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Executive Summary 

While artificial reefs continue to grow in popularity, the need for accurate and up to date 

information regarding the science behind the successful implementation is necessary. This 

desktop study contains three literature reviews investigating the influences habitat 

enhancements have on ecological productivity. These reviews cover the success, functionality 

and productivity, attraction versus production, and sampling methods respectively. 

 

Functions of artificial reefs aim to enhance diving, recreational and commercial fishing by 

producing fish abundance in addition to enabling invertebrate colonization, alter currents, 

consolidate rubble, and impede commercial fishing in some cases. The success and 

functionality of an artificial reef varies according to its objective. Success can be defined as the 

original objective being met while it can be determined by size, functionality, positioning and 

their succession.  

The five characteristics that influence the functionality and success of a reef, are its size, layout, 

complexity, depth and hydrological influences. Each of which can drastically alter the 

effectiveness of its function. It is widely agreed upon in the science community that there is 

no one standard design that all suits all objectives and locations and the design of each 

artificial reef should be considered individually. The optimum size of an artificial reef 

depends on its objective, species and location; however, consensus amongst scientists suggest 

it should be no less than 400m3 with some suggesting a minimum of 800m3 to prevent artificial 

reef failure and insurance against economical loss.  

The attraction versus production debate has yet to provide a clear answer. The use of artificial 

reefs has grown in popularity yet the question of whether they are enhancing overall fish 

production or merely attracting fish populations from nearby natural reefs is still unclear. The 

general thinking is the two are rarely mutually exclusive and should be thought of as a scale 

with attraction and production as the extremes.  The main factors of the debate revolve around 

increased food and habitat availability and fish behaviour, however, there is consensus that 

production versus attraction is taxon specific.  

 



  

 

There has been a global movement towards less destructive marine practices including 

sampling and monitoring practices, more specifically away from extractive techniques that 

remove large portions of the fish assemblages. Non extractive methods such as video analysis, 

eDNA, acoustic tagging and telemetry have progressed to the point now where the 

information gained is almost as comprehensive as the destructive extractive methods but with 

far less cost, effort and environmental impact. Methods for recording secondary production 

have been effectively developed, however, better techniques are required for distinguishing 

between transient and resident fish species need to be developed.  

Acoustic tagging and telemetry is one technique that is showing promising potential for this 

challenge. Post video analysis techniques such as BRUV (Baited Remote Underwater Video) 

is becoming an industry standard method for biomonitoring the progress of artificial reefs 

and the life they have on them; however, they lack the ability to collect data on cryptic species. 

The benefits of the BRUV method allows for cost effective monitoring in locations that SCUBA 

divers would normally not be able to effectively and safely survey, in addition to increased 

sampling efforts via citizen science programs such as Recfishwest Reef Vision program. 

Advances in eDNA continue regularly and are showing promising results. General consensus 

amongst academics is that optimum biomonitoring programs should be designed around a 

combination of remote stereo video analysis and eDNA with one study suggesting this 

combination can increase observed genetic richness by upwards of 30%.  

 

 

 

 

 

 

 



  

 

Chapter 1 – The success and functionality of artificial reefs 

 

Introduction 

Artificial reefs are vital tools in fishing, tourism, land management and restoration operations. 

The optimal design of an artificial reef structures has been researched and debated by 

scientists for decades. Success is determined by many factors, some of which include size, 

functionality, positioning and finally their succession. This chapter will discuss and assess the 

conclusions derived from global studies, to recommend the functional success of artificial 

reefs and the factors which are crucial to achieve it.   

 

Types and Functions of Artificial Reefs  

Artificial reefs can be divided into 5 major functional groups; those used for diving reefs, 

surfing enhancement, breakwaters, environmental enhancement, and fishing reefs. Each of 

these functional groups have multiple purposes within each, including restoration, tourism 

and sustainable fishing (Harris, 1995; Spieler, et al., 2001). 

 

Purpose of artificial reefs  

Diving reefs, surfing enhancement and breakwaters are all artificial reefs, relating to 

recreation and planning. Diving reefs are artificial reefs designed to provide recreational 

diving opportunities. They can be located in depths of up to 40m. These reefs can protect 

natural reefs from being damaged whilst providing space for the recreational activity. Old 

boats, planes and other wrecks get taken over by sea life and provide great enjoyment for 

divers. However, these and many other reefs created with ‘materials of opportunity’ can often 

cause environmental problems later (van Treeck & Schuhmacher, 1999). Artificial reefs built 

for diving both protect natural reefs from diving tourism, as well as give an alternative to 

making the ocean floor a junkyard (van Treeck & Schuhmacher, 1999).  

 



  

 

Surfing enhancement reefs are artificial reefs designed to enhance recreational surfing by 

altering nearshore wave characteristics. They are typically at a depth of 1m to 5m (Harris, 

1995). Each surf reef is built specifically for the beach, the water movement and level of skill 

expected of surfers in the area (Black & Mead, 2001). The purpose of this reef is to produce 

waves at a height that enables surfers’ enjoyment.  

Structural reefs are reefs built for urban development projects and recreational uses. 

Breakwaters are very important structural features that protect the harbours, marina’s and 

coastlines from erosive and damaging waves (Carevic, et al., 2013). A few other examples are 

jetties, marina’s and oil rigs which become artificial reefs over time, these both have diving 

and fishing attraction values. These structures enable the enjoyment and stability of the coast 

for recreational use, urban development, and infrastructure utilisation.  

There are two types of artificial reefs which aim to increase ecological production. The first is 

environmental enhancement reefs for rehabilitation. These enable coral restoration and 

increased production of fish throughout an area. Artificial reefs of this nature are located 

typically at depths ranging from 0m to 100m+ (Harris, 1995).  An environmental enhancement 

reef aims to restore natural production by creating habitat, refuge, and food resources.  

The second of the two environmental enhancements are fishing reefs, which are similar depth 

range. Fishing reefs typically aim to increase targeted fish population by increasing habitat 

(Spieler, et al., 2001). This is done by offering refuge, spawning areas, and food availability 

(Jaxion‐Harm & Szedlmayer, 2015). These reefs are used by both the recreational and 

commercial fishing sectors to enhance fish populations. To produce the highest catch for 

fishing yields and increasing fish abundance, artificial reefs need to be built for purpose. The 

size, spacing and complexity all influence the catch and abundance. The minimum and 

optimal size of both individual reef units and the whole artificial reef complex is still under 

debate (Bohnsack & Sutherland, 1985). Each individual reef’s requirements are different to the 

next, to suit purpose and functionality within their environment.  

 

 



  

 

Reef Functionality  

Artificial reefs have many functions within their environment. Each artificial reef has multiple 

characteristics which effect the environment they’re deployed in (Walters et al., 1991). Size, 

shape, interstices, proximity and depth all influence the function these reefs have (Rule & 

Smith, 2007). Artificial reefs act as a refugia, enable invertebrate colonization, alter currents, 

consolidate rubble, impede commercial fishing (trawling) and aim to produce fish to enhance 

diving, recreational and commercial fisheries (Spieler, et al., 2001). Overall each of these 

functions acts to restore either reefs themselves or the fish population that they rely upon by 

redistribution, aggregation of biomass, or improvement of survival and reproductive success 

to increase overall biomass (Polovina, 1994).  

Artificial reefs produce extra habitat and refuge from predation. The complexity of an artificial 

reef supplies body sized holes for fish to hide and reside in (Lingo & Szedlmayer, 2006). With 

a range of interstices sizes and reefs, a wide variety of species can reside at the artificial reefs.  

Altering currents can create waves, protect coasts from erosion, and control the movement of 

fish spawned. In japan they utilise artificial reefs to alter the water flow, adjusting movement 

of fish eggs and larvae of different fishery focussed species into a more appropriate fishing 

ground (Suenaga, et al., 2001). Other countries, like Australia utilise artificial reefs to enhance 

surfing expereince, coastal infrastructure, fish stocks, and fishing experiences for the 

community and industry (Diplock, 2010; Lazarow, 2009).  

 

The Success of Artificial Reefs  

The success and failure of artificial reefs is debateable. A successful artificial reef can generally 

be considered as a reef where the outcome matches the original intended purpose. However, 

it may fail for its function, yet thrive in another. Furthermore, what constitutes a success 

depends on the criteria used, which differs across research methodologies and study 

objectives (Jan, 2003; Rule & Smith, 2007). An example of this is one study only marks down 

species that are residents, whereas another includes migratory species (Rule & Smith, 2007). 

