectors, or 

conservation and pro-development groups. Diving and fishing may be incompatible 

uses of the same artificial reef areas as each interferes with the goals of other [33]: 

large fish are amongst the first to be depleted by fishing, but are of considerable 

economic value to dive tourism. Artificial reefs of realistic size are likely to be too 

small to support both activities without conflict. 
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Finally, it is important to ensure that artificial reef deployment overall is compatible 

with the goals of GBRMP zoning and plans of management: although individual 

developments may be assessed as low impact, it is important that increasing and 

broadening demands do not result in an overall outcome inconsistent with the 

primary purpose of conservation management within the GBRMP.  

 

7  STRATEGIES TO ASSESS AND ADDRESS POTENTIAL 

IMPACTS 

 
7.1 Strategies to mitigate impacts  

If creation of artificial reefs were to proceed in the GBRMP, potential problems and 

impacts should be carefully identified, assessed and addressed prior to any 

development, and strict guidelines and permitting conditions should be 

implemented. In particular, it is essential that an overall strategic approach is 

developed, considering cumulative and overall outcomes (benefits and impacts), as 

well as case by case assessment and permitting. Minimisation of socio-economic 

conflicts may be addressed, prior to any development, by ensuring good evidence 

that the development will satisfy the intended objectives in the best possible way, 

and minimise impacts on other community sectors.  Alternative options to artificial 

reef deployment should be evaluated, including utilisation of some of the many 

existing wrecks [31].  After deployment, strategies might include restricted access, 

limited effort, or segregation of users in space and time [32].  

 

Given the paucity of information on the environmental, economic and social costs 

and benefits, developments should be considered within a sound research and 

monitoring framework, and take an adaptive management approach. Initially, any 

developments should involve small pilot studies to help address knowledge gaps 

and concerns, including issues of scale in ecological impacts. 

 

The potential for impacts on fish populations and fisheries suggests that fished 

artificial reefs be considered in terms of fisheries management as well as 

management of the artificial structures [27, 32]. Fisheries assessments should address 

both target and bycatch species, the current status of populations, the total impacts 

on populations, including other fisheries targeting the same species and other 
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impacts (such as habitat loss), and the likely resilience of the populations to those 

pressures. There may be a need to regulate total fishing pressure, or at least limit the 

increased pressure due to artificial reefs, using measures such as limiting number of 

moorings. There may be a particularly high risk of overfishing in the initial period 

after deployment, given that any increase in production will take time to be 

expressed. This suggests that, in the long-term, benefits to recreational fishing may 

maximised and environmental damage minimised by imposing a “waiting period” 

before fishing is allowed.  

 

7.2 Design, placement, construction materials and management 

Considerable information exists on artificial reef materials, design, placement, 

deployment etc., although their consequences for ecological dynamics and 

biophysics are not well understood. Detailed review is beyond the scope of this 

paper, but the primary purpose of an artificial reef is a major determinant of design 

and placement. Elsewhere, the design, configuration and siting of artificial reefs and 

FADs has considered factors such as: 

• Water flow/ currents/ hydrology; 

• Light penetration; 

• Nutrient availability; 

• Whether construction materials meet requirements of desired target species (life-

stages) or communities. 

 

Other management and policy issues also cannot be addressed in detail here, but 

include permitting, planning, zoning, site, safety, legal, legislative, and operational 

aspects. Permitting issues that need to be considered include:   

• Total number of artificial reefs (or FADs); 

• Overall size; 

• Proximity to natural reefs; 

• Construction materials, including durability and toxicity; 

• Removal: feasibility and costs of removal; 

• Limits on high usage. 
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8  OVERVIEW OF AVAILABLE INFORMATION 

8.1 Information sources, quantity and quality 

There is an extensive international literature on artificial reefs, with 768 hits for 

‘artificial reef’ in the combined Aquatic Sciences and Fisheries Abstracts and Oceanic 

Abstracts (ASFA/OA) database, and 47,300 hits in Google. However, no official 

global database on artificial reefs exists, and much of the information is in 

unpublished ‘grey’ literature. Further information will exist in long-term datasets 

from community monitoring programs of artificial reefs, but these data may be of 

limited value, and restricted in availability. The following overview is based on a 

review of available literature, including local library catalogues at James Cook 

University and the Great Barrier Reef Marine Park Authority, peer-reviewed 

literature, reports and web pages. 

