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“New opinions are always suspected and usually opposed,
without any other reason but because they are not already
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Ictiofauna e Ecologia Troéfica nos Recifes Artifisiado Algarve: Implicacdes

para as Pescarias Locais

RESUMO

O presente trabalho teve como objectivo estuda:dplonisacdo e a ictiofauna dos recifes
artificiais (RA), ii) a contribuicdo dos RA paraexologia trofica deDiplodus sargus e

Dicentrarchus labrax, iii) o contributo dos RA para o aumento das peasditorais iv) a
influéncia das comunidades benténicas na estrptyalacional de sparideod.(bellottii; D.

sargus, D. wulgaris). O processo de colonizagéo foi rapido, deviddeslocamento de peixes
dos RA mais antigos para os novos RA e a atracgiiwa. A dieta deD. sargus foi
grandemente constituida por fauna bentdnica, exesteos RA. CD. labrax alimenta-se de¢

juvenis de peixes demersais, atraidos para o R d3®iplodus, 0s RA servem como areas

de alimentacéo, de recrutamento, crescimento evd&sproducéo. Neste sentido, podem|ser

considerados como “habitats essenciais para peikefomposicdo do habitat bentonico

condiciona a densidade d&iplodus. A contribuicdo dos RA para o aumento da pesca

depende da adopcdo de medidas de gestdo efici&iges devem ser orientadas para a

adopcao de estratégias de pesca que tenham endevagdio a biologia e ecologia das
comunidades ictiologicas mas igualmente, dado anspartancia para os peixes, a protecgao
dos habitats.

Palavras-chave: ColonizacaoDiplodus spp.;Dicentrarchus labrax; recifes artificiais; pesca

artesanal; habitats essenciais para peixes.




Abstract

TITLE OF THE THESIS:

Algarve Atrtificial Reefs Fish Assemblages and TrigpEcology: Implications

for the Local Near Shore Fisheries

ABSTRACT

The purpose of this dissertation was to studyh@ tolonisation and fish assemblages
artificial reefs (AR), ii) the contribution of AR® the trophic ecology dDiplodus sargus and
Dicentrarchus labrax, iii) the role of newly deployed ARs as fisheryhancing tools for nea
shore sparid fisheries, and iv) the influence of B&thic habitat structure on sparid f
assemblage compositio®.(bellotii; D. sargus; D. vulgaris). Fish colonisation was fast dt

to the migration of fish from nearby old AR to neleployed ARs and to trophic attractic

The diet of theD. sargus was directly linked to AR faund. labrax feed on juveniles of

demersal species attracted to ARs. ARs are expdctecbntribute to enhance fishe
production through transfer of energy produced tracted to AR to fish growth. Fc
Diplodus spp. the artificial habitats served as feedingcruiément, growth anc
spawning/mating areas, and can thus be considesshtgal fish habitat. The composition

the benthic artificial habitat affeci@iplodus assemblage’s densities. The success of AR

of

=

of

S in

enhancing the fishery depends on the adoptionfmieit management measures. The latter

should be goal oriented to the adaptation of fighimethods that take into consideration
biology and ecology of ARs fish assemblages bub,ajgven their importance to fish, th
conservation of habitats.

the

ne

Key-words: Colonisation;Diplodus spp.; Dicentrarchus labrax; artificial reefs; artisanal

fisheries; essential fish habitats.
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ARTIFICIAL REEFS

The building of artificial reefs (AR) goes as faadk as the 1790’s in Japan when
fisherman placed large wooden bamboo frames teaser catches (Pickering 1996).
Artificial reefs were primarily made from materiad$ opportunity. Due to their use in
Japan AR, these were primarily defined baséd on the evident analogy with natural
reefs, the artificial reefs are artificial reef structures deployed in the sea area, intended

for fisheries productivity enhancement” (Thierry 1990). Thousands of artificial reefs
have been constructed around the world, both tresal fresh water, since their first use
in the enhancement of fisheries in Japan in tre14f century (Stonet al. 1991). The
major areas presenting this kind of activity induithe Mediterranean and Caribbean
Seas, South-eastern Asia, Japan, North Americairalias and some islands in the
South Pacific (for a complete review see JensefiARa@nd references therein). While
AR have been used for a number of reasons, thelog®ent is generally associated
with specific purposes such as to balance the itmphaéishery overexploitation, for
ecological reasons or to achieve economic goalam@e (1995) outlines 5 main
proposes of AR: commercial fishing, recreationahiing, SCUBA diving places,
environmental restoration and management. Exangiléarge applications of AR are
diverse: anti trawling devices to mitigate enviramn effects of trawling on seagrass
meadows, e.gPosidonia oceanica (Ramos-Espl&t al. 2000) and macroalgae (Cheti
al. 2002), to improve habitat and food limitatiospéanieret al. 1990), to provide new
fishing grounds and increase fish (Santos and M@ng907) and shellfish production
(Bombacest al. 1995; Posewt al. 1999; Breitburget al. 2000), as a biofiltering systems
to clean up fish farms (http://www.ugc.edu.hk/rgchiews10/Pages/2b%20Biofilter-
E.html), and to protect shorelines, among othelaisT based on their use and their

consequent effects, several definition of AR hagerbput forth, each one reflecting the
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goal for which they have been deployed (FAO 198bieify 1990; Polovina 1991;
Seaman and Sprague 1991; EARRN 1998). Seaman (3000)des a generalist
definition of AR: “An artificial reef is one or more objects of natural or human origin
deployed purposefully on the sea floor to influence physical, biological, or
socioeconomic processes related to living marine resources. Artificial reefs are defined
physically by the design and arrangement of materials used in construction and
functionally according to their purpose. Items used in reef construction add vertical
profile to the benthic (sea floor) environment”.

There has been a general shift worldwide towarslagumaterials dedicated
solely for the creation of artificial reefs, whilsw cost materials are no longer used to
face the waste disposal problem (e.g. tyre redisis allows for better designs and
more effective reefs. Nowadays, the expansionisfdttivity is related to the evolution
of the structures and materials used. In factelaaale concrete multi reef systems with
structured organization have increased worldwide¢hm last 20 years. Many of the
world’s largest reefs have been deployed as patradtional fisheries program, such as
in Japan, where large steel and concrete framewuale been carefully designed to
withstand strong ocean currents (Seaman 2007). réenbas been found to be very
favourable for artificial reef construction. It doaot degrade in seawater, can be made
to have neutral pH, is easily moulded, not easibpyved once in place, but is hard to
transport to the deployment sit@oncrete can be made to have a texture compamble t
natural reefs and develops very similar communitissnatural reefs (Pickering and
Whitmarsh 1997). In order to protect and restomdgiical resources, implementation
of new measures or adaptations of existing managemeasures have become urgent
at both local and regional scales. Because mdsh{jisactivities, either commercial or

recreational are practiced in specific and sometisreall inshore areas, AR have been
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envisaged as potentially interesting tools to et the availability and accessibility of

marine resources.

AR ECOLOGICAL FUNCTIONING

ARs are deployed to enhance/replicate rocky ataahis context, ARs may be seen as
contributing to environmental production enhancetm@s far as AR is concerned, their
productivity relies on the assumption that habitata limiting factor and that AR
surfaces provide additional critical habitat whioclkireases the environmental carrying
capacity, and therefore the abundance and bionfassanne biota (Polovina 1994)
through increased growth and survival of juven{Bshnsack 1989).

After man made structures are deployed on the dethiey becomes an integral
part of the natural aquatic habitat. The preserideand substrate allows the settlement
of hard substrate benthic invertebrates larvae raadne plants that otherwise would
not survive beyond their crucial post recruitmefe-tycle stages. These groups of
species in turn might increase local trophic edfidy (Bombace 1989), in former low
productivity and nutrient poor sandy bottoms (Leegtial. 1997; Steimlest al. 2002).
As far as reef assemblages are concerned, it isn@ssthat habitat limitation is the
primary factor in determining the specific compimsitof fish assemblages (Ca al.
1998) by availability of food or shelter (Bohnsak989).

AR fish colonisation starts immediately after thhemersion of structures, with
the attraction of fish from other areas. The ma@sidmechanisms for fish attraction are
instinctive orientation response to structure onrent (taxes or kinesis) and
thigmotropic response (contact with objects). Bhfifind reefs attractive they will
aggregate on them. During early AR colonisationgeta the hypothesis of fish

production is not sustainable because of the Indck of food (e.g. invertebrate fauna).
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Therefore, if ARs are deployed for creating new itab for fish resources
enhancement, then the initial balance (removal ishirfg and addition by reef
production) will be negative overall in terms ofHimass balance. Nevertheless, after
benthic fauna cover AR structures, fish productioay occur due to trophic transfer
from macrofauna taxa to higher trophic levdiscreased habitat usually produces a
local increase in fish abundance as carrying c@pancreases with reef size and
decreases recruitment limitations as large reed atgact more recruits (Grossmen
al. 1997). The attraction of fish from natural to AdReas also means the opening of
space in donator’s areas. Consequently, the rexsalion of donators areas is expected
to contribute to the increase of overall fish biesmiaThe success of AR and natural
areas colonisation will mainly depend on larvaepdyphat in coastal temperate rocky
waters, independently of area (Almada and Farigdp®@ve been shown not to be a
limiting factor.

AR deployment is expected to affect nearby sandynoanities in various ways
(Donavaroet al. 2002): (a) by altering the hydrodynamic regime aoinysical and
chemical characteristics of the substrate. Foams, fish species can induce nutrient
production in the water column, excreting substrgmounts of ammonium, urea and
depositing organic material, which is then incogted into the reef food web. AR
physical structure changes the sea bottom’s cwrdrdt can promote recycling of
benthic nutrients, enhancing nutritional sourcesnfrthe bottom waters (Parrish 1989;
Moffitt et al. 1989; Falcaoet al. 2007); (b) by modifying the distribution and/or
composition of the available food sources (Bull2dD5); the concentration of fish in
AR can reduce the local abundance of their foodcgmuand consequently change
animal and algae community structure near AR dupréalation (Davist al. 1982;

Ambrose and Anderson 1990; Kurz 1995; Grossetah. 1997; Williams and Polunin
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2001; Einbindert al. 2006) and consequently; (c) by altering the bimalinteractions
(e.g hard substrata-sandy; hard substrate-wataneglbetween different parts of food
web. This process implies the increase of proditgtand diversity on a local scale by
increasing biotic and abiotic habitat complexity nffrose and Anderson 1990),
promoting biological colonisation and species riegsin many ecological niches and
food webs (Relingt al. 1994; Snelgrove and Butman 1994).

If AR try to replicate natural reefs comparison mhe done with rocky areas
and include a synthesis of birth rates, mortalitynigration/emigration and growth to
interpret fluctuations in biomass overtime (Card &tixon 1997). AR do in fact mimic
some attributes of rocky areas: they act as nurseeas providing shelter from
predation (Andersoret al. 1989; Carr and Hixon 1997) and from tidal currents
(Nakamura 1985; Collinet al. 1991; Spanier 1997); provide habitat for recreitinof
individuals that would otherwise be lost from thepplation; they reduce harvesting
pressure on natural reefs (Stateal. 1979; Harmelin and Bellan-Santini 1996; Santos
et al. 2007); they act as reproduction and spawningtioas for benthic invertebrates,
for mollusc (cephalopod) and fish (see Pickerind ®Whitmarsh 1997); they contribute
to the creation of new feeding areas for many neafish (Leitdoet al. 2007). Due to
the attraction effect they can also serve purelyaggregating devices, whereby the
behavioural preferences of fish result in aggregatbon and around artificial reefs
without any increase in biomass (Bohnsack 1989).

Several studies (Bohnsack 1994; Santos and MontE®98) suggest that
artificial reefs are just as good as or better thatural reefs at either supporting or
attracting fish. However, according to Bohnsackdd)at is difficult to determine why
this might be the case. “For example, there is ag @ discern (1) whether fishes that

settle or that were attracted to the artificiafsegould have found suitable habitat if the




Chapter 1 Introductiand objectives

reefs were not present; (2) whether fishes hadebettirvival or faster growth at
artificial reefs than in natural habitats; (3) wit foraging success and food web
efficiency was improved by atrtificial reefs; and (#hether habitat vacated by fishes
moving to artificial reefs was reoccupied so tlwalt population size increased”. This
leads to the debate of attraction, and redistidoutdf existing individuals, versus
production on artificial reefs. The attraction gmmdduction are not mutually exclusive
and can be considered extremes along a gradienie \&tiificial reefs may merely
attract and concentrate some fishes, they may peothe production of others. The
species most likely to benefit in terms of incread@omass are habitat limited,
demersal, philopatric, territorial and obligatomgef species (Bohnsack 1989). Most
fishes probably lie somewhere between the two mdse(Bohnsack 1989). However,
there is little value in discussing whether fisserablages are attracted or produced at
AR as probably these man-made structure can caigritbo both. According to
Osemberget al. (2002) the challenge lies in defining an effegtivand pluralistic,
conceptual framework that allows us to quantify pneduction of a system, partition
that production to the respective habitats (natanal artificial), and evaluate how much
harvesting the aggregate system can likely susfstnording Brickhill et al. (2005)
inappropriate experimental designs have preventadynstudies from discriminating
between the attraction-production processes. Aaogrdo the latter authors to
ultimately determine whether attraction and pronnctis responsible for increased
abundances on reefs, requires two experimentaluriesat 1) control sites, both
interspersed among artificial reefs and at reef aod-reef locations outside the test
area and 2) incorporation of fish age and lengtta @aer time. Techniques such as
otolith microchemistry, telemetry and stable iset@malysis can be used to help resolve

feeding and movement mechanisms driving attraciwhproduction.




Chapter 1 Introductiand objectives

FISHERIESAND AR OFF THE ALGARVE-BRIEF OVERVIEW

In the Algarve (Southern Portugal, Figure 1) thehifig fleet is divided into inshore
(local or artisenal), coastalcdsteira) and long-distanceldrgo) components. The
local/artisanal fishery is socially and economigathportant for the local population
that has increased along the Algarve over thedasades. In the Algarve the fishing
effort of the artisenal fleet on many fisheriesotgses is very intense and a great
number of fishermen are involved. The calmnesshefdea during most of the year,
favors fishing activity, particularly the use osliing gears set close to the shore, along
the continental shelf sandy bottom, contributingthics overfishing scenario. In the
south coast of Portugal the local/artisanal flemtsists of 854 fishing boats (DGPA
2005). The artisanal fleet is mainly composed ofé open fibreglass boats that have
licenses to use more than one gear (e.g. gill/tralhmats, traps/pots and longline, seine
and dredges). Among the most used are monofilaamghimultifilament gill nets (740
licenses) and trammel nets (604 licenses), the lileg(1504 licenses) and the
tramps/pots (568 licenses).

Taking into consideration the socio-economic int@oce of coastal artisanal
fishing in Algarve in 1990, the National Fisheriestitute (IPIMAR) started to deploy
AR. These AR were purposefully constructed to enbarthe fisheries and
simultaneously were expected to contribute to thetegtion of juvenile fishes that
migrate from the lagoon systems located along thehscoast (Monteiro and Santos
2000). Results of scientific fishing surveys (gikt) carried out during the first four
years after AR deployment showed that fishing Wweti5-2.1 times) were higher in AR
then in control areas (Santetsal. 1995). These results motivated the increaseeoAfR

area in two posterior phases, the first in 19978188d more recently in 2002-2003.

Presently, seven artificial systems cover an afe43c kn?, the largest area of this
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type (20 748 modules) implemented in European wateer the last two decades
(Figure 1).

The grounds for initiating this programme andifoplementing it on the southern
coast of Portugal included the presence of seveigily productive lagoon and
estuarine systems in this region, the relativecsigaof natural reefs (especially on the
south-eastern part of this coast), the high fishimgnsity offshore, and the need to
provide alternative means that would minimise tfiec¢ of fishing in order to yield a
sustainable management of this coastal region (@antand Santos 2000). Recent
studies have corroborated initial expectations ngigg AR fishing enhancement with
fishing yields surpassing by 1.8 to 2.6 times thesoin control areas and aggregating
higher species abundance (Sanébsal. 2007). Moreover, AR deployment did not
change the composition of the fish assemblage ¢doglyill nets since the relative
proportion of different functional groups (demerspelagic and benthic) remained
stable. Therefore, AR seem to have contributechtmecement and diversification the
catches, thus contributing to improving local amial fisheries, which play a major role
in these region (Santoat al. 2007). In addition, economic analysis shows tihat
fishing revenues in artificial reef areas are exgp@do surpass those in natural areas,
showing AR capacity to increase fishing incomesaastal fisheries (Whitmargt al.
2008). However, as expected, different stakeholthts somewhat different positions
and attitudes towards AR impacts: usually scientsse the most optimistic, whereas

fishermen take the most sceptic view (Raretcs. 2007).
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Figure 1. Map showing Algarve (South Portugueses@oartificial reef systems in
relation to the 10, 20 and 30m isobaths.1- AlvarQ&ira; 3- Quarteira/Vilamoura; 4-

Faro/Ancao; 5- Olhdo; 6- Tavira; 7- Cacela.

Sparids species, and namé&lyplodus spp. genera are economically important in
Portugal at both national and regional scalesatt, fsparids, mainlp. vulgaris andD.
sargus are particular important in the south coast of BRyat, being among the most
important landed coastal species, ranked nineemdft40 commercial species in 2006.
The catches oD. wulgaris andD. sargus in the Algarve have been in a steady state
between 1997-2006, with average landings of 92ffictent of variation= 12.6%) and
337 (coefficient of variation= 19.3%) tones per ryeaspectively (DGPA 1997-2006).

Experimental longline fishing trials in the Algargaowed that the dominant species in

10
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terms of weight (29%) was the highly valuablesargus (Erzini et al. 1996). Moreover,
D. wlgaris is also important in terms of artisanal fisheliesng a common target for
gill nets and longlines and accounting for 5.2 &3i3% of the catches in number,
respectively (Erzinet al. 1998, 2003). The basBjcentrarchus labrax, is also a very
high value commercial species, with both values eaidhes increasing slightly from
1997 (33 tones) to 2000 (112 tones), remaininglestéiirereafter despite the slight
decrease of the catches between 2001 and 2006awetlage landings of 74 tones per

year (coefficient of variation= 13.3%).

RATIONALE AND OBJECTIVESOF THE STUDY

As AR are considered to contribute to fishing ermeament, due to attraction and
production of new biomass, they have been propased tool to further contribute to
the management of the heavily exploited near sfisteeries off the Algarve coast
(Monteiro and Santos 2000; Santgsal. 2007). If AR in Algarve were deployed to
enhance fish populations it is important to questlmeir effectiveness, especially when
the strong caveat regarding fish production has le¢n addressed. One of the
mechanisms suggested that AR may increase fishasi®mproduction by providing
additional food (Bohnsack 1989). Therefore, foh fspecies that feed on food available
on AR, man made structures that produce signifibanthic biomass may be useful for
increasing fishery resources, through the biomaas® dpy fish from AR. Thus,
knowledge of the trophic ecology of reef assemblagmportant for understanding the
dependence of the species on the AR benthic pristu@nd for evaluating the
importance of such structures for the maintenaridesio populations. This means that
the effective use of AR to enhance fish populatialasg the Algarve coast requires the
understanding of the ecological role of reefs ipmarting exploited fish assemblages.

The above necessarily requires the knowledge offifieassemblages structures and

11
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their dynamic (e.g. seasonal patterns). Althougrersg studies on Algarve AR have
focused on different aspects of the reef fishef(sntos and Monteiro 1997, 1998;
Santoset al., 2005), ecology (Santct al. 2002; Boaventurat al. 2006; Mouraet al.
2007) and economics (Rametsal. 2006a,b and 2007), knowledge of the role of AR as
fish production areas, available exploitable biosnasd demographic aspects, and fish-
AR interactions, is still limited. The present waakms to contribute to the knowledge
on AR, namely through the:

» Study of fish assemblages colonisation, charaettoiz of abundance/biomass
and size structure variation of reef assemblage et along time and the role
of AR deployment on changing local fish assemblages

» Evaluation of the contribution of AR to the trophécology of commercial
species Diplodus sargus and Dicentrarchus labrax) and to AR long term fish
production.

» Evaluation of the potential of the most import&niplodus spp. schools to near
shore fisheries.

» Understanding the importance of benthic fauna adafon determining

Diplodus reef associated assemblages.

This thesis is structured in chapters containirgdbmpilation of articles (Chapter 2
to chapter 7) published or submitted for publicatio the scope of the present study.
The specific objectives of these chapters werddthawing:

» Chapter 1 is the general introduction and objestied the study, briefly
reviewing the AR functioning, their role in relatioto the local fisheries,

specifically AR importance in the context of nehore fisheries in Algarve;

12



Chapter 1 Introductiand objectives

» Chapter 2 aimed to describe reef fish assemblafpmisation, to characterise
reef species according to their habitat use (figelidensity, biomass and size
structure of reef assemblages and their patteraaraition (year and season);

» Chapter 3 and 4 described the importance of ARherfeedingof D. sargus and
D. labrax, respectively and to fish production;

» Chapter 5 is a case study that describe the caltbmisprocess, assesses the role
of the AR in terms of juvenile recruitment and gtbvand as mating/spawning
areas and evaluates the AR potential as near sintisanal fishing grounds for
three economically important fish speci@splodus bellottii, D. sargus andD.
vulgaris.

» In chapter 6 the effect of habitat structure acrossf age on fish densities
(Diplodus bellottii, D. sargus andD. vulgaris) was tested.

» The major results and conclusions obtained from \hgous chapters are

discussed in chapter 7.
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CHAPTER 2

Fish assemblages and rapid colonisation after enlargement of

an artificial reef off the Algarve coast (Southern Portugal)

Leitdo F, Santos MN, Erzini K, Monteiro C(008) Fish assemblages and rapid
colonisation after enlargement of an artificial fresf the Algarve coast

(Southern Portugal). Marine Ecology 29: 435-448.
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ABSTRACT

Artificial reefs (ARs) have been deployed in AlgafSouthern Portugal) coastal waters
in order to contribute to the sustainability of dbamear shore fisheries. Herein, we
describe the colonisation process of the recergpiayed Faro/Ancdo AR, assess time
until the fish assemblage reaches stability ands#asonal patterns. In additional, we
compare the results from the present study to thoséously reported for an older AR.
The fish assemblages were monitored monthly ovewaayear period by means of
visual census. A rapid increase in fish colonisati@curred within the first 4 months.
After this initial period the assemblage structsh®wed high similarity (> 73%). The
high rate of colonisation of the AR was relatedie maturity already achieved by the
nearby 14 year old AR and with the fish migratisanfi the Ria Formosa lagoon, a
nearby nursery habitat. The reef fish assemblagetate showed a seasonal pattern,
mainly associated with recruitment episodes of sictel demersal specieBaops
boops, Trachurus trachurus andPagellus spp.) in spring and summer. A total of 66% of
the species found in AR are of commercial and emeal importance. The overall
mean density and biomass were 2.8 ind&md 207 g/ The occasional demersal
species accounted for 42% of the fish density. Mest important species in terms of
biomass belong to the Sparidae family along wititentrarchus labrax. The fish
assemblage of the new ARs showed higher mean nuoflsgrecies, diversity, density
and biomass values than those reported for the @&&e This result was associated
with enlargement of the AR area and to the fishemgloitation of the isolated, small
and patchy old AR. Moreover, the high biomass \aleeorded in the new ARs were
mainly due to the increased densityhflabrax after AR enlargement. The results of
the present study are used to define guidelinesddable management strategies for

the AR areas that are exploited by the local consrakand recreational fisheries.
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INTRODUCTION

Artificial reefs (AR) have multiple purposes, inding the enhancement of fishery
resources and the rehabilitation/mitigation of ketbloss (Bohnsack and Sutherland
1985; Monteiro and Santos 2000; Ramos-Espld. 2000). In the Algarve, southern
Portuguese coast, an AR program aiming at the isasility of local near shore

fisheries has been established since 1990.

The Algarve ARs have been shown to have an impontale, serving as
protection areas for juveniles that migrate front@unding nursery areas (Sangbsl.
2005), as feeding areas (Leit@ al. 2007), enhancing fishing yields (Santos and
Monteiro 1997, 1998), and contributing to the reli@ton of coastal areas through
trophic chain pull-up (bottom-up production) (Fac@ét al. 2007). As ARs are
considered to increase fishing yields, throughaation and enhanced sustainability and
to increase fish biomass due to benthic biomassuetmn, they have been proposed as
a further contribution to the management of thevihe@xploited near shore fisheries
off the Algarve coast. Currently the overall aréshe Algarve ARs is 43.5km

As reported by Bortone and Kimmel (1991) knowleddalifferent aspects of
the reef fish assemblages is important for evalgatiommunity responses to natural
and artificial changes in the biotope. Several lidse aspects have been studied by
many authors: species composition and colonisg@wll et al. 1998; Refonest al.
1998; Reliniet al. 1994); recruitment (Garcia-Rubies and Macphet€88b; Harmelin-
Vivien et al. 1995); trophic (Herrerat al. 2002; Leitdoet al. 2007) and fisheries
aspects (Solonsky 1985; Santos and Monteiro 19888)1

Artificial reef fish assemblages have been studiednly with artisanal fishing
gear (D'Anneet al. 1994; Santos and Monteiro 1997, 1998). Howevatia dollected by

visual census (SCUBA) allows the efficient and mecspatio-temporal study of AR
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fish assemblages (Bortone and Kimmel 1991). Moshefstudies in the Mediterranean
using visual census methods describe colonisat@ninfluence of seasonality, and the
effects of AR structural complexity on fish asseagas (Bohnsao#t al. 1991; Ody and
Harmelin 1994; Relinet al. 1994; Garcia-Rubies and Macpherson 1995; Refebraes
1998; Jensest al. 2000 and references therein; Ramos-Egpdé 2000).

Although several studies have focused on differ@spects of Algarve AR
fisheries (Santos and Monteiro 1997, 1998, 2000 erology (Santost al. 2002,
Boaventuraet al. 2006; Mouraet al. 2006, 2007), information regarding the fish
colonisation process (Santetsal. 1996) and the structure of reef fish assemblagll
limited (Santoset al. 2005). Given the fishing potential of the AR, tkowledge on
latter aspects is of considerable importance fdinohg suitable exploitation strategies
and management for the AR areas.