This can make comparing data and research on the success of artificial reefs difficult.  



  

 

This section will compare studies, highlighting what design has been proven to succeed, what 

has failed and the holes in the research. This section will identify the influence of size, design, 

depth, location, and functionality.  

 

History of artificial reefs in Australia 

A review by Diplock (2010) identifies the success of artificial reefs and community interest in 

Australia. In a 2001 review, there were 106 purpose-built artificial reefs, of these 37% were 

made of tyres, 22% were ships and a minority of 6% were concrete (Coutin, 2001). During the 

1980s in Australia a large quantity of tires, cars and shipwrecks were utilised as artificial reefs. 

Some of these have since broken up, buried or had to be removed due to leaching 

contaminants into the water. Since this time many governments have banned ‘materials of 

opportunity’ to be dumped as artificial reefs (Diplock, 2010). Reviewing Australian artificial 

reefs, the success and failures overtime have been addressed to ensure the success of new reefs 

being deployed (Diplock, 2010). Artificial reefs have shown great popularity with recreational 

fishers and anglers over the years, increasing expression of interest in further expansion 

(Diplock, 2010). 

 

Why size matters? 

Size is amongst one of the most important and well-studied characteristics which influence 

the success of artificial reefs. The size of an artificial reef needs to be large enough, so it has 

valuable ecological production; yet small enough to ensure economic value without a plateau 

of production in relation to size. An artificial reef which is too small, may not adequately 

provide habitat and production of resources, limiting fish production (Bohnsack & 

Sutherland, 1985). The optimal size for individual modules that make up a reef is still 

undecided; this is because each species and location have different requirements. A surf reef 

will need to be the exact shape and size to create the best waves, whilst a fishing reef requires 

different sizes and complexities for different species (Becker, et al., 2019). Each country has 

been found to have designed different reef structures for specific species within their regions. 



  

 

The whole artificial reef is debated at a minimum of 5,700 m3 for self- sustaining fish 

populations (Rounsefell, 1972), while others debated it as a maximum (Turner, et al., 1969). 

One study found that fish production increased directly, with the increase in reef size from 

400 m3 to 4,000 m3 (Bohnsack & Sutherland, 1985).  Another study in Japan found that 3,000 

m3/km2 was the optimal size, when it hits this critical point the catch starts to decrease (Sato, 

1985). The catch is known to be between 5 – 50 kg/m3, the higher the catch the more ‘successful’ 

the reef is (Department of Fisheries, 2010).  

 

Figure 1: French and Japanese Lobster artificial reefs (left), (Spanier, et al, 2011). Examples of 

modules employed for artificial reef construction in Europe (right). a) Cyprus; b), c) France; 

d) Germany; e), f) Greece; g), h) Italy; i) Poland; j), k) Portugal; I), m) Spain; n) United 

Kingdom.  

The debate on this subject may be the result of different nutrient levels or zooplankton 

concentrations within the area, the reef is deployed in. However, the complexity of the reef, 

hydrological influence and depth of a reef all relate with the size of a reef.  The size of the reef 

controls the number of primary producers it can support. Scientific modelling suggests that 

for low nutrient waters with low food supply, a smaller reef is more effective for production 

long term. The larger the reef, the larger the increase in the nutrients needed in the water and 

the more primary producers that need to be available for the new ecological community 

(Champion, Suthers, & Smith, 2015).   



  

 

Most Australian artificial reefs deployed since 2000 have been approximately 400 m3 or larger 

(Diplock, 2010).  Diplock (2010) suggests that any artificial reef deployed or extended in 

Australia, should be a minimum of 800 m3. This can be to prevent artificial reef failure due to 

disappearing into mud, moving (damaging seagrass and natural reefs), or being destroyed by 

storms and/or corrosion (Bohnsack & Sutherland, 1985). Korea have reefs from 400 m3 to 

30,000 m3, with majority of their reefs deployed a minimum 800 m3 (Kim, et al., 1994). Korea 

for example monitor new reef modules for two years before they can be deployed in public 

areas (Diplock, 2010). Sayer et al. (2005) suggest that the larger the reef, the more complex 

community structure. Both the species and their abundance present are altered depending on 

the reefs size (Sayer, Magill, Pitcher, Morissette, & Ainsworth, 2005).  However, there is also 

debate that smaller reefs have a higher biodiversity than larger reefs, yet a larger reef has 

individuals with a higher biomass as long as the module build is relevant to the purpose 

(Frijling, 2012). 

 

Figure 2: Korean artificial reef module designs (Kim, et al., 2014) 



  

 

Reef Layout 

Reef spacing also influences the outcome of an artificial reef (Frijling, 2012). The spacing and 

positioning of reef modules can be variable, creating a patchy reef or a single reef complex. If 

the goal is to attract fish, then patchy reef increases foraging by expanding the perimeter 

(Nanami & Nishihira, 2002). There is also an increase in spatial and seasonal differences in a 

reef’s fish community, in an isolated and patchy reef (Nanami & Nishihira, 2002).  A study in 

2005, found that there were significant differences in abundance and species richness, with 

different reef module spacing (Jordan, et al., 2005). Out of four different spatial treatments 

(0.33, 5, 15, and 25 m apart), the two extremities 0.33 m and 25 m showed higher abundance, 

whereas species richness was similar in 0.33 m, 15 m, and 25 m with the 5 m treatment 

significantly lower (Jordan, et al., 2005). This study also demonstrated that bluehead wrasse 

(T. bifasciatum) and slippery Dicks (H. bivittatus) only went to sites with the 5 m and 15 m 

spacing respectively  (Jordan, et al., 2005).  This highlights that species have different habitat 

preferences, which need to be considered when targeting particular species. Different artificial 

reef configurations and spatial complexity can be formed through different distances between 

reefs and change the ecological community which resides there (Lan & Hsui, 2006). 

 

Reef Complexity 

Whilst optimum size of an artificial reef is important, it is equally important to consider the 

purpose of the reef. Some purposes for artificial reefs (e.g. producing particular target species) 

require a certain degree of complexity. It’s been proven that reef complexity has ecological 

implications on artificial reefs. Reef complexity can alter species, abundance and life stages 

present on a reef (Sherman, et al., 2002). Studies in France indicates that structural complexity 

is an effective way to increase species richness, biomass and abundance of fish assemblages 

(Charbonnel, et al., 2002). Unfortunately, no matter the size of the reef, it will still fail if the 

interstices aren’t built for function (Frijling, 2012). The interstices define a reef’s inhabitants.  

 

 



  

 

The sizes of interstices are required to match the species of focus and the life stage/s at which 

the reef aims to impact. For some temperate species, there is a positive correlation between 

habitat complexity and abundance (Hunter & Sayer, 2009). An increased complexity and 

number interstices in the artificial reef structures provides refuge for an abundance of fish and 

a variety of sizes. This not only enhances predation evasion but also enables an increase 

juvenile recruitment (Hackradt, et al., 2011). In a study on damselfish (Pomacentrus 

amboinensis) it was demonstrated that an increase in reef complexity, increased recruitment 

during their spawning period (Kawasaki, et al., 2003). In a study off Mexico, even an open 

water species (Stenotomus caprinus) were found to prefer complex artificial reefs (Lingo & 

Szedlmayer, 2006). Different reef complexity may attract different species and life stages. The 

same study by Lingo & Szedlmayer found that species prefer interstice size to be similar to 

their body size; larger reef fish (e.g. Pareques umbrosus) preferred larger interstice size, whereas 

newly settled Lutjanus campechanu preferred the small crevices formed by oyster rubble.  

Different interstices sizes provide size defined refuge from predation, for all life stages.  

Species inhabit an artificial reef due to the increased refuge or increase food availability 

(Fariñas-Franco & Roberts, 2014). Increased complexity protects all stages, therefore increases 

both spawning success and increases species abundance. Both reef area and number of 

interstices, provide different resources to the residing marine life (Hackradt, Félix-Hackradt, 

& García-Charton, 2011).  For example, an increased amount of substratum/reef area enhances 

food availability, through available space for an increased number of sessile organisms 

(Hackradt et al., 2011). The growth and development of sessile species and turf community 

triggers species such as scavenging crabs, echinoderms, and other opportunistic species reside 

on an artificial reef (Fariñas-Franco & Roberts, 2014). Therefore, increased surface area not 

only increases habitat but also food availability.  