 

Of the 768 abstracts on artificial reefs in the ASFA/OA database, a preliminary 

analysis suggests relatively few are relevant to management of the GBRMP (Table 1), 

and of those, relevant topics were not always addressed in detail or the intended 

focus of the paper. It is notable that few of the articles (less than 3%) deal with the 

evaluation of how well artificial reefs perform in meeting their stated objectives, and 

of those that do, the evidence to support suggested benefits is often limited. 

 

Table 1: Relevance of articles on artificial reefs to GBR in the ASFA/OA database 
 

Topics of ASFA/OA abstracts Articles (% of total)* 

Australian artificial reefs  1.6 

Tourism applications 4.6 

Fishing enhancement 11 

Performance evaluation of artificial reefs  2.6 

Policy/legislative aspects of artificial reefs  5.2 

Socio-economic issues 6.3 

* Articles may cover more than 1 topic of interest. The remaining articles were not relevant. 

 

Many more articles covered design, construction and placement of artificial reefs, 

aspects which have also been the subject of a number of technical reports and 

reviews. Natural science aspects of artificial reefs have also been covered by a large 

number of papers, with the majority being descriptive and relating to basic scientific 

research. A considerable body of research has focused on ecological and physical 
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aspects of artificial reefs, and biological-physical linkages on artificial reefs have 

received increasing attention in recent years. However, there is still considerable 

uncertainty about actual effects on marine ecosystems, the time and spatial scales of 

impacts, and ecological mechanisms producing any benefits [51]. 

 

Numerous international and regional conferences and workshops have addressed 

aspects of artificial reefs and other artificial habitats in the last 25 years. Seaman [86] 

analysed the types of artificial reefs and information reported in research presented 

at the 7th International Conference on Artificial reefs and Related Aquatic Habitats (7th 

CARAH) in 1999. The majority (37%) of articles dealt with ‘usage reefs’ deployed to 

meet specific purposes, a quarter were concerned with ‘research reefs’ built strictly 

for scientific research, whereas other articles were not use-specific. The information 

reported is summarised in Table 2, and again, few papers focus on evaluation of how 

artificial reefs meet their intended purposes, and of these, most only consider the 

importance of such evaluation, rather than actually present the evaluations. The 8th 

International Conference on Artificial reefs and Related Aquatic Habitats (8th 

CARAH) will take place in April 2005, in Mississippi USA, and aims to promote 

international exchange of information on the use of artificial reefs to enhance and 

manage marine and freshwater resources (such as fisheries) and protect the natural 

environment. It is likely that considerable new information will become available 

after this conference; more information is available from 

www.cfi.lsu.edu/carah/default.asp 

 

Table 2: Information reported at artificial reef conference [Source: 86] 
 

Intent of 7th CARAH articles Articles (% of total) 

Scientific description and understanding 51 

Design aspects 44 

Performance evaluation 5 

 

8.2 Information relevant to the GBR 

Although there is a considerable body of information on artificial reefs world-wide, 

only a small proportion addresses questions of relevance to the GBR. Relatively few 

journal articles and reports have focused on Australian artificial reefs. Australian 

research into artificial reefs, although limited, was most active in the mid 1970s [27], 

and an artificial reef symposium was held in Brisbane in 1977. Reviews and a 
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bibliography on artificial reefs and FADs  were provided by Pollard & Matthews 

[87]. Kerr [27] reviewed artificial reefs in Australia from 1965 when the first recorded 

artificial reefs was deployed in Victoria. Artificial reefs and FADs for fisheries 

purposes in each state of Australia were covered by Pollard [88] over a similar time 

period. Branden summarised artificial reefs deployment in Australia from mid-1980s 

to the early 1990s [28].  

 

One report of particular relevance to the GBR is the aforementioned review by the 

Queensland Department of Primary Industries & Fisheries of the effects of artificial 

reefs on fish stocks, which concluded that there may be little benefit to fish 

populations from creation of artificial reefs  and noted that increased catches of fishes 

concentrated at artificial reefs sites could result in overfishing [24]. This review 

integrated international peer-reviewed literature, analysis of data from community 

monitoring of Queensland artificial reefs, and experimental evaluation of design and 

construction aspects. 