The AR located off Faro was significantly enlargad2002. Recognizing the
limited amount of work previously done, herein wescribe the process of reef fish
colonization of the newly deployed Faro/Ancdo ARy iferms of the species
composition, diversity, density, biomass and assagebsize structure (juveniles.
adults). Moreover, we assess time until AR fisreagdage stability is reached and the
existence of reef fish assemblage seasonal patternadditional, we compare the
results from the present study to those previowdlgerved in an older AR (pilot
project) deployed in the same area more than addebafore. Finally, based on the
present results, proposals regarding the exploitastrategy and management for the

local ARs are discussed.
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MATERIAL AND METHODS

Study area

A small (0.6 kn) artificial reef, consisting of 7 reef groups (RGeas deployed off
Faro (Algarve, Southern coast of Portugal) in 18868 enlarged in 2002. The new ARs
run parallel to the coast line in a NW to SE di@cttalong the 20m isobath and were set
on either side of the old ARs. The new reefs asmtidal to the old reefs in terms of
organization and module type (Figure 1). At preskatFaro/Ancdo AR system consists
of 52 RGs of small concrete cubes of 1.4m sidetlengpvering an area of 12.2 km
Each RG consists of 3 reef sets (RS) of 35 unith.eBach RS consists of a randomly
deployed two-layer assemblage of units. These mgefe deployed on a sandy bottom,
where natural rocky bottom is scarce, at depthgingnbetween 20 and 22 m,

approximately 2.5 km from the shore (Figure 1).

Experimental design

The study started in early Autumn 2002, a montterathe enlargement of the
Faro/Ancéo AR. Three RGs were randomly selectedob@t RGs that were closest to
the older reefs (between 400m and 600m). The RGs sa&ampled monthly, between
October (2002) and September (2004), the excefténg the 17 month (February
2004) due to rough sea conditions. The nearestalatcky area is about 2 km from
the sampled ARs. Given the distance from natuedl aeeas, we consider these ARs to
be statistically independent from any rocky reefirse. Given the distance between
RGs (~400m), these were also considered to be emiigmt sampling locations. Three

independent random counts were made in each reef se
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Data collection
The fish assemblage was determined by visual carsnog the stationary point method
developed by Bohnsack and Bannerot (1986) and durddapted by Santag al.
(2005) to the Algarve AR environment. This methadbased on censuses taken at
randomly selected points, where the single obsergtates around himself/herself
within a cylinder of known volume (1.5 3nand counts the number and sizes of all
fishes in a radius of 6m during six minutes (fotaile see Santoet al. 2005). All
counts were made in the first week of each monthaways in the same pre-selected
RGs. In order to reduce bias due to daily migrafleantost al. 2002) all visual census
surveys were carried out between 10:00 and 12:80. density was calculated as the
number of fish per thof water. The calculation of biomass densitiesntyvas made
using: (1) the estimated fish length size, (2) ldrgth-weight relationship, and (3) the
estimated density of fish. Demographic structure wiudied in terms of the juvenile
versus adult specimens, based on the sizes at first ihatawailable in the literature.
Based on the work of Ody and Harmelin (1994) arefidvet al. (1998), each
fish species was assigned to one of four spatiegoaies: SC1, cryptic and sedentary
species that occupy a stationary position inside dement block or on the bottom
around it; SC2, species with a medium home rangagl in the proximity of the
blocks; SC3, species with a relatively wide homeges moving throughout the reef
area; and SC4, surface and mid-water fishes bmav & swarming response to the reef.
Fishes were also categorised as resident, transrentcasional accordingly to their
resident status (RSt) (for details see Bayle-Seengteal. 1994). Trophic level of the
fish species (herbivores, omnivores and carnivones described from available data

on feeding habits (Bell 1983; http://www.fishbagg)oInformation about reef use (eg.

refuge, shelter) of reef associated species wassad visually.
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Data analysis

For each month the mean number of species, Shawiener diversity i’ = - £
P.Ln(P)), density and biomass for overall reef fish adsege, as well as for the
different SCs and RSts categories were calculaisidg RS mean values, obtained by
averaging reef set data. Standard deviations (x@&BWe calculated on a monthly basis
using RSs data. The frequency of occurrence (Yonfas) calculated using monthly RG
data. As monthly sampling was always conductethénsame RGs, replicates data may
not be independent but RG (site) correlated in t{kdederwood 1997). The studied
“Time” factors were season and year. Monthly dadéaenassigned to a season according
to the follow criteria: Winter (January-March); 8@y (April-June); Summer (July-
September); Autumn (October-December). Seasontr{imnd intra-annual seasons)
and annual differences were assessed by meansafay (site and “time”) repeated
measures ANOVA (Zar 1996) using each RGs mean rhonthlue @= 0.05).
Whenever normality (Kolmogorov-Smirnov test) andhmterogeneity (Bartlett test)
assumptions failed, data were Lm+{) transformed to produce normality and
homogeneity of variance. If the null hypothesis wajgected, the multiple comparison
test of Tukey was performed (Zar 1996). The Siatistv. 5.0) software package was
used for all univariate analyses.

Monthly reef fish assemblage temporal evolution asdemblage stabilization
was studied (RGs independently) by means of muléitehierarchical cluster analyses.
Cluster analysis applied the unweighted pair grawgrage algorithm to the Bray-Curtis
similarity matrix based on monthly reef group daéier standardization and square
root transformation of the data. In order to copth\the repeated measures design of
cross factors (RGs and time), seasonal and anraaiges in reef fish assemblage

structure were analysed through multivariate seatage matrix ordination (Clarket
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al. 2006). Thus, a Bray-Curtis similarity matrix wasilbusing each RSs monthly mean
fish density data, after standardization and squece transformation of the data.
Thereatfter, differences between seasonal and ameefdish assemblage structure were
tested by the one-way ANOSIM permutation test. Néetric Multidimensional
Scaling (MDS) was also used to investigate seasass¢mblage fish structure. The
SIMPER routine was used to determine the specias iost contributed to the
assemblage structure. Moreover, the species that comtributed to explain changes
between seasons were super-imposed in the MDSmUle/ariate analysis was carried
out using the Primer 5.1 software package (Clarkke\&@arwick 2001).

Comparison between the number of fish speciesysltye density and biomass
previously reported by Sant@s al. (2005) for a five year old AR deployed in 1990
(n=12 months), and those observed in the presady stere done by means of the
student independent (unpaired) sample test, usi@®s Rhonthly row data after
verification of normality (Kolmogorov-Smirnov tesgnd homogeneity of variance
(Levenes'’s test for equality of variance) assunmaia he Mann-Whitney U test (M-W)

was used when the assumptions were not met (Z#&)199

RESULTS

Assemblage composition

A total of 28 species belonging to 14 families webserved. The Sparidae family was
the most represented, accounting for 38% of theiepefollowed by the Labridae
family with 14% of the species. The most frequextat (> 90%) were the Blenniidae,
Diplodus vulgaris, D. bellottii, Corisjulis, Scorpaena notata andBoops boops. With the
exception oB. boops andS notata all the former species were seen feeding on the AR

substrateDicentrarchus labrax, Symphodus sp. andD. sargus were also very frequent
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(63% < f.0. <71%). It is worth noting that 19 sjasc (66%) are commercially
important, including some of the most frequentlg@tved, such d3. labrax, D. sargus
andD. wulgaris. The majority of the recorded fish species araigares (Table 1).
Resident species accounted for the highest nunitfeshaaxa, with 13 species,
followed by the transient group with 9 species Hrmaoccasional with 6 species (Table
1). Most resident species use the AR as a shéfteontrast, transient and occasional
species usually do not use these structures dagerélrable 1). High density schools of
fishes that are attracted/aggregated by the ARh agB. boops, Pagellus spp.,
Trachurus trachurus did not use these structures for shelter (TableSO3 and SC4
were the most represented spatial categories wWith(3%%) and 8 (28%) species,

respectively, with most of these species belorngedSparidae family (Table 1).

Colonisation process

Number of species

By the 4" month 22 species (79%) had already recruited¢oAR, and after 8 and 12
months, 23 (82%) and 25 (89%) of the species warerded in the AR, respectively. In
fact, during the %' year of the study period only three additional repecies $comber
japonicus, Pagrus pagrus and Diplodus cervinus) were recorded. A sharp increase in
the mean number of species was observed duringfitbie 4 months after AR
deployment (Figure 2). Thereafter, the mean numifespecies remained almost
constant, on the order of 13 (Table 2). The fipstcies colonizing the ARs, in the®l
month after deployment, belong to the residentgmate followed by those from the
transient and occasional categories with 4, 3 asgeties, respectively (Table 1). By

the 4" month 10 resident species (76%), 7 transient (7886) 6 (100%) occasional
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species were already established on the AR. Ninettmaafter the AR deployment all
resident species had already been recorded.

The mean number of species was significantly higberthe resident fishes,
followed by the transient and occasional (ANOVA:; & = 110; P < 0.01, Table 2).
Significant differences were found between all B&egories in terms of the number of
species (ANOVA: k ¢s= 158; P < 0.01). In the’lyear, the mean number of species in
autumn, 9, was lower than in other seasons, 13 WAGQ-3 = 11.80; P < 0.01, see
Table 3). The mean number of species was high (ANCR, gs= 9.05; P = 0.15, see
Table 2) for SC3. During the first three monthg #ssemblage was dominated (52%)

by surface and mid-water fish species (SC4).

Diversity
Monthly reef fish diversity ranged between 0.41 &4 (Figure 2). During the first 6
months a sharp increase in diversity was recordéer this period, diversity ranged
between 1.32 and 2.34. In fact, after the first signths diversity decreased and
remained below the mean until it increased agaiate summer, in winter/early spring
and spring/early summer (see Figure 2). In theygar differences in diversity
(ANOVA: F3 g = 6.06 P < 0.05) were only observed between autuwvith the lowest
diversity (H'=1.1), and winter with the highest drgity (H'=2.15) (Table 3).

Reef mean diversity was significantly higher foe tfesident species, followed
by the transient and the occasional groups (ANONAgs= 67.84; P < 0.01) (Table 2).
SC mean diversity was highest for SC3 and SC2 €ra&)l Differences in mean
diversity were observed (ANOVA:3Rg=7.73; P < 0.01) between SC1, with the lowest

and SC3, with the highest diversity.
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Figure 2. Mean (z standard deviation) monthly &&on of the number of species and

diversity.

Fish and biomass densities

The mean density of the overall reef fish assenebl@nged from 0.3 to 9.5 ind/m
(Figure 3), with an average density of 2.8+1.8/md. In decreasing order of numerical
importance, the most importasdxa were B. boops (29%) Blenniidae (19%),D.
vulgaris (11%), D. bellottii (7%), C. julis (5%), S notata (3%) andD. sargus (2%)
(Table 1). Two overall fish density peaks were stgged in May (2003) and April
(2004), related to the recruitment to the AR ofasatk of YOY of demersal species such
as B. boops, T. trachurus, and Pagellus spp. (Figure 3). Together, the latter species
account for 1.2+0.4 ind/f which corresponded to 42% of the total reef dgndi.

trachurus has a seasonal occurrence on the AR, being presinfrom March to June.
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Fish assemblages and colonisation

Table 1. List of the species recorded on the Farca artificial reef: RSt - resident status: R sident; T — transient; O — occasional. SC -

spatial category (see text for definitions). F.@egquency of occurrence (%). Month — month of fasturrence in AR. CV — commercial value:

N — none; L — Low; H - high. Shelter — species ti&itiges in the AR. Feeding — species that feetherAR substrata; Trophic structure —

trophic behaviour of fish (see text for details)ydniles (%) — percentage of juveniles; Length -amtotal length (cm); Mean densities (n°

ind/m°) and Mean biomass (gfnwith standard deviation.

Family Especies RS SC F.O Month CV Shelter Feeding Trophic structure JU\(/;S”eS Lenght (cm) n.°ind./n? g./m?
APOGONIDAE Apogon imberbis R 1 435 1 N yes Not observed Carnivoros 10+35 0.00D&D 0.019 +0.075
BALISTIDAE Balistes carolinensis o 3 217 9 L No No Carnivoros 100 35+0 0.001 + 0.001 0.868A3
BATRACHOIDIDAE Halobatrachus didactylus T 1 2391 3 L No No Omnivores - 27 +£3.9 0.01+0.018 3.65655
BLENNIIDAE Blenidae R 1 100.00 2 N yes yes Carnivoros - 5+2 0.557 +1.092 0.486 £0.41
CALLYONINIDAE Callyonimus lyra O 1 1304 2 N No Not observed Carnivoros - 7+1.8 0.010£8. 0.052+£0.14
CARANGIDAE Trachurus trachurus O 4 39.13 6 L No yes Carnivoros 100 12+1.7 0.192+£0.473 312+4.79
GADIDAE Trisopterus luscus R 3 2391 9 H yes Not observed Carnivoros 100 17+4 0.00.p32 0.334+0.6
LABRIDAE Corisjulis R 2 95.65 2 N yes yes Carnivoros - 22+2.7 0.143 £ 0.054 2407+ 9.7

Ctenolabrus rupestris R 2 26.09 7 N yes yes Carnivoros - 10+0 0.018 £ 0.031 02038
Labrus merula R 2 217 8 N yes yes Carnivoros - 30+ 0.001 + 0.005 0.525+
Symphodus spp. T 2 6304 3 N yes yes Carnivoros - 15+4.2 0.047 £0.044 0B84.91
MORONIDAE Dicentrarchus labrax T 4 7174 5 H No yes Carnivoros 75 29+29 0.044 £ 0.033 .288+96.72
SCOMBRIDAE Scomber japoni cus (0] 4 15.22 17 L No yes Carnivoros 100 21+£25 0.058 £ 0.153 .89 4 15.05
SCORPAENIDAE  Scorpaena notata R 1 95.65 1 L No Not observed Carnivoros - 14+1.1 0.016082 0.404 £0.18
SERRANIDAE Serranus cabrilla R 2 4565 5 N yes yes Carnivoros 33 20+6.7 0.024 £0.026 61 23.51
Serranus hepatus T 2 2826 1 N yes yes Carnivoros - 6+2.2 0.013+0.018 9086.1
SPARIDAE Boops boops O 4 9565 2 L No Not observed Omnivores 100 7+34 0.861785 2.31+3.16
Diplodus annularis R 3 652 5 L yes yes Carnivoros 17 16 £0.2 0.015+0.042  291#3.07
Diplodus bellottii R 3 84.78 1 L yes yes Omnivores 18 15+1 0.196 £ 0.131 1+20.46
Diplodus cervinus T 3 435 16 H yes yes Carnivoros - 28+3.5 0.002 + 0.007 6082.99
Diplodus puntazzo R 3 6.52 5 H yes yes Carnivoros - 25+0 0.003 £ 0.009 0&0B7
Diplodus sargus R 3 6957 4 H yes yes Omnivores 8 24+5 0.071 £0.073 18519 35
Diplodus wulgaris R 3 100.00 1 L yes yes Omnivores 92 11+3.8 0.313+0.135 .24Bi+ 7.05
Pagellus acarne T 4 4348 1 H No Not observed Carnivoros 100 11+4 0.10224 1.122+1.76
Pagellus erythrinus T 4 17.39 1 H No Not observed Carnivoros 48 14+6.3 0.009021 0.772 £3.17
Pagrus pagrus O 3 435 18 H yes Not observed Carnivoros 0 25+ 0.00D26. 1.345 +6.45
Spondyliosoma cantharus T 3 13.04 2 L yes yes Omnivores 96 12+27 0.004 +£0.01 704609.29
TRACHINIDAE Trachinus draco T 3 1957 1 L yes Not observed Carnivoros - 27+4.8 0.008021 2.532 +3.57
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Table 2. Mean (+ standard deviation) overall dgngit ind/n?), biomass (g/ff) and
contribution of the number of species (maximum, meand diversity (H) according to
the resident status (R — Resident; T — TransientQ@casional) and Spatial Categories
(SC).

No. of species H
ind/m® g/m® Maximur Mean Maximur Mean

Resident status
Reef 2.8+1.8 207+127 15 13+1.7 2.38 1.82+0.4
R 1.4+1.2 66.3+34 9 7+0.7 1.92 1.5540.3
T 0.3+0.2 130.2499 6 4+1.4 1.77 1.12+0.4
O 1.1+1.0 11.4+21 3 2+1.1 0.91 0.37+£0.3
Spatial category
SC1 0.65+1.1 4.618 5 3+0.8 1.26 0.67+0.3
SC2 0.25+0.1 24.5+12 4 3+0.8 1.27 0.8440.3
6
5

SC3 0.63+0.3 47.7+30 4+1.0 1.42 0.98%0.3
SC4 1.23+1.1 130.4+95 3+1.0 1.29 0.67+0.4

Several peaks in fish biomass were recorded duhegcourse of the study.
Transient species, namel{p. labrax that accounted for 118+96 gimwhich
corresponded to 90% of transient and 57% of theadiMeiomasswas the RSt category
that contributed most to the biomass of the resf Assemblage (Figure 3; Table 1).
High biomass values were also recorded for theleesispecie®. sargus (9%), C. julis
(8%), D. wulgaris (5%) and D. bdlotti (5%) (Table 1). The overall mean fish
assemblage biomass ranged between 14 and 506 wiin a mean value of 207+127
g/m°. Economically important species account for a meaf80+8.1 g/m (87%) of
total reef fish biomass. The densities of bothdesi and occasional species were
higher than transient species (ANOVA; ks = 10.63; P < 0.01, see Table 2). The
contribution of transient species (63%) in termsb@mass was significantly higher
than that for both resident (32%) and occasionéb)(Species, due t®. labrax

(ANOVA: Fy, g6= 21.97; P < 0.01, see Table 2).
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Figure 3. A: Total (x standard deviation) and memersal occasional (includg
boops. T. trachurus and Pagellus spp.) densities; B: Resident status category
assemblage densities; C: Total, transient (9D%labrax) and Diplodus spp. D.

bellottii; D. sargus andD. vulgaris) assemblage biomass.
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The highest SC densities corresponded to SC4, aumth B. boops and D.
labrax, followed by SC3, SC1 and SC2, respectively (T&)leSignificant differences
(ANOVA: F3 gg= 6.96; P < 0.01) in densities were found betwe&4 @nd all the
remaining SC (Tukey: P < 0.01). In relation to résh SC assemblage biomass, the
highest figures corresponded to SC4 dub téabrax, followed by SC3, SC2 and SC1,
respectively (Table 2). Significant differencestarms of mean biomass were found
between SC4 and the remaining SC categories (AN(Az= 27.05; P < 0.01).

During the first year differences in terms of mekmsity were found between
autumn and spring (ANOVA: F5 = 4.73; P < 0.05). However, no other differenges i
mean density and in biomass were found betweers yeabetween seasons within and
between years. A significant RG effect was veriffed density in i year seasons

(Table 3).

Demographic structure

It was not possible to classify all specimens agnile or adult due to the lack of
information regarding species size at first mayymiamely for non commercial species
(Table 1). The monthly density and biomass of files of commercial species were
1.58+0.25 ind/m (56%) and 114+25 g/f(55.1%), respectively.

Schools of young-of-the-year (YOY) & boops andPagellus spp. (0 and 1)
were regularly observed. The schoolsToftrachurus and Scomber japonicus were
composed of age” Bpecimens.

Benthic species such aS notata, Trachinus draco and Halobatrachus
didactylus were represented both by adults and juvenileskyRbottom associated reef
fish species were mainly represented by adult apets. These includesl cabrilla, D.

bellotti, D. annularis, D. sargus andP. pagrus (Table 1).
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Table 3. Results of the repeated measure ANOVANor number of species; H —
Diversity; Density (ind/m); Biomass (g/i), and ANOSIM for total reef fish

assemblage structure (C). A - Autumn; W — Wintey;-Spring; S — Summer. ns - not
significant. * - significant differences were higitited by the repeated measure
ANOVA between reef groups. No significant differescwere found for any variable

with the repeated measure ANOVA for interactiormimein RGs x Season and/or year

effects.
Fish assemblage
Factor N H C ind/m g/m°
Year ns ns Tvs. 2™ ns ns
A vs. W/Sp/S
Season1¥*®  Avs W/Sp/S AvsW A vs. Sp* ns
Wvs. Sp/S
Season ¥ Ye ns ns All seasons ns ns
Intra-seasonal ns ns . S ns ns

Assemblage structure
The structure of the fish assemblage in the firenhtin after deployment (Cluster 1)
differs from the remaining months, due to the lowmtber of species and respective
densities. Differences in similarity between clus2e which groups the"2 to the &'
months after deployment, and the other clusterslaeeto the increasing numbersBof
boops andD. wulgaris after the # month. After this initial four months period, maft
samples are mixed, indicating that the assemblage decome more similar. For
instance, clusters 3, 4, 5 and 6 have similaritynofe than 73% (Figure 4).

During the study period intra-seasonal differensese found (ANOSIM™ year

R=0.38, P<0.01; ANOSIM" year R=0.60, P<0.01) (Table 3). In the first year the
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difference were particularly marked between autumith low number of species and
densities, and the other seasons. Overall, seaddfeences were mainly associated
(SIMPER) with the high recruitment episodes of desakspecies in spring/summ@. (
boops, T. trachurus and P. acarne) and Blenniidae in spring 2003 (Figure 4 and 5).

Inter-annual seasonal differences were found betveetumn and summer (Table 3).

For the latter period these were mainly due tahilgh densities o8. japonicus in 2004,

and low densities dB. boops and Blenniidae in 2003 (Figure 4). The contribatad the

latter species to the dissimilarities was 17%, 1889d 10%, respectively. Differences

between T and 2° year fish assemblages (ANOSIM: R=0.13, P<0.01)eweainly due

an increase in occasional category demersal spactesesident species, accounting for

29% and 44% of the dissimilarity, respectively (TEad).
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Figure 4. Cluster analysis (average) of overalf festh monthly assemblage (A) and

seasonal nMDS plots for me& boops (B), T. trachurus (C), Blenniidag(D), andP.

acarne (E) densities. A1 and A5- Autumn 2002 and 2003; &i@ W6 — Winter 2003

and 2004; Sp3 and Sp7 — Spring 2003 and 2004; $%8r Summer 2003 and 2004.
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Figure 5. Mean (x standard deviation) seasonalatvassemblage density (black bars),
mean assemblage density without occasional demspsales that includB. boops. T.
trachurus. and Pagellus spp. (grey bars) and without occasional demersatiss and

Blenniidae (white bars).

Comparison with the older AR

Comparisons with an older mature AR were performecluding the data of the first
four months, as we considered that the new AR asisgya structure stabilised after this
period. The monthly mean of species in old ARs362041) was less than that of the
new ARS (M-Wumber U=0.1; Z=4.62, P<0.01)his is also true in the case of the mean
fish diversity (1.49+0.64 ANOVA: E 354.57; P<0.05), density (1.49+0.73 ind/rM-
Whiumbei U=25; Z=3.61, P<0.01) and biomass (81.80+ 42 .85°gM-Wgiomass U= 8:

Z=4.30, P<0.01).
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Table 4. Species that contributed most to the miffees (Density, n. indff found
between the SLand 2 year. Diss. — Average dissimilarity; Contrib - tdisution to

dissimilarities found between years measured imgesf percentage.

Species fyear 2"year Diss. Contrib.
Boops boops 0.75 0.94 4.4 10.85
Blenniidae 0.84 0.24 3.41 8.4
Diplodus bellottii 0.15 0.26 3.35 8.25
Trachurus trachurus 0.25 0.13 2.94 7.25
Pagellus acarne 0.07 0.15 2.81 6.92
Diplodus sargus 0.06 0.08 1.77 4.37
Scomber japonicus 0.00 0.11 1.7 4.2

Diplodus vulgaris 0.28 0.35 1.69 4.16
Symphodus spp. 0.05 0.04 1.65 4.07
Dicentrarchus labrax 0.04 0.05 1.65 4.05
Serranus cabrilla 0.01 0.04 1.59 3.92
Corisjulis 0.13 0.16 1.53 3.76
Scorpaena notata 0.06 0.09 1.38 3.4

Serranus hepatus 0.01 0.01 1.34 3.3

Trachinus draco 0.02 0.02 1.29 3.18
Callyonimuslyra 0.02 0 1.19 2.92

Ctenolabrusrupestris ~ 0.01 0.03 1.07 2.64

DISCUSSION

The pattern of fish colonisation in the Faro/Anditificial reef displayed an initial
rapid increase in terms of fish species and dityersvith stabilization of the fish
assemblage structure occurring 4 months after Aftogenent. A marked increase in
the AR macrobenthic community cover was observethbyd® month (~50%), and by
the 8" month the reef surface was totally colonized byiédia, Serpulidae, Bryozoa
and Ascidiacea (Boaventuehal. 2006). Thus, stabilization of the AR fish assemgel
matches the rapid increase in macrobenthic colbaisa Invertebrate settlement
occurred fast, which may have contributed to theidrancrease of reef associated
species, as most of the fish species are carnigof@un the other hand, resident species

are dependent on invertebrates for shelter purpfSedani and Diamant 1999),
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especially small sized species and juveniles (Da@sanal. 1994; Garcia-Rubies and
Macpherson 1995) or for food (Leit@b al. 2007). This fast rate of fish colonisation
associated to benthic cover development in the hsoshortly after AR deployment
was also observed in other studies in temperatersvgbolonsky 1985; Bohnsaekal.
1991; Reliniet al. 1994).

Within less than one year after AR deployment thmiber of species, diversity
and the assemblage structure had stabilised. Senhts (2005) postulated that the
colonisation of a similar reef in the area wouldbgize after five years. However, the
latter study was carried out in an AR on sandy gdsy with little natural and non
artificial hard substrata nearby and four yearsrattef deployment.

Extensive movements of rock fishes from the shoress sandy areas to newly
settled ARs have been reported by different autiidiethews 1985; Solonsky 1985).
Although the movements of fish from natural reefARs are well studied, movements
between ARs are not. In the present study, th&lnipid fish colonisation may have
originated from the adjacent older AR. In fact, mafsthe species recorded in this study
were readily found on the nearby older AR (Sarttoal. 1996). A notable example is
the rapid appearance of adults of rocky bottom@ated species such Bs sargus, D.
bellottii, C. julis andS. notata that do not have difficulty in crossing open sga€oll
et al. 1998). The colonisation pattern of these spearek other rocky bottom species
(e.g.Labrus merula, Symphodus spp.) characterised by wide horizontal movemests, i
reinforced by the fact that most of them recruivény shallow areas and move towards
deeper waters in response to ontogenic changeahitah choice (Garcia-Rubies and
Macpherson 1995; Harmelin-Viviegt al. 1995). The fast rate of colonisation could
also be associated with seasonality, an importatof affecting the quantitative species

composition of temperate AR assemblages (&al. 1998), and with the migration of
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juveniles of several species from the nearby Riamesa nursery habitat. According to
Monteiro et al. (1990) migration of sub-adults of a variety of gpecfrom the Ria
Formosa loagoon (e.®. vulgarisandD. bellottii) occurs in late summer/autumn. Such
a migration pattern coincides with the period (firsmester) after which increases in
number of species, diversity, density and biomam®wnost noted.