 

 

 



  

 

Influence of depth  

Different species are known to inhabit reefs at different depths. However, depth can influence 

species and their abundance on artificial reefs during different life stages. Water temperature, 

light availability and dissolved oxygen all decrease with a greater depth, individuals’ 

behaviours have to adapt to these conditions (Sherman, et al., 1999). Multiple studies show 

that an increased depth >30 m is associated with a lower abundance, yet have a higher overall 

biomass and species size (Gül et al., 2011; Jaxion‐Harm & Szedlmayer, 2015; Walters et al., 

1991). It has been found that fish size increases with depth, this is found for Red Snapper 

(Lutjanus campechanus), Greater Amberjack (Seriola dumerili) and many more species (Jaxion‐

Harm & Szedlmayer, 2015).  The slower movements and decreased metabolism means these 

larger fish have a diet shift where they don’t need to consume as much to survive) (Jaxion‐

Harm & Szedlmayer, 2015).  At certain depths shift in species abundance, number and 

biomass occur with seasonal changes (Jaxion‐Harm & Szedlmayer, 2015). Larger individuals 

are found at deeper reefs, whereas smaller individuals remain in shallower waters. Artificial 

reefs in deep water creates habitat and refuge for larger individuals.  

Smaller sized fish remain close to the shore line and on shallower reefs. One study suggests 

sites in waters at a depth of 7 m or less have a lower species presence to mid-depth reefs (15-

30 m), which have a high species presence and high abundance (Rule & Smith, 2007). The 

abundance of the shallower reefs was similar to the mid depth reefs, suggesting a recruitment 

reef for freshly spawned juveniles (Rule & Smith, 2007). The lower smaller fish have been 

found to stay in shallower waters to avoid competition and predation (Jaxion‐Harm & 

Szedlmayer, 2015). Shallower reefs are an ideal recruitment area for juvenile fish, acting as a 

refuge from larger predatory species. The shallower and mid depth reefs are optimal for 

replenishing younger fish stocks. 

The light intensity controls the recruitment of various species. Depth and reef structure alter 

the light conditions, controlling and changing the structure and composition of the resultant 

community (Moura et al., 2007). It has been found that the biomass and abundance of sessile 

species decreases as depth increases (Moura et al., 2007).  



  

 

Different faunal groups (bryozoans, barnacles and molluscs) are all found to have different 

preferences for depth (Moura et al., 2007; Rule & Smith, 2007). Different invertebrate larvae 

also settle at different depths, depending on their preferences (Rule & Smith, 2007). Therefore, 

any differences in initial settlement species will infer a difference in other secondary 

inhabitants due to diet and other relationships (e.g. symbiotic, etc.). This reiterates that the 

aim of the artificial reef needs to be addressed and studied to find the optimal location in order 

to have a maximised outcome. 

 

Hydrological influence 

There are multiple underwater currents globally ensuring the movement of water. The 

movement of water is vital for transportation of nutrients and oxygenated water throughout 

marine ecosystems.  Oxygen rich environments are vital for ecosystems enabling reefs to 

thrive, such as the nutrient rich Antarctic waters. The placement of artificial reefs with 

consideration of hydrological forces influencing them, can ensure their worth. If artificial reefs 

are placed in an area of low wave energy, they can be covered over by sand, mud and other 

sediments (Bohnsack & Sutherland, 1985). Artificial reefs have failed in the past due to 

disappearing into mud (Florida), moving damaging seagrass and natural reefs, being 

destroyed by storms and corrosion, sometimes in as little as four years (Mexico) (Bohnsack & 

Sutherland, 1985). The hydrological forces not only impact ecological production but also the 

economical worth of the project. 

 

 

 

 

 

 



  

 

Conclusion  

Artificial reefs are vital for the survival of ocean ecosystems, providing habitat and refuge 

where natural reefs cannot. The minimum successful size for an artificial reef found in the 

literature is 400 m3 which has remained constant for decades. However, the cost to deploy an 

artificial reef is hundreds of thousands of dollars, sometimes into the millions. To ensure the 

outcome is economically viable some countries like Australia and Korea recommend 

increasing the minimum size deployed to 800 m3. Korea do intensive testing before 

deployment to ensure maximum catch and worth of a project. The size of an artificial reef 

however is obsolete without factoring in the location, spacing, hydrology and depth. Artificial 

reefs may become vital to species and industries in the future, knowing size limitation and 

ensuring they are built for their intended purpose will assure the successful succession of 

these artificial habitats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

Chapter 2 - Attraction versus production on artificial reefs 

Introduction 

The attraction-production question was raised as early as the 1970s, when artificial reef 

research first started to increase in popularity, and still continues unresolved today (Bohnsack 

& Sutherland, 1985; Silva Lima, Rosental Zalmon, & Love, 2019). The long history of artificial 

reefs has emphasised the need to resolve the attraction-production issue as it has implications 

in particular for fisheries management (Polovina & Sakai, 1989; Moon, Otake, & Kim, 2018). It 

is assumed that fish populations are limited to available habitat (i.e. hard substrata) and 

therefore an increase in habitat (e.g. via the installation of an artificial reef) will increase the 

carrying capacity and thus increase the ecological productivity and biomass of the area. If 

habitats are saturated then artificial reefs will produce new fish (Wilson, Osenberg, St. Mary, 

Watson, & Lindberg, 2001; Powers, Grabowski, Peterson, & Lindberg, 2003).  Conversely, 

attraction theory is when a habitat or structure serves only to attract fish from surrounding 

areas due to behavioural preferences, without increasing the biomass or carrying capacity of 

the population (Pickering & Whitmarsh, 1997). Biomass is often used as a metric to quantify 

attraction and production as it quantifies attraction as well as all facets of production which 

may include population growth or an increase in size of the existing population. The current 

state of the argument is that it is likely rare in practice that attraction and production are 

mutually exclusive and both likely affect the assemblages on artificial reefs (Shin, Cheung, 

Tsang, & Wai, 2014). Production especially may manifest itself in different ways such as 

benthic aquaculture, improved survival, relocation of fishing effort, attraction of a permanent 

population, or provisioning food to improve survival of juveniles, or optimising 

zooplanktivorous fish abundance whilst avoiding food limitation (Champion, Suthers, & 

Smith, 2015; Fabi, et al., 2015). It can be difficult to identify attraction or production in situ due 

to differences in how these effects present themselves and how studies may look for different 

effects to evidence attraction or production.  

 



  

 

Closing the attraction-production debate is necessary to be able to use artificial reefs 

appropriately as mitigation tools, however resolving the issue has proven to be a slow and 

complex process (Bohnsack & Sutherland, 1985; Bohnsack, 1989; Pitcher & Seaman Jr, 2000).  

The nature of attraction and production 

Generally, it is difficult to distinguish between attraction and production in practice (Smith, 

Lowry & Suthers, 2015) especially in the case of fishes, where it is hard to determine whether 

they originated from natural reefs (Fowler & Booth, 2012). It has been found that production 

of fish is more likely for demersal, territorial reef fishes which are much more likely to be 

habitat or recruitment limited than wide-ranging pelagic species (Pickering & Whitmarsh, 

1997). The provision of refuge by artificial reefs, though driven by attraction, could be 

considered evidence of production as although no new fish are produced, existing fish are 

protected from predation and their growth is enhanced thus resulting in increased fish 

biomass (Powers, et al., 2003; Smith, Lowry & Suthers, 2015). This occurrence pertains 

especially to production on smaller artificial reefs.  

It can be difficult to distinguish between the release from limitation (production) and habitat 

selection (attraction) when looking at artificial reefs (Powers, et al., 2003). The presence of fish 

of an age older than an artificial structure is direct evidence of attraction (Simon, Pinheiro & 

Joyeux, 2011) however this does not necessarily preclude production (Bohnsack, 1989) as it 

may have occurred due to the increase in food and habitat availability, thus increasing the 

total biomass of older fish. Depending on how the terms attraction and production are 

defined, the same reef could produce or attract (Sempere, Esplá & Palazón, 2001). Production 

may be more likely with multiple or more complex reefs compared to single reefs which are 

more likely to attract (Brickhill, Lee & Connolly, 2005). Increased food availability and fish 

behaviour together play a role in determining assemblages on artificial reefs (Charbonnel, et 

al., 2002) – factors which affect both production and attraction respectively. It is likely that 

production versus attraction is taxon specific (Pickering & Whitmarsh, 1997; Reeves, et al., 

2018).   