 

8.3 Key information gaps relevant to the GBR  

Some key information gaps include: 

 

Fisheries and other ecological/biophysical aspects: 

• Lack of robust and specific information on potential benefits or impacts on GBR 

fish populations: 

− To what extent would artificial reefs contribute to enhanced production, and 

for which species (including target, potential future target and bycatch 

species)? 

− To what extent would artificial reefs aggregate fish in each location? 

− To what extent would this reduce surrounding populations, and for which 

species and life-history stages (not limited to target species but including 

others, such as herbivores, with significant ecological roles)? 

• Lack of robust information on the likely environmental impacts of artificial reefs 

in the relatively healthy ecosystems of the GBR: 

− What effects will artificial reefs have on immediate and surrounding natural 

marine habitats, species and ecosystem functions (e.g. grazing, aggregation, 

trophic shifts)? 
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− What is the ‘radius of influence’ or scale of effects, i.e. at what distances are the 

effects ecologically strong, significant or insignificant? 

− What effects do they have on larger scale processes such as larval connectivity, 

migration and hydrodynamic processes? 

 

Social and economic aspects: 

• “Who wants what and why?” There is a lack of robust information on underlying 

values and motivations of: 

− Recreational fishers, as a basis for enhanced recreational fishing experience; 

− Divers and tourism industry as a basis fr enhanced diving/tourism 

opportunity; and 

− Other users e.g. how much does addition of artificial structures impinge on 

perceptions of naturalness, beauty and World Heritage value, and hence on 

tourism value?  

• Lack of information on the social benefits and costs of artificial reefs, and how 

they address the values and motivations.  

• Careful consideration of potential alternative solutions to enhance recreational 

fishing and other experiences of the GBR. 

• Procedures to manage fishing and fisheries: 

− To prevent overfishing either on artificial reefs or of total fishing effort; 

− To address issues of resource allocation between recreational and commercial 

fishing. 

 



 

CRC Reef Research Centre Technical Report No. 60 
 

27 

9  BIBLIOGRAPHY 

1. Jensen A. 1998. Report of the results of EARRN workshop 4: Reef design and materials. 

European Artificial Reef Research Network (EARRN) AIR-CT94-2144. Southampton 

Oceanography Centre: Southampton, UK. 

2. Lukens RR. 1997. Guidelines for marine artificial reef materials. Final report of the 

Artificial Reef Subcommittee of the Technical Coordinating Committee, Gulf States 

Marine Fisheries Commission. Available from 

www.gsmfc.org/pubs/SFRP/Guidelines_for_Marine_Artificial_Reef_Materials_

January_1997.pdf. 

3. Goreau TJ, Hilbertz W. 2002. Electric reefs. New Scientist. p. 38-41. 

4. van Treeck P, Schuhmacher H. 1999. Artificial reefs created by electrolysis and coral 

transplantation: An approach ensuring the compatibility of environmental protection and 

diving tourism. Estuarine Coastal and Shelf Science. 49: 75-81. 

5. Baqueiro E, Mendez R. 1994. Artificial Reefs - an Alternative to Enhance Mexican 

Littoral Commercial Fisheries. Bulletin of Marine Science. 55(2-3):1014-1020. 

6. Rhodes RJ, Bell M, Pomeroy RS, Scuba diver expenditures associated with South 

Carolina's artificial reefs. Bulletin of Marine Science, 1994. 55(2-3):1350. 

7. Ortiz-Prosper AL, et al. 2001. Planting small massive corals on small artificial concrete 

reefs or dead coral heads. Bulletin of Marine Science. 69(2):1047-1051. 

8. Bombace G. 1989. Artificial reefs in the Mediterranean Sea. Bulletin of Marine 

Science. 44(2):1023-1032. 

9. Muir WC, et al. 1995. Mitigation potential of habitat replacement: Artificial reef 

replacement for fisheries enhancement in shallow waters of the Delaware Bay. In Second 

annual marine and estuarine shallow water science and management conference., U.S. 

EPA, Philadelphia, PA (USA) p. 51. 