During the first 8 months after reef deployment thenber of species and the
diversity were higher than those reported from Wiestern Mediterranean (Bayle-
Sempereet al. 1994), Monterey Bay, California (Solonsky 198%id&uget Sound,
Washington(Laufle and Pauley 1985), but lower than those teskfrom the Ligurian
Sea (Reliniet al. 1994) and the Canary Islands (Herretaal. 2002). Differences
between the reef fish communities and colonisapatterns are certainly linked to AR
characteristics and establishment areas (e.gawl &ffected areas, see Bayle-Sempere
et al. 1994). For instance, depth (Bell 1983), reef gieshnd complexity (Solonsky
1985) and reef substrate (Chanddeal. 1985; Laufle and Pauley 1985) are factors that
influence the establishment of reef fish assemislag the other hand, it is also
generally assumed that greater complexity is aggatiwith more complex assemblage
structure, species richness, diversity and abureda@icarbonnett al. (2000) found that
the fish assemblage evolution of large, low comipyeXRs decreases rapidly due to the
vast undivided empty spaces that have no equivalencrelation to the natural
environment. However, some speciesach asthe sea breams and wrasses are
particularly successful on all types of AR (Solondl©85; Bayle-Semperet al. 1994;
Relini et al. 1994; Herrerat al. 2002; Santost al. 2005).

For other species, especially resident species,isitknown that AR
complexity/heterogeneity is a key factor (Harmel®87). The Algarve AR modules

only have a simple large hole in each side whigatas a large inner open space. This
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might be limiting colonisation of resident piscivois species such as conger and moray
eels. According Hixon and Beets (1993) for suchcgs that prefer hole sizes near
their body size, the lack of shelter of the appiadprsize is a primary limiting factor.
This may also be the case for groupe®srr@nus spp.), which in the current study
showed low frequency of occurrence and low derssitieaddition, the small number of
recruits in large volume ARs in temperate watersy rha associated to enhanced
predation by larger fishes in such artificial hatst(Bayle-Semperet al. 2001).

Our results showed that reef fish assemblage steictaried seasonally. These
results are in agreement with those reported byersévauthors for other ARs in
temperate Mediterranean waters (D’Andaal. 1994; Reliniet al. 1994). Seasonal
variations were mainly associated with the arrfa¥OY schools (0) of T. trachurus,

B. boops and Pagellus spp. during spring and summer. In fact, seasoaghton in
Mediterranean (D’Annaet al. 1994; Charbonnekt al. 2000) and Canary Islands
(Herreraet al. 2002) reef assemblages are generally associatezttoitment of high
abundance schools of species such Waglinella aurita, Spicara spp. B. boops,
Chromis chromis and Atherina presbyter. It is worthy of note that juvenile demersal
specimens have a swarm response to AR and prohaddythese structures for
protection from currents and/or feeding. The shapéd size of reefs influences the
currents around and through the reef, with a sadlbcale of little or no currents
behind the reef attractive to fish as provides sa avhere they do not need to fight
against constant current (Nakamura 1985). Dedp&eséasonal trends observed, overall
densities and biomass did not vary seasonally.l3tleof a seasonal trend in density is
explained by the high standard deviation of them@ahe above mentioned occasional
demersal species. In the case of biomass, the @bsém seasonal trend was due to the

fact that the overall biomass was highly conditebbg a single specieb, labrax.
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Differences were found between fish density amoimaiss, diversity and the
mean number of species observed in the present ahdlthat previously reported for a
five-year old AR in the same area (San&sl. 2005), based on data collected and
analyzed with the same methodology . In the casmoohass, this was mainly due@o
labrax, a species that was rarely observed in the oldes Antil 2002. One of the
problems that may arise regarding the comparisdawdsn old and new ARs is the
assumption of independency of data among yearthdrpresent study no significant
annual changes were recorded for ecological ingesirger in abundance or in biomass
densities between years. Nevertheless, change=efrfish assemblage structure were
observed between seasons within the same yearthnth® new and in the older ARs
(Santoset al. 2005). Moreover, the latter authors also repotted two similar ARs
deployed at different sites (Faro and Olh&o) hdterdint fish assemblages but both
exhibited similar seasonal variations within tharyen fact, ecological indices, and fish
and biomass densities in the new Faro/Ancdo ARsvield seasonal variation in the
water temperature, as previously reported for thgafve (Santoset al. 2005), the
Mediterranean (D’Annat al. 1995) and the Adriatic Sea (Fabi and Fiorent®®94).
Thus, it seems reasonable to assume that in treAgeasonal ARs changes are more
important than annual changksaddition, to the author’'s best knowledge, nongjes
in terms of biotic and abiotic conditions have beeported for the studied area.
Therefore, we can conclude that differences betweleh and new ARs are not
associated with inter-annual variability but arerenlikely due to other causes.

Increased habitat usually produces a local inereafish abundance as carrying
capacity increases with reef size and decreasedgtraent limitations as large reef area
attract more recruits (Grossmetral. 1997). Such an impact, together with the decrease

in isolation of the old AR, has enhanced the opputies for species that were
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uncommon before, thus increasing mean diversity geties richness. Sayer al.
(2005) showed that provision of large-scale mdéfs alters the numbers and types of
fishes present in areas where they were previolasgely absent. Density was also
higher in newly deployed ARs compared to old ARsisTmay be partly due to the fact
that older reef are limited in area and separatau bther reefs (Bohnsack 1989).

However, differences in density between ARs mag &ks related with fishing
activity, which may significantly affect adult pdation size. The older AR comprises a
relative small patchy area on a predominately sdttpm and has been heavily fished
since deployment. While the new reefs are alssmiaraa where normal fishing activity
takes place, they have greatly increased the hdrstraite area available to the fishery,
thereby reducing fishing pressure.

An important question concerns when to start exippiin ARs. Fishing should
not start immediately after deployment in ordegt@rantee reef assemblage stability.
Based on the results of the present study, we stgjggt fishing can start one year after
deployment. However, increase in fishing effortidddoe progressive in order to avoid
disruption in the natural evolution of reef fishsamblages. Fishing strategies should
also take into consideration seasonal variatioteofperate AR fish assemblages. For
instance, YOY occasional demersal species with armimg response must be
protected during recruitment events by prohibitainthe use of low selectivity gears
such as purse seine nets or small mesh sizedegdl Rishing effort and the impact of
particular gears should also be carefully consudieespecially for resident species that
have high site fidelity may be more vulnerabletitsanal and recreational fisheries.

The real efficiency of ARs has been questionedhaset may act merely as
aggregation tools (Polovina 1991) leading to theaetion versus production debate

(Brickhill et al. 2005). Attraction and production are not mutuatkglusive and can be
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considered extremes along a gradient (Osendealy 2002). While ARs may merely
attract and concentrate some fishes, they may pdeothe production of others. For
most fishes, the situation probably lies somewhete/een the two extremes (Bohnsack
1989). In this study several adult species (spafddabrax. C. julis, S cabrilla; S
notata) were found shortly after ARs deployment, cleardicating attraction. For
some of these species, greater susceptibility $birfg due to aggregation may
contribute to decreasing overall total biomass.

However, biomass production through recruitment fstd growth (King 1995)
can not be excluded. Brickhi¢t al. (2005) report that production will be more likely
with the addition of more reefs, or more complegfse Results also showed that ARs
act like nursery areas for YOY of economically imat species. In addition, trophic
attraction may favor those species that depend B3 for feeding, consequently
contributing to biomass production in the long K(lueitdo et al. 2007, 2008). In the
Algarve, ARs are considered to fulfill their goalenhancing the local fisheries (Santos
and Monteiro 2007). Nevertheless, we cannot corcliit fishing enhancement is
mostly due to attraction or to production. In faasolving this issue would need a
different and broader approach, as it should béueted within the ecological context
of each fish species (species-specific), taking etcount their relationship with the
ARs structures.

Several studies have questioned the potential of &Rfulfill their objectives
and whether some of these could have been achievae@® efficiently with a
management tool other than ARs (Polovina 1991; 83001, Brickhillet al. 2005). An
assessment of reef performance indicated that 30f% of the cases studied met their
objectives (Baine 2001). According Polovina (198%s are popular as management

options because they do not require reductionsimng effort and they aggregate fish,
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resulting in higher catches in the initial stagesus ARs may actually be detrimental to
the fishery and the stock simply because they aiftamagers to delay making hard but
necessary decisions, such as imposing size limitsducing effort.

With the collapse of fisheries on a global scalea(®n and Pauly 2001), and
with the high risk of extinction of several marifigh species due to human activities, it
has become clear that traditional technical managénools (e.g. minimum sizes,
closed seasons, catches limits, closed areast effgears restrictions, etc) have often
failed their objectives. Although this is one ofetleasons why ARs and Marine
Protected Areas (MPAs) have become popular, theyuldhbe considered as
complimentary and not alternatives to the traddiofisheries management tools.
Regardless of the objective of the implementatibaroMPA, its success may hinge on
proper location relative to critical habitats tisapport living marine resources and this
may limit the potential of reef fish populations itwrease in abundance (Sladek and
Friedlanderet al. 2004; Monaccet al. 2007). The lack of a suitable area with a full
complement of habitats and structural complexityradlitional Algarve fishing grounds
was the justification of the choice for ARs instezdMPAs. These have provided at
least some of the necessary habitat requiremerfufore implementation of MPAs in
the region.

Another possible solution to conserve and replemsrine resources is the
system of Marine Life Conservation Districts (MLODsleveloped in Hawaii
(Friedlanderet al. 2007). These MLCDs vary in size, habitat qualdgd management
regimes, providing an excellent opportunity to tegbotheses concerning MPAs design
and function using multiple discreet sampling uniitis may also apply in the case of
Algarve AR systems, providing a more specific andalé scale evaluation and

management of the different ARs areas.
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Although Algarve ARs have proved to be a potentialiseful fisheries
management tool, and the need for fishing exploitastrategies is recognised (Santos
and Monteiro 2007), there are to date no guidelime®ffect for sustainable AR
exploitation. However, it is also important to ndteat until 2002, the AR area was
probably too small to justify patch specific AR nagement. Recognizing the potential
of AR species, the knowledge of their demograpiiacture and seasonal events is of
considerable importance for defining suitable eiatmn strategies and management of
the AR areas that are exploited by the local comiakeand recreational fisheries.

The current study showed that the deployment gfelawcale multi-reefs near to
a small pilot AR contributed to a rapid colonisatiand a change in the ecological
indices (higher species richness and diversity) andncrease in terms of fish and
biomass densities, compared to what was previousported for the ARs fish
assemblages. Such effects can be highly benefariédcal fisheries enhancement. This
study also provides some guidelines for sustainabbgloitation strategies.
Nevertheless, as reported by Baine (2001), theesscof ARs will depend on the
quality of the prior planning and ongoing manageimdrhus, it is important to
guarantee long-term monitoring of the AR fish adskges since, as a result of the
natural evolution of the fish assemblages and/eretifiect of fishing, these can change
over time. In fact, this will be essential for paegtion of the best management

measures aiming towards the sustainable explaitatithe AR resources.
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ABSTRACT

An evaluation of the trophic relationship betwd®iplodus sargus and artificial reefs
(ARSs) in the Algarve (southern Portugal) is basedaa@omparison of stomach contents
and the macrobenthic communities present at the#dRin surrounding sandy bottom
areas. Only adult white sea bream were observethdnvicinity of the ARs. The
percentage of items found in the stomach that wleagacteristic of AR hard substratum
was high (67%). Although the diet contained a widgety of items, namely reef algae,
invertebrates (crustaceans, gastropods, and bs)alaad fish Balanus amphitrite and
Gibbula spp. contributed most to the diet. The dieDokargus was strongly associated
with prey availability on the AR, so highlightingné importance of these artificial
habitats to the species. It seems that thesecatifeeding areas, owing to their extent

and benthic production, are enhancing the |8cahargus stock and hence the fishery.
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INTRODUCTION

Artificial reefs (ARs) can be part of a solution $ome of the problems concerning
coastal resources, ecosystems, and fisheries,rantainy countries, these man-made
structures are an important tool of management iiBatk and Sutherland 1985;
Polovina 1994; Jensen 2002). The Algarve (soutfrariugal) ARs were conceived
with several objectives in mind, including the entement of fish populations and the
improvement of nearshore fisheries (Monteiro andt&a 2000). Algarve ARs now
cover 43.5 krh and are the largest artificial habitat (productiype) in European
waters.

AR structures provide a hard substratum (HS) ferdéttlement of benthic prey,
contributing to the creation of new feeding arems] consequently increase trophic
efficiency (Bombace 1989) on formerly less produsgtisandy seabeds (Leevaisal.
1997). In terms of AR deployment, their productivielies on the assumption that AR
surfaces provide additional critical habitat whioclkereases the environmental carrying
capacity, and hence enhances the abundance anédsiosh marine biota (Polovina
1994). Nevertheless, some doubts persist as tdhehARs contribute to the production
of new fish biomass or attract fish from surroumgdareas without actually increasing
total biomass (Bohnsack and Sutherland 1985). Stbntantent studies have been
carried out aiming to clarify the importance of ARoduction as potential feeding areas
for fish, especially AR-resident fish (Lindquidtal., 1994). Some studies highlight the
importance of AR habitats for fish foraging (PikedaLindquist 1994; Relingt al.
2002), and others report that fish feed primarilyanljacent sandy seabeds (Lindgeist
al. 1994; Pepet al. 1996).

For some species, ARs can serve as spawning areasrefuge rather than as

feeding areas. For those species that feed at ARRs;made structures that produce
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significant benthic biomass may be useful to supfisin biomass recovery. Therefore,
knowledge of the trophic ecology of reef ichthyafaus important in understanding the
dependence of species on an AR’s benthic produetighin evaluating the importance
of such structures for the maintenance of fish paipans. This means that the use of
ARs to enhance any fishery requires the understgnafi the ecological role of reefs in
supporting exploited fish assemblages. Studies henfeéeding ecology and trophic
interactions of ARs and fish are scarce (Peipa. 1998; Reliniet al. 2002; Fabkt al.
2006), and none have been made in southern Parfligial scarcity of information is
notable, because addressing it may shed light cetheh the biological production of
Algarve ARs contributes to an increase in fish ass and consequently to local
fisheries enhancement.

Diplodus sargus (Linnaeus 1758)a species with a coastal rocky reef distribution
ranging from the Mediterranean to the eastern Aitgfrom the Bay of Biscay to South
Africa), is important commercially. It is also omwé the most abundant and frequent
species found at ARs (Santes al. 2005). Although several aspects of its feeding
ecology have been studied (Baldé and Drake 2002jaMieet al. 2002; Figueiredet
al. 2005), little attention has been paid to its higprelationship with ARs (Pepst al.
1998). Here, our aim is to evaluate the contributad Algarve ARs to the diet dD.

sargus.

MATERIAL AND METHODS

Study site and sampling

The experiment was carried out in the Faro/Ancao #Rtem, located off Faro
(southern Portugal) on a sandy seabed, at deptlyghgafrom 16 to 37 m. The system

was deployed in 1990 and enlarged in 2002. It oesuan area of 12.2 km2 and has a
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total of 174 reef sets, of which 156 are small mesluEach of the latter consists of 35
cubic concrete units (2.7*heach). Data collection was carried out at fouthef oldest
reef groups, FP1, FP3, FP5, and FP7, which werbgsp in 1990 at depths of 19-21
m. The distance from the AR to the nearest rocte; si small natural reef, is about 2.3
km. All fish were caught at the AR by spearfishigtween August 2002 to August
2004, on a monthly basis and with an effort of tiwathree fishing days per month.
Spearfishing was carried out during the morning@08L1:00) by two divers. In all, 64
dives and 48 visual census surveys were carried Fash behaviour and size were
recorded according to the stationary point couchnejue, as described by Sanébsl.

(2005).

Data analyses
Data on the Faro/Ancdo AR benthic and ichthyofacmramunities have been reported
previously (Santost al. 2005; Boaventurat al. 2006; Mouraet al. 2006). However, in
order to gather more data regarding AR communitresitu observations were carried
out focusing on large mobile macrobenthic inverdéds and seaweeds. To characterize
the soft-bottom macrobenthic community, sandy sgéa@mples were collected every
three months during the study period. The sample® wollected both inside the reef
modules and outside the reefs along a transentegasing distances (0, 1, 5 and 20 m
from the reef edge). Divers collected three 0.6Zarer samples, to depths of 15 cm at
each sampling site.

Fish were measured to the nearest millimetre beldwe. stomachs were cut off
at the oesophagus and pylorus. All prey items veeqgarated byaxon, counted and
weighed to the nearest 0.01 g. Depending on thel lefvdigestion, prey items were

identified to species or to the lowest posstiab®n. The colonial taxa, hydrozoans and
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bryozoans, and plants were not counted, so the mcah&alue attributed to those prey
items was 1. Barnacles were counted based ondpencular pair structuresgrgum,
andscutum plaques.

AR and sandy seabed communities were compared rinstef the total
abundance, and diversity [Shannon—-Wiener index: (ldg2)] through one-way
ANOVA (F-test). Prior to ANOVA, tests for normalitfAnderson—Darling test) and
homogeneity of variance (Bartlett's method) amorgatiments were carried out (Zar
1996). ANOSIM (Bray—Curtis similarity matrix) wased to compare AR and sandy
macrobenthic fauna (fourth-root transformation lné number of individuals per 3n
(Clark and Warwick 1994). The mean number of itgqas stomach, the mean number
of items and the percentage of items preyed onsfmnach, by season, were also
compared using ANOVA (Zar 1996). Seasonal diversityD. sargus diet was also
tested. All univariate statistical analyses wengied out using Statistica V6.0 software,
with a significance level of @ = 0.05.

Dietary composition was assessed through mean mahgercentage (%N),
mean weight percentage (%W), and frequency of oenae (%FO) of each pregxon,
following Hyslop (1980). To evaluate the diet Bf sargus we used: (i) the vacuity
coefficient (Hureau, 1970), (ii) the feeding coeiiént (Q) (Hureau, 1970), and (iii) the
index of relative importance (IRI) (Pinkas al. 1971). Sigurdsson and Astthorsson
(1991) scales were used to measure stomach fukmesthe state of prey digestion.

Because the units of measurement for soft seabéd\Rnspecies (number
and cover percentage in the case of colonial spe@edifferent from that of stomach
contents (number of items per stomach), data warsformed to presence/absence, in
order to construct a Bray—Curtis similarity matfor multidimensional scaling (MDS)

analysis. Stomach contents and data on sandy seadechfauna (three samples per
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trimester) were pooled by season. Species of b&®haAd soft seabed samples were
then used to assess items’ provenance. All mulsiteanalyses were performed using

the statistical package PRIMER (Clark and WarwigR4).

RESULTS
Diplodus sargus was present at a high FO (67%) at the AR. Spegpredimens ranged
in size between 20.6 and 53.6 cm (mean 35.43+6195la situ visual census revealed

an absence of juveniles (<20 cm total length) atAR.

M acr ozoobenthic community of ARs and neighbouring sandy areas

The number ofaxa identified over soft substrata (SB) was higher6jlthan over hard
substratum (HS) (154). The most important groupsilalle for fish foraging were
polychaetes (SB = 94; HS = 52), crustaceans (SB;HS = 47), bivalves (SB = 26;
HS = 9), and gastropods (SB = 12; HS = 13). Cidipe Serpulidae, Bryozoa, and
Ascidiacea were the major taxonomical groups tlorized the AR. Among soft
seabed species, the most abundaxd were Nematoda (14%) and Polychadesipne
spp. andGlycera lapidum accounted for 13.71% and 7.55%, respectively). Detbe
high number oftaxa found in the soft-bottom macrobenthic communitye tmean
abundance was significantly higher over the AR BIS 185+74 645 i) than over SB
(16 464+6567 M) (ANOVA: P = 0.01). Coloniataxa such as hydrozoans, bryozoans,
and barnacles were not considered for the estimatiddS abundance. However, there
was no change in Shannon-Wiener’s diversity indetween HS (2.75+0.32) and SB
(2.87+0.33) communities (ANOVA: P = 0.29). Statisli analysis showed differences
between the macrobenthic structure of the softetabnd AR communities (ANOSIM:

R =0.98; P = 0.01).
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Diet

The number of empty stomachs (33 out of 107) wag Ieflecting a low feeding
coefficient (30%) for this species. All remainintpmachs (74) with contents were
analysed: 11 in winter, 12 in spring, 25 in sumnagrl 26 in autumn. Most (80%) of
the sampled stomachs were reasonably full (50-&a%)Il (>75%). Most of the prey
items found in the stomachs (85%) were not yetslagkor just slightly digested, which
allowed their identification.

The diet ofD. sargus contains a wide variety of food items. In all, thga were
identified (Table 1). The most important taxonorgroups contributing td. sargus
diet (Q and IRI) were CrustaceBalanus amphitrite) and Gastropoda, witksibbula
spp. also important. Thosaxa live at the AR surface. Sandy seabed species alsoe
present in the stomachs (eRarvicardium scabrum and Cassidaria echinophora).
However, compared with the AR species, these specietributed less to the diet Df
sargus. Some algae that colonize the ARs, such (stoseira usneoides and
Rhodymenia holmesii, were also recorded in fish stomachs.Other plamitsch do not
colonize the AR, such aostera spp. andJlva lactuca, were also frequently present in
the stomachs. Bryozoans and hydrozoans, commonlgdfaat the AR, were also
observed in the stomachs. The burrowing polychdretegdora hoplura and tube-
building polychaeteéSerpula vermicularis, which is found in AR hard substrata, were
also being preyed upon. There were no significaasgnal differences in diet diversity

of the diet (Shannon-Wiener mean diversity: H'=4%8.76; ANOVA: P = 0.89).
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Table 1. List of the species found[n sargus stomachs. Plus signs indica#sa found
exclusively on AR hard substratum and minus sigmxa found exclusively on sandy
seabed. %N, mean numerical percentage; %W, meaerage by weight; %FO,

frequency of occurrence; Q, feeding coefficient; I, IRindex of relative

importance.
N W% FO% Q IRI
Anthozoa Actiniaria’ 0.72 0.36 4.05 0.26 4.38
Bivalvia Anomia ephippium” 096 0.11 27 0.1 289
Hiattela artica”’ 0.24 0.00 1.35 0.00 0.33
Lima lima’" 0.24 0.05 1.35 0.01 0.39
Parvicardiumscabrum™~ 0.24 0.00 1.35 0.00 0.33
Unidentified 0.72 0.00 4.05 0.00 2.93
Bryozoa’ 1.69 0.6 1216 1.01 27.82
Cephalopoda Sepia officinalis 0.48 1266 2.7 6.1 3553
Crustacea Amphipoda 0.96 0.00 2.7 0.00 2.61
Isopoda 0.24 0.00 1.35 0.00 0.33
Decapoda 0.24 112 135 0.27 1.84
Diogenes pugilator 0.72 0.26 1.35 0.19 1.32
Pagurus spp. 0.72 0.38 4.05 0.27 4.47
Necora puber” 1.2 161 6.76 1.93 18.99
Polybius henslowi 096 138 541 1.33 12.69
Goneplax rhomboides’ 12 237 6.76 2.86 24.18
Xanthus spp.” 0.24 0.05 135 0.01 04
Balanus amphitrite’ 18.31 2.54 17.57 46.53 366.35
Echinodermata Asteroidea 048 0.06 2.7 0.03 1.46
Echinoidea 241 1.22 12.16 2.94 44.17
Ophiuroidea 0.48 0.09 27 0.04 155
Porifera” 0.48 149 27 0.72 5.32
Foraminifera’ 0.24 0.00 2.7 0.00 0.65
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Table 1 (Cont.)List of the species found iD. sargus stomachs.

N W% FO% Q IRI

Gastropoda Cassidariaechinophora” 048 1.3 2.7 062 481
Cerithium vulgatum 048 007 27 004 15
Gibbula spp.” 40.24 9.65 12.16388.34606.79
Nassarium spp.” 217 0.15 6.76 0.32 15.67
Ocinebrina edwarsi - 0.24 0.00 1.35 0.00 0.33
Unidentified 265 0.38 12.161.01 36.88
Hydrozoa" 0.24 0.00 1.35 0.00 0.33
Nematoda 0.24 0.00 135 0.00 0.33
Osteichthyes Scomber japonicus” 0.24 15.11 1.35 3.64 20.74
Sparide& 024 126 135 03 203
Trachurus trachurus’ 024 11 135 026 181
Unidentified 0.24 385 135 0.93 5.53
Plantae Zostera marina 3.61 12.5320.27 45.29 327.25
Zostera noltii 145 164 8.11 237 25.00
Ulva lactuca 1.2 569 6.76 13.7293.23

Cystoseira usneoides’ 048 177 27 0.85 6.09
Rhodymenia holmesii* 2.89 3.13 16.229.05 97.63
Aphanocladia stichidosa® 0.48 0.24 27 0.12 1.96

Polychaeta Polydora hoplura® 0.24 0.00 1.35 0.00 0.33
Serpula vermicularis 0.72 0.02 4.05 0.01 3.01
Non-identified items 5.78 5.34 32.4330.91 360.91

Feeding dependence on ARs
Most taxa found in fish stomachs were also present at the @iRhe 3%axa identified
in stomach contents, 19 were found exclusivelhatAR, and just three from the sandy
surrounding area.

Diplodus sargus feeding dependence on the AR varied seasonalgu(&ila).
The number of items found in the diet was greatesummer (35 items). Prey items
were fewest in spring (11). However, neither theamaumber of items per stomach

(ANOVA: P = 0.15), nor the mean number of items glemach preyed on from the AR
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(ANOVA: P = 0.43) differed between seasons. Resiitsved that a high percentage of
items contributing to the diet d. sargus belong to the AR HS community. These
values were slightly higher during winter and sgr{i@4% and 79%, respectively) than
in summer and autumn (63% and 65%, respectivelyg. rest of the diet was items of
indeterminate origin, such as echinoderms and spebelonging to the sandy
macrobenthic community. However, differences betwibe mean percentages of items
present at the AR between seasons were not sigmiff@NOVA: P = 0.16).
The MDS analysis (Figure 1b) highlights the relasbip between the AR

macrobenthic community and. sargus diet. Three groups are clearly observed. The
diet items are grouped near the AR items, wheretidoettom items are isolated and

distant from the other two groups.