 



  

 

Ecological considerations 

Marine environments and fish are highly variable in distribution, habitat, and behaviours by 

nature and thus knowledge of species ecology is vital to predict and assess species responses 

to artificial reefs (Osenberg, et al., 2002; Fabi, et al., 2015). Species have been documented to 

respond to artificial reefs differently. As growth tends to affect survival and reproductive 

output (Wilson, et al., 2001) optimal body size for reproduction or production via increased 

growth is a potential consideration during the design phase. Mortality after recruitment or 

settlement is high on artificial reefs as they tend to be designed with adults in mind (Pickering 

& Whitmarsh, 1997). This mortality could be due to the attraction of fishes to unsuitable 

habitat or habitats in which they have a lower level of fitness.   

It is also important to consider an artificial reef in the context of the surrounding habitat – For 

example, Polovina and Sakai (1989) found that octopus (Octopus dofleini) found refuge in the 

same space flatfishes (Pleuronectiformes) forage. If an artificial reef results in the dispersal of a 

population there is no negative effect but if it concentrates a population, that population is 

then put at risk of exploitation (Grossman, Jones & Seaman Jr, 1997; Smith, Lowry & Suthers, 

2015). Fitness of fishes on an artificial reef is also important (Komyakova & Swearer, 2019) as 

there is potential for artificial reefs to decrease or increase the overall fitness of a population 

if it is not already habitat limited. Post-recruitment processes could increase mortality and 

reduce overall production via recruitment (Grossman, Jones & Seaman Jr, 1997). Pelagic fish 

are at a higher risk of exploitation, but patchy abundance may reduce this risk as only a section 

of the population will be reef-associated at any given time (Smith, Lowry & Suthers, 2015).  

Species mobility (willingness to move to a new reef) and fidelity (scale of association with a 

reef) are important parameters to consider as they are easy to understand and influential 

(Smith, Lowry & Suthers, 2015). Different production metrics and responses to situations may 

require different approaches – for example, if spawning stock is depleted a successful artificial 

reef will see an increase in average adult size, but if recruitment is differently limited then a 

successful artificial reef will see an increase in juveniles to support a higher trophic level of 

production (Peterson & Lipcius, 2003). Habitat preferences of fish at recruitment are not 

necessarily equivalent to preferences of adult fish (Komyakova & Swearer, 2019).  



  

 

Recruitment limitation means artificial reefs can relieve survival bottlenecks (Peterson, 

Grabowski & Powers, 2003). It is difficult to evaluate the effect of the reefs on large mobile 

fishes as they do not spend their entire lives over hard-bottom habitats (Fowler & Booth, 2012). 

The variety in site fidelity (number of days detected) and long-term residency (number 

remaining at the end of the study) of large fishes is possibly attributable to different diets and 

foraging behaviours (Logan & Lowe, 2018). Feeding halo size and distance between reefs 

varies between species (Edelist & Spanier, 2009). Mobility of different fishes is an obstacle 

(Brickhill, Lee & Connolly, 2005). It is also likely that successional processes affect and are 

affected by attraction and production on artificial reefs (Becker, Taylor & Lowry, 2017).  

Artificial reefs created to boost fish production can be incredibly productive ecosystems whilst 

only increasing fish production a small amount due to high biomass flux caused by transient 

fish species (Smith, Lowry & Champion, et al., 2016) – this emphasises the need to understand 

the role the ecosystem plays in production and what this means for target fishes. Even fishes 

occupying a similar niche showed incredibly different responses varying by habitat, year, and 

location (Komyakova & Swearer, 2019), again demonstrating the need to consider target fishes 

at a species level. 

 

Influencing environmental factors 

There is a general lack of recognition for large-scale environmental processes which could 

impact artificial reefs and their associated assemblages (Pickering & Whitmarsh, 1997; 

Bortone, 2011). Natural hard-bottom and shelf habitats could influence the productivity of 

deployed artificial reefs (Powers, et al., 2003). While it is acknowledged that both broader and 

local physical factors affect fish populations, it is unclear to which extent (Grossman, Jones & 

Seaman Jr, 1997).  Depth affects the growth rate and body condition of fishes and this could 

be used to optimise the depth at which artificial reefs are deployed, however the effect varies 

between species and location and current knowledge about optimum depths is quite scant 

(Fowler & Booth, 2012).  

 



  

 

Although higher trophic levels are often the target species, it is vital to have established 

benthic processes and ecosystem services to support their existence (Peterson, Grabowski & 

Powers, 2003). Benthic assemblages are important to consider as they directly influence fish 

assemblages by providing food to different fish species. Benthic assemblages may be affected 

by factors such as the season at time of deployment, current patterns, weather, existing 

substrate, temperature, and water parameters (Bohnsack & Sutherland, 1985; Terashima, et 

al., 2007). Larval supply of fish and density dependence are key influences on the population 

dynamics of fishes and thus likely affect assemblages on artificial reefs (Osenberg, et al., 2002). 

Hydrodynamics should also be taken into further consideration – currently it is evaluated 

how currents and flows will be affected by an artificial reef but not how hydrodynamics will 

affect the artificial reef (Tian, 2018).   

 

Effects on surrounding environment 

Artificial reefs have physical, chemical, and ecological effects on nearby natural habitats 

(Simon, Pinheiro & Joyeux, 2011). Local reproduction on artificial reefs could theoretically 

affect population dynamics of surrounding stocks (for example, by affecting larval behaviour) 

but the extent to which this occurs is currently unknown (Wilson, et al., 2001). Restricted hard-

bottom habitat in an extensive soft-bottom system is unlikely to have a negative ecological 

impact on the surrounding environment (Grossman, Jones & Seaman Jr, 1997). The installation 

of an artificial reef will generally improve the production of the ecosystem (Peterson & 

Lipcius, 2003).  

If an artificial reef is more attractive than a natural reef but is a lower-quality habitat then it 

could negatively impact local populations (Komyakova & Swearer, 2019). A lower-quality 

habitat may have fewer opportunities for shelter, decreased food availability, or be otherwise 

unsuitable. This will lead to an overall decline of fitness in the population and possibly a 

reduction in population size due to increased mortality. Higher densities of fishes can bring 

higher levels of nutrients which can be beneficial to ecosystems such as seagrass meadows, 

thus creating a positive feedback loop (Layman, Allgeier & Montaña, 2016).  



  

 

Attraction of large predators can be detrimental to the local natural environment (Simon, 

Pinheiro & Joyeux, 2011). This would cause the overall predation rate to increase, lowering 

the incidence of competition and allowing individuals with a lower level of fitness to survive 

and reproduce to the detriment of the population. Artificial reef installations can also impact 

soft-bottom communities due to increased foraging from the populations of reef fishes 

attached to the reef (Simon, Pinheiro & Joyeux, 2011). 

 

Density dependence 

Density dependence is when the growth rate of a population is affected by its density. Density 

dependence could affect production (Osenberg, et al., 2002; Fowler & Booth, 2012). If density 

dependence is in effect on an artificial reef which is experiencing attraction then the overall 

effect can be realised as production as it will result in an increase in the total population size 

(Wilson, et al., 2001). The area of effect of an artificial reef is the distance it affects growth and 

settlement. This can then affect future developments, particularly dependent on which species 

are being targeted, as the distance between reefs and whether or not the areas of effect overlap 

can affect the abundance of species occurring in different parts of the water column (Smith, 

Lowry & Suthers, 2015). Reef size does not scale linearly with the associated foraging volume 

and distance from the reef (Champion, Suthers & Smith, 2015) which also has implications for 

artificial reef design. 

 

Conclusion 

There has been a recent increase in new and novel approaches to attraction-production 

research on artificial reefs (Cresson, Ruitton, & Harmelin-Vivien, 2014) (Layman, Allgeier, & 

Montaña, 2016). Such studies indicate a growing awareness of the complexity of the attraction-

production debate and concomitantly the presence of production in ecosystems in different, 

previously unidentified forms.  

 



  

 

The high level of international connectivity is advantageous to advancing the collective 

knowledge of artificial reefs and maintaining this in future as well as closing gaps in 

knowledge (such as the language barrier surrounding the Japanese literature) should be a 

priority. Complexity is at the heart of the attraction-production debate and acknowledging 

this complexity by way of stating assumptions and biases in research can improve the 

integrity of future studies.  