10. Foster KL, et al. 1994. Mitigation Potential of Habitat Replacement - Concrete Artificial 

Reef in Delaware Bay - Preliminary-Results. Bulletin of Marine Science. 55(2-3):783-

795. 

11. Chessa LA, Pais A, Serra S. 1993. Preliminary research on the transplantation of red 

coral, Corallium rubrum (L.), on to an artificial reef in NW Sardinia. Boll. Oceanol. 

Teor. Appl. 11(3-4):191-197. 

12. Hudson JH. 2004. Assessment and restoration of the M/V Wellwood grounding site, 

Molasses Reef, Florida Keys National Marine Sanctuary, Florida, USA. in 10th 

International Coral Reef Symposium, Okinawa, 28 Jun -2 Jul 2004. 



 

CRC Reef Research Centre Technical Report No. 60 
 

28 

13. Loh T, Chou LM. 2004. Fibreglass artificial reef units as a method of reef rehabilitation 

in the sedimented waters of the southern islands of Singapore. in 10th International Coral 

Reef Symposium, Okinawa, 28 Jun - 2 Jul 2004. 

14. Lok A, et al. 2002. Artificial reefs in turkey. ICES Journal of Marine Science. 

59:S192-S195. 

15. Guillen JE, et al. 1994. Antitrawling Reefs and the Protection of Posidonia-Oceanica (L) 

Delile Meadows in the Western Mediterranean-Sea - Demand and Aims. Bulletin of 

Marine Science. 55(2-3):645-650. 

16. Gomezbuckley MC, Haroun RJ. 1994. Artificial Reefs in the Spanish Coastal Zone. 

Bulletin of Marine Science. 55(2-3):1021-1028. 

17. Pitcher TJ, Seaman W Jr. 2000. Petrarch's Principle: how protected human-made reefs 

can help the reconstruction of fisheries and marine ecosystems. Fish Fisheries. 1(1):73-

81. 

18. Wilson KDP, Leung AWY, Kennish R. 2002. Restoration of Hong Kong fisheries 

through deployment of artificial reefs in marine protected areas. ICES Journal of Marine 

Science. 59(Supplement 1): S157-S163. 

19. Grove RS, et al. 1994. Aquatic habitat technology innovation in Japan. Bulletin of 

Marine Science. 55(2-3): 276-294. 

20. Simard F. 1997. Socio-economic aspects of artificial reefs in Japan. European artificial 

reef research. Proceedings of the 1st EARRN conference, Ancona, Italy, March 

1996. In: Jensen AC. (ed). Southampton Oceanography Centre, Southampton, UK. 

pp. 233-240. 

21. Jones AT, Welsford RW. 1997. Artificial reefs in British Columbia, Canada. 

MTS/IEEE. 

22. Berger T, McGurrin J, Stone R. 1994. An assessment of coastal artificial reef 

development and management in the United States. 

23. Grossman GD, Jones GP, Seaman WJ. 1997. Do artificial reefs increase regional fish 

production? A review of existing data. Fisheries. 22(4):17-23. 

24. Jebreen E. 2001. Artificial Reefs their effects on fish stocks. Information Series 

Q101031. Queensland Government Department of Primary Industries, Brisbane. 

25. Bohnsack JA. 1989. Are high densities of fishes at artificial reefs the result of habitat 

limitation or behavioural preference? Bulletin of Marine Science. 44(2):631-645. 

26. Jensen A. 2002. Artificial reefs of Europe: perspective and future. ICES Journal of 

Marine Science. 59(S1):S3-S13. 



 

CRC Reef Research Centre Technical Report No. 60 
 

29 

27. Kerr S. 1992. Artificial reefs in Australia: their construction, location and function. 

Bureau Of Rural Resources Working Paper WO/8/92. Bureau Of Rural 

Resources, Canberra, Australia. 

28. Branden KL, Pollard DA, Reimers HA. 1994. A Review of Recent Artificial Reef 

Developments in Australia. Bulletin of Marine Science. 55(2-3): p. 982-994. 

29. Dowling RK, Nichol J. 2001. The HMAS Swan artificial dive reef. Annals of Tourism 

Research. 28(1):226-229. 

30. Jebreen E, Cowell J. 2003. Bundaberg and District Artificial Reef Association long-term 

monitoring program. Information Series Q103027. Queensland Government 

Department of Primary Industries, Brisbane. 

