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Polovina published the articleAttificial  predominate. The presence of these man-made reef
reefs: nothing more than benthic fish attractorsi’  structures will affect: i) nearby sandy areas dsd &)
1990 and in it debated the potential for artificieéfs water column processes in the vicinity of ARs. Hatbit
to substantially increase standing stock of marinénkages among distinct reef compartments are drive
resources. Artificial Reef (AR) technology was styict by hydrological processes (changes in water flow
oriented towards improving commercial fishingpatterns), sediment type, geomorphological, chdmica
(STONE et al., 1991) from the 1930s, when thehysical and biological processes (FABI et al., 2002
Japanese government invested in large scale mttific KIRKE, 2003; DEDIEU et al., 2007; FALCAO et al.,
reefs, until the 1990°s. The first three Internadio 2007, 2009) and also biotic processes (YANAGI;
Conferences on Artificial Reefs and Related AquatiNAKAJIMA, 1991; LINDQUIST et al., 1994; PEPE
Habitats (CARAH) focused on the improvement ofet al., 1998; SHENG, 2000; DALE; PREGO, 2002;
fisheries around the world (SEAMAN; SPRAGUE, WILLIAMS; POLUNIN, 2001; FABI et al. 2006;
1991; GROVE; WILSON, 1994). However, over theEINBINDER et al., 2006). AR structures can affect
last twenty years, the expansion and diversificattb  biological processes differently within differeneef
AR use has resulted in a shift in the focus of ARdoh compartments. The understanding of the different
research towards a more ecosystematic approaahechanisms behind these processes is essential for
(largely due to advances in SCUBA), focusing on @&valuating community responses to man-made
better understanding of the AR's ecological functio perturbations, including fishing.
and its effect on marine benthic and fish commasiti ARs are known to affect nearby sandy
(JENSEN, 2002; BORTONE et al., 2011). benthic sediments and their communities (BULLERI,