Additionally, it is recommended that researchers consider external attributes such as scale, 

depth, design, and benthic assemblages when evaluating attraction and production as well as 

the different forms in which both attraction and production may manifest themselves. Due to 

the complexity of ecological relationships and the number of influencing factors, it may be 

impossible to issue a definitive answer to the question of whether artificial reefs attract or 

produce fish. Attraction and production are likely to exist at different extents and in different 

forms for each artificial reef and approaching future research with this in mind will likely 

result in a deeper understanding of artificial reefs and their functions in and benefits to 

existing ecosystems.  

 

 

 

 

 

 

 

 

 

 



  

 

Chapter 3 – Productivity sampling methods for artificial reefs 

 

Introduction 

The need to effectively monitor the marine environment is a vital part of marine ecosystem 

management and research (Baker et al., 2016). As a result, there is a broad range of methods 

suited for varying situations, objectives, and subjects (Murphy & Jenkins, 2010; Mallet & 

Pelletier, 2014; Lima, Zalmon, & Love, 2019). In regard to artificial reefs, where the common 

goal is rebuilding fisheries or boosting local fish production there are a number of monitoring 

methods commonly employed (Lima et al., 2019), all of which can be broadly categorised into 

extractive and non-extractive methods. These methods all have their strengths and 

weaknesses, the following section will take a closer look into the more commonly used 

methods for artificial reef monitoring as well as some of the potential future methods.   

 

Extractive Techniques 

Extractive techniques are those which involve the extraction of the subject from its 

environment to obtain the desired data (Gray et al., 2005; Gregalis, Schlenker, Drymon, 

Mareska, & Powers, 2012; Cresson et al., 2014). While these techniques can provide highly 

accurate and detailed data on the subject of interest which would otherwise be unattainable, 

their biggest downfall is the need to remove and harm said subject and potentially affect 

future studies (Fabi et al., 2015; Lima et al., 2019). These methods are often adapted from 

commercial fishing techniques and include; Longlining, set netting, trapping, and allow for 

the analysis of parameters such as gut contents, stable isotopes, otoliths, and gonads (Fabi et 

al., 2015; Lima et al., 2019).  

 

 

 



  

 

Nets 

Netting is the most commonly used extractive technique for sampling reef productivity with 

the widespread use of it in artificial reef research due to their low cost, versatility, and ease of 

use (Santos & Monteiro, 2007; Yuan et al., 2013; Cresson et al., 2014; Neves dos Santos & 

Zalmon, 2015; Lima et al., 2019). These nets are set on the bottom of the seafloor and left for a 

number of hours before being hauled out (Fabi, Grati, Lucchetti, & Trovarelli, 2002; Fabi, Grati, 

Puletti, & Scarcella, 2004). 

Two main types of nets are commonly used in artificial reef research and monitoring; the 

Gillnet (Santos & Monteiro, 1997, 2007; Neves dos Santos & Zalmon, 2015), and the Trammel 

(or Trinal) (Fabi et al., 2002; Fabi et al., 2004; Yuan et al., 2013; Cresson et al., 2014), both of 

which achieve the same result differing only in their design (Gray et al., 2005). The Gillnet is 

made from a single, rectangular piece of netting measuring from 10’s to 100’s of metres in 

length and usually 2-3m in width with the mesh size varying based on the target species or in 

accordance with local laws (Gray et al., 2005; Santos & Monteiro, 2007; Neves dos Santos & 

Zalmon, 2015).  

Trammel nets are similar in dimensions however they are comprised of three sheets of netting 

of varying mesh size, this is done to improve the catch rate and is said to reduce the selectivity 

of the net (Gray et al., 2005; Yuan et al., 2013; Cresson et al., 2014). However, a study by Gray 

et al., 2005 comparing the two types of net found negligible differences in the diversity and 

abundance sampled fish assemblages using either net type. Investigations into secondary 

production on artificial reefs using these netting methods have been conducted in countries 

such as; Portugal (Santos & Monteiro, 2007), Brazil (Zalmon, Novelli, Gomes, & Faria, 2002), 

Italy (Bombace, Fabi, Fiorentini, & Spagnolo, 1997; Fabi et al., 2004), and China (Yuan et al., 

2013).  

 

 

 



  

 

Set nets allow for the ongoing sampling of fish populations regardless of visibility, which 

means fish populations are able to be sampled during the night and areas with high turbidity 

giving a more holistic representation of populations (Santos & Monteiro, 1997, 1998, 2007). 

However periods of high water currents or surge can result in the twisting or tangling of the 

net preventing it from catching anything (Yuan et al., 2013). This also means nets need to be 

set away from reef structure to avoid entanglement with the reef itself. Furthermore the 

selectivity of nets can cause the exclusion of cryptic species and other less mobile species 

which seek shelter within artificial reef (Santos & Monteiro, 1997, 1998). 

 

Longlining 

Longlines consist of a mainline with a desired number (usually between 10-100) of pre-baited 

hooks attached to its length (Gregalis et al., 2012; Streich et al., 2017). Similar to nets longlines 

are anchored in place, but are typically set vertically through the water column (Gregalis et 

al., 2012). Alternatively the lines can be set vertically which is the most common use in 

sampling artificial reefs (Gregalis et al., 2012; Streich et al., 2017). This extractive sampling 

method is much less common than set-netting with both studies utilising this method being 

conducted within Gulf of Mexico (Gregalis et al., 2012; Streich et al., 2017). This may be due 

to the high selectivity of longlining, mostly due to hook size and fish behaviours, making it 

an effective technique for monitoring of target species but less effective at providing a holistic 

view of a habitats population (Gregalis et al., 2012; Streich et al., 2017). While this is an 

extractive method it has been proven possible to adjust longline gear to allow for catch and 

release surveys (Huntington & Watson, 2017), making them a viable option for studies 

involving tagging, or detailed length surveys.   

 

 

 



  

 

Fish traps 

Fish traps are another method used for monitoring artificial reefs due to the high selectivity 

toward smaller sized fish of specific species (Brandt & Jackson, 2013; Streich et al., 2017). Traps 

are small “cages” made from netting with funnel like openings to allow fish entry but deny 

exit and are typically set for three hours before being removed (Harvey et al., 2012; Brandt & 

Jackson, 2013). Cages are typically baited with small fish and come in a range of sizes 

depending on the target species, however the commercial standard in Australia is 600mm in 

height 1500mm in length and 1200mm in width (Harvey et al., 2012; Brandt & Jackson, 2013; 

Streich et al., 2017). This method is best suited for single species studies where juveniles are 

needed to be caught for further analysis, however has been used alongside longline studies to 

allow for sampling of small and juvenile fish (Streich et al., 2017).   

 

Trawling  

Due to the structure of artificial reefs trawling is ill-suited to artificial reef fish sampling and 

is one of the more destructive methods as it comes in contact with the seafloor (Sánchez-Jerez 

& Ramos-Esplá, 2000; Yuan et al., 2013). The poor suitability for artificial reef sampling is 

highlighted by anti-trawling artificial reefs being deployed off the coast of Spain with the 

purpose of preventing illegal trawling (Sánchez-Jerez & Ramos-Esplá, 2000). Despite this 

trawling has still been used to study fish around artificial structures and reefs (Szedlmayer & 

Shipp, 1994; La Mesa, Scarcella, Grati, & Fabi, 2010). However, these studies do not indicate 

how far from the structure trawling is taking place impacting the species being caught due to 

some fish seeking refuge within the structure its self (Szedlmayer & Shipp, 1994; Sánchez-

Jerez & Ramos-Esplá, 2000; La Mesa et al., 2010).    

 

 

 

 



  

 

Spearfishing/hand extraction  

Spearfishing is rarely used to investigate productivity on artificial reefs, with three studies 

being found to use it in conjunction with trammel nets or hook and line methods (Szedlmayer 

& Shipp, 1994; Granneman & Steele, 2014; Cresson et al., 2014). This technique is highly 

selective and time consuming as the fish sampled is dependent on sampler’s skill level, time 

underwater, visibility, and fish responses to human presence/gear (Langlois et al., 2010; Gray 

et al., 2016; Caldwell, Zgliczynski, Williams, & Sandin, 2016).  