31. Parsons R, Plunkett G. 1998. Scuttled and Abandoned Ships in Australian Waters 1. 

2nd Edition, September 1998. 

32. Polovina JJ. 1990. A global perspective on artificial reefs and fish aggregating devices., 

in Paper presented at the Symposium on artificial reefs and fish aggregation devices as 

tools for the management and enhancement of marine fishery resources, Colombo, Sri 

Lanka, 14-17 May 1990. Regional Office for Asia and the Pacific, United Nations Food 

and Agriculture Organization, Bangkok. p. 251-257. 

33. Bohnsack JA, Sutherland DL. 1985. Artificial reef research: a review with 

recommendations for future priorities. Bulletin of Marine Science. 37(11-39). 

34. Polovina JJ. 1990. Assessment of biological impacts of artificial reefs and FADs. Paper 

presented at the Symposium on artificial reefs and fish aggregation devices as 

tools for the management and enhancement of marine fishery resources, 

Colombo, Sri Lanka, 14-17 May 1990. Regional Office for Asia and the Pacific, 

United Nations Food and Agriculture Organization, Bangkok. p. 258-263. 

35. Lindberg WJ. 1997. Can science resolve the attraction-production issue? Fisheries. 

22:10-13. 

36. Samples KC, Sproul JT. 1985. Fish aggregating devices and open-access commercial 

fisheries: a theoretical inquiry. Bulletin of Marine Science. 37(1):305-317. 

37. Henry GW, Lyle JM. (eds). 2003. The national recreational and indigenous fishing 

survey. Australian Government Department of Agriculture, Forestry and 

Fisheries, Canberra. 

38. Polovina JJ, Sakai I. 1989. Impacts of artificial reefs on fishery production in 

Shimamaki, Japan. Bulletin of Marine Science. 44(2):997-1003. 



 

CRC Reef Research Centre Technical Report No. 60 
 

30 

39. Pickering H, Whitmarsh D. 1997. Artificial reefs and fisheries exploitation: A review of 

the 'attraction versus production' debate, the influence of design and its significance for 

policy. Fisheries Research. 31(1-2):39-59. 

40. Chou LM. 1997. Artificial reefs of Southeast Asia - Do they enhance or degrade the 

marine environment? Environmental Monitoring and Assessment. 44(1-3):45-52. 

41. Powers SP, et al. 2003. Estimating enhancement of fish production by offshore artificial 

reefs: uncertainty exhibited by divergent scenarios. Marine Ecology Progress Series. 

264:265-277. 

42. Jensen AC. 1997. European artificial reef research. Proceedings of the 1st EARRN 

conference, Ancona, Italy, March 1996. Southampton, UK: Southampton 

Oceanography Centre. 

43. Gannon JE, Ugoretz S. 1994. Artificial reefs as a fishery management strategy in the 

Laurentian Great Lakes -- a policy and scientific issues overview. 

44. Santos MN, Monteiro CC. 1997. The Olhao artificial reef system (south Portugal): Fish 

assemblages and fishing yield. Fisheries Research. 30(1-2):33-41. 

45. Santos MN, Monteiro CC. 1998. Comparison of the catch and fishing yield from an 

artificial reef system and neighbouring areas off Faro (Algarve, south Portugal). 

Fisheries Research. 39(1):55-65. 

46. Pickering H, Whitmarsh D. 1996. Artificial reefs and fisheries exploitation: a review of 

the 'attraction versus production' debate, the influence of design and its significance for 

policy, in CEMARE Res. Pap. no. 107. CEMARE, University of Plymouth, UK: 

Portsmouth (UK). 

47. Bohnsack JA, et al. 1994. Effects of Reef Size on Colonization and Assemblage Structure 

of Fishes at Artificial Reefs Off Southeastern Florida, USA. Bulletin of Marine Science. 

55(2-3):796-823. 

48. Cappo M, Kelley R. 2001. Connectivity in the Great barrier Reef World Heritage Area - 

an overview of pathways and processes. In: Wolanski E. (ed). Oceanographic processes 

of coral reefs: Physical and biological links in the Great Barrier Reef.  CRC Press, Boca 

Raton, Florida. 