DISCUSSION

Our study was carried out in order to assess thmoitance of the macrobenthic
community of an AR to the diet d. sargus. One of the most important theoretical
questions arising from AR deployment is whetherdbetribution of the food available
at ARs (macrobenthic community production) leadsamoincrease in the biomass of
reef fish assemblages. The high FOf sargus denoted reef fidelity, confirming
previous results (Santcst al. 2005), which categorized the species as residdrd.
absence of juveniles at the AR was not a surpbseause it is known that juveniles
prefer shallow rocky areas near the coast and enRia Formosa coastal lagoon, an
important nursery area for the species, with higlenile abundance (Montei al.
1990). Additionally, recently tagged, reared, sdifaD. sargus released at the same
AR have been recaptured in coastal shallow waterggaghe south coast and in the Ria

Formosa lagoon (Santesal. 2006).
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Figure 1. (a) Relative contribution of the differéiems (based on the number) found in
D. sargus stomachs by season: AR, artificial reef speci&;sandy seabed species; U,
unidentified species; 10, species of indetermiraigin. (b) MDS ordination inferred
from the macrobenthic communities from the AR and@inding soft bottom, as well

as from the diet oD. sargus. Filled circles - soft seabed species; trianglestificial

reef species; squares - diet.
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Our results suggest thBt sargus benefits from ARSs, using them as areas where i®od
plentiful. In fact, most of the prey we found beajoto the AR benthic community. This
highlights the importance f@. sargus of artificial habitats, which in this case cover a
area of 12.21 km2, at depths ranging from 17 tan24n a 36 km2 zone where natural
reefs are scarce (occupying just 2.7 km2). Moreothex stomach vacuity index was
low, with the fullness and digestion levels showihgt most stomachs were almost full
and that feeding activity was recent. The AR’s dbation to the diet oD. sargus was
mainly through crustaceans, barnaclBs gmphitrite), and gastropod<{bbula spp.),
which were the dominant food items found in thensiohs. The presence of some
polychaetes K. hoplura and S. vermicularis) in the stomachs demonstrates that fish
forage over hard substrata, because those spe@esommon in artificial habitats
(Boaventuraet al. 2006).Diplodus sargus also feeds on algae which grow on AR hard
substrata (e.gR. holmesii), and on seaweeds (e4pstera noltii) that are brought by
currents and deposited on the AR blocks. Our resliow thaD. sargus takes a wide
variety of prey, as reported previously by Figuearest al. (2005). Those authors
classifiedD. sargus as a generalist, opportunistic, and remarkablyieonaus species.
In contrast to our results, Pepeal. (1998) showed that the diet Bf. sargus was
mainly sandy macrobenthic species of bivalves,rgpstls, and echinoderms. However,
the ARs of the area of that study (northwestermSittaly) are located close to a field
of sea grass@ymodocea nodosa), which was the main food item found in the fish
stomachs. According to Pepeal. (1998), the AR was more important as a refuga tha
as a feeding area. Nonetheless, Hueckel and Bu¢k@87) showed that while fish may
initially come to an AR for shelter or orientatiaiey soon become foragers on reef-
produced itemsDiplodus sargus is able to take advantage of the environments they

colonize/inhabit. Therefore, as suggested by Baladd Drake (2002), feeding on AR
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macrofauna can be, among other reasons, a congeqatthe available macrobenthic
community rather than a feeding preference. Theomapce of ARs for fish diet has
also been recorded in other studies (DonaldsonCGladijo 1994; Pike and Lindquist
1994).Diplodus annularis depends on AR fauna because the dominant prey ierme
crustaceans, amphipods, and decapods belongirtietdR community (Relingt al.
2002). Pepet al. (1996) found that serpulid polychaetes were tlostnmportant prey
of D. wulgaris foraging over AR HS.

According to Bohnsack's (1989) predictions, the nféss production and
catches will increase as some function of the amainAR material deployment.
However, AR maturity and production is not immedjand a lag before significant AR
production and consequently fishery enhancemenb ibe expected. Hueckel and
Buckley (1987) found that as an AR ages, food mnesmuand predator populations
associated with the reef also increase. When vedligthed, located and constructed,
with an adequate quantity of stable and durablestsatinm, man-made reefs can, in
theory, be equally as productive as naturally awegrhard-subtrata habitats, limited
only by the lifespan of the materials utilized heir construction. Given the material
used in the construction of the Algarve ARs, theidtres in place could remain
productive for several hundred years. Thereforepragrthe potential benefits of these
man-made reefs, is enhancement of the availalfifypod for many years. Steimks
al. (2002) reported the importance of habitat AR gdlw enhance benthic productivity.
This is also the case for the Algarve coast, foictvhit has been shown that ARs
contribute to the increase of local biological progon (Boaventurat al. 2006; Moura
et al. 2006).

We have demonstrated tHat sargus uses the available biomass produced at the

AR as food. Therefore, energy is transferred fromAR to the fish, and is used for fish
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growth, movement, and reproduction. Becaus®.ofargus reef fidelity and the large
size of the Algarve artificial habitats (coveringora than 47 ki), it is reasonable to
expect that these man-made structures will enh#imedocal fishery. Hopefully, this
predicted enhancement of tie sargus fishery will be confirmed in future through

analysis of the evolution of the landings.
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ABSTRACT

There is a concern that artificial reefs (AR) magt purely as fishing aggregation
devices. Predators attracted to ARs can influehedlistribution and abundance of prey
fish species. Btermining the role of predators in AR is important advancing
understanding of community interactions. This pajmauments the effects of predation
on fish assemblages of AR located near a coas@gbota fish nursery The
Dicentrarchus labrax is a very opportunistic species preying on juven{0 and I age
classes) of several demersal fish species on tre RBef prey and sea bass abundance
were negatively correlated. The mean numbers of pee sea bass stomach increased
with the increase of reef fish prey abundance, ssigog that predation has a significant
influence, resulting in a decrease in prey abunelaRcey mortality (4 to 48%) of
demersal reef fish associated species depemddass density. Prey selection was
related both with prey abundance and vulnerabiResults showed thdd. labrax
predation on AR-fish associated species can inerpesy natural mortality. However,
the role of bass predation on the ecological fumitig of exploited ARs is not clear.
There may be increases in local fishing yields diilber to an increase in predator
biomass through aggregation of sea bass attragt@dRs or to greater production. In
contrast, predation on juveniles of economicallpamant reef fish preys, especially the
most frequent and abundaB®opps boops), can contribute to a decrease in recruitment
to the fishery. Our results indicate that interespe interactions (predator-prey) are
important in terms of conservation and managenaniyell as for the evaluation of the
long-term effects of reef deployment. Thus, it isc@ssary to consider ecological
interactions, such as predation, prior to the dgwelent and deployment of artificial

habitats as a tool for rehabilitation.
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INTRODUCTION

Populations of marine fishes are often charactdribg dramatic fluctuations in
abundance. However, the causes of such variatiendifficult to measure and quantify
due to the different scale effects that natural amithropogenic factors may have on the
ecosystem. Most of the studies at the ecologieal l® date have directly or indirectly
concerned the question of whether reef fish assageblare structured by competition
or recruitment limitations (Hixon 1991). The debatacerning the dynamics of reef
fish populations has centred on the relative cbatidns of density-independent factors
acting during larval dispersal and density-depehgeocesses following the larval
stage (Hixonet al. 2002; Hixon and Webster 2002). Although a growmmgnber of
field studies have documented density-dependentalitgrin reef fish populations
(Hixon and Webster 2002; Hixon and Jones 2005 fewr studies have identified the
actual mechanisms and conditions responsible &setipatterns (Hixon and Carr 1997;
Forrester and Steele 2000; Anderson 2001).

Abrams (1987) demonstrated that the interactionvéen prey and predator
species could be positive, negative or neutraleddmg on the population dynamics of
the predator and prey species involved. The idaafish predation can strongly affect
the distribution and the abundance of prey spegittBn a community is a central tenet
of modern ecology (Hixon and Beets 1993). It ieonfhypothesised that predation can
significantly reduce the abundance of juvenile fettracted to reefs for refuge or
feeding, and this may lead to a reduction of tbialnass (Hixon 1991; Stewart and
Jones 2001; Stewart and Connell 2002). Howevedegwe of predation and its direct
effects is difficult to obtain in most systems.

Artificial reefs (AR) are deployed worldwide withraumber of goals, including

the mitigation of habitat (coral reefs) loss, erdeanent of fish and bivalve catches
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(Bohnsack and Sutherland 1985; Monteiro and Sag@@®), and habitat protection
(Bayle-Semperet al. 1994). Since ARs are very efficient aggregatmoid (Bohnsack
and Sutherland 1985; Polovina 1991), there is a@wonthat greater natural mortality of
prey may result from high concentration of predat&redation may play an important
role in artificial habitats, with the structure ofie food web controlled by the
biodiversity within the system and/or by top predsat(top-down control). Although
predation was proposed as an important structdacigr in the 1970s (Hixon 1991), it
has received little attention as far as AR studiesconcerned. From both management
and biological perspectives it is necessary to idenghe secondary/indirect effects of
predation on the environment, prior to the develepnof artificial habitats as a tool for
rehabilitation.

Most fish predation studies in reefs have focusegmdator-prey relationships
between resident predator and prey species andoldeof reefs in providing shelter
from predation (Shulman 1985a,b; Hixon and Bett8931 Hixon and Jones 2005).
However, few studies have examined the influenc&asfsient predators on reef fish
assemblages, mainly because of the difficulty iseasing predator pressure of this
nature (Carr and Hixon 1995).

Dicentrarchus labrax Linnaeus (common sea bass), an important transient
predator that had rarely been observed on the A&Br{deployed in 1990) in the fifteen
years following deployment (Santekal. 1995a; Santoet al. 2005) has been recorded
frequently and abundantly since the enlargemerthefartificial reef system in 2002
(Leitdoet al. 2008).

Given the lack of resident piscivores and the damae of the sea bass in terms
of biomass on the reefs (Leit@ al. 2008), it was hypothesized that this transient

predator could have a significant impact on AR @pgcies. Predator density may lead
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to increased consumption of prey as a result oenpoedators consuming more prey in
total. It has been recognized that piscivorous gy fish species are more likely to
respond to larger aggregations of prey (Stewart Jorees 2001; Connell 2002). This
may cause an increase in the proportional mortalftyaggregated prey, since the
predators may feed at a greater rate (Connell 2@ihnell 2002).Such feeding
behaviour may not only destroy the protection aféat to fish in larger schools, but it
may also cause greater per capita mortality inelargchools (density-dependent
mortality), consequently resulting in the reductiminprey abundance (Connell 2000;
Stewart and Jones 2001). More directly, inversatiaiships have been noted between
the local abundances of prey fish and residentymees in natural rocky and coral reef
areas (Shulmaet al. 1983; Shulman 1985a, b; Hixon and Beets 1989pHRiand Beets
1993; Overholtzer-McLeod 2006; Johnson 2006).

This paper documents the effects of predation mcairing AR reef fish
assemblagesWe tested whetheD. labrax (top predator) affects the structure of
demersal artificial reef fish assemblages. Firstlg, evaluate the relationship between
predator and prey abundances. Secondly, we qudah&fmumber of prey consumed by
the predator when prey numbers varied. Third, tifleience of predator abundance on

prey mortality was studied. Finall\he question of predator preferences was examined.

MATERIAL AND METHODS

Study area

In the south coast of Portugal (Algarve) multi-pasp ARs have been constructed and
deployed since 1990. Their deployment aimed toemse the amount of hard bottom
habitat, which is scarce on the southern groundsprovide suitable habitat and

protection for juvenile fish that annually migrdtem the lagoon systems located along
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the southern coast, to promote biodiversity animh¢oease fishing yields (Monteiro and
Santos 2000).

The sampling site chosen for this study was the/Raicao artificial reef system
(Lat 36° 59.25"; Long 8° 00.43") 4km off the RiarRosa lagoon, an important nursery
area (160 krf) that supplies juvenile fishes to nearby coastalers (Figure 1). Four
AR groups were surveyed, specifically ERd FP3,3p 0 FP5apcand FP% . deployed
in 1990 off Faro beach (Algarve, Southern Portugad)clean sandy grounds (few
natural rocky areas nearby) at depths of approxiya?l-23m. These ARs, were
selected since we assume that they have beenchiliyiized by reef fish assemblages
(Santoset al. 2005). Given the distance between reef groups Qm30these were
considered to be independent sampling locationeh Eatificial reef group comprises
three reefs sets, with 35 concrete cubic units ,eaajanized in a two-layer pyramid
(Figure 1).Each reef set occupies an area of approximatelyni8@rresponding to

529n7 in water volume (Santos 1997).

M ethodology
The understanding of the trophic relationship betw#eD.labrax and the AR fishes
necessarily requires knowledge afanges in predator and prey abundanithin the
AR andthe diet of the predator.

To characterise predator-prey assembkgendance changes, a long-term study
(from August 2003 to September 2004) using viswaisases was carried out on a
monthly basis. Data were recorded by scuba divérs @ocumented size, density and
behaviour (feeding and site fidelity of the spegidfe stationary point count technique
as described by Santas al. (2005) was used. The data were recorded with an

underwater writing pad, always by the same diver.
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Figure 1. Algarve artificial reef complex, studyesi.e Faro/Ancdo AR system (large
triangles are AR groups where data were collectibe) reef modules and their spatial

and structural organization.

During each trial the diver sampled all three reetls of each reef group. In each reef
set, three independent random counts where castiedAs daily variation of reef fish
fauna is found in these ARs (Santesal. 2002), the visual censuses were always

carried out between 9:00 and 12:00AM and underlairtide conditions.
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Sea bass specimens were collected by spear fisieiry month from October
2003 to September 2004, except for February dueugh sea conditions. This method
increases the probability of prey identificatiordaguarantees that fish were colleted in
the AR. In order to associate predators with prdiet], sea bass were caught
immediately after the census by a second divercenog onboard placed in ice in order
to stop digestion. At the laboratory total lengtheach specimen was recorded (cm).
After removal, the stomachs were fixed in a 4% faldehyde solution during 48 hours.
After washing with running water, stomach contentse sorted under a stereoscopic
lens. All prey items were separatedthyon, counted and weighed to the nearest 0.01g.
Depending on the state of digestion, prey itemsewaentified to the lowest possible

taxonomic level.

Statistical analysis

Species with high site fidelity, such as cryptiaaedentary species, which generally
take a stationary position in the AR or on the dmttaround it, were defined as
residents (e.g. Blenniidae) and species that dasinelter in AR units and that show a
swarming response to the reef, (€Bgops boops) upon the approach of piscivores or
divers were designated as reef associated sp&ae$.associated species are those that
occurred within a distance of approximately 1.5mthe reef as recorded during the

visual censuses.

Stomach content analysis
The frequency of occurrence (FO), calculated aseecgmtage of the number of
stomachs with prey divided by the number of storsaglth items, and the percentage

in number (%N) and weight (%W) (Hyslop 1980) wesed to assess diet composition
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of the sea bass. The most important food items wetermined using the feeding
coefficient (Q = %N x %W), which characterizes thelative importance of the
different preys in a diet (Hureau 1970). Using Qeypwere separated into three
categories (principal prey, Q > 200; secondary p28y< Q <200; Occasional prey, Q <
20). The index of relative importance (IRI) (Pinkasl. 1971) was also estimated, IRI
= (%N + %W) x FO). The measurement of the stomadhndss (Full stomach 75%;
Quite full 50 — 74.9%; Half-full 25 — 49.9%; Almostnpty 5 - 24.9%; Empty 0 — 4.9%)
and prey digestion state was carried out accordingsigurdsson and Astthorsson
(1991). Predation (%) was calculated based on nmdtta as the number of times sea
bass fed on AR fish prey species, when both ses basl prey species were
simultaneously observed in the AR group reef Be¢dation validation was made in the
laboratory after checking if predators had the mpgcies observed in the AR in their

stomachs.

Predator - prey relationships
Several hypotheses concerning prey-predator rekdips were tested based on the
visual census and stomach content data, and tlienpien that there are no resident
AR piscivores:
1) The first approach examined the relationshige/éen prey and predator abundances
(Hypothesis I):
Ho: there is no relationship between sea bass mydgbundances
Ha: there is a relationship between sea bass andapraydances
The relationships between predator and prey abuedanere analysed through

Spearman correlations (Zar 1993). If predatiomésgredominant process regulating the

number of reef-associated prey, then there shaald hegative correlation between the
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mean number of predators and the mean number §f pee reef averaged over all
censuses. Mean density of b@ihlabrax andthe reef prey species found in the stomach
contents of the sea bass were calculated by aweragonthly reef set data counts.
Given that the data were based on visual censusoagta probability level = 0.1 was
used in all analyses in order not to reject the mgbothesis when this is true (Type Il
error).
2) The second approach was to quantify the numb@rey consumed (diet) by the
predator when AR prey numbers variétypothesis Il):
Ho: There is no relationship between the numbenswmed and the number of
prey available
Ha: There is a relationship between the numbers coadwand the number of
prey available
Visual census data and stomach data were useden tr evaluate if predation is
influenced by the abundance of the AR availabléfiske prey. Regression analysis was
carried out between mean reef set prey abundameageh (independent variable) and
the mean number of preys per stomach.
3) If bass predation influences the number of essfociated prey-fish, then there
should be a positive relationship between the meamber of predators and the
mortality of prey (Hypothesis Ill):
Ho: There is no relationship between prey mortabiyd the number of
predators.
Ha: There is a relationship between prey mortalitgt #tre number of predators

Prey mortality, M(%), was estimated as follows:

M (%) = (CN /TN;) * 100 egn. 1
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where, CN is the number of prey consumed, calculated as the product of the mean
number of prey i per bass stomac{) éad the total number of bass (b) observed on the
reef (CN = a * b), and TN is the estimated total number of prey specas the reef,
that is calculated as the sum of the estimated totaber of preyi consumed on the
reef and the number of specie®n the reef estimated by visual census. Given the
condition of the prey species in the bass stomatisassumed that predation is recent
and took place at the reef where the prey and poedspecies were quantified.
Regressions were carried out between the monthdy prortality (%) and predator
mean monthly abundance per reef set.
4) Finally, he question of predator preferences was examinggofHesis IV):

Ho: The bass has no preference

Ha: The bass is a selective feeder

Ivlev's index (lvlev 1961) was used as a measumaedftivity (E) for the reef fish
species in the fish diet: E =ifd p)/(di + p) where dis the % of food item in the diet,
and pis the % of food item in the environment. The médev's electivity index, and
standard deviation, was calculating using monthdyad Values of Ivlev's electivity
index range from —1.00 (complete avoidance) to @-X#Xclusive selection). The p
contribution of the different fish prey items iretlhR was estimated. This was possible
because visual census observations were carrieanoathly for the whole reef fish
assemblage. Nevertheless, considering the aimeoéttidy, only information regarding

fish species was used in electivity index estinmatio
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RESULTS

Predator Diet

A total of 74 sea bass specimens were caught, ¢eimypr6 males, 26 females and 2 of
undetermined sex. Their total lengths ranged fr@ad374.2cm, with a mean value of
47.1+ 10cm.

A total of 17 stomachs (23%) were empty. A total42 prey items were found
and identified in the remaining stomachs (57). Tinean number of items found per
stomach was 2.5. Full stomachs and quite full sthmaepresented 5% and 36%,
respectively. The remaining stomachs sampled wedé fall and almost empty,
representing 33% and 26%, respectively. The mgjaftpreys found in the stomach
contents were very easy to identify (69%), haviegrbrecently ingested or showing an
early phase of digestion. In fact, of the abovepproon 31% of the items were
assigned as non-digested (partially intact itemsl) 28% as slightly digested.

Sea bass diet was composed of a low variety ofl fatems, including
crustaceans, gastropods and finfish (Table 1). t&ceans and fishes were the items
contributing most to the sea bass diet, as fahasiumber (N%) and weight (W%) of
prey is concerned (Table 1).

The most important taxonomic groups (Q and IRI)tabating to the sea bass
diet were the craPolybius henslowi Leach (principal prey) and several reef associated
demersal fish species. The latter incluBeops boops Linnaeus (principal prey),
Pagellus acarne Risso andScomber japonicus Houthuym (secondary preys)and
Trachurus trachurus Linnaeus (occasional preys). The bass diet alslodes resident
species belonging to the Blenniidae family (ocaaaiopreys). Moreover, stomach
content of sea bass also revealed hard reef atsb@pecies such ddecora puber

Linnaeus (Table 1). However, the most frequentlgenbed items wer8. boops, S
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japonicus andP. acarne. The most important prey in numbers (N%) wBréoops and
S japonicus (Table 1), with the latter having a greater mesngth (Table 2) and thus

contributing more in weight (W%) to predator dieam the other fish species (Table 1).

Table 1. Diet composition of the predatddigentrachus labrax). %N — numeric
percentage; %W- weight percentage; FO - frequearfcyccurrence; Q - feeding

coefficient; IRI - index of relative importance.

Taxa N% W% FO Q IRI
Crustacea
Amphipoda 1.43 0.00 2.33 0.00 3.32
Necora puber 2.86 0.87 4.65 2.48 17.33
Polybius hensl owi 44.29 48.25 18.60 2136.68721.54

Total 48.57 49.12 25.58 2385.62498.97

Gastropoda
Unidentified 2.86 2.73 4.65 7.81 26.00
Osteichthyes
Boops boops 24.29 19.33 37.21 469.34 1622.76
Blenniidae 5.71 0.25 2.33 1.42 13.87
Pagellus acarne 4.29 7.10 6.98 30.44 79.46
Scomber japonicus 10.00 19.30 6.25 19298 183.11
Trachurus trachurus 2.86 2.17 6.98 6.19 35.05
Total 47.14 48.14 67.44 2269.55426.13
Algae
Unidentified 1.43 0.01 2.33 1.42 3.35
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Prey-predator behaviour

In situ observations found that sea bass swims both aranddn the inner part of the
AR (top, middle and bottom layers of the AR). Itat®n to reef fidelity the sea bass
was categorized as a transient species. Althougjls¢h bass was observed entering the
ARs to avoid divers, they usually leave after S0teinutes, probably due to the stress
induced by the presence of the divers.

All the associated reef fish species found in tba Bass stomachs, except the
blennies (resident species) were demersal (midrivaeecies. These prey species
showed a relatively wide home range, moving througlthe external reef area, in the
middle and top layers. When disturbed by diverdowrthe presence of the sea bass,

these species never take refuge within the ARs.

Predator - prey assemblage structure and variationsin abundance
The frequency of occurrence of sea bass was higto)8vith a mean number of 55
individuals per reef set and a mean total lengilsscbf 40cm that was slightly above the
size at first maturity (Table 2). The most frequgiccurring prey species found in the
ARs wereB. boops and blennies, with bottaxa being observed in all counts (Table 2).
The frequency of occurrence & acarne was also high, 54% (Table 2), while
trachurus andS japonicus showed a lower frequency of occurrence.

In terms of abundance, the most important specesBwboops, followed by the
blennies and. acarne (Table 2). Both the mean and maximum length otiathersal
reef fish species found in sea bass stomach wéve ltleeir size at first maturity (Table

2).
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Table 2. General information regarding the predéocentrachus labrax) and reef fish preys. FO - Frequency of occurreMegn (+ standard
deviation) and maximum (Max) species abundancer(difiduals per reef). ML — mean total length; t'¥at - size at first maturity (reference
between brackets); M — range of prey percentageatitgr Juvenile -percentage of juveniles. Predatigpercentage of timd3. labrax forage

upon available preys; E - Ivlev electivity indexafsdard deviation).

Abundancé  ML® L-1st-Mat M Juvenile Predation E
FO Mean Max  (cm) (%) (%) (%)

Dicentrarchuslabrax 86 55+24 264 40+3 38.5 (Farrugio and Le Co@&6) 56
Boops boops 100 499 +367 1266 6=x3 15.7 (Monteiret al. 2006) 4-38 99.7 73 + 0.38(0.20)
Pagellus acarne 54 74+ 16 388 102 21 (Santsal. 1995b) 7-48 100 43 + 0.29(0.36)
Scomber japonicus 25 46x92 269 21+3 31 (Anon. unpublished) 12 4 100 50 + 0.09(0.10)
Trachurustrachurus 29 54+101 318 12 +222 (Borges and Gordo unpublished) 252 36 100 75 - 0.07(0.03)
Blenniidae 100 76 £21 678 6=*2 - - - 9 -0.18

Total prey - 749 + 493 2242 - 7-2% - 90

4Based on the range of monthly mean mortality estona (just for demersal reef associated species)
Based on regression analysis (just for demerstbsseciated species)
¢ Based on visual census.
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Predator - prey abundance variation

The monthly variations in abundance of sea bassraatl fish prey found in bass
stomachs are shown in Figure 2. High abundanceB. dfbrax per reef set occur
between December and February. High densitieB. doops were found in May and
August, with low values in February and March. Hidénsities ofP. acarne were
observed in April and Mayf. trachurus was only observed between February and June,
with high abundances recorded in May and J@8nj@ponicus was recorded in April and
later again between July and September when aboedaas high. High overall prey
abundances were recorded between April and May4({2@@d the lowest between
January and March (2004). The mean number of tptaly available was 749

individuals per reef set (Table 2).

Predator - prey relationships

The highest abundances Bf labrax were recorded when the total abundance of preys
was below their mean abundance value (Figure 2leT2b In contrast, highest total
prey values were recorded from April to July whiee humbers of sea bass were below
the mean. Relationships between prey-predator amoedshowed negative correlations
betweenD. labrax abundance and botB. boops (r = -0.6; P=0.03; df= 13) anBg.
acarne (r = -0.5; P = 0.09; df= 6). Negative correlatidretweerD. |labrax abundances
and both the latter prey species abundance suggestspredation affects prey
abundance (Hypothesis I). However, correlationsvbeh sea bass and b&hscomber

(r = -0.3; P = 0.33; df= 3) and. trachurus (r = 0.1; P = 0.77; df= 4) were not
statistically significant. Nevertheless, a stromgative correlation was observed (r = -

0.6; P = 0.03; df= 13) between sea bass and te&dl prey species abundance,
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suggesting that sea bass predation significanfgctsf the abundance of AR demersal

prey.
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Figure 2. A - Monthly density variation d@. labrax (predator),B. boops (principal
prey) and overall reef fish preys. B - Mean abuméaaf the other prey specieB. (
acarne, S. japonicus, T. trachurus and Blenniidae)Filled circle (o) represent the

presence of a given prey in sea bass stomachgivea month.
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The relationships between the number of each pegiss per sea bass stomach
and prey abundance (Hypothesis Il) is shown in feigB. There was a significant
relationship between consumption and abundancea\ailability) of B. boops (P =
0.04; df= 10) andr. trachurus (R*. yachurus = 0.56, R yrachurus = 0.02; df= 3). ForS
japonicus (R japonicus = 0.42, R japonicus = 0.15; df= 3) andP. acarne (R, acame = 0.05,

Pp. acarme = 0.9; df= 6) the relationships were not significaA significant positive
relationship between consumption and overall pteyndance was found (P = 0.01; df=
10; Figure 3B). These results suggest that for khgmis I, the null hypothesis can be
rejected and we can conclude that there is a oelkstip between prey abundance and
predation by sea bass on the artificial reefs.