A study by Champion, Suthers, & Smith, (2015) used hook and line methods to collect gut 

contents from one species of zooplanktivorous fish to examine zooplanktons role in reef 

productivity. Additionally, a study by Brannaman & Steele (2014) used spearfishing and hook 

and line methods to collect fish otoliths, gonads, and stomachs, and as a result focuses on a 

select number (four) of fish species. This highlights the major issue of using these techniques 

for sampling overall secondary productivity for artificial reefs, but shows there potential for 

use in studies focusing on specific species with no risk of excessive bycatch (Szedlmayer & 

Shipp, 1994; Granneman & Steele, 2014; Cresson et al., 2014). These sampling methods also 

have the potential to involve the general public through involvement of recreational fishers 

in sample collection. This strategy was employed by Kulaw, Cowan Jr, & Jackson, (2017) in 

the Gulf of Mexico to collect weight, length, and gonads from Red Snapper (Lutjanus 

campechanus) during a fishing tournament.  

 

Extractive analysis techniques  

The greatest advantage of the extractive methods mentioned above is the ability to obtain 

biometric and/or structural data from collected specimens, including; stomachs, otoliths, 

muscle tissue, and gonads (Cresson et al., 2014; Streich et al., 2017). This data can often 

illuminate information on fish populations that would otherwise be unattainable through 

non-extractive methods (Lima et al., 2019). While not commonly used within artificial reef 

literature these techniques are viable options for disentangling attraction and production on 

artificial reefs during monitoring.  

 



  

 

Gut contents/Stable isotope analysis  

A study by Cresson et al. (2014) who used trammel nets and spearfishing to collect fish from 

artificial reefs in Marseille, utilised stable isotope ratios obtained from muscle tissue to analyse 

trophic relations and provide evidence of secondary fish production. As a result, they were 

able to determine that the sampled reefs were in fact promoting secondary production 

through increasing food availability (Cresson et al., 2014). This study confirms previous work 

looking into gut contents of collected fish in the Mediterranean (Cresson, Ruitton, Ourgaud, 

& Harmelin-Vivien, 2014), and the Mediterranean (Relini, Relini, Torchia, & De Angelis, 2002), 

and improves on them through removing the use of stomach content analysis, a lengthier 

process requiring the extraction of larger number of fish (Cresson et al., 2014; Matley et al., 

2018).  

While these types of trophic studies do not directly measure secondary production, they 

provide reliable evidence of primary production on AR’s, making them useful metrics for 

justifying production as the dominant mechanism in fish biomass (Cresson et al., 2014; Matley 

et al., 2018). However, a study by Champion et al., (2015) examined gut contents of 

zooplanktivorous fish (Typicity strigatus) to examine the contribution of zooplankton to 

artificial reef production. It found that zooplankton was able to support a standing stock of 

around 130kg of A. strigatus and that fish were unlikely to be as successful without the refuge 

from predators provided by the artificial reef. For future studies into artificial reef 

productivity it has been recommended to utilise stable isotopes with more quantitative data 

(such as fish biomass) to allow for better monitoring of artificial reef fish production (Brickhill 

et al., 2005; Cresson et al., 2014).   

 

Otoliths 

Collection and analysis of fish otoliths allows researchers to obtain age, and microchemistry 

data on sampled fish as well as enabling somatic growth/length back calculation (Gregalis et 

al., 2012; Granneman & Steele, 2014). Otoliths provide a representation of fish growth rate 

through the formation of calcified growth rings, similar to those found in trees (Campana, 

1999). This allows researchers to determine fish age in years and growth rate, as well as the 

calculation of age-length data (Brickhill et al., 2005; Granneman & Steele, 2014).  



  

 

This information can be used to determine whether the growth of fish on artificial reefs is 

comparable to that in nearby reefs or habitats, thus proving the productive success of the 

artificial reef (Brickhill et al., 2005; Granneman & Steele, 2014). The microchemistry of otoliths 

can provide insight into the environmental conditions experienced by collected fish indicating 

fish movements (Campana, 1999; Brickhill et al., 2005). This understanding of fish growth and 

movement has allowed a number of researchers to provide evidence of secondary production 

on artificial reefs and not simply attraction (Szedlmayer & Shipp, 1994; Granneman & Steele, 

2014; Streich et al., 2017).  

 

Gonads 

The reproductive organs of fish can provide information on the maturity, fecundity and 

spawning habits of fish populations (La Mesa et al., 2010; Granneman & Steele, 2014; Kulaw 

et al., 2017). Things such as fecundity (number of eggs produced per female per season) are 

important as they allow researchers to investigate the productive potential of fish stocks 

(Glenn, Cowan, & Powers, 2017; Kulaw et al., 2017). This information can be critical in 

determining whether a newly deployed reef is benefiting fish populations through increased 

reproduction (Glenn et al., 2017; Kulaw et al., 2017).  

Despite this importance, the removal of gonads is rarely used in artificial reef research, which 

in part may be due to the smaller number of species it is feasible to sample (La Mesa et al., 

2010; Kulaw et al., 2017). Although one study was found that utilised a multispecies focus 

which concluded that fish species on artificial reefs generally fared better or equal to those on 

natural reefs (Granneman & Steele, 2014). For single species studies it has also proven to be a 

valuable tool with research on Red Snapper in the Gulf of Mexico finding significant 

differences in fecundity and thus productive potential between artificial and natural reefs 

(Glenn et al., 2017; Kulaw et al., 2017).  

 

 



  

 

Non-extractive techniques  

Underwater visual census  

Underwater Visual Census (UVC) has traditionally been the most common method of fish 

sampling/monitoring, with a recent review finding 116 published articles using this method 

to look into fish communities on artificial habitats (Lima et al., 2019). This popularity amongst 

artificial reef research is most likely due to its versatility in a range of underwater habitats 

(Davis & Smith, 2017; Tano et al., 2017), and for its repeatability and affordability in 

developing nations and over short periods time (Willis, 2001; Terashima, Sato, Kawasaki, & 

Thiam, 2007).  

Underwater Visual Census is predominantly undertaken by individuals on SCUBA (Langlois 

et al., 2010; Mallet & Pelletier, 2014), and occasionally through the use of manned submersibles 

(Shinn & Wicklund, 1989; Claisse et al., 2014). UVC sampling strategies include; point count, 

where stationary surveyors identify any fish within certain distance from self (Davis & Smith, 

2017; Selfati et al., 2018), species time count where surveyors move randomly over survey area 

recording all species encountered (Boisnier, Sagawa, Komatsu, & Takagi, 2010), and visual 

transect where surveyors move along a predetermined transect identifying all encountered 

species (Buckley & Hueckel, 1989).  

These methods are able to provide information on species composition, abundance, and 

length (often categorised into size classes to avoid error) (Kimmel, 1991; Bortone, Van Tassell, 

Brito, Falcon, & Bundrick, 1992). UVC is well suited to artificial reefs due to the relatively low 

complexity and area of structures and the lack of any structural habitat from surrounding 

areas (Buckley & Hueckel, 1989). With regard to reef productivity UVC has been utilised in 

places like California where (Claisse et al., 2014) found off shore oil rigs to be some of the most 

productive of all marine habitats.  

 

 



  

 

While UVC represents a cost effective and rapid surveying technique for artificial reefs it has 

some well documented limitations. Diver skill is a major source of error in UVC which has 

been widely documented within the literature with recurring reports of underestimation of 

fish abundance and lengths (Willis, 2001; Harvey, Fletcher, Shortis, & Kendrick, 2004; Edgar, 

Barret, & Morton, 2004). UVC is also heavily dependent on marine conditions with accurate 

surveys being limited to shallow, clear waters to allow for adequate bottom times and 

sampling accuracy (Mallet & Pelletier, 2014).  

Lastly fish behaviour toward surveying divers has been found to be a significant cause of 

error, with fish species showing different behaviours to diver presence (Dickens, Goatley, 

Tanner, & Bellwood, 2011). Through the use of a manned submersible depth and dive time 

can be somewhat overcome (Claisse et al., 2014), however, this comes at the cost of 

affordability and behaviours of fish toward these submersibles is not well known. Lastly, it 

has been cautioned within the literature that for areas with frequent spearfishing and/or heavy 

fishing activity, diver (open circuit SCUBA) surveys should be swapped for remote techniques 

(i.e. Remote underwater video) due to fish avoidance behaviours (Lindfield, Harvey, 

McIlwain, & Halford, 2014; Gray et al., 2016).   