49. Williams DM. 1990. Significance of coastal resources to sailfish and juvenile black 

marlin in north-eastern Australia: an ongoing research program. In: Planning the future 

of billfishes. Research and management in the 90s and beyond. Marine Recreational 

Fisheries 13, Proceedings of the 2nd International Billfish Symposium. Part 2: 

Contributed Papers. Kailua-Kona, Hawaii: National Coalition for Marine 

Conservation Inc, Savannah, GA. 



 

CRC Reef Research Centre Technical Report No. 60 
 

31 

50. Martin JH, Fitwater SE. 1998. Iron deficiency limits phytoplankton growth in the 

north-east Pacific subarctic. Nature. 331:341-343. 

51. Buckley RM. 1996. Enhancement of marine resources using artificial reefs. 

Oceanography and marine resources in the Eastern Central Atlantic. In: Llinas O, 

Gonzalez JA, Rueda MJ. Las Palmas de Gran Canaria (Spain): ICCM. pp. 499-513. 

52. Steimle F, et al. 2002. Benthic macrofauna productivity enhancement by an artificial reef 

in Delaware Bay, USA. ICES Journal of Marine Science. 59:S100-S105. 

53. Fabi G, Fiorentini L, Giannini S. 1989. Experimental shellfish culture on an artificial 

reef in the Adriatic Sea. Bulletin of Marine Science. 44(2):734-742. 

54. Coll J, et al. 1998. Influence of substrate and deployment time on fish assemblages on an 

artificial reef at Formentera Island (Balearic Islands, western Mediterranean). 

Hydrobiologia. 385:139-152. 

55. Relini G, et al. 2002. Ten years of censuses of fish fauna on the Loano artificial reef. 

ICES Journal of Marine Science. 59(S1):S132-S137. 

56. Golani D, Diamant A.1999. Fish colonization of an artificial reef in the Gulf of Elat, 

northern Red Sea. Environmental Biology of Fishes. 54(3):275-282. 

57. Matthews KR. 1985. Species similarities and movement of fishes on natural and 

artificial reefs in Monterey Bay, California. Bulletin of Marine Science. 37(1):252-270. 

58. Bortone SA, et al. 1998. The impact of artificial-reef fish assemblages on their potential 

forage area. Italian Journal of Zoology. 65:265-267. 

59. Sanchez-Jerez P, Ramos-Espla A. 2000. Changes in fish assemblages associated with 

the deployment of an antitrawling reef in seagrass meadows. Transactions of the 

American Fisheries Society. 129(5):1150-1159. 

60. Alevizon W. 2002. Enhanced seagrass growth and fish aggregations around Bahamian 

patch reefs: The case for a functional connection. Bulletin of Marine Science. 70(3): 

957-966. 

61. Rilov G, Benayahu Y. 2000. Fish assemblage on natural versus vertical artificial reefs: 

the rehabilitation perspective. Marine Biology. 136(5):931-942. 

62. Perkol-Finkel S, Benayahu Y. 2004. Community structure of stony and soft corals on 

vertical unplanned artificial reefs in Eilat (Red Sea): comparison to natural reefs. Coral 

Reefs. 23(2):195-205. 

63. Danovaro R, et al. 2002. Influence of artificial reefs on the surrounding infauna: 

analysis of meiofauna. ICES Journal of Marine Science. 59:S356-S362. 

64. Fabi G, et al. 2002. Effects of an artificial reef on the surrounding soft-bottom 

community (central Adriatic Sea). ICES Journal of Marine Science. 59:S343-S349. 



 

CRC Reef Research Centre Technical Report No. 60 
 

32 

65. Spieler RE, Gilliam DS, Sherman RL. 2001. Artificial substrate and coral reef 

restoration: What do we need to know to know what we need. Bulletin of Marine 

Science. 69(2):1013-1030. 

66. Alevizon W, Gorham JC. 1989. Effects of artificial reef deployment on nearby resident 

fishes. Bulletin of Marine Science. 44:646-661. 

67. Christian R, Steimle F, Stone R. 1998. Evolution of Marine Artificial Reef 

Development - A Philosophical Review of Management Strategies. Gulf of Mexico 

Science. 16(1):32-36. 