Independently of the monthly availability of preyoundance (Figure 2),
predation on reef fish species occurred every maonith the exception of July when all
reef fish prey species were absent from the bas ldowever, in the latter month the
overall abundance of fish reef species was very (Bigure 2). Nonetheless, overall
predation occurred 90% of the times that both sassband prey species were
simultaneously observed in the AR (Table 2; Fig@je Predation was high for.
trachurus (75%) andB. boops (73%), but lower folS. japonicus (50%)andP. acarne
(43%) (Table 2)It is worth noting that although several AR figiesies were available
to D. labrax, it preferentially fed orB. boops, that was the only prey species that was
always available on the ARs (Table 2). Indeed, tiespther prey species being
available in the AR, they were not always eatentlm®y sea bass (e.§. acarne in
January, May and June). In November and Decemhfnugh S. japonicus was not

observed in the AR, it was found in the bass stdmac
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Figure 3. Predator-prey relationship between thaber of individuals (A foB. boops
and B for total demersal reef fish associated ppacies) found per sea bass stomach as

a function of prey abundance on the reef.

A positive relationship (Hypothesis Ill) was foubétweenB. boops mortality
and bass abundance (P = 0.07; df= 10, Figure 4A). the remaining species,
relationships were not significant. Nevertheless, stong significant positive

relationship (P = 0.03; df= 10) was also found lestw predator abundance and overall
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prey mortality (Figure 4B). Therefore, we rejece thull hypothesis and accept that
predation abundance affects prey mortality. Preytality depends on bass abundance.
For instance, the highest number of preys availalale recorded in May but mortality
was low as bass abundance was low. In April bassnddnce was high and
consequently mortality increased (Figure 3 and@yerall demersal prey mortality
varied between 7 and 25 %. However, the maximumatityr value was high>35%)

for all prey species (Table 2). In June mortalitgsvexclusively off. trachurus (36%)
that was the most abundant species. In Octoberafitprivas exclusively oP. acarne
(48%).

Ivlev's electivity index denotes high positive digity values for B. boops,
indicating bass prey selective preference (exciuselection) on the latter species
(Table 2) The Ivlev electivity index was also positive #racarne. However, deviance
values forP. acarne andS. scomber allow the predator to be categorized as being both
selective and with no preference for these spddiable 2). The electivity values and
associated deviance Totrachurus (Line 481) suggested little or no bass preferdaoce
this species. The electivity value was negativthecase of the blennies, meaning that
bass do not forage on this resident reef fish gr@gmsidering Ivlev’s electivity index,
and respective associated deviances, it is podsildtate that the feeding preference of
sea bass is affected by the available abundanderérsal reef species, such asBhe
boops and P. acarne that were the reef fish species that contributexstnto theD.
labrax diet. Considering Ivlev's index (Table 2) and b&@hand IRI (Table 1) for
hypothesis VI, the tentative conclusion is that thess is selective. However, this

preference was strongly affected by the abundahtteeavailable prey (see Hypothesis

1.
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Figure 4. Prey percent mortality (M%), Brboops (A) and for all demersal (B) reef

fish associated prey species, as a function ofitileber of predators.

DISCUSSION

The effect of predation by piscivores in AR fishsasblages is poorly known.

Nonetheless, in coral reef areas (Hixon and Bdi®#&3; Hixon and Jones 2005), rocky

intertidal (Sihet al. 1985; Connell 2002Johnson 2006) and freshwater systems (Zaret
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1980) it has been shown that predation can hawgnéisant effect on the distribution
and abundance of prey fish species within a comipu@ur study showed thdd.
labrax, a transient predator, feeds on juvenile demesgaties, such a8. boops, T.
trachurus, P. acarne andS. japonicus, which are attracted to the ARs. These species are
among the most abundant in ARs (Santos 1997; Sahtals 2005). Moreover, they
occasionally also feed on some resident fish spefiielonging to the Blenniidae
family) and hard reef macrobenthic species suclN.aguber, a common species in
Algarve ARs(Leitdo et al. 2007). Other studies also found several finfighcges D.
labrax (cannibalism),Pomatoschistus spp., Sprattus sprattus, Atherina boyeri) and a

variety of macrozoobenthos species in the sea diasghttp://www.fishbase.ojg In

the present study, demersal reef fish prey spegdes found in the stomach of sea bass
in almost all months and in addition, predationtotal reef fish prey items occurred
90% of the time. It seems that the sea bass igyaomportunistic species that takes
advantage of the overwhelming concentration/agdi@geof small fish attracted to
ARs. The number of empty stomachs was low, withpitesy digestion level indicating
that feeding activity was recent, probably durihg early morning hours.

The idea that fish predation is strongly influenceg prey abundance is
highlighted in many studies (Hixon and Carr 199%w&rt and Jones 2001; Connell
2002). Connell (2000) discovered that larger schawl fish suffer greater rates of
mortality, a direct challenge to the idea of saietpumbers. A similar phenomenon
may also occur in the Algarve ARs with sea basslatien on juvenile (Oand I age
classes) demersal reef species, especially on thioste were recorded in high
abundances and frequency of occurrence, sudB. &sops and P. acarne. Carr and
Hixon (1995) observed that the low survivorship-88%) of new recruits on reefs

where resident predators had been removed may éeadtransient predators (e.g.
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jacks, Carangidae). The influence of predation arlyejuveniles of commercially
valuable species, such as sea bass, was obsercadde density-dependent mortality
(Laffaille et al. 2000). In fact, in our study a negative correlativas found between
total demersal AR prey abundance and the sea lbaslsems, suggesting that predation
can influence prey abundance (Hypothesis I). Mogeathe mean numbers of prey per
sea bass stomach increased with the demersalisbgirey abundance (Hypothesis II)
and higher predator density caused higher mortalitgemersal reef fish associated
species (Hypothesis IlI).

Understanding natural causes of density dependsnessential for identifying
possible sources of population regulation (Hixo®1)9 Hixon and Beets (1993) found
that reef associated piscivores do not always obitthe number of co-occurring fish
prey, but rather set the upper limit to the numtefish prey that occupy a reef. On
some reefs, where predator numbers were high ather lauthors showed that average
abundance of prey decreases over time as predatwease. Moreover, in the same
study the authors reported that there was a clegative correlation between predator
numbers and prey abundance. Nevertheless, theydeoed these relationships causal
and explained the results by the rapid consumptiorecruited cohorts on reefs by
resident piscivores, with predation occasionallgclly observed. Herrer al. (2002)
observed that some piscivore species were chiefipansible for controlling AR fish
productivity. The authors report that the seasaralval of dense schools of small
pelagic species seems to attract piscivores froensindy bottom biotope with 1-2
months time lag.

The hypothetical estimates of mortality bridge twnceptual link between
density and loss of prey at varying predator dgndihe issue of whether predator

aggregation is strong enough to cause proportipgatiater predator-driven declines as
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prey abundance increase is fundamental to the poneok artificial habitats fish
assemblage regulation. Results showed that presucoption was dependent on prey
abundance and that mortality increase with basaddnce. Predators often account for
a large fraction of mortality (e.g. Carr and Hixd895; Connell 1997; Hixon and Carr
1997; Forrester and Steele 2000) and predator impzan be reduced by habitat
manipulations that increase the availability oflsdrefor prey or reduce prey encounter
rates with predators (Anderson 2001, and referetie@gin; Forrester and Steele 2004;
Overholtzer-McLeod 2006).

The deployment of ARs in the Algarve may contribtean increase in the
natural mortality of juvenile, or young of the yedemersal reef prey associated species
by facilitating predator-prey interactions. In tisitidy prey mortality varied between 4
and 48% and may be particularly high36%) for all prey species. When properly
designed, located and constructed, with an adecmaatity of stable and durable
substrate, man-made reefs can, in theory, be goamlbroductive as naturally occurring
hard-bottom habitats, limited only by the life-spainthe materials utilized. Given the
material used in the construction of the AlgarvesARhe structures in place could
favour prey-predator encounters for the next sévewadred years. Given the large
number of ARs in Algarve waters (588 AR sets, 20880s), constituting the largest
complex of this type in European waters, the piedabf bass on aggregations of
juveniles could have a cumulative effect on logalypopulations, especially those with
high frequency of occurrence, abundance and ttitgrduigher mortalities on AR (e.g.
B. boops). Thomas (1974) showed that fishes decreasertbarldistance travelled after
successfully discovering food and increased itrafggecting a food item. This
behaviour facilitates avoiding the unproductiveafging areas, increasing the changes

of discovering productive areas, and remaininghi@ proximity of discovered food.
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Optimal foraging theory (reviewed by Krebs 1978rtH86) could also be applied to
movements of bass between reefs. Predators areteaeto distribute themselves and
to move between reefs so as to maximize net engagy. Therefore fishes should
distribute between reefs according to reef proiiitsh Theories of “marginal value”
(Hart 1986) and “giving up time” (Krebs 1978) preidihat predators should leave a reef
when the energy yield from food resources is reduoe certain level. Foragers should
spend more time at reefs with abundant food ressutban at reefs with low food
availability.

Results showed that predation was the primary cafsedensity-related
mortality. Nevertheless, prey mortalities rangesiderably according to bass density.
Rather than density-dependence, 'density-vagudategu (Sale and Tolimieri 2000;
Strong 1986) may be more useful for explaining @asslation/mortality on ARs. The
“density-vague” approach to population regulati@tagnizes that the influence of
density is weak if present over a broad range obidies and that variation within this
range is caused by other factors (Strong 1986).

Some AR species were not always present in the dassThis may be related
to predator feeding preference. Indeed, althougly pelection was strongly affected by
the abundance of some prd& boops) our results (Hypothesis 1V) suggest that the bass
is selective. Nevertheless, for less frequent dndhdant prey the variability in Ivlev's
index allows bass to be categorized as either tbedear with no preferencd”( acarne;

S japonicus) or exclusive avoidance and no preferenter@churus). This means that
in the presence of several fish prey species, femsd preferentially on the more
abundant prey species. The concept of accessifigv 1961) or vulnerability (Lewis

and Helms 1964) of prey has important implicatidos understanding resource

utilization by predators. Lewis and Helmes (196@)posed that the vulnerability of the

101



Chapter 4 Fish predation in acidl habitats

prey was more important than morphological and bel@al characteristics of the
predator, while Diggingt al. (1979), suggest that both prey density and valnéty
are of importance in predator selection. Ivlev'®cévity index denoted positive
electivity for B. boops andP. acarne, no preference fo®. japonicus andT. trachurus
and almost a complete avoidance for blennies. Tigare AR sets are composed of
open cubic concrete reef modules of low complehétérogeneity that provide
relatively few refuges for blennies. Nevertheléksy are not very vulnerable to bass as
they take refuge in the concavities (authors’ peatobservation) provided by the AR
macrobenthic community (e.g. dead oyster sheligyamans, etc.).

Hixon and Beets (1993) established refuge from gred as an important
function of reef fish structure. Bayle-Sempesteal. (2001) showed that the small
number of recruits in large volume ARs might beoaggted to predation by larger
fishes, since predators have a greater abilityapdwre prey in low structural complexity
artificial habitats. Indeed, juveniles of the desarspecies such & boops and P.
acarne, that are highly vulnerable to sea bass predationnot use ARs to avoid
predation. However, it is worth noting that for logipesis Il and Ill significant results
were observed only for the total prey community/an®. boops. This suggests that
while bass respond to overall prey density, thelecte(Hypothesis 1V) the most
available and vulnerable species.

The Faro/Ancdo AR system covers an area of 12.21&tma depth range of 17
to 24m, in a 36kMzone where natural reefs are scarce (only 2°Ykihis AR system
located off Faro and the Ria Formosa lagoon waguded to provide suitable hard
structure habitat for juveniles that seasonallyratig) from the lagoon to coastal waters
as reported by Monteiret al. (1990). Thus, in additional to the high capaatyman

made structures to attract/aggregate fish, the/Racdo reef fish assemblages may be
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strongly influenced by the input of large numbefsfish migrating from the Ria
Formosa to the AR, favouring the local increase pffey. This may contribute to
creating optimal foraging areas for bass. High Iewd bass predation on juveniles at
these sites may affect the transfer of stock fréwe lagoon to the adjacent coastal
waters. Several authors report that predatiorifected by the abundance of available
prey (Hixon and Carr 1997; Stewart and Jones 2@dnnell 2002). Therefore,
predation rate and consequently effects on regfiepenay be higher on ARs that are
associated with annual recruitment of juvenilesrnfnoearby nurseries. However, this is
not the case of the juvenile fish species founthensea bass stomachs, which are very
common in Algarve coastal waters but not partidylabundant in the Ria Formosa
lagoon.

At present there is not enough data to prove $kat bass predation rates are
higher in ARs located near nursery grounds or wdrepinedation is similar throughout
the Algarve AR complex, which occupies an area 8kn# within a coastline of
approximately 110km. However, as both predator@eg species are very common on
the southern coast of the Algarve, it is expectet thisD. labrax-prey interaction
occurs along all the local ARs. Density-dependergdation can occur on patchy
habitats because predators disproportionately éomagpatches of high relative to low
prey density (Hixon and Carr 1997; Stewart and So08601). Spatially density-
dependent predation may be common in some reehggttparticularly on isolated
patches (such as those off the Algarve), and lesson or important on continuous
reefs (Sandim and Pacala 2005). Overholtzer-Mcl(2686) showed that mortality was
density dependent on coral reef patches that weatadly isolated (separated by 50m)
and density independent on reef patches that wggeegated (separated by 5m). The

sea bass, a transient and opportunistic open-wsptaies, can easily pursue their prey
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throughout the AR structures. The Algarve AR orgation was designed to act as a
“chain net” so that fish can move from one reefteghe other (~70m) and/or between
reef groups (~300m). The presenceéDofabrax in the ARs has been particularly noted
in the last three years, a period which coincidét tihe enlargement of the Faro/Ancéao
AR system during 2002 (Leitaa al. 2008). Because of the durability of AR material
(concrete), we can predict a continuous long-teradation effect of sea bass on reef
fish assemblages. Hueckel and Buckley (1987) faimatl as an AR increases in age,
food resources and predator populations associati¢id the reef also increase.
Moreover, as greater numbers of ARs are deployesl ptobability of prey—predator
encounters increases and consequently, fish pryniemore vulnerable to predation.
D. labrax predation has contributed to the decrease of bhumdance of prey
demersal species on the ARs. Whether this decresmdts in lower catches or
recruitment of prey species to the fishery, eithmrally or in an adjacent region,
depends on stock dynamics. If the prey speciesmageatory, which is not the case
here, then heavy predation mortality in one reguihprobably result in lower levels of
recruitment/abundance (exploitable biomass) in cija areas. By attracting and
aggregating juvenile fish, ARs create feeding afeagpredators. Therefore, heavy AR
mortality due to predation occurring along Alga’Bs, could reduce recruitment of
prey species to the local small-scale fisheriese\CE993) showed that predators may
affect community structure of older age classesubhn time-lagged effects on the
survivorship of younger age classes and that aeggreamber of species of recruit and
resident fishes were more abundant on reefs fromhybredators had been removed.
On the other hand, while the juvenile prey spearestoo small to be caught by hook or
net gear, they provide food for the sea bass, anaguically very important species for

inshore artisanal and recreational fisheries. ks in catches of predators, such as the
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sea bass, in the vicinity of ARs is a consequeridbeir attraction to ARs due to the
feeding opportunities provided by higher prey cotiions. However, due to their
economic value, such a “bait” effect, may lead to iacrease in vulnerability of
predators to local fisheries, as suggested by Radi1991).

The present study suggests that it is necessagnsider ecological effects such
as predator-prey interactions, prior to the devalept of artificial habitats as a tool for
habitat rehabilitation. The effects of predatoreyprinteractions, particularly in the
vicinity of artificial bottom habitats, on fish resrces are poorly understood, complex
and require in-depth study. Both short and longateffects of sea bass predation on the
Algarve AR reef fish assemblage are difficult tonmitor due to the constant evolution
of these ecosystems. If fish attraction from sumtbng areas is rapid, then long-term,
cumulative and indirect effects due to fishing gmeldation (or both), become difficult
to infer.

Spatial associations (or lack thereof) between gigedand prey density will,
however, be species and context specific. In samat®ns, the density of predatory
fish does covary with prey density (Stewart ande3o2001), and an aggregative
response is the putative cause of density-depemdertality in other reef fishes (Hixon
and Carr 1997; Anderson 2001). Our ability to as$kse nature and effects of density-
dependent interactions on population dynamics shtuls be improved by work that
identifies the underlying biological interactionausing density-dependent mortality,
and characterizes the spatial and temporal donaimdich those interactions operate
(Forrester and Steele 2004; Overholtzer-McLeod 2006

The results obtained in this study highlight thepartance of defining a suitable
strategy to manage these artificial habitats. Theee understanding inter-specific

interactions (e.g. predator-prey) is importantdonservation and management and for
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evaluating the long-term effects of reef deploymespecially in areas where nearby

lagoons supply juvenile fish to the adjacent cdagsders.

REFERENCES

Abrams PA (1987) Indirect interactions between mgethat share a predator: varieties
of indirect effects. In: Kerfoot WC, Sih, feds) Predation: Direct and Indirect
Impacts on Aquatic Communities. University PresdNefv England, Hanover.
pp 38-54.

Anderson TW (2001) Predator responses, prey refagesdensity-dependent mortality
of a marine fish. Ecology 82: 245-257.

Bayle-Sempere JT, Ramos-Espla AA, Charton JAG (L9®9a-annual variability of
an artificial reef fish assemblage in the maringeree of Tabarca (Alicante,
Spain, SW Mediterraneana). Bulletin of Marine Sceeb52: 825-835.

Bayle-Sempere JT, Ramos-Espla AA, Palazén JA (28@4)isis del efect produccion-

attraction sobre la ictiofauna litoral de un arfeartificial alveolar en la reserva
marina de Tabarca (Alicante). Boletin Instituto &%p de Oceonografia 17: 73-
85.

Bohnsack JA, Sutherland DL (1985) Artificial reeesearch: A review with
recommendations for future priorities. Bulletinérine Science 37: 11-39

Caley M J (1993) Predation, recruitment and theadyins of communities of coral-reef

fishes. Marine Biology 117: 33-43.
Carr MH, Hixon MA (1995) Predation effects on eaplyst-settlement survivorship of

coral-reef fishes. Marine Ecology Progress Seris 31-42.

106



Chapter 4 Fish predation in acidl habitats

Connell SD (1997) The relationship between largedatory fish and recruitment and
mortality of juvenile coral reef-fish on artificiakefs. Journal of Experimental
Marine Biology and Ecology 209: 261-278.

Connell SD (2000) Is there safety-in-numbers faypr Oikos 88: 527-532.

Connell SD (2002) Effects of a predator and preydoraging reef fish: implications
for understanding density-dependent growth. Jowhglsh Biology60: 1551-
1561.

Diggins MR, Summerfelt RC, Mnich MA (1979) Alterdeeding electivity of the
bluegill from increased prey accessibility followginmacrophyte removal.
Proceedings of the Oklahoma Academy of Sciencd-84..

Farrugio H, Le Corre G (1986) Interactions entrehegies de lagunes, pécheries
céOtieres et péche au chalut dans le Golfe du LiRepport Convention CEE
XIV-B1-85/2/M10 P.

Forrester GE, Steele MA (2000) Variation in the semce and cause of density-
dependant mortality in three species of reef fiskeslogy 81: 2416-2427.
Forrester GE, Steele MA (2004) Predator, prey resugnd the spatial scaling of

density-dependence prey mortality. Ecology 85: 13322.

Hart JB (1986) Foraging in teleost fishes. In: IRcTJ (eds) The behaviour of teleost
fishes Johns Hopkins University Press: Baltimore, Marylgopi211-235.

Herrera R, Espino F, Garrido M, Haroun RJ (2002s&bations of fish colonization
and predation on two artificial reefs in the Can#slands. ICES Journal of
Marine Science 59: S69-S73.

Hixon MA, Beets JP (1989) Shelter characteristind &aribbean fish assemblages:

experiments with artificial reefs. Bulletin of Mag Science 44: 666-680.

107



Chapter 4 Fish predation in acidl habitats

Hixon MA (1991) Predation as a process structucml-reef fish communities. In:
SalePF (eds) The Ecology of Fishes on Coral Reefs. &cad Press, San
Diego, California. pp 475-508.

Hixon MA, Beets JP (1993) Predation, prey-refugesl the structure of coral-reef fish
assemblages. Ecological Monographs 63: 77-101.

Hixon MA, Carr MH (1997) Synergistic predation, dég dependence, and population
regulation in marine fish. Science 277: 946-949.

Hixon MA, Webster MS (2002) Density dependenceeief fish populations. In: Sale P
F (eds) Coral reef fishes: dynamics and diversityai complex ecosystem.
Academic Press, San Diego, California, USA. pp 323-

Hixon MA, Pacala SW, Sandin SA (2002) Populatiogutation: historical context and
contemporary challenges of open vs. closed systeomdogy 83: 1490-1508.

Hixon MA, Jones GP (2005) Competition, predatiomg @ensity-dependent mortality
in demersal marine fishes. Ecologfy. 2847-2859.

Hueckel GJ, Buckley RM (1987) The influence of peymmunities on fish species
assemblages on artificial reefs in Puget Sound, hes1. Environmental
Biology of Fishes 19: 195-214.

Hureau JC (1970) Biologie comparée de quelquespossantartiques (Nototheniidae).
Bulletin de l'lnstitut océanographique Monaco 6&44.

Hyslop EJ (1980) Stomach contents analysis - aewvevof methods and their
applications. Journal of Fish Biology 17: 411-429.

Ivlev VS (eds)(1961) Experimental Ecology of theetiag of Fishes. Yale Univ. Press,
New Haven, CT.

Johnson DW (2006) Predation, habitat complexity aariation in density-dependent

mortality of temperate reef fishes. Ecology. 8779-1188.

108



Chapter 4 Fish predation in acidl habitats

Krebs JR (1978) Optimal foraging: decision rules fjoedators. In: Krebs JR, Davies
NB (eds) Behavioral Ecology and Evolutionary Approad&iackwell, Oxford.
pp 23-63.

Laffaille P, Lefeuvre JC, Feunteun E (2000) Impaicsheep grazing on 0-group sea
bass,Dicentrachus labrax L., in tidal salt marshes. Biological Conservatts
271-277.

Leitdo F, Santos MN, Monteiro CC (2007) Contribatiaf artificial reefs to the diet of
the white sea-breanD{plodus sargus). ICES ICES Journal of Marine Science
64: 473-478.

Leitdo F, Santos MN, Erzini K, Monteiro C(008) Fish assemblages and rapid
colonisation after enlargement of an artificial fresf the Algarve coast

(Southern Portugal). Marine Ecology 29: 435-448.

Lewis WM, Helms DR (1964) Vulnerability of forageganisms to large mouth black

bass. Transactions of the American Fisheries So8R:t315-8.

Monteiro CC, Santos MN (2000) Portuguese artificggfs. In: Jensen AC, Collins KJ,
Lockwood APM (eds)Artificial Reefs in European Seas. Kluwer Academic
Publishers, London. pp 249-261.

Monteiro CC, Lasserre G, Lam Hoi T (1990) Organisaispatiale des communautés
ichtyologiques de la Lagune Ria Formosa (Portugateanologica Acta 13: 79-
96.

Monteiro P, Bentes L, Coelho R, Correia C, GonggalidS, Lino PG, Ribeiro J, Erzini,
K (2006) Age and growth, mortality, reproductiordamlative yield per recruit
of the bogueBoops boops Linné, 1758 (Sparidae), from the Algarve (South of

Portugal) longline fishery. Journal of Applied Ibigblogy 22: 345-352.

109



Chapter 4 Fish predation in acidl habitats

Overholtzer-McLeod KL (2006) Consequences of patebf spacing for density-
dependent mortality of coral-reef fishes. Ecolog@y B017-1026.

Pinkas L, Oliphant MS, Iverson ILK (1971) Food hals of albacore, blue-fin tuna,
and bonito in California waters. Fish Bulletin. @@inia Department of Fish and
Game 152: 1-105.

Polovina JJ (1991) Fisheries Applications and Bjadal Impacts of Artificial Habitats.
In: Seaman Jr W, Sprague L (eds) Artificial Halsitedr Marine and Freshwater
Fisheries. Academic Press Inc. San Diego. pp 183-17

Sandin SA, Pacala SW (2005) Fish aggregation sesulhversely density-dependent
predation on continuous coral reefs. Ecology 8@0:5530.

Sale PF, Tolimieri N (2000) Density dependenceames time and place? Oecologia
124:166-171.

Santos MN (1997) Ichthyofauna of the artificialfieeef the Algarve coast. Exploitation
strategies and Management of local fisheries. Pledis, University of Faro,
Faro.

Santos MN, Monteiro CC, Erzini K (1995a) Companisiaf natural reef and artificial
reef fish assemblages in Algarve waters (SouthuBal}. Proceeding of the
International Conference on Ecological System Eonbarent Technology for
aqguatic environments (ECOSET), Tokyo, Japan, 1:214Q)

Santos MN, Monteiro CC, Erzini K (1995b) Aspectdiué biology and fisheries of the
axillary seabreamPagellus acarne, Risso) and the common pandoRadellus
erythrinus, Linnaeus) from Algarve (south Portugal). Fishefesearch 23: 223-
236.

Santos MN, Monteiro CC, Gaspar MB (2002) Diurnaliatgons in the fish assemblage

at an artificial reef. ICES Journal of Marine Suie 59: S32-S35.

110



Chapter 4 Fish predation in acidl habitats

Santos MN, Monteiro CC, Lassérre G (2005) Obsewnatiand trends on the intra-
annual variation of the fish assemblages on twiiaal reefs in Algarve coastal
waters (southern Portugal). Scientia Marina 69-426.

Sigurdsson TH, Astthorsson OS (1991) Aspects offdeeling of capelin Mallotus
villosus) during autumn and early winter in the waters Nat Iceland. ICES
Document CM 1991/H 49: 11 pp.

Sih A, Crowley P, McPeek M, Petranka J, StrohmKi€t985) Predation, competition,

and prey communities: a review of field experimeAisnual Review of Ecology
and Systematic$6: 269-311.

Stewart BD, Jones GP (2001) Associations betweemltindance of piscivorous fishes
and their prey on coral reefs: implications for ypfish mortality. Marine
Biology 138: 383-397.

Strong DR (1986) Density-vague population changends in Ecology & Evolution 1:
39-42.

Shulman MJ, Ogden JC, Ebersole JP, McFarland WNeiMSL, Wolf NG (1983)
Priority effects in the recruitment of juvenile abmeef fishes. Ecology 64:
1508-1513.

Shulman MJ (1985a) Recruitment of coral reef fiskdfect of distribution of predators

and shelter. Ecology 66: 1056-1066.
Shulman MJ (1985b) Coral reef fish assemblageadatrd inter-specific competition
for shelter sites. Environmental Biology of Fisliés 81-92.

Thomas G (1974) The influence of encountering adfadject in the subsequent
searching behaviour ifsasterosteus aculeatus L. Animal Behaviour 22: 941-
952.

Zar JH (1996) Biostatistical analysis. Prenticetttakernational Inc., New Jersey.

111



Chapter 4 Fish predation in acidl habitats

Zaret TM (1980) Predation and freshwater commusitiéale university press, New

Haven, Connecticut, USA.