 

Video techniques  

Video techniques are similar to UVC however collection of data is recorded and analysed at a 

later date (Mallet & Pelletier, 2014). This is advantageous as it can reduce error in species 

identification by creating a permanent record of surveys which can be analysed carefully and 

multiple times (Cappo, Harvey, & Shortis, 2006; Mallet & Pelletier, 2014). These techniques 

are less common within artificial reef literature which may be due to the relatively recent 

uptake of methods compared to UVC due to high quality gear becoming more readily 

available and affordable (Mallet & Pelletier, 2014; Lima et al., 2019). These techniques 

overcome many of the downfalls of UVC however are not free from their own set of 

limitations.  

 



  

 

Diver Operated Video (DOV)  

Diver Operated Video (DOV) is similar in practice to UVC in that a diver surveys an area 

either along transects, stationary, or randomly (Mallet & Pelletier, 2014). The difference being 

that instead of the diver recording the necessary data in situ, they record a video of the survey 

area (Mallet & Pelletier, 2014). This allows for the rapid surveying of an area by a diver who 

does not need to be highly skilled at underwater fish identification and abundance recording 

(Goetze et al., 2019).  

This technique has also been proven to be better at picking up more cryptic species than 

stationary video techniques (see BRUV and RUV sections) as the diver is able to manoeuvre 

through areas where these species may take refuge (e.g. caves and overhangs) (Watson, 

Harvey, Anderson, & Kendrick, 2005). However, one study reviewed found DOV to be less 

efficient than UVC when recording fish abundance on reefs, and is still limited by human and 

fish interactions (Tessier, Chabanet, Pothin, Soria, & Lasserre, 2005). However, this finding 

was based on the video quality of the time which has improved greatly since and will continue 

to do so. Despite this DOV have successfully been used by government bodies in Australia to 

monitor artificial reef fish assemblages and detect changes in fish assemblages (DPIRD, 2016).

  

 

Remote Operated Video (ROV)  

The limitations of diver related monitoring has led to the development of many remotely 

operated video techniques (Murphy & Jenkins, 2010; Mallet & Pelletier, 2014). Methods for 

ROV are similar to those of UVC, and DOV with the main difference being the complete 

absence of any human interaction with marine life (M Cappo, Harvey, Malcolm, & Speare, 

2003). This allows traditional techniques such as video transects to be taken out in areas 

unreachable or too dangerous for SCUBA (e.g. great depths) (M Cappo et al., 2003). ROV 

techniques have been commonly used on artificial reefs to collect data on fish assemblage 

composition, abundance, diversity, trophic structure,  (M Cappo et al., 2003; Patterson III, 

Dance, & Addis, 2009; Dance, Patterson III, & Addis, 2011; Ajemian, Wetz, Shipley-Lozano, 

Shively, & Stunz, 2015; Champion et al., 2015).  



  

 

Unlike diver operated techniques ROVs have been found to have minimal effect on fish 

behaviour, with a study by Patterson III et al., (2009) who used an ROV fitted with a laser scale 

to record fish swimming in close proximity. ROVs represent a comparatively cost effective 

method for measuring artificial reefs at significant depth or dangerous waters when compared 

to diver operated methods (Patterson III et al., 2009).  

 

Remote Underwater Video (RUV)  

RUV refers to video systems that require little to no human interactions and are set in position 

to record for a determined length of time (Mallet & Pelletier, 2014). The degree of RUV 

automation has led to them being categorised into linked and autonomous systems (Mallet & 

Pelletier, 2014). With linked systems having contact with the surface through power or 

control, while autonomous systems operate completely independent of human interaction 

(Mallet & Pelletier, 2014). These systems are popular among fish investigations as they 

eliminate the human interaction related bias allowing for natural behaviours to be observed 

and more wary fish species (Watson & Harvey, 2007; Fox & Bellwood, 2008). RUV are 

commonly used for investigations into natural fish behaviour (Watson & Harvey, 2007; 

Lefèvre & Bellwood, 2011), and to a lesser extent spatial and temporal patterns in abundance, 

size, and fish assemblage (Burge et al., 2012; Mallet & Pelletier, 2014).  

The major advantages of RUV systems over UVC is their ability to survey areas for longer and 

at much greater depths, as well as the elimination of human interaction bias (Mallet & 

Pelletier, 2014). Within artificial reef literature a combination of RUV and other methods have 

been successfully utilised to collect abundance, and estimate biomass to quantify production 

on an artificial reef in Sydney, Australia (Smith et al., 2016). Despite the apparent usefulness 

and suitability of RUV for the sampling of fish on artificial reefs, the technique is still subject 

to limitations (Mallet & Pelletier, 2014). Like with all underwater visual methods water 

visibility continues to be a major limitation with underwater video systems performing best 

in clear waters (Mallet & Pelletier, 2014). Furthermore, a study comparing RUV and BRUV 

(see next section) methods for sampling reef fish found that RUV was less efficient at 

surveying entire fish communities than its baited counterpart (Bernard & Götz, 2012).    



  

 

Baited Remote Underwater Video (BRUV)  

A BRUV is a type of RUV that utilises a bait attractant to lure fish into the video frame (Mallet 

& Pelletier, 2014). This attractant (usually pilchards) is positioned on a pole which extends 

from where the camera is situated on the weighted frame, ensuring the bait bag is centred 

within cameras field of view (Willis & Babcock, 2000). BRUVs are used in similar research 

fields to RUVs although are much more widely used to investigate spatial and temporal 

patterns in fish assemblages that behavioural studies (Mallet & Pelletier, 2014). This is most 

likely due to the addition of the bait attractant, which has been the focus of several studies 

that investigate how this effects fish sampling and conclusions made using BRUVs (Harvey, 

Cappo, Butler, Hall, & Kendrick, 2007; Hardinge, Harvey, Saunders, & Newman, 2013).  

A study by (Lowry, Folpp, Gregson, & Suthers, 2012) found BRUVs to be an effective method 

of monitoring fish assemblages on artificial reefs with the exception of cryptic species. This 

result is mirrored throughout the BRUV literature with studies reporting efficiency in fish 

assemblage recording (Scott et al., 2015; Smith et al., 2016; Stat et al., 2018), but 

underrepresentation of cryptic species when using this method (Stat et al., 2018). Despite this 

the BRUV technique has successfully been used on numerous artificial reefs around the world 

to monitor and investigate fish assemblages and production on these systems (Folpp, Lowry, 

Gregson, & Suthers, 2013; Smith et al., 2016; Becker et al., 2017; Florisson, Tweedley, Walker, 

& Chaplin, 2018).  

The simplicity of BRUV deployment has also created the opportunity to cut the costs of 

sampling/monitoring through public involvement (or citizen science) (Florisson, 2015). This 

strategy has successfully been used by Florisson et al., (2018) to monitor artificial reefs along 

the coast of Western Australia and was found to cut monitoring costs by around 50% when 

compared to a similar institution led program. This highlights the efficiency of this strategy 

and its potential for use in less developed nations. 

The BRUV technique is subject to the same limitations as the RUV method with the addition 

of potential biases associated with the addition of bait (Hardinge et al., 2013). These include 

the relationship between fish abundance in response to the bait plume (Taylor, Baker, & 

Suthers, 2013),  and the behavioural response of certain fish to the bait (Harvey et al., 2007).  



  

 

However, these biases can be accounted for if taken into consideration prior to sampling 

(Harvey et al., 2007; Hardinge et al., 2013; Taylor et al., 2013). Regarding the visibility 

limitations of BRUVs for nocturnal, turbid, or deep-water investigations there are two 

potential solutions. The first is the addition of artificial light to the BRUV structure, which 

includes a range of light colours (i.e. red, blue, white), however, fish behaviour in response to 

light colour should be considered (Cappo et al., 2006; Fitzpatrick, McLean, & Harvey, 2013).  

 

Stereo Video Techniques  

Stereo techniques allow for the accurate estimates of fish length and biomass when using the 

above mentioned video sampling techniques (Harvey et al., 2004; Watson et al., 2005; Cappo 

et al., 2006). This is made possible through the addition of a second camera with the angle and 

separation of the two cameras adjusted and calibrated depending on the expected size range 

of subject (Cappo et al., 2006). Stereo video techniques have been shown to provide length 

estimates far more accurately than even professionally trained diver surveyors, making them 

a highly cost effective sampling method (Harvey et al., 2004). For the surveying of artificial 

reefs stereo video techniques have proven to be highly useful at gathering data on fish 

assemblages (Smith et al., 2016; Becker et al., 2017).   