68. Kingsford MJ. 1999. Fish Attraction Devices (FADs) and experimental designs. 

Scientia Marina. 63(3-4):181-190. 

69. Charbonnel E, et al. 1995. Problems in sampling and censusing artificial reef associated 

fish assemblages. Biol. Mar. Mediterr. 2(1):85-90. 

70. Relini G, Relini M. 1997. Biomass on artificial reefs. in European artificial reef research. 

Proceedings of the 1st EARRN conference, Ancona, Italy, March 1996. pp. 61-83. 

Southampton Oceanography Centre, Southampton, UK. 

71. SeamanW Jr. (ed). 2000. Artificial Reef Evaluation With Application to Natural Marine 

Habitats. CRC Press LLC, Florida, USA. 

72. Clark S, Edwards AJ. 1999. An evaluation of artificial reef structures as tools for 

marine habitat rehabilitation in the Maldives. Aquatic Conservation-Marine and 

Freshwater Ecosystems. 9(1):5-21. 

73. Blair SM, et al. 1994. Impacts of Hurricane Andrew on the offshore reef systems of 

central and northern Dade County, Florida. Bulletin of Marine Science. 54(3):961-973. 

74. Turpin RK, Bortone SA. 2002. Pre- and post-hurricane assessment of artificial reefs: 

evidence for potential use as refugia in a fishery management strategy. ICES Journal of 

Marine Science. 59:S74-S82. 

75. Bell M, Hall JW. 1994. Effects of Hurricane-Hugo on South-Carolinas Marine Artificial 

Reefs. Bulletin of Marine Science. 55(2-3):836-847. 

76. Michalek-Wagner K. 2000. Coral Reef Restoration: scope and limitations of reef 

restoration as a management tool. Great Barrier Reef Marine Park Authority, 

Unpublished Report, Townsville, Qld. 

77. Canada E. 1998. Cleanup guidelines for ocean disposal of vessels.Artificial Reef Society 

of British Columbia. Available from 

http://www.artificialreef.bc.ca/ARresources/cleanup_guidelines.html 



 

CRC Reef Research Centre Technical Report No. 60 
 

33 

78. Canada E. 1998. Cleanup standards for ocean disposal of vessels. Artificial Reef 

Society of British Columbia. Available from 

http://www.artificialreef.bc.ca/ARresources/cleanup_standards.html 

79. London Convention (revised). 2003. Waste-specific guidelines for vessels proposed for 

disposal at sea. Waste assessment guidelines for vessels. Available from 

http://www.londonconvention.org/documents/guidelines/4%20-

%20Vessels.pdf 

80. U.S. EPA. 2000. A guide for ship scrappers: tips for regulatory compliance. EPA/315-B-

00-001. Environmental Protection Agency, Washington, DC. 

81. Brock RE. 1994. Beyond Fisheries Enhancement - Artificial Reefs and Ecotourism. 

Bulletin of Marine Science. 55(2-3):1181-1188. 

82. Baine M. 2001. Artificial reefs: a review of their design, application, management and 

performance. Ocean & Coastal Management. 44(3-4):241-259. 

83. Whitmarsh D. 1996. Artificial reef investment: An assessment of information needs in 

the analysis of project risk. CEMARE Res. Pap. no. 96. Portsmouth (UK): CEMARE, 

University of Portsmouth. pp23. 

84. Hushak LJ, Kelch DO, Glenn SJ. 1999. The economic value of the Lorain County, Ohio, 

artificial reef. American Fisheries Society Symposium, 22:348-362. 

85. Whitmarsh D. 1997. Cost-benefit analysis of artificial reefs In: Jensen AC. (ed). 

Southampton, UK: Southampton Oceanography Centre. 

86. Seaman J, William 2002. Unifying trends and opportunities in global artificial reef 

research, including evaluation. ICES Journal of Marine Science. 59(S1): S14-S16. 

87. Pollard DA, Matthews J. 1985. Experience in the construction and siting of artificial 

reefs and fish aggregation devices in Australian waters, with notes on and a bibliography 

of Australian studies. Bulletin of Marine Science. 37(1):299-304. 

88. Pollard DA. 1989. Artificial habitats for fisheries enhancement in the Australian region. 

Marine and Freshwater Research. 51(4):11-26. 

 