Questions concerning the AR's function2005). When an AR obstructs current flow, a lee wave
address the interactions between the artificial andr stationary wave is formed, which can trap drdti
natural environments, and understanding how benthlarvae and seaweeds (SHENG, 2000). Moreover, fish
and fish species (mostly commercial species) benefattracted to ARs can significantly increase nutrient
from the presence of artificial habitats. Produttat production in the water column - by excreting
higher trophic levels (usually of commercial spetie ammonium, urea and faeces -whichis then
normally depends on production at lower levelsncorporated into the reef food web. This process
(bottom-up control). Production levels can becontributes to the organic enrichment of sedimdnts
modulated by physical forcing and the structur¢hef to entrapped drift algae and other organic material
marine food webs (top-down control), with driven from reef biological activities and deathk o
environmental constraints determining the communityeef associated organisms. Deposition of biomass in
structure of the fauna and flora (SNELGROVE;the lee of the reefs favours benthic remineralimgti
BUTMAN, 1994). Physical factors (e.g. currents) angporomoting nutrient regeneration in pore water (FABI
chemical bottom sediment components (in particulaget al., 2002; DEDIEU et al., 2007). Sediment nutrie
phosphorous) are therefore vital for reef productio enhancement from deposited organic material can be
An alternative approach for assessing the ecolbgicancorporated into the reef food web, enhancing gand
implications of reef structures is the use of adomat  benthic production which contributes to the
up approach, i.e. assessing the role of ARs irehabilitation of sandy coastal areas via sediment
enhancing primary production and energy transfer tohemical trophic chain pull-out (FALCAO et al.,
the lower trophic levels of the benthic food wellRsA 2007, 2009). The biochemical role of ARs in this
are normally deployed in areas where sandy habitatespect is particularly important in shallow coasta
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areas (less than 50 m deep), where productivithén provides a solid surface and recruitment habitattHe
overlying water column is heavily reliant on thesettlement of larvae of marine plants and anintads$ t
sediment system, with up to 80% of phytoplanktoniavould otherwise be lost from the population. This
nitrogen requirements coming from bacterialcontributes to the creation of new feeding areas,
regeneration of organic matter within the seabethcreasing trophic efficiency (BOMBACE, 1989) in
(DALE; PREGO, 2002). However, few studies haveareas that formerly had sandy bottoms with low Ieve
quantified how this primary production is transfeen of productivity (LEEWIS et a] 1997; STEIMLE et
into meiofaunal and macrofaunal productivity, e.gal., 2002). Consequently, due to fish-ARs trophic
biomass or abundance (SOYER, 1985; DANOVAROf{ransference, AR benthic fauna will contribute to an
1996; FABI et al., 2002). Nevertheless, sandy benthioverall increase in fish biomass LINDQUIST et al.,
communities have an important role in coastal food994; PEPE et al., 1998; WILLIAMS; POLUNIN,
webs since they are an important food/energy sour@901; EINBINDER et al., 2006; LEITAO et al., 2007).
and a crucial link between lower and higher trophidn summary, the physical presence of ARs promotes
levels (DALE; PREGO, 2002), such as commerciabiological colonisation and enhances species righne
fish feeding on benthic ARs resources (LINDQUISTin local ecological niches and food webs (RELINI et
et al., 1994; PEPE et al., 1998; FABI et al., 2006).  al.,, 1994; SNELGROVE; BUTMAN, 1994) by
ARs deployed on the bottom in coastal areagcreasing biotic and abiotic habitat complexity
can also act as physical barriers, inducing chaimges (AMBROSE; ANDERSON, 1990; BULLERI, 2005),
bottom current intensity and direction, water flamd  productivity and diversity on a local scale (STEIEIL
turbulence patterns (SHENG 2000). This promotest al., 2002).
upwelling (YANAGI; NAKAJIMA, 1991; KIRKE, It is recognised that mechanisms for
2003; MARUYAMA, 2004), bringing nutrient rich increasing fish production also provide additiofoald
AR bottom benthic waters (compared to control areagBOMBACE, 1989; RELINI et al., 2002) and that
see: HAROUN et al, 1994; AMBROSE; documenting food web relationships (from
ANDERSON, 1990; FALCAO et al., 2007, 2009) into biochemical evidence of energy transfer from the
the water column, thereby enhancing biologicalower sections to the upper apex of the AR trophic
production (RELINI et al., 1994; PERKOL-FINKEL; chain) could demonstrate the potential of ARs to
BENAYAHU, 2005). Planktonic community increase production and consequently enhance toasta
development in the areas surrounding ARs has bedisheries. However, AR fish production is species-
found to be in accordance with nutrients (ammoniunmspecific. That is, fish species that do not benefit
organic nitrogen) and particulate organic mattedirectly from ARs' trophic production could still
(POM) time evolution series (YANAGI; NAKAJIMA, benefit from the other ecological functions prodde
1991; FALCAO et al., 2007, 2009). There is alsaby the presence of the reef, such as shelter dgains
evidence suggesting that increased phytoplanktoturrents or predators, spawning structures, and
production and diversity promote microzooplanktorpossible mating areas. For instance, fish species'
diversity (HUTCHINSON, 1961). Thus, AR rich ontogeny might provide access to ARs for food or
bottom-up pulses can directly influenceshelter, but grown adult fish may still use reef
phytoplanktonic growth and diversity which can ast  structures to spawn, feed or as refuges (LEITA@l et
a trigger for increasing zooplanktonic assemblag2007, 2009). A synergy of AR uses (feeding, growth)
diversity. Several studies (LEITAO et al., 2008bor a single use (spawning) by fish might be
SANTOS et al., 2011b) advocate that demersal filterdetrimental for the local population's scale
feeding species, such as juveniBoops boops, enhancement.
Pagellus acarne, Trachurus trachurwsd Scomber ARs and their deployment can, in an
japonicus (DOMANEVSKAYA; PATOKINA, 1984; oversimplified stock assessment management
CABRAL; MURTA, 2002; SANTIC et al.,, 2005) approach, be regarded as fishing production units.
directly benefit from the demersal/pelagic zooptank Several studies have shown that AR areas haverlarge
production in the water column due to the preserice fishing catches (yields) and economic incomes than
ARs (DONALDSON; CLAVIJO, 1994; RELINI et al., natural control areas (FABI; FIORENTINI, 1994;
2002). This phenomenon is of particular importatice SANTOS; MONTEIRO, 1998; WHITMARSH et al.,
young-of-the-year juvenile demersal commerciaR008; BORTONE et al., 2011). Nevertheless, the
species, providing a trophic energy link betweerexperimental design of many of these studies has be
secondary production and commercial and recredtioneriticized, because, for example, of the lack dbbe
species at higher trophic levels (LEITAO et al.08D; deployment reference conditions (BRICKHILL et al.,
LEITAO et al., 2009). 2005). Independent of the attraction-production
In addition, it is important to understand thecontroversy surrounding ARs, much AR focused
value of artificial habitatper se that is as ecological research does not recognize the fundamental
promoters of marine life. The hard substrate of ARecological importance of AR benthic habitats ashhig



LEITAO: REEF ECOLOGICAL PROCESSES 79

quality habitats (LEITAO et al., 2007; SANTOS et al and editing of parts of this study, as they imprbits
2011a,b) and that scientists should recognise thguality considerably.
intrinsic value of the habitgber seand identify the
types of habitat used by fish species. REFERENCES
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