112



Chapter 5 Artificial reef importance for artisanasfieries

CHAPTER 5

Diplodus spp. assemblages on artificial reefs: importance for

near shorefisheries

Leitdo F, Santos MN, Erzini K, Monteiro COiplodus spp. assemblages on atrtificial
reefs: importance for near shore fisheries. Figlseflanagement and Ecology

16: 88-99.

113



Chapter 5 Artificial reef importance for artisanasfieries

ABSTRACT

Artificial reefs (AR) have been deployed along Hueithern coast of Portugal (Algarve)
since 1990 to enhance local artisanal fisherieg dihjectives of the study were to: i)
describe the colonisation process; ii) assess dlee af the AR in terms of juvenile
recruitment and growth and as mating/spawning aaedsii) evaluate the AR potential
as near shore artisanal fishing grounds for thamm@mically important fish species,
Diplodus bellottii (Steindachner, 1882]). sargus (Linnaeus 1758)yand D. vulgaris
(GeoffroySaint-Hilaire, 181Y. The fish assemblages were monitored monthly byali
census for two years after the deployment of aelafdR (Faro/Ancéo) in 2002.
Colonisation rates for the three species were Tdmt.Faro/Ancao artificial habitats play
a multiple role forDiplodus spp., acting as recruitment, growth and nursergsafer
juveniles, and spawning/mating areas for adults, @n thus be considered essential
fish habitat. Three months after deployment ofAlRs, exploitable biomass was 16, 29
and 8 kg per reef group, respectively, Barbellotti, D. sargus andD. vulgaris. These
results indicate that ARs quickly become good fighjjrounds, where suitable financial
yields may be obtained by local artisanal fishermdoreover, the ARs became new
and alternative fishing grounds, allowing reductiminfishing effort over traditional
rocky areas that are scarce along the Algarve cdéembagement measures for these

artificial habitats, in terms of fishing strategiase discussed.
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INTRODUCTION
The deployment of artificial reefs in European wsiteas increased considerably over
the last 30 years (Jensen 2002 and referencesinthefdsheries enhancement,
increasing diversity and protection/mitigation ofmime habitats are among the different
arguments used to justify the creation of theséaal habitats (Jenseet al. 2000). In
the southern coast of Portugal (Algarve), multignse ARs have been deployed since
1990. Their deployment aims to enhance the amouhtaua bottom habitat, which is
scarce on the sandy southern grounds, to provitb#el habitat for fish and to increase
fishing yields (Monteiro and Santos 2000). The idehind the deployment of AR for
fishery enhancement relies on the assumption thhitdt is a limiting factor and that
ARs will provide critical habitat to promote theopuction of new biomass through
increased growth and survival of juveniles (Bohiksha889). Nevertheless, if ARs act
like attraction devices, increasing fish densitgert higher density may increase
catchability, and the greater accessibility incesafsshing effort, potentially resulting in
greater fishing mortality. An increase in fishingorality will decrease exploitable
biomass in the area Polovina (1991). Whether tbizrahse results in lower catches,
either locally or in an adjacent region dependsstotk dynamics and exploitation
levels. Therefore, understanding ARs functioningessential for the management of
these areas. Presently, the Algarve (South Poitag#icial reefs cover an area of 43.5
km?, representing the largest area of artificial hethif its kind in European waters.
Knowledge of the size structure of AR fish assempsais essential as it may
provide a useful tool for determining managemenasuaees in AR areas, namely for
commercial species. Moreover, determining AR losgrt fishing potential requires the
knowledge of reef fish species size structlinesitu visual methods have been widely

used to characterize the structure of AR fish comities (Bortone and Kimmel 1991),
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as they provide accurate information regardingARefish assemblages. These include
species abundances, size-structure, recruitmemerpstand reproductive behaviour.
Size information allows the evaluation of recruitth@atterns and indirectly, through
weight-length relationships, the estimation of expble available biomass. On the
other hand, it is essential to know how fast thesan-made structures become
profitable fishing grounds and to understand thmalogical/ecological role for fish
assemblages inhabiting the ARs, from early on afteployment, aiming towards
fisheries management. In this study the size sirastof three economically valuable
reef fish speciediplodus bellottii (Steindachner 1882. sargus (Linnaeus 1758and

D. wulgaris (Geoffroy Saint-Hilaire 1817), were monitored ore tRaro/Ancao ARs
during the first two years after deployment in 208®th D. sargus and D. vulgaris
contribute greatly to the total fish abundancenimber) in southern European rocky
infralittoral zones, representing up to 56% in th&/ Mediterranean (Garcia-Rubies
1997). In the Faro/Ancéao ARs, these three spedesuat for 40 and 63% of overall
resident reef fish assemblages and 20% and 20%edd\terall reef fish assemblage, in
terms of abundance and biomass, respectively (@.eitd@l. 2008). The role of the
artificial reefs as areas for recruitment, growthd aspawning and/or mating was
evaluated, and the biomass of each species pdlgraiailable to the local artisanal
fisheries estimated. Finally, the data were usegrépose appropriate fishing strategies

and management plans for the AR.

METHODS
Study site
The Faro/Ancédo AR system consists of 52 reef gr¢R&) deployed off Faro beach on

a sandy ground at depths between 20 and 22 m,ing\am area of 12.2 Kn{Figure 1).
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Each RG is composed of three reef sets (RS) oceg@yivolume of approximately 529
m® and consists of 35 cubic modules organised in al@er structure. The reef units
were 1.25 mof concrete with the cubic block having an extexmdume of 2.7 m (1.4

m length x 1.4 m width x 1.4 m height). The disebetween RSs is 70 m and between
RGs is 400 m. The ARs run parallel to the coast iima NW and SE direction along the
20 m isobath and were set in 2002 on either sid&€2oyear-old ARs (Figure 1). The

new reefs are identical to the old reefs in terfn@rganisation and module type.

Data collection

The study was carried out between October 2002Smpdember 2004. The same three
randomly selected (within the 52) artificial reebgps (RGs), were monitored monthly,
except for February 2004 (month 17) because of raggp conditions, using scuba
diving. Fish distribution was determined by visea&nsus using the stationary point
method (for details see Santetsal. 2005). At each reef set fish counts (numbers and
sizes) were made at three randomly selected p(@atsinute interval) in a radius of 3
to 6m, depending on water turbidity during the gtpdriod. To reduce the bias caused
by daily fish density variation, all counts wereread out from 10.00 to 12.00 am, at
similar tidal conditionsD. bellotti andD. vulgaris were generally assigned to 3 cm size
classes (or 5 cm whenever > 20 cm), whllesargus was assigned to 5 cm size classes.
Size class calibration/correction was done by spgapecimens of each species and
comparing actual and estimated total lengths. Dergas calculated as the number of
fish per reef set (volume of 529%mf water). The calculation of biomass was made
using: (1) the estimated midpoint of fish total démn class size, (2) length-weight

relationships (Santct al. 2002) and (3) the estimated density of fish.
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Figure 1.Map of the study area showing reef organizationtaedocation of the AR in
relation to the Ria Formosa lagoon and the 10,r2D30m isobaths. Triangles for old

AR sets and circles for new AR sets.

The role of ARs in terms of mating and/or spawnargas forD. sargus was also
studied. After finishing the underwater counts ameasurements, a number of

specimens were caught at the AR by spear fishinlgvdmn October 2003 and
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September 2004. Speared fish were measured toedme@st millimetre below at the
laboratory. EaclD. sargus individual was sexed and maturity stages wererated
according to the Buxton and Garratt (1990) macnoscscale. The percentage of
mature fish was calculated considering maturetfisise in pre-spawning, spawning and

post-spawning stages.

Data analysis

Species colonisation, evolution and stabilisatie@revstudied using mean monthly RS
density and biomass. For each species, annual easbrsal (intra-annual) variations
were analysed separately for juveniles, adultsthadotal of all individuals. Temporal
shifts (Time effect) in species density, biomasd &ngth were analysed, based on
guarterly data (Winter: January-March; Spring: Agtne; Summer: July-September;
Autumn: October-December), with seasonal samplesthas time unit. Seasonal
comparisons were only performed after one specassabserved on the AR for at least
two consecutive months.

The mean numbers of juveniles and adults were leabnli taking into
consideration the size at first maturity of thedpse (Santost al. 1998; Goncgalves and
Erzini 2000; Erziniet al. 2002).Diplodus bellotti, D. sargus and D. vulgaris were
considered juveniles when they belonged to lenigtbses equal to or below 12, 15 and
18-cm, respectively. Mean monthly densities an@@ased standard deviations (£SD)
were calculated using the RS means. Seasonal veles calculated using monthly
RSs density/biomass values. Mean lengths and assdcstandard deviations (£SD)
were calculated from the observed numbers perckiss.

As monthly sampling was always conducted in thees8nRGs (sampled sites),

data may be RG correlated over time (Zar 1996).rdfbee, repeated measures two-
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way-ANOVA (site and time) was used, based on RG thigmeans ¢= 0.05) (Zar
1996). Mean RG data were obtained by averaging B&. dVhenever normality
(Kolmogorov-Smirnov test) and/or heterogeneity (Rdir test) assumptions failed, data
were transformed by Lm(+1) to produce normality and homogeneity of varea(itar
1996). In situations where the null hypothesis wapgcted, the Tukey multiple
comparison test was performed. Analysis of theltesif repeated measures ANOVA
did not show a statistically significant differen¢®>0.05) to RGs and RGs x
year/season/time interaction for density biomass langth. Therefore, results of the
statistical analysis were only given for seasomy yad time variables.

The importance of ARs for recruitment and growtts\wtudied by following the
progression of monthly length structure data usimgitivariate hierarchical cluster
analyses. Cluster analysis applied the unweightedgroup average algorithm to the
Bray-Curtis similarity matrix based on monthly reggbup data, after standardisation
and square root transformation. Cluster and nomiddWultidimensional Scaling
(MDS) analysis was also used to investigate seadsira structure. The size classes
that most contributed to dissimilarity between seaswvere super-imposed in the MDS.
The multivariate analysis was carried out usingRhener 5.1 software package (Clarke
and Warwick 2001).

The evaluation of AR potential in terms of suiglelploitation by artisanal near
shore fisheries was assessed by estimating thehigoavailable adult (exploitable)

biomass per reef set.
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RESULTS

Diplodus bellottii

Diplodus bellottii was recorded immediately after AR deployment, Wwas absent
during the next three months (Figure 2). At tH® fonth a surprisingly strong
recruitment (160 reef s&t was observed (Figure 2). The minimum number of
individuals was recorded in thé tnonth (22 reef sé) and the maximum (243 reef set
) 16 months after AR deployment. The mean numbeD.dfellotti was 104+69 reef
set' (Figure 2). The mean number of adults (> 12 cm8%), was greater than the
mean number of juveniles. No differences for ad@lear: P=0.10, SeasthY®*
P=0.41, Seaséff ¥** P=0.46, Time: P=0.54), nor for the overall deesit(Year:
P=0.54, Seasdfi ** P=0.62, Seasdlf ¥** P=0.68, Time: P=0.76) were observed
during the study period (Figure 3).

The length-frequency analysis indicated that theingest individuals were
mainly sub-adults belonging to the 12-cm lengtltsgléFigure 2). A lack of juveniles
but the constant presence of the 15-cm length alass noted throughout the study
(Figure 2 and 3). Adults were always present butw&d no clear trend in terms of
density throughout the different seasons (Figure Gusters 1 and 2 grouped the
months when the species assemblage was mainly e adults (Figure. 4). The
latter clusters included mostly spring and late si@&m months. In spring, the fish
assemblages were almost exclusively representeldeby5-cm length class (Figure 2).
Cluster 3 and 4 included the months correspondinthé recruitment of sub-adults,
mainly between late autumn/winter and summer 2@gute 2). The recruitment of
sub-adults was also meaningful in winter (Figure @)ster analyses revealed a high
intra-annual seasonal similarity (Figure 4). Moregwhe seasonal size structure was

very similarin all seasons, with the exception of spring due to ttle ¢& sub-adults.
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Figure 2. Monthly length-class density and biomassemblage variation (per reef set)
for D. béllottii, D. sargus and D. wulgaris. A— Autumn; W-Winter; S-Spring; Su-

Summer.

The mean total biomass was 5926+4474 g reé&f, sdtwhich the majority (90%) was
adults, mostly belonging to the 15-cm length cladse mean adult biomass values

ranged between 1207 and 18839 g, with a mean v&l6833+4026 g reef sétFigure
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2). Mean biomass values for adults (Year: P=0.45s6/° ¥** P=0.89, Seas6ff ¥
P=0.08, Time: P=0.30) and for the over8ll bellottii assemblage did not differ
significatively (Year: P=0.28, SeasSh’®® P=0.90, Seas6ff ¥** P=0.10, Time:
P=0.20) during the study period (Figure 3). The mleagth of the species (15+1.1 cm)
also did not vary significantly (Year: P=0.34, Sma¥ ¥** P=0.50, Seaséif Y

P=0.58, Time: P=0.81) during the study period (Fed)).
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Figure 3. Seasonal juvenile, adult and total dgn@it® ind. reef s&) and biomass (g
reef set) of Diplodus bellottii, D. sargus and D. vulgaris. White bars for total, grey
bars for adults and black bars for juveniles meansdy and biomass. Lines refer to

standard deviation. A— Autumn; W-Winter; S-Spri&gi-Summer
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Figure 4. Length-class monthly and seasonal ewanufCluster analysis) fdDiplodus
bellottii (A, D), D. sargus (B, E) andD. wulgaris (C, F). A— Autumn; W-Winter; S-

Spring; Su-Summer.

Diplodus sargus
Recruitment of the species occurred in tflendonth but density was very low (Figure
2), increasing markedly thereafter. The highesisiten120 reef sétwas observed in
April 2004. Diplodus sargus recorded on the reefs were mostly adults (98%Qu(fei 2
and 3).

The mean total number @. sargus was 38x29 per reef set. No statistically
significant differences inD. sargus density (Year: P=0.13, Seasth’®* P=0.15,

Seasof®¥*® P=0.28, Time: P=0.38) were observed during theysperiod (Figure 3).
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Cluster analysis showed that tbe sargus size structure was similar along almost the
entire period of the study (Figure 4). The excaptiwwas November 2003 (autumn,
cluster 2), when juveniles belonging to the 15-emgth classes were observed (Figure
2). Cluster 3 grouped months when solely sub aq@@d cm) were registered.

The mean total monthly biomass (Figure 2) was 919836 g per reef sét
Adult biomass, ranged between 724 and 33625 g avithean value of 9723+7074 ¢
reef set. The mean biomass (Year: P=0.08, Se&5df" P=0.29, Seasdff Yo
P=0.45, Time: P=0.06) and mean length (24+5.1 cr)the fish did not vary
significatively (Year: P=0.56, SeasSh’®® P=0.68, Seas6ff ¥** P=2.13, Time:
P=0.82) during the study period (Figure 3 and 5).

For the analysis of gonads, a total of 104 indigidicomprising 50 females and
54 males were caught. The mean lengths of male$(q28.52 cm) and females (26.05
+6.74 cm) were similar, with an overall mean of B&3.65 cm. The species exhibited
a prolonged spawning season, extending from wiotspring (Figure 6). Over 80% of
the specimens caught in this period were spawnmgresented visible evidence of
either pre- or post-spawning. During summer, thga@uctive activity decreased (11%
for males and 21% for females) and there were gossof mature gonads in autumn

(Figure 6).

Diplodus vulgaris

The mean number of individuals was low in the filstee months, but increased
markedly between the months 4 and 5 after AR depémy. After this initial period,
mean density was always greater than 74 individoedgeef set. The maximum density
for the species (283 reef Sgtoccurred in month 20 (Figure 2). These valuesewer

mainly due to a high density of juveniles (270 reet'), namely young of the year
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(YOY, 3 cm length class) and sub-adults (18 cm tlergdass) (Figure 2). The mean

number oD. vulgarisin AR was 166+71 reef sét
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Figure 6. Percentages of matubdeplodus sargus females and males caught in the

artificial reefs, by season.

Juveniles £ 18 cm) accounted for 90% of thie vulgaris observed during the
course of the study (Figure 2 and B)plodus vulgaris monthly size structure grouped
into four clusters (Figure 4). Cluster 1 and 2,ugred months when the size structure
was dominated by the 6 to 12-cm length classesrgmmonths) (Figure 4). Cluster 3,
grouped months when the size structure was mosdly,¥n winter and spring. Cluster
4, mainly grouped autumn/early winter months whezre sstructure was mainly
composed of juveniles (15 to 18-cm). TBe wvulgaris size frequency distributions
showed a clear seasonal pattern (Figure 4). Seladaster analyses reveal a high intra-
annual similarity between seasons. In addition, ltive similarities observed between

seasons indicate a clear seasonal variatid. wulgaris population size structure. The
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seasons when similarity was highest were winter apdng (February to June),
coinciding with the recruitment of young of the y€#OY) in both periods. In winter,
juvenile recruitment was mainly related to the @a&ged density of YOY after January
(Figure 2). In spring, juvenile recruitment was mclusively associated with 3-cm
length class YOY high densities, but also with Y®#&onging to the 6 and 9-cm size
classes. The most abundant length classes obserggding, i.e. 3-cm, were replaced
by the 6, 9 and 12-cm length classes during sunjrigure 7).

A seasonal variation in species density was verifiotal (Seasdi ¥** P<0.01,
Seasof” ¥* P=0.18) and juvenile (Seasth’®* P=0.37, Seaséi ¥** P=0.19)
densities during autumn and winter were lower tl@nspring and summer. Low
numbers of adult were recorded in winter and sp(ifigure 3 and 7)Juvenile density
was significantly higher in spring 2004 than in isgr 2003. Moreover, juvenile
(P<0.01) and total (P<0.01) density varied oveetishowing low values in autumn.

The highest biomass was found in spring, eight hmmatiter AR deployment,
with 13735 g reef sét mainly due to the presence of adults belongintpéa21 and 25-
cm length class (Figure 2). Juvenile biomass rafmggeieen 603 and 5902 g reef set
(mean 3102+11564 g reef $ptAdult biomass ranged between 1362 and 11322f re
sef' (mean 28082565 g reef S¢tIn the first year, total biomass (P=0.02) waghler
in spring, due to the presence of adults belonginghe 21 and 25-cm length class
(Figure 2). In the second year total biomass wagtan summer (P=0.01). Temporal
evolution of biomass was associated to speciesosabsecruitment episodes being
higher in winter and spring compared to summerardmn (P<0.01).

The observed mean length f@r. wulgaris was 11+£3.7 cm. The mean size
decreased from November to April, increasing aftere (Figure 5). The highest lengths

were recorded during autumn followed by a decréateeen winter and spring due to
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recruitment of YOY specimens. However, due to theyé standard deviations, no
significant differences were recorded in mean lesgiuring the study period (Year:

P=0.31, Seasofi¥** P=0.37, Seasé ¥** P=0.09, Time: P=0.06).
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Figure 7. MDS showing seasonal evolution of youfR¢he-year length-classes of

Diplodus vulgaris (3, 6, 9 and 12-cm). A— Autumn; W-Winter; S-Sprisy-Summer.

DISCUSSION

Diplodus vulgaris was the first of the three species to colonizeARe A similar pattern
of early colonisation by the latter species wa® akgported by Ramos-Espéi al.
(2000) for the western Mediterranean Sea. In tleegnt study the fast colonization rate
by this species is related to the vicinity of oldd®s. The probability that an individual
fish locates a reef is expected to increase withithiaconnectivity(Fernandest al.

2008 and references therein), and with the incred#eR reef sets, which affects the
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rate of fish relocation among habitat patchéewever, the hypothesis that older ARs
may contribute with fish to the new reefs doesse®m to be true fdp. bellotti andD.
sargus as these species were not observed in ARs duren{jrst three months (autumn
2002).Moreover, rapid colonisation could also be possdiinlked with the migration of
juveniles ofD. vulgaris and sub-adults dD. bellottii in late summer and early autumn
from the Ria Formosa, an important nursery habitatthe adjacent coastal waters
(Monteiroet al. 1990).

Habitat limitation is the primary factor determgithe specific composition of
AR fish assemblages through availability of foodsbelter (Bohnsack 1989). Shelter is
generally considered more important (Sale 198()e@ally because food availability
does not directly influence settlement or survihgesof early larvae (Shulman 1984). A
study on the colonisation of these ARs by macrdiierdrganisms (Boaventurt al.
2006) showed a marked increase in cover (~50%)dmtim3 (mostly species belonging
to Cirripedia, Serpulidae, Bryozoa and Ascidiaceaupgs), with the AR surface totally
colonised by month @iplodus sargus andD. bellottii, colonisation matches with the
time when macrofauna colonisation increased mgstlisa In fact, the macrofaurtaxa
found in ARs substrate shortly after deploymentem@ported in the diet diplodus
spp.in AR areas (Pepet al.1998;Badalamenti 2000;eitdoet al. 2007).

Diplodus bellottii and D. sargus observed in the reefs were mainly adult
individuals and monthly length frequency distrilouts were similar over the course of
the two years of study. Therefore, these AR-assetigpecies present a high potential
in terms of adult stock to local fisheries. Theults presented on the maturity Df
sargus, together with those reported by Sardgbal. (1998) forD. bellottii, suggest that
ARs play an important role as mating and/or spawireas for these species. Thus, the

Faro/Ancdo ARs extending for 12.2 krare particularly important in a 36 Krmmone
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where natural reefs are particularly scarce (2.7)km contrast to bot. bellottii and

D. sargus, D. vulgaris schools were mainly of juveniles, which highlighé importance

of the ARs as recruitment/nursery areas for theispeln the present study, after month
4, few changes in species density were observednpiof the three species. However,
a clear seasonal change in length class structasenwted in the case Bf wulgaris.
Based on age and growth data (Goncabtest. 2003),D. vulgaris 3- to 9-cm and 12
and 15-cm length classes correspond to juvenileesisof age classes 0 and 1,
respectively. Seasonal recruitment of schools ofim3and 6-cm YOY (0) was observed
in winter and spring. As the fish grow in the sumptiee latter classes were replaced by
the 6 and 9 (0) and 12- and 15- and 18-cm lengtbsels. The seasonal development of
D. wulgaris cohorts highlights the importance of ARs for specgrowth during their
juvenile stage.

Results discussed above show that artificial reé&dyg a dual role as far as the
fisheryDiplodus spp.is concerned. Far. bellottti andD. sargus the ARs act as fishery
recruitment areas by constituting new fishing gasinin addition, ARs may be
considered an extension of natural mating/spawgimgnds. However, fdD. vulgaris,
the ARs represent an inshore extension of the ablagfoon protection effect, because
of local scarcity of natural rocky habitats in $bai waters. In fact, in coastal waters of
the Algarve ARs offer a large portion of the aviaiéahard habitat substrate between 16
to 24 m depth. Moreover, ARs have a high importafoceDiplodus spp. as feeding
areas (Leitaet al. 2007; Leitacet al. 2008). Therefore, ARs can be considered essential
fish habitat [defined asubstrate necessary for fish for spawning, feeding or growth to
maturity (Benaka 1999)]. Additionally, ARs areas can playiraportant role in fishery
enhancement, as recruitment and fish growth inftasrthe sustainable catch that can

be taken from a stock (King 1995). Bohnsack (19@&)gested that biomass production
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and catches will increase as some function of theumt of AR material deployed. In
the latter context, the availability of a large AdRea and the life span of the ARs
(concrete blocks) suggests that due to their bic&dgand ecological role, these man-
made structures can contribute in the long-ruretd fish production and consequently
fisheries enhancement. In addition, the Faro/Anéd&s is a new fishing ground
allowing the decrease of the traditional fishinfpafover scarce natural reefs.

After the initial stage (3 to 4 months) of reef @makation, no differences were
observed in terms of adult biomass for the threszigg. This shows that ARs have a
high capacity to aggregate fish, becoming vialdaifig grounds within a short period
of time. Moreover, this denotes a certain tempstability in Diplodus spp. biomass
schools and in practice means that AR can proviesr-yound exploitable biomass.
During the study period the ARs area was fishedwéil@r, the mean exploitable
biomass (adults) available f@. bellotti, D. sargus and D. vulgaris per reef group
(three reef sets) during these initial two yeatsrakef deployment was 16, 29 and 8 kg,
respectively. Management of the fishing effort reatal, as the vulnerability of fish
aggregated in small patchy AR areas increasesnfjsbatchability and may lead to
greater fishing mortality (Polovina 1991). For restociated species, ARs increase the
chances of gear—resident fish encounters compatbdpen water fisheries. Moreover,
the AR organisation was designed to act as a “ahetthso that fish can move from one
reef set to the other (~70m) and/or between remifgg (400m). The patchy distribution
of ARs sets contributes to fragmentation of théfiadl area. Therefore, due to AR
organisation fishing gears deployed between reefdilely to act like barriers to fish,
contributing to the increase in probability of géiah encounters during fish

movements from reef to reef.
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Over the years, because of the technical develomenthe fishing gears,
artisanal fishermen have abandoned gears thatreequore man power (e.g. bottom
longlines) in favour of the gears that are easieperate and provide higher yields (e.g.
gill nets). However, in the Algarve AR areas, aumetto longline fishing may be an
alternative to nets, as significant exploitablenéss of economically important species
can be found. Since the enlargement of the Far@dm#®R (from 0.6 to 12.2 kfj) the
local fishing communities have re-started usinggloes. Within AR assemblageb,
sargus is one of the most important target species aflioes and fish traps because of
the available exploitable biomass and its high eodn value (landing price ~10€ per
kg). Experimental longline fishing trials in the gdrve showed that the dominant
species in terms of weight (29%) wlassargus (Erzini et al. 1996). Thus, cumulative
fishing effort as well as gear size selectivity nnagult in decreased recruitment.

To avoid AR overexploitation, additional managemsrgasures are required.
Management may be particularly important for residemmercial species as these are
more vulnerable/available to the fishery. Fishegnagement must necessarily be based
on the knowledge of reef fish assemblages anditakesonsideration the AR biological
potential as recruitment, growth and mating/spagrémeas. In Algarve ARs areas
intensive near shore multi-species fisheries maeai a wide variety of fishing gears
targeting on sparids, such as gill and trammel,netsg-lines and traps. Based on
previously studies on gill/trammel net selectii8antoset al. 1998; Erziniet al. 2003;
Erzini et al. 2006) a 70mm mesh size would be the best altemé&ir the exploitation
of Diplodus spp in the ARs. This represents an increase ofihdn the minimum mesh
size for gill nets. In the case of longlines, hoo&aging in size between 13 and 11
would avoid the capture of juveniles of all threeaes (Erzinet al. 1996; Erzinigt al.