 

Acoustics 

One of the more recent developments in the sampling of fish assemblages on artificial 

structures is the use of acoustics (Hwang, Park, & Lee, 2004; Reynolds, Cowan Jr, Lewis, & 

Simonsen, 2018; Zeng, Tang, Chen, Hou, & Chen, 2018; Lima et al., 2019). This non-extractive 

method is often used to overcome some of the limitations encountered by other visual 

methods such as visibility, diver avoidance and gear biases (Reynolds et al., 2018). This 

method provides researchers with fish abundance, density, and biomass data (Fabi & Sala, 

2002; Hwang et al., 2004; Yuan et al., 2013). Despite this there is still the need to incorporate 

secondary methods to identify fish species, which in the case of areas with poor visibility 

includes extractive techniques (Stanley & Wilson, 2000; Fabi & Sala, 2002; Yuan et al., 2013; 

Zeng et al., 2018).  



  

 

A study by Reynolds et al., (2018), successfully utilised acoustics in conjunction with BRUVs 

to produce quantitative biomass and species composition data on oil rigs off the coast of 

Louisiana, USA. This study provides evidence of the potential for non-extractive methods 

such as acoustics and remote video to track changes in biomass and fish species composition.  

Furthermore, in turbid environments the use of  BRUVs fitted with Dual-frequency 

Identification Sonar (DIDSON) cameras can be used to identify and accurately measure fish 

in highly turbid environments (Baumgartner et al., 2006). However, its greatest limitation is 

the accuracy of species identification as only body shape and movement are picked up by 

camera (Burwen, Fleischman, & Miller, 2010; Doehring, Young, Hay, & Quarterman, 2011). 

Lastly, through the use acoustic tagging and telemetry, researchers have been able to 

determine the movements or residence of various fish species (Mitamura et al., 2009; Topping 

& Szedlmayer, 2011; Abecasis, Bentes, Lino, Santos, & Erzini, 2013). This use of acoustics 

represents a potential non-extractive answer to stable isotope analysis in determining the 

residency of observed fish assemblages on artificial habitats.  

 

Sampling Fauna and Flora Production 

While the main purpose of many artificial reef deployments is the promotion of secondary 

production in the form of economically valuable fin fish, this secondary production is in part 

driven by the ability of artificial reefs to promote and sustain other fauna and flora.   

 

Infauna 

Benthic infauna includes organisms such as polychaetes, crustaceans, and molluscs which act 

as a food source for demersal fish species as well as drive nutrient cycling through 

bioturbation, wastes, and feeding on detritus (Pennifold & Davis, 2001; Reeds, Smith, Suthers, 

& Johnston, 2018). The promotion of infauna organisms is important for healthy promotion of 

secondary production and for the success of an artificial reef. Due to these organisms living 

within sediment it is necessary to extract them from the environment.  

 



  

 

This is done through the collection of sediment samples, which are sieved through fine mesh 

to retrieve infauna (Ambrose & Anderson, 1990; Reeds et al., 2018). Sediment samples are 

commonly collected through the use of a corer (~5cm diameter) (Ambrose & Anderson, 1990; 

Danovaro, Gambi, Mazzola, & Mirto, 2002), or grab sampler (Reeds et al., 2018). A study by 

Reeds et al., (2018) found the addition of a large artificial reef significantly increased total 

abundance of infauna and subsequent demersal fish foraging within a 15m radius of the 

structure, highlighting the important role infauna plays in secondary production. 

 

Sessile benthic invertebrates  

Artificial reefs have proven to be able to support a wide range of sessile benthic invertebrates 

such as bivalves, molluscs, corals, anemones, hydroids, sponges, and polychaetes (Bulleri, 

Chapman, & Underwood, 2005; Chapman, 2006; Page, Culver, Dugan, & Mardian, 2008). As 

these invertebrates are relatively immobile in their adult life stages their colonisation and 

growth on artificial reefs can be considered as biomass production. Unless the artificial reef 

intercepts invertebrates in their planktonic life stage where they would have otherwise settled 

on natural structures (Figure 3) (Carr & Hixon, 1997).  

Sessile benthic invertebrates are often visually surveyed along transects either by video or 

using photo quadrats (Page et al., 2008; Reeds, Johnston, Suthers, & Smith, 2017). Other 

studies require the removal of sessile invertebrates, which is achieved through scraping the 

invertebrates directly from the reef surface by SCUBA divers. This method was utilised by 

Cresson et al., (2014) who used stable isotope analysis to show filter feeding invertebrates 

relied on locally produced organic matter for food. Proving the ability of an artificial reef to 

produce food and promote an increase in fish biomass. 



  

 

Figure 3: The larval supply to reefs in different scenarios. A). management area includes only 

artificial reef. B). prevailing current distributes larval supply between natural and artificial 

reef. C). artificial reef intercepts larvae which would otherwise settle on natural reef down 

current. (Adapted from Carr & Hixon, 1997).  

 

Plankton 

Plankton on artificial reefs can greatly improve production through increasing food 

availability and/or recruitment (Stephens Jr & Pondella, 2002; Champion et al., 2015). 

Therefore, it can be a highly useful metric when aiming to determine the success of an artificial 

reef. Due to the size of planktonic organisms, in situ observational techniques are ineffective 

for plankton sampling. The most widely adopted technique is through the use of a plankton 

net (ranging from 100-333 µm), which is slowly towed behind a boat or set with the mouth of 

net facing prevailing currents (Stephens Jr & Pondella, 2002; Lindquist, Shaw, & Hernandez 

Jr, 2005; Makabe, Furukawa, Takao, & Uye, 2014; Champion et al., 2015).  

 

 

 



  

 

Collected organisms are preserved in formaldehyde and ethanol to be later counted and 

identified through the use of microscopes (Lindquist et al., 2005; Champion et al., 2015). 

Stephens Jr & Pondella, (2002) conducted a study on ichthyoplankton (fish larvae) produced 

by fish inhabiting a breakwater and found that these artificial structures were contributing to 

the overall fish biomass production rather than acting as a sink. Furthermore, studies into 

planktonic food sources on artificial reefs such as zooplankton (Champion et al., 2015), and 

phytoplankton (Mazzei & Biber, 2015) have shown the important role these play in both 

primary and secondary production.     

 

Future Recommendations  

While methods for recording secondary production on artificial reefs are well developed there 

appears to be a need to be able to better distinguish between transient and resident fish species 

(Boisnier et al., 2010). A potential method for achieving this could be through the increased 

use of acoustic tagging and telemetry which has shown great potential for distinguishing 

between these two fish behaviours (Brickhill et al., 2005; Mitamura et al., 2009; Topping & 

Szedlmayer, 2011; Abecasis et al., 2013). 

While remote video techniques such as BRUVs are showing great promise for the sampling 

and continuous monitoring of artificial reef productivity their inability to capture more cryptic 

species prevents them from providing a holistic dataset of sites (Stat et al., 2018). New 

advances in eDNA technologies have made it more affordable for monitoring programs and 

have proven to be highly sensitive, able to detect cryptic species excluded from visual surveys 

(Stat et al., 2018). eDNA sampling combined with remote stereo video techniques has been 

shown to improve biomonitoring of fish assemblages. A study by Stat et al., (2018) 

demonstrated that through the combination of eDNA and BRUVs the observed generic 

richness of fish could be improved by over 30%.  

 

 

 



  

 

Additionally research into water bodies with more predictable water flow (i.e. streams and 

ponds) have shown that it is possible to quantify fish abundances from eDNA sampling 

(Tillotson et al., 2018). Lastly, research by Yamamoto et al., (2016), showed that variation in 

eDNA concentration can reflect changes in fish biomass. However, more research is still 

needed in this area before it can be reliably used for monitoring fish populations.   

 

Conclusion 

With the increase in pressure put on global fish stocks, the deployment of artificial reefs 

represents an important strategy for the management and protection of future fish 

populations. From reviewing recent literature, it is clear artificial reefs hold the potential to 

encourage and produce new fish biomass at a regional scale. Through this realisation within 

the literature existing methods for sampling secondary production have been refined and new 

methods are emerging.  

With a push for less destructive practices in our oceans it seems pertinent that methods for 

monitoring and sampling these systems does the same. This is something that is reflected 

within the literature with most studies on artificial reefs using non-destructive techniques at 

least in part. It is therefore recommended that future research into these artificial habitats 

should use a combination of non-destructive techniques which have shown more than 

adequate ability to collect necessary data on fish assemblages. 
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