1998). Both the mesh and hook sizes would minintaiehes of juveniles of other
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commercial species, e.Nlullus surmuletus (L); Spondyliosoma cantharus (L); Spicara
smaris (L); Pagellus spp.; otherDiplodus spp.; Serranus cabrilla (L) that are also
common in the ARs. Moreover, for seasonally reorgitspecies such d3. vulgaris,
non-selective gears such as purse seine nets shoiiee allowed to fish in ARs during
periods of recruitment of YOY. As suggested by 8antl997) the AR exploitation
strategies must be goal-oriented and adapted tmispt fishing yields, but avoiding
disruptions in the natural evolution of AR and asated fish assemblages. Thus, the
exploitation strategies must include the use died#int gears, thereby diversifying the
catches.

ARs have been developed as part of management fadaesastal fisheries of
many countries, but in practise several have faited contribute to fisheries
enhancement, as usually no guidelines for AR susitdeé exploitation are enforced.
Potential uses of ARs have been demonstrated wiolddand include AR as a tool to
halt a global decline in many artisanal fisheriesthis context, marine protected areas
(MPASs) and ARs are increasingly regarded as intieigsnanagement measures, in that
they contribute to ecosystem conservation, imprdigh stocks and fisheries
sustainability, as they can be helpful in zoningstal areas in order to reduce conflicts
between users (Roberit al. 2001; Claudet and Pelletier 2004). Moreover, the
identification of ARs as artificial essential fislbitats can be an important step towards
the creation of MPAs based on ARs deployment, despis study was only a first step
that did not took into considerations much of tbenplexity of coastal ecosystems. The
role of ARs as tools for the management of fisltlsdas particularly important in the
case of artisanal fisheries that in shallow, néwres waters are highly dependent on
local coastal fishing resources. Neverthelessstioeess or failure of ARs will directly

depend on AR management and the adoption of apptefishing strategies.
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ABSTRACT

The role of suitable habitat structure in determgniocal-scale patterns in fish species
structure is a key issue in ecology. To test whrete established benthic communities
influence the density of three artificial reefs (&Rassociated specidsiplodus bellotti,

D. sargus and D. wulgaris), we compared the benthic composition and biomass
availability with the fish assemblages structureoagithree similar ARs deployed in
1990, 1998 and 2002 off the Algarve (Southern Rpatlu We kept the analyses of
Diplodus spp assemblage structure (size, abundance anda&sdnand benthic
communities across age separated to avoid effécamyoa priori assumptions about
relationships between fish and biota. Then, weetegftthe benthic communities from
the different ARs affected the fish densiti€s.sargus densities and biomass differed
across the 3 ARs, being higher in older ARs. Borellotti and D. vulgaris higher
densities and biomass were observed only betweemltlest and youngest AR. The
total available benthic biomass did not differ asrdnabitat age, but the composition of
macrofauna differed between older (1990 and 1988) raost recently deployed AR
(2002). Higher biomass values were observed inralgefs (1990 and 1998) for turf
algae, Crustacea and Gastropoda and for someeséssithictaxa (Sipunculida and
Bryozoa). Moreover, density and biomassiplodus spp. varied between habitats
deployed within the same proxy area but did noty ya@tween ARs separated from
kilometres. Overall, results indicated that bentb@nmunity’ structural differences
among reefs, rather than ARs age, affectedDiptodus spp. fish assemblages at both
local and large spatial scales. These resultsaeedl the our believe that ARs can play
an important role on the management of degradestaloiishing grounds, as a greater

amount of effort on conserving entire ecosystembB kopefully be developed in
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coming yearsrather them focus exclusively on maintaining Sustaility of fish

resources.

INTRODUCTION
The abundances of fish species are influenced by liogeographic features variation
in local-scale processes (Chabanet 1997; Fla@tt@r 2007) and by processes acting at
very large spatial scales, such as larval supplgledfC 1995). Some important
environmental factors known to influence the logdestribution and abundance of reef
fishes are exposure (Godelyal. 2002; Munday 2002), depth (Friedlander and Parrish
1998) and habitat selection (Gaston and Lawton 1P@@ker and Hoff 1999; Garcia-
Charton and Pérez-Ruzafa 2001; Hietz al. 2005). These factors may occur
synergistically on reef or rocky systems, mediatihg availability of specific factors
such as shelter, which is thought to influenceithpact of predation and competition
(Connel 1997; Hixon and Jones 2005), and food regsuthat may effect exploitative
competition for food (Edgar and Shaw 1995; Hettal. 2004).

Habitat availability is usually assumed to play ajon role in determining the
composition of fish assemblage’s abundance (Ro86;10habanet 1997; Holbroak
al. 2000; Almada and Faria 2004), which has been fdarekplain approximately half
of the variation in the abundances of coral-dwglliishes among locations separated by
thousands of kilometres (Munday 2002). AccordingAtias-Gonzéalezet al. (2006),
habitat is rarely defined explicitly and often nexgeomorphology (e.g. crest, back reef,
or spur and groove zone) and biotic cover (e.galgoercentage covetyrf algae) and
substrate irregularity (e.g. heterogeneity, compyexugosity). This result means little

uniformity in the scales or use of habitat classifion, which has led to confusion in
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interpretation (Mumby and Harborne 1999), not allayveasy direct comparisons
between studies

A question of fundamental importance for ecologistewhether communities are
limited by a lack of food resources, as would itevily occur if other processes do not
intervene (Malthus 1966) or whether recruitmentufai, predation, competition for
non-food resources or environmental-induced catpltrs occur with such frequency
that communities rarely reach their food resourogts. The intrinsic importance of
fluxes of energy and of matter means that commupritgesses are particularly strongly
linked with the abiotic environment (Begetal. 2006). The study of the relationship
between fish and food resources in a communityfimdamental aspect of population
ecology. Most investigations on fish habitat in tbeastal zone have focused on
differences in abundance, biomass or size distabuif fish, with the aim to evaluate
the importance of different habitats on the dynanaitthe fish populations under study
(Packer and Hoff 1999; Lloret and Planes 2003),dnly a few studies have attempted
to link the food availability of habitats to thesttibution of the fish assemblages (Hinz
et al. 2005; Stakt al. 2007). The food availability in a specific habiistone indication
of habitat quality, reflecting habitat requireme(8ala and Ballesteros 1997; Benaka
1999; Packer and Hoff 1999; Stilal. 2007) and will, in combination with the overall
distribution pattern for the selected fish spec@®yvide valuable information for the
management of sustainable ecosystems and fisheries.

The Algarve artificial habitats have been deployedandy bottoms of coastal
waters since the 1990’s in order to mimic rockyaaréhat are scarce and aiming at
fisheriesenhancementn these artificial reefs, as well as in NW Meditinean waters,
sparid species belonging to the Gemiplodus, are within the most represented fish

assemblages in shallow rocky infralittoral habitatéis is the case obD. sargus
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(Linnaeus 1758)D. wulgaris (E.G. Saint-Hilaire 1817) anD. bellottii (Steindachner
1882), three commercial and local important spetiies account for 40% of AR fish
assemblage in terms of density (Leigcal. 2008b). These species are thought to be
highly generalist omnivorous, feeding upon preysdpced over natural and artificial
habitats (Pepet al. 1996, 1998; Sala and Ballesteros 1997; Goncalnds=azni 1998;
Relini et al. 2002; Hortaet al. 2004; Leitaoet al. 2007). It has been demonstrated that
the benthiccomposition and production, diversity, abundance/@nhabitat structural
complexity influence rocky fish assemblages (Bro®®84; Packer and Hoff 1999;
Edgar and Shaw 1995Arias-Gonzalezet al. 2006; Stal et al. 2007. Thus, food
resources available on the man made structures bearthe putative cause for
determining assemblage’s fish abundance. Comparisbmlata collected in the same
way at replicate sites at different age reefs,landtions, can provide insights regarding
how benthic communities can influence patternsistribution and abundance of fish.
Thus, similar habitats with different ages presangood opportunity to study the
influence of benthic communities on the fish asdegds. Herein we studied the
benthic community an®iplodus spp. assemblages across three artificial habatels
different ages.The specific objectives of this study were to: gs@ss thaeef fish
assemblages, in terms of size structure, abundamdédiomass; ii) assess the benthic
community composition anthxa (biomass) availability; iii) evaluate the relatsdmp

between the benthic community and Biglodus spp. assemblages.

MATERIAL AND METHODS
Study area and reef organisation
In the Algarve, southern coast of Portugal, a mtopé AR deployment started in 1990

with two pilot reefs (one of which off Faro). Laten 1998 and 2002 new ARs were
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deployed, corresponding to the Vilamoura am@ro/Ancdo ARs (the latter

corresponding to an enlargement of the former BP&t) respectivelyFigure 1)
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Figure 1. Map of the study area showing the Vilarmoand Faro/Ancao reef
organization in relation to the Ria Formosa lagama the 10, 20 and 30m isobaths.

Triangles, circles and squares for reefs deplogek®B0, 1998 and 2002, respectively.
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All ARs made use of concrete blocks and have alainarrangement, consisting of a
number of reef groups (RGs), each consisting @e3 sets (RSsEach RS occupies a
volume of approximately 529 nconsisting of 35 concrete cubic modules organired

a chaotic two layer structure. The reef units useusisted of 1.25fmof concrete with

an external volume of 2.7nThe distance between RSs is 70m and between Ra¥s i
300-400 m.The Faro Pilot AR has 7 RGs occupying a total ave&89 ha. The
Vilamoura AR with 28 RGs extends for 375 ha, while Faro/Ancéo AR has 52 RGs
reef groups extending for 876 hHehe ARs run parallel to the coast line along then20
isobath.All reefs were deployed during summer, on sandygds and isolated from
the nearby natural rocky substrate that is scardke area. The study area is subjected

to similar hydrodynamic conditions with strong etgearriving from the SE direction.

Experimental design and Methods

Between June and July 2006 the 3 different age ARployed 16, 8 and 4 years
before) were surveyed. For that purpose, for ed@Hodir RGs were randomly selected.
Each RG accounts for three replicates, each canepg to each of the respective
RSs. Therefore, overall for each AR a total of ieef4 RG x 3 RS) fish surveys were
carried out. Additionally, three randomly countsrevenade at each RS. In order to
reduce the bias due to daily fish abundance vanatll counts were carried out from
10 to 12 AM, at similar tide conditions.

Fish distribution was determined by visual censamgi the stationary point
method as described in Santsl. (2005). The observer, always the same diver with
years of training, recorded the number and sizefisbkes in a radius of 3 to 6 m
(depending on the water turbidity), in a 6-minutgerval - the minimum time required

to count (for details see Santetsal. 2005). The diver recorded the differddiiplodus

147



Chapter 6 leihce of benthic communities on fish assemblages

assemblages present within the AR, along with thedative abundance and midpoint
size-class value for each species shoal. The nuaitedividuals by species was tallied
in 3 cm size classes in the casdobellotti andD. vulgaris (or 5 cm when total length
> 20 cm) and 5 cm size classes forsargus. The determination of fish size near the
limits of size classes implied a certain degresuddjectivity, especially when fish were
several meters away from the observers. Size cilgsration/correction was done by
spearing specimens of each species and compaiting aod estimated total lengths.
Benthic samples were collected in June 2006. Ahesdadied AR, liree RS
were randomly selected among those censused Ryrfdis benthic macrofauna samples
collection. At each RS, three macrofauna benthimpas, each consisting of two
pooled quadrates (15 x 15 cm each), were hazaddlgcted from the surface of the
modules. Thus, a total oine benthic macrofauna samples were collected peragef
Quadrates samples were obtained directly by scivessd who scraped benthic
organisms off the reef structure. An airlift pummsvused to colleted macrofauna,
which was retained in a 1mm mesh bag attachedtbeeend of the air lift tube. Once
in the laboratory benthic samples were fixed aresg@rved in 4% buffered formalin.
Samples were later washed in running water, satettaxa were identified under a
stereoscopic lens. The wet weight of etta was obtained after a 5-min drying period

on blotting paper with a digital balance with agseon of 0.001 g.

Data analysis

Fish assemblages

In this study the year of AR deployment (1990 fard-AR, 1998 for Vilamoura AR
and 2002 for Faro/Ancédo AR) was used throughoutmbheuscript to discriminate the

different habitat ages. The density was calculagthe number of fish per RS (528 m

148



Chapter 6 leihce of benthic communities on fish assemblages

of water). The calculation of biomass index was enasing: (1) the estimated midpoint
of fish total length size class, (2) the lengthgiirelationship (Santcat al. 2002) and
(3) the estimated density of fish. Species assaygblaomasses were obtained by
multiplying the weight for each size class for eagecies by the total number of
individuals observed in that size class.

The mean numbers of juveniles and adults were leabni taking into
consideration the size at first maturity of the@es.Diplodus bellotti, D. sargus andD.
vulgaris were considered juveniles (San&sal. 2006) whenever belonging to length
classes equal to or below 12, 15 and 18bfean density (n.° ind/RS) and biomass
(g/RS) for total, juveniles and size classes statidard deviation (xSD), according with
age, were calculated using mean RS observatiotes, @oling the data regarding the
three counts made at each RS.

Several hypotheses were stated in order to evaludferences in fish
assemblages size structure, density and biomagper{dent variables) across reef age
(independent variable), under the assumption thatthree species are site fidelity
resident species in the ARs (Leit&al. 2008b).

The first approach was to test whether Diglodus spp. assemblage varied
between the different habitats ages, in terms ak sstructure (Hypothesis I).
Independently of age, it is expected that assemldage within each AR varied among
RG counts. This RG variability may affect fish asgéage results across habitat age.
Therefore Hypothesis | was analysed by two—way (age RG within age effects)
multivariate analysis of similarity (ANOSIM) nesrRG within reef age (Clarke and

Warwick 2001). Hypothesis | was stated accordinthéofollowing hypotheses:
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HO;: there are no differences in length size distidoumong habitats within each

age;

HO,: there are no differences in length size distidoutamong habitats with

different age;
where, the approach to KH@epends on the outcome of testing; HClarke and
Warwick 2001). Size structure data was squaretraasformed. The SIMPER analysis
was used in order to highlight those size classasrmost contributed to dissimilarity
among reef age. Secondly, we tested if artificiabitats with different age have
differentDiplodus spp. density (Hypothesis Il) and biomass (HypadthBh:

Ho: Diplodus spp total density/biomass do not differ acrosstatbge;

Ha: Diplodus spp total densities//biomass differ across habijat
The two-way Nested ANOVA was used to compare bo#msdy and biomass
differences between reefs with different ages.rttento comply with the protocols of
the experimental design (random selection of R@®),nested RGs within age and
considered RGs as a random effect (Zar 1996). Blytbothesis Il and Ill are better
stated as described above for Hypothesis |, wheretitcome of Hinfluenced the K
(Zar 1996). Whenever normality (Kolmogorov-Smirneest) and/or heterogeneity
(Bartlett test) assumptions failed, the data wa@ 1) transformed. The ANOVA was
carried out for juvenile, adults and total. Nevel#lss, given that the final goal was to
understand how habitat structure affects reef iseemblage, the final conclusion
regarding both hypothesis Il and 11l were basedh@nanalysis of total assemblage data
for each fish species. The non-parametric SNK tes$ used in order to enable
significantly different averages (size class, dignand biomass) to be identified (Zar
1996). For census data, statistical significances vadtributed to univariate and

multivariate tests at the 10% level. While tlaspriori decision allows for greater
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probability of falsely concluding that a signifidagffect exists (i.e. making a Type |
error) than the traditional level of 5%, it is intpant that due regard also be paid to
Type |l error, i.e. falsely concluding that no difénces exists when there really is one

(Zar 1996).

Benthic community

Increasingly, studies are separating benthic andmgephic attributes in the
development of habitat classifications (Mumby ararbdrne 1999; Aries-Gonzales

al. 2006). Generally, most studidscusing on benthic habitat communities use the
percentage cover methosgeg introduction sectipnHowever, the percentage cover is
not suited for the mobile or less conspicuous faiMauraet al. 2008) that may have
an important role in explaining benthic fauna prcichn and fish assemblage’s
relationships. One common technique is to use Bsmalowing solitary and colonial
organisms to be compared on the same scale (ReiohiRelini 1997; Mourat al.
2008), although it is a laborious methdchis was the approach adopted in the present
study. Habitats across ARs age were characterisearding to the ecological biotic
biomass attribute. We used benthic habitat stractierm to describe both the
composition (presence/absence) of benthic macrafaand flora and also their
availability (biomass) according to eatixa. Mean benthic biomass (per?mand
standard deviation (xSD) per reef age were caledlaising RS samples. Fish
assemblage density might be related to fish hab#ldction and thus with both food
limitations (Malthus 1966; Edgar and Shaw 1995) sl food selectivity preferences
(Pepeet al. 1996, 1998; Hortat al. 2004; Leitdo et al. 2007 and references thergin
Therefore, first we evaluated if benthic habitatisture differed across age (Hypothesis

IV) by means of MDS. The MDS analysis was baseden Bray-Curtis similarity
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biomass matrix after square root transformationth&f data. Differences in benthic
habitat structure across reef age were assessadlbyariate two—way (habitat age and
RS samples within age) analysis of similarity (AN@Sa= 0.05), nesting RSs samples
within reef age (Clarke and Warwick 2001). SIMPERswsed to determine benthic
macrofaunaaxa that most contributed to the differences verifimween habitat age
(Clarke and Warwick 2001). Secondly, we testedoifilt and meartaxa biomass

differed across habitat age (Hypothesis V). Two wagted ANOVA ¢= 0.05) were

used to assess statistical differences regartirg biomass due to habitat age. As
benthic samples across reef age were taken randawmelytreated variability among
benthic samples as a random factor nested in agel (factor) (Zar 1996). Whenever
normality (Kolmogorov-Smirnov test) and/or heterogigy (Bartlett test) assumptions
failed, the data were log (x +1) transformed to i@k parametric assumptions.
Whenever the null hypothesis (equality of meansks wajected, the SNK non-
parametric test was used in order to enable saamfly different averages to be

identified.

Fish assemblages and benthos relationships

One of the main problems in planning habitat deplegt is predicting equilibrium
steady states in benthic and nektonic communitiesiga the reef life cycle.
Nevertheless, fish assemblage and benthic comrasratie expected to be at different
levels of colonisation and succession. Herein veeimed that fish assemblages in the
artificial marine environment are strongly influedlc by population relationships to
biotic gradients, such as benthic macrofauna agadeatomposition and availability. If

fish abundance is influenced by hard substratahiierm@ommunity composition and
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availability across habitat age, then there shtlch positive relationship between the
total density of fish and benthic habitat structdneus, it was tested (Hypothesis VI):
Ho: There is no relationship between fish density laalitat structure across age.
Ha: There is a relationship between fish density laaoitat structure across age;
The assumption due to specialised relation of fisth habitat is important as fish
mobility may invalidate relationships interpretai$o So, our hypothesis were tested
under the assumption that species have high sigditfi (Santoset al. 2005; Leitaoet
al. 2008b), are highly generalist omnivores (Pepal. 1996, 1998; Hortat al. 2004;
Leitdo et al. 2007) and that they partition the same space and fesources (Sala and
Ballesteros 1997; Hortat al. 2004). In addition, the choice of the RGs took into
consideration the distance between reefs with rdiffe ages that were selected far
enough to inhibit movement of fish between RGs wiifferent age and thereby serve
as independent replicates.

Diplodus spp. density (response variable) and benthos lEsni@xplanatory
variables) relationships were analyzed through Rddocy Analysis (RDA). This
ordination method is considered to be a powerfultirariate technique that is useful to
extract synthetic environmental gradients from egwlal data (Zuuet al. 2007). The
result of the RDA was plotted on a correlationltoipln addition, the correlation matrix
was also used for the response variables. RS vga@ as nominal covariables. Some
benthictaxa were not used in the final model (Echiura; Forafera), as previous data
analysis showed that thetsxa reduce the model inertia - the amount of variatioat

can be explained by the explanatory variables @htlodel (Zuuet al. 2007).
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RESULTS

Diplodus bellottii

D. bellottii ranged in size between the 9 and 21-cm size dabsang mainly composed
of juveniles that accounted for 67, 64 and 76%heftbtal density for the reefs deployed

in 1990, 1998 and 2002, respectively. The 12cm d&ss recorded the highest number

of fish, independently of habitat age (Figure 2).
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Figure 2. Mean density distributiorgtandard deviation) per length size clases for

Diplodus bellattii (A), D. sargus (B) andD. vulgaris (C) assemblages. Black, white and

grey bars refer to the year of reef deployment (19998 and 2002, respectively).

154



Chapter 6 leihce of benthic communities on fish assemblages

The size composition of tHe. bellottii assemblages (Hypothesis ) varied both among
RGs counts (R=0.370; P =0.002) and among habiRt€).838; P=0.002). These
differences were significant between habitats dggdoin 1990 and 2002 (R=0.344;
P=0.066) and 1998 and 2002 (R=0.496; P=0.086).9r{@8<dissimilarity %<38) and
12-cm (29<dissimilarity %<41) juvenile size classege those that most contributed to
the density differences (>67%) verified in fish esidistribution frequencies among

habitat age (Table 1), followed by the 15-cm sias< (22<dissimilarity %<25).

Table 1. Size classes that most contributed (%Dglissimilarity (SIMPER) among
artificial habitat age (year of deployment: 199098 and 2002). Results of the SNK

pair-wise test among size classes reef age NSsigmificant; * p < 0.1; ** p < 0.05;

**k < 0.01.
D. bellottii D. sargus D. wlgaris
1990vs 2002 %D 1990vs 2002 %D 1990vs 2002 %D
9 NS 35 25 * 47 9 * 32
12 NS 32 30 *x 36 12 * 15
€ 15 *ox 25 £35 ok 8 E15 * 33
N2 1998vs 2002 N2 1998s5 2002 N2 1998/ 2002
@9 * 28 @ 25 NS 27 § 25 * 27
S 12 NS 41 S 30 *x 38 S 30 * 38
S 15 NS 22 5 35 ek 20 € 35 * 20
§ 1990vs 1998 %D § 1990vs 1998 § 1990s/s 1998
9 * 38 20 NS 137 9 * 24
12 NS 29 25 * 42 12 * 15
15 NS 22 30 NS 30 15 * 28

Graphical analysis (Figure 3) showed that mBabellottii density increased with reef
age (329+118, 295+114 and 220+57/RS on reefs deglay 1990, 1998 and 2002,
respectively). However, differences in density weméy found for the total (Hypothesis
II) and adults assemblages, among the oldest amaiggst habitats (Table 2). The mean

total biomass (11138+4797, 10989+4422 and 6642+29RS for reefs deployed in
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1990, 1998 and 2002, respectively) increased wathitat age too (Figure 3). TotBl.
bellotii biomass (Hypothesis Ill) was significantly higherthe habitats settled in 1990

and 1998 than in 2002 reef (Table 2).
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Figure 3. Density and biomass per reef sédipfodus bellottii (A and B),D. sargus (C
and D) andD. vulgaris (E and F) by category. Black, white and grey brafsr to the

year of reef deployment (1990, 1998 and 2002, cibfdy).

Diplodus sargus
D. sargus ranged in size between the 15 and 40-cm size edadseing almost
exclusively composed of adults (Figure 2). The sibenposition of theD. sargus

assemblages (Hypothesis I) differed within RGs ¢®(R=0.504; P=0. 001) and among
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habitat ages (R=0.360; P=0.022). Significant défees were found both between 1990

and 2002 habitats (R=0.347; P=0.057) and 1998 86d tR=0.667; P=0.029) habitats.

Table 2. Results of two way nested ANOVA (factdR$G within age; Age) to total,
juvenile and adults density and biomass (per regfaf Diplodus bellottii, D. sargus

and D. wulgaris assemblage among artificial habitat age (yearegfiayment: 1990,
1998 and 2002)NS: non-significant; * p < 0.1; ** p < 0.05, *** x 0.01. SNK —

Student-Newman-Keuls pair wise comparison test.

Density Biomass
RG Age SNK RG Age SNK

Diplodus bellottii
Total NS ** 1990>2002 NS ** 1990/1998>2002
JuvenilesNS = NS NS
Adults NS = 1990>2002 NS ** 1990>2002
Diplodus sargus
Total * o kkk1990>1998>2002 ** ¥+ 1990/1998>2002
Juveniles
Adults  ** **  1990>1998>2002 ** ***  1990/1998>2002
Diplodus vulgaris
Total NS *** 1990>2002 NS ** 1990/1998>2002
JuvenilesNS ** 1990>2002 NS ** 1990>2002
Adults * wex 10990/1998>2002 * *** 1990/1998>2002

*

The size classes that most contributed to disgiityilacross reef age were the 25, 30
and 35-cm size classes (Table 1). The SNK test stiawat the differences in fish
abundance by size classes across reef age ar@atasddo higher fish density of the
larger size classes of the older habitats (Tabkdure 2). TotaD. sargus density was
57432, 4019 and 9x7/reef set, for 1990, 1998 add22 respectively (Figure 3). A
significant increase ob. sargus density (Hypothesis Il) with reef age was observed
(Table 2). Density variability among RGs countsthivi age, was significant. The

observedD. sargus biomass was 1849617354, 17051+7864 and 2611+1fRS6 {pr
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the habitats deployed in 1990, 1998 and 2002, octspdy (Table 2; Figure 3). Totd.
sargus biomass (Hypothesis Ill) was significantly higherthe habitats settled in 1990

and 1998 than in 2002 reef (Table 2).

Diplodus vulgaris

D. wulgaris ranged in size between the 3 and 35-cm size &adsging mainly
composed of juveniles that accounted for 82, 8098% of the species assemblages on
the reefs deployed in the 1990, 1998 and 2002.eotisely (Figure 2). There was
notable density variation iD. vulgaris size class distribution across habitat age. The
size composition of th®. vulgaris assemblages (Hypothesis I) varied within RGs
counts (R=0.536; P=0.001) and among habitat age6.4R7; P=0.002). Dissimilarity
in size frequency distributions among habitat agas mainly due to the 15, 9 and 12-
cm (juvenile) size classes (Table 1). The comparlsetween both 1990 and 2002 and
1990 and 1998 habitats showed differences that waialy due to the higher density
of juvenile fish belonging to the 9 and 15-cm sita&sses in older habitats. These size
classes contributed with 65 and 52 % to the didaiities among latter pair-wise
habitats (Table 1; Figure 2). The densitylnfvulgaris for 25 and 30 and 35-cm size
classes were significant higher in 1998 than in2B8@bitat. Graphical analysis showed
an increase oD. wlgaris meandensity with reef age (Figure 3). Me&n wulgaris
density found was 154182, 102+82 and 67+36/RSdefs deployed in 1990, 1998 and
2002, respectively. Statistical differences in ltqtdypothesis II), juvenile and adult
density were verified between the oldest and yosingabitats (Table 2). MeaD.
vulgaris biomass found was 7244+6695, 5730£1284 and 1491%gRS for reefs
deployed in 1990, 1998 and 2002, respectively (fei@). Total (Hypothesise Ill) and

adult assemblage biomass was significantly highdioth 1990 and 1998 than in 2002
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habitat. The juvenile biomass was significantlyh@g in 1990 than in 2002 habitat

(Table 2).

Benthic community
A total of 13taxa were identified, all being present on every hdbiidependently of
age. Overall, théaxa that most contributed for the overall biomass waeeCirripedia

(barnacles), the turf algae, Gastropoda, Polych&ey@zoa and Crustacea (Table 3).

Table 3. Mean biomass (gfmSD) value petaxa for the different artificial habitat age
(year of deployment: 1990, 1998 and 2002). Resoitswo way nested ANOVA
(factors: RS within age; Age) among benthic biomassoss reef age: NS: non-

significant; * p < 0.05; ** p < 0.01, *** p < 0.001SNK - Student-Newman-Keuls pair-

wise test.
1990 1998 2002 RS Age SNK

Anthozoa 3.47 +2.88 6.66 + 11.53 0.25+0.52 NS NS

Bivalvia 3.91+2.82 3.26 +1.77 38.09 + 75.82 NS NS

Bryozoa 25.33 +21.64 759 +551 46.04 £ 40.1 NS * 2002>1990/1998
Cirripedea 1020.81 £ 135.83 863.55+76.24 713.85 £154.NS NS

Crustacea 20.99 +19.95 7.46 +4.08 798+ 45 NS * 1990>1998/2002
Echinodermat  0.43+£0.35 1.47+1.48 0.72+0.85 NS NS

Echiura 11.01 +12.21 1.13 £ 2.55 4.4 +3.52 NS NS

Foraminifera 0.09 £ 0.04 0.13+£0.11 0.09 £0.08 NS NS

Gastropoda 54.63 + 53.08 37.81 +18.67 28.99 + 20.1 NS *990/1998>2002
Hydrozoa 2.04 +3.25 0.35+0.72 0.54 +0.43 NS NS

Algae 376.62 +194.83 315.78 +170.71 152.64+64 NS *  0$9998/2002
Polychaeta 16.90 £+ 20.65 18.47 £11.21 27.36 £ 18.9NS NS

Sipunculida 17.80 £10.97 2.59 +5.85 3.14+3.01 * * 199888/2002
Total biomass 1554 + 965 1266+ 568 1024 + 686 NS NS

The two older reefs were closely related in MDS cgpahan the younger reef,
suggesting that macrofauna and algae habitat catquodiffer with AR’s age (Figure
4). However, the above analyses did not take ictmant the Cirripedia (barnacles),

since their higher biomass contribution mask theée rof the other benthidaxa
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composition across reef age. Statistical analysisoborated that benthic habitat
composition (Hypothesis IV) varied among habita¢ #§NOSIM: R=0.191; P<0.01)
but not among RS with the same age (ANOSIM: R=(0.1360.168). Statistical
differences in benthic biomass structure were fdugtveen the most recently deployed
reefs and both the two other habitats (ARR& 2002 R=0.231; P<0.022; ARSo0w2002
R=0.283; P =0.011). Théaxa that most contributed (SIMPER) to the differences
observed between reefs (Table 4) were the turfeal§gunculida, Bryozoa, Bivalvia,

Echiura, Gastropoda and Polychaeta.

Table 4. SIMPER results highlighting biomasaxa that most contributed to

dissimilarity (%D) across artificial habitat ageeéy of deployment: 1990, 1998 and

2002).
1990, 1998 199Q,; 2002 1998, 2002
taxa %D taxa %D taxa %D
Algae 21.93  Algae 25.09 Algae 24.38

Sipunculida 13.37 Bryozoa 11.04 Bryozoa 16.28
Bryozoa 10.53  Sipunculida 10.3 Bivalvia 10.89
Echiura 9.85 Bivalvia 10.1 Polychaeta 9.54
Gastropoda  9.72 Polychaeta 9.69 Gastropoda  8.06
Polychaeta 9.21 Gastropoda  9.55

Nevertheless, not atbxa groups highlighted by the SIMPER analysis diffeesnioss
reef age. Statistically significant biomass diffezes across reef ages (Hypothesis V)
were solely verified for Gastropoda, Sipunculidad a@rustacea, with higher mean
biomasses on reefs deployed in 1990 than on ther d@ito reefs (Table 3). Mean
biomass values for turf algae were also statigyidagher in older habitats (1990 and
1998). Bryozoa biomass was statistically highe2@®2 than in both 1990 and 1998

reefs. An increase in total biomass was observed reef age (1554965, 1266568
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and 1024686 g/nt for the reefs deployed in 1990, 1998 and 2002peetively).

However, the total benthic biomass did not difigngicantly across habitat age (Table

3).
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Figure 4. Benthic samples MDS ordination showing thiomass composition of

different age habitats. Symbols refer to year ef deployment - 1990; A - 1998;

- 2002, respectively).

Fish assemblages and benthic community relationship

The numerical output of the RDA for the habitausture across habitat age showed

that the explanatory variables explain 75% of ttaiation in the Diplodus spp

assemblages. For this 75%, the first two axes @x{§6%. The triplot of the habitat

structure data showed that the density of Bglodus spp. was positively correlated

with reef age (Figure 5). Age, Algae, Sipunculidzastropoda and Cirripedia were
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within the explanatory variables those that moshtigouted to the RDA model
explanation. Diplodus spp density was also positive correlated with Anta,

Gastropoda, Sipunculida, Crustacea and Hydrozaadss.

Hydrozoa

Gastropoda

Sipunculidg Crustacea Bivalvia
Reef age

Anthozoa Bryozoa -
Polychacta
Diplodus vulgaris Algae A hiurg
17 & Cirripedea
|
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Figure 5. Redundancy analysis (triplot) showingatiehship between benthic

macrofauna biomass (explanatory variablBsplodus spp. abundances (responses) and
samples. Symbols refers to the year of reef depioyr@m - 1990; A - 1998;e - 2002,

respectively).
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A relationship between both. sargus andD. bellottii and algae were observed, being
particular meaningful in the case of the lattercgg® The relationship was not so strong
between algae an®. wulgaris, but it was in the case with both Crustacea and
SipunculidaD. sargus density was also strongly related with CrustacedhB. sargus
and D.vulgaris were strongly associated with Gastropoda. A pasitelationship was
verified between botl. sargus andD. bellottii and Cirripedia, being markedly strong
in the case of the latter species.

Overall, there was a positive relationship betweeef age and benthitaxa
(explanatory variables) that most contribute to Ri2A model (Anthozoa, Gastropoda,
Sipunculida, Hydrozoa, Crustacea and turf algag)addition, the latter explanatory
variables were also generally related with the stiddR benthic samples, but not
correlated and/or negatively correlated with ARIdged in 1998 and 2002. This means
that algae biomass increase with reef age. Poly@hBeyozoa and Bivalvitaxa were
positively related with recently deployed habitaimples (i.e higher biomass) and
negatively correlated with fish densitpiplodus spp. densities were negatively
correlated and/or not correlated wiidxa samples recorded on the two newest ARs.
Overall, for hypothesis VI, but considering alse thypothesis IV and V results, the
tentative conclusion was that habitat structurenels due to specifitaxa availability,

strongly influenceDiplodus spp. density variability across habitat age.

DISCUSSION

We analysed the fish assemblage data first, andubked habitat structure as a variable
to test for statistical difference iDiplodus spp. density across habitat with different
ages. This strategy kept the analyses separateawamded effects of anw priori

assumptions about relationships between fish aoth [fGodoyet al. 2002). The size
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structure differences among habitat age were giyelae to high densities of juvenile
of D. bellottii andD. vulgaris on the older reefs (Hypothesis I). In the casB.cfargus

the density was generally higher on the older abihdependently of size class. Size
structure variability among RG counts, within eaelef age, was also considerable.
Nevertheless, when abundance and biomass diffeseaceoss habitat age were
analysed (all size classes pooled) differences grRih counts (within age) were not so
evident, except foD. sargus. Willis et al. (2006) showed that counts separated by
months return quite different assemblages whereasts separated by days or weeks
(as in the present study) did not. Thiglodus spp. mobility in the area of study is still
poorly known but a three month acoustic telemetnweys conducted in Faro/Ancéo
area showed that boih vulgaris andD. sargus marked fish had not moved outside the
study area (Lincet al. in press).Mobility makes the analysis performed conservative,
because mobility would tend to break up any spatiddern as it tends to break up any
abundance or length structures appearing in a dsdemblage (Garcia-Charton and
Pérez Ruzafa 2001Jherefore, it is not possible to state that thecspens’ counted on
the different aged habitats, are permanent inhatisitaf the respective habitats. Instead,
we must consider that fish have habitat preferebeeause in some habitats they have
better conditions for growth, feeding and spawmigroduction (Lloret and Planes
2003; Leitacet al. 2007).

Ecologically it is assumed that fish abundance texidose to the carrying
capacity of the environment with reef fish abundaoonsidered limited by habitat or
space partly because atrtificial bottom reefs atehyahabitats, limited in geographic
coverage and separated from other reefs. Habitatalion is the primary factor in
determining the specific composition of AR fish@sblages, due to the availability of

food or shelter (Bohnsack 1989). Both space antleshrequirement in our study were
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conservative across reef age, as well as reeftypst (e.g. substrata type, complexity,
space availability) and structural organisationg.(enumber of modules, chaotic
organisation). In addition, other factors knownatifect reef fish assemblages (e.g.
depths, bottom type and lack of proxy rocky area®ye also kept across habitat age.
Artificial habitats were deployed to mimic coastatky areas where larval supply is
usually not a limiting factor (see Almada and F&@®4 for a review), suggesting that
post-recruitment deterministic mechanisms in oudgtare exerting a strong influence
on assemblage organisation.

A pattern inDiplodus species density (Hypothesis Il) and biomass (Hypsis
[II) variation among habitat age was found. Onetloé most significant factors
explaining the fish density pattern foundinfra-littoral fish assemblage, (e.g. species
richness, biomass, number of individuals), desgntefact that they deal with distinct
faunas in many different parts of the worldhabitatbenthiccomposition (Ardizzonet
al. 1997; Friedlander and Parrish 1998; Godbgl. 2002; Munday 2002; Almada and
Faria 2004; Floeteet al. 2007). Fishes move to exploit resources, principallgda@and
shelter and as a general rule they select foragiags to maximize food intake where
proper habitat is available. The degree of halsdectivity exhibited by a species has
scale-related implications for patterns of abunéa(f®ox and Morrow 1981; Brown
1984; Gaston and Lawton 1990; Munday 20@plodus spp. are closely associated
with rocky habitat environments and respecthenthictaxa (preys), as commonly
described in diet studies, which characterise tlasdaigh generalist species (Pepal.
1996; Sala and Ballesteros 1997; Gongalves anchiExr2P8; Hortaet al. 2004; Leitdo
et al. 2007). Therefore, under such conservative haéxperimental design, the benthic
community became the most likely explanation foefréish assemblage density

differences between habitats with different ages. ikstance, differences iplodus
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spp. density (Hypothesis 1) were verified betwée® ARs deployed in 1990 and 2002,
which have different benthic communities too (MDBalgsis, Hypothesis V). No
differences in fish density were observed betwéenARs deployed in 1990 and 1998,
nor in their respective benthic community. In aiif redundancy analysis (RA)
showed thaDiplodus spp. density increased with AR age, being assextitt specific
benthictaxa and flora availability (Hypothesis VI).

However,D. vulgaris and D. bellottii total assemblage density (Hypothesis II)
were similar in both 1998 and 2002 habitats, whéathic structure differed among the
1998 and 2002 habitats. The MDS ordination analy$iypothesis IV) grouped the
1990 and 1998 habitats and cross correlation prwesdof redundancy analysis
(Hypothesis VI) separated more clearly macrofawaraptes according to both habitat
age andaxa. Therefore, redundancy analysis was stronger awsig an increase in
fish abundance with reef age and highlighting thigher density of fish in older reefs
was associated with specific benthéxa biomass availability. It also showed strong
relationships betweeDiplodus spp. density and both specific benttaga (Crustacea,
Gastropoda, Sipunculida and Bryozoa) and turf atjaelder habitats. Moreover, those
taxa were important as preys fbiplodus spp as previously reported by several authors
(Pepeset al. 1996, 1998; Hortat al. 2004; Leitacet al. 2007).

Different analyses have showed different typesnédrmation andresults, thus
discussion may be open to interpretation. We shan&htion here that our non-
manipulative approach may appear less powerful théield experiment and may be
criticised because mobility and fish assemblagesawility would introduce substantial
variability. NeverthelessDiplodus spp density differences were still found between
habitats with different ages, and being relatedh widbitat structure. Therefore, despite

such weakness, we favour the general interpretatfoour results, including natural
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observations (graphical analysis and numerical yaigl and redundancy analysis
(model inertia was high for ecological data setuiZet al. 2007), because we believe
they provide opportunities to understand local &arge scale fish dynamics due to
habitat composition and fish habitat preferencesnef they do not satisfy the accepted
protocols of experimental design, such as: i) thek lof stomachs contents to link
information (Stalet al. 2007); and ii) the differences in the size of hatbacross age
(attraction hypothesis). Howevéjplodus spp showed a strong substrate preference for
rocky (artificial) habitats and large amounts ¢édature supports this linkage. It might
be also argued that large size (area) reefs atirace fish (attraction hypothesis,
Bohnsack 1989). However, even under such argummearked differences iDiplodus
spp density where observed among the two diffdrahitats off Faro/Ancéo area. In the
smallest Faro AR, higher fish density was foundntha the nearby large sized
Faro/Ancdo AR. As both latter reefs differed inmerof benthic assemblages, these
findings favour the hypothesis that benthic halstaticture and fish habitat selectivity
are the putative cause of fish density differeree®ng habitat age. In addition, it is
also noteworthy that the result achieved with rdgdo theFaro/Ancao nearby habitats,
with different benthic habitat structure, have imalion in terms of the spatial
organisation oDiplodus spp. assemblageBhe fast rate of colonisation of the youngest
AR was attributed to the migration of fish from tiasting older proxy AR deployed in
1990 (Leitdoet al. 2008b). Nevertheless, these two habitats whichsate by side,
showed differences in terms Bliplodus spp. density/biomass, whereas ARs separate
from kilometres (Faro/Ancao and Vilamoura) did ndhus, the habitat structure has
contributed to the separation of local fish assagéd off the Faro/Ancdo area. Other

studies also referred that the causes of fish adnoed variability over spatial scales
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have been showed to be related to local-scale ggeseand associated to benthic habitat
selection (Packer and Hoff 1999; Morris 1992; Mun#é@0?2).

Overall results suggested habitat selective prete® byDiplodus spp. Ross
(1986) showed that in the case of fish assembldged, segregation has proven to be
the most important resource partitioned by spesresseems to play a more important
role than habitat, spatial or temporal separatidmdizzoneet al. (1997) showed that
the gradual increase of site fidelity AR fish abande with reef age is related to
changes in benthic community. Spanier (2000) detrates! in an experiment based on
the enrichment of the substrate, that the abundahdhe mostly represented fish
species Epinephelus alexandrinus andE. guaza) decreased after enrichment effect was
reduced. Edgar and Shaw (1995) investigated theoritaupce of food resources by
quantifying the production of food and relatingstho the consumption and production
of the local fish community. The latter authorswhd that preferred prey availability
may limit the production of fishes. In fact, thebdée regarding the structure of a fish
population can be thought of in terms of the tropgmergy available/produced within
an ecosystem, the main question being related tcaitrying capacity. At one extreme,
once fish have colonised reef structures, assemblage assumed to be at a maximum
carrying capacity allowed by the habitat environtndrne fish assemblage structure
will result from competition between and within spes. This view is based on the
assumption that fish communities are ordered assg@b composed of populations,
each in numerical equilibrium with their resoureggly (Smith and Tyler 1972; Sale
1978). It is important to note that in the pressmtied sites the fish assemblages were
assumed to have already reach stability (Sasetoal. 2005; Leitdoet al. 2008b).
However, the variation in benthic habitat compositacross habitat age means that

benthic succession, defined as a change in spadcragiance through time initially by
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the opening of space as species extinct (Odum 1%&?) influenced the associated
Diplodus AR assemblages. Therefore, a dynamic equilibriwtween fish and food
resources is expected to be reached continuoushygahe several levels of habitat
colonisation as postulated by Smith and Tyler (J@#fl Sale (1978).

The present study stresses the importance of widgh benthic habitat
variability as determinant to the composition afdbreef fish assemblages. Moreover,
results suggested that fish assemblage densityedvanithin-site spatial variation
according to benthic habitat characteristics. Aiaf habitats deployed in coastal
waters of the Algarve offer a large portion of theailable hard habitat substrate
between 16 to 24 m depth and have a high importércBiplodus spp as nursery,
feeding (Leitacet al. 2007; Leitdoet al. 2008a), growth and mating/reproductive areas
(chapter 5). Thus, these habitats were consideseiEssential Fish Habitats” [EFHs -
defined as “those waters and substrate necessaryish for spawning, feeding or
growth to maturity” (Benaka 1999)]. One of therpdary purposes of artificial habitats
is to attract and concentrate fish by providingniheith more favourable conditions
than are present in the original environment. Godasines are known for maintaining a
high diversity of fishes compared to offshore ayediering organisms multiple habitats
and food resources. Thus, the man made structatieg @s artificial EFHs should have
an important role to play in sustainable managemoémixploited sparids fisheries, as
conservation and ecosystem issues will dominateefiss management in coming
years. In fact, management will hopefully focus a greater amounteffbrt on
conserving entire ecosystems, including the varadtyabitats, rather them in target
exclusively on maintaining the sustainability afHiresources. Thus, the artificial reefs

can have an important role in future managememisgiar coastal fishing ground.
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FISH ASSEMBLAGES AND COLONISATION

There are many studies on AR colonisation and dssemblage’s variation over time
after reef deployment. However, few studies haveexh out monthly sampling over a
prolonged period such as our two year study (fogvéew see Brickhilkt al. 2005). A
rapid increase in fish colonisation occurred in fint months after the deployment of
the large-scale multi-reefs near to the small pNBt(chapter 2). fie probability that an
individual fish locates a reef is expected to iasee with habitat connectivity
(Fernandest al. 2008 and references therein), and with the inereadseef set numbers
(fish instinctive response to ARsyyhich affects the rate of fish relocation among
habitat patched herefore, it follows that the degree of connetyivor isolation, among
reefs and other suitable habitats (Ria Formosa-ARywld AR-new AR; coastal areas-
AR) favour fish movement (e.g. increasing numbédrBigentrarchus labrax have been
observed in ARs just after the enlargement of thHe &f Faro/Ancé&o) and post-
settlement relocation of individuals, contributing a fast colonisationn an area
characterised by a largely sandy bottétapid reef fish colonisation was also suggested
to be related with trophic attraction and seasd@l@é summer/Autumn) migration of
sub-adults fish from Ria Formosa (chapter 2 andHBwever, the Ria Formosa effect
was not the same for the studied sparids spebBigsofus bellottii, D. sargus andD.
vulgaris, chapter 5). In addition, fish assemblage coldimeavas also associated with
reef trophic attraction.

ARs were proposed to serve as shelter areas fenijavfish (Monteiro and
Santos 2000). Shelter from predation is importanth& greater the fish survivorship,
the greater the probability of increased reef potidn (Bohnsack 1989). However, the
role of ARs as shelter habitats and the enhandirfiglo post settlement survivorship, is

dependent on species specific behaviour and resgonsunken structures, rather than
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by the availability of space and shelter itself.r Fostance, young of the year and
juvenile demersal specieBdops boops, Trachurus trachurus and Pagellus spp.) that
contribute up to 40% of reef density, do not sheite AR, schooling in the water
column where they become more vulnerablB ttabrax predation.

Fish assemblages inhabiting rocky areas are deskcab high resilience despite
the fact that they deal with distinct faunas in sndifferent parts of the world (Almada
and Faria 2004). ARs are deployed to mimic rockgaar Nevertheless, excluding
seasonal demersal fish episodes and inter-annaispe Blenniidae recruitment, ARs
fish assemblage (e.g density, species richnesshodloundergo marked fluctuations
(chapter 2 and 5). This shows that ARs have thaagpto aggregate and stabilize fish
assemblages, as previously suggested by Santos)(199

The deployment of large-scale multi-reefs near small pilot AR contributed
to an increase in the mean values of ecologicacasd(higher species richness and
diversity), as well as in fish density and biomassindances, compared to what was
previously reported for fish assemblages in thesoidller pilot AR deployed in 1990
(chapter 2). Economically important species accedifior a mean of 180 gf(87%) of
total reef fish biomass (95 kg/reef sdb. Labrax, along with sparids of the genus
Diplodus accounted for most of the reef exploitable (adbigmass, 159 g/in(84
kg/reef set). The Algarve and namely Faro/Ancéaéd aesa was enlarged significantly in
2002. An increase of 7.5 times the previous AR dfeam 7 to 52 AR groups),
generated an increase from 1.49 to 2.8 iffdéind from 81.0 to 207 gfincorresponding
to 2 and 3 times higher density and biomass of fisepectively. Therefore, with the
enlargement of the Faro/Ancéo systeew fishing grounds were created, allowing a

reduction on the fishing effort over traditionabsce natural reef grounds. This suggests
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that ARs, throughout their fish assemblages, care l@abeneficial effect in terms of

enhancing local fisheries.

CONTRIBUTION OF AR TO FISH PRODUCTION/FISHERY
ENHANCEMENT (FISH-AR RELATIONSHIP)

All biological entities require matter for theirayvth and energy for their activities. This
is true not only for individual organisms, but afeo the populations and communities
that they form in nature. One of the questions ngigg Algarve AR is whether food
growth and/or fish attraction to the AR contributta the production of new fish
biomass. This is an important issue as ARs thadymed significant biomass may be
useful for increase/recovery of fish resources. Tmerlying rationale of ARs
deployment is the production hypothesis, wherebypAdVide additional critical habitat
that increases the environment's carrying capacind eventually the
abundance/biomass of reef fishes. Mechanisms twease in fish production include
providing additional foodDocumenting food web relationships could demonsttiaé
potential of AR to increase productiom this regard, two commercial specié€s,
sargus and theD. labrax, were studied (chapter 3 and 4).

As stomach content surveys have demonstrated, 8éSsile invertebrates and
algae provide a food source fOr sargus (chapter 3), which is a species with a strong
site fidelity to reef structures. Moreover, resudtoowed a strong relationship between
AR’s macrobenthic communities aBd sargus diet, suggesting a strong dependence on
these artificial habitats (chapter 3). Howevertha case oD. sargus, this contribution
to the trophic ecology of the species is exclusos¢he adult phase of the species life
cycle. This is, forD. sargus increase biomass production by fish-AR trophic

transference is predicted to dependend on indiVidgas. This highlights the role of
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ARs as an extension of the scarce local rocky atb#eding grounds in the area for
adults (spawning biomass) bBf sargus.

The D. labrax do not benefit directly from AR production but rathndirectly
by feeding on juvenile reef demersal species dddato these structures. Sale (1969)
predicted that fish accumulate in preferred habitarough a process of appetitive
exploration, where fishes in adequate environmelitspend little time exploring new
environments, compared to fish in less adequateanents. Diet studieand census
data showed thdD. labrax frequency of predation was high, taking place veven
preys were available. On the other hand, it wasveddahat predator consumption (prey
mortality) increases with prey density. These sshilghlight the importance of ARs as
feeding areas. Therefore, predation may assumeyrafisant importance regarding
ARs, as the structure of the food web can be ctatrdy the biodiversity within the
system and/or by higher predators (top-down contrdfhether or notD. labrax
predation in AR is similar to that in natural aretiee addition of man made substrate
favours an increase in prey-predator encounterstla@afore prey consumption and
higher prey mortality. Thud). labrax predation on demersal prey has implications for
the understanding of fish assemblage’s evolutioth #aus coastal resources. That is,
fish prey-predator interactions are important imt& of conservation and management,
as well as for the evaluation of the long-term &feof ARs deployment.

Deployed substrate undoubtedly provides and/oactd additional food but it
remains to be shown how much new fish biomass msemuently produced and
whether the added biomass is a significant cortiohuo stock size. Estimates of reef
fish production (in relation to rocky areas) hasvan to be exceedingly difficult. An
initial estimate of resources provided by an AR barmade under the assumption that

all the fish on an AR (i.e the standing stock) preduced entirely on the reef (Ambrose
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and Swarbrick 1989). However, this is likely to swmerably overestimate true fish
production (Bohnsack and Sutherland 1985; Ambrosel &warbrick 1989).
Nevertheless, this procedure is a starting poinet@luating reef size and production in
relation to natural areas. Santal. (1995) showed that fish biomass in ARs (44.4 kg/
reef set) was higher than in proxy rocky area (3&/2eef set). This means that, if the
biomass on the nearby natural reef is currentlthefsame order of magnitude and the
proportion between the different species remainsproduce the same amount of
biomass as a natural area, a much smaller AR areadded (approximately 3 times
less). Moreover, this suggests that the Faro/An&&b system (12.2 kR) would
compensate for the loss (due to fishing) of biomasailable in the natural reef.
Nevertheless, a time lag between fish productibro(tgh reproduction and growth) and
fishing catches increase is expected.

Inferences regarding future catches are diffiauinake. While for some species
AR can promote biomass increases due to AR pramude.g.D. sargus) to others
might not (demersal fish preys), this is fish precitthin is species-specific. Increases in
catches due to reef production will depend on gsespecific biological life cycles, fish
adaptation to the reef environment and to fishixgi@tation strategies. Consequently,
the increase of fish catches also necessarily neede addressed in a completely
different way, rather than through quantificatidntlve catches, such as evaluating the
biological and ecological value of ARs for fish esdlages. This requires the
identification of each species habitat use, fish+&Rtionships (e.g. spawning, feeding,
merely attraction), to predict long-term possik@kt of fishery enhancement. As far as
the fishery is concerned, fish exploitable biomiassease depends on recruitment and
fish growth that influences the sustainable caldt tan be taken from a stock (King

1995). Hence, AR provides the necessarily habftatshe biological cycle of marine
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fish populations. For instance, size-length freqyeanalyses and biological studies
revealed that ARs play a multiple role forplodus spp as: nursery, spawning/mating,
growth and recruitment areas (chapter 5 and 6)addition, AR can favour fish
production through the creation of optimal areas fish feeding (AR-fish trophic
transferenceYherefore, artificial habitats can be qualify asesgial fish habitats (EFH)
defined by Benaka (1999) as “those waters and tgaties necessary for fish for
spawning, feeding or growth to maturity”. That i&r those species that make
extensive use of artificial habitats (e.g sparidd @. labrax) ARs can provide adequate
conditions for their biological cycleOwing to their extent, durability and benthic
production and/or food attractiome can postulate that long term AR habitats can
contribute to increase fish overall exploitablerbassby providing fish with optimal

areas for feeding, reproduction and growth.

MANAGMENT

In the case of AR, independently of whether or fisih are produced our merely
attracted to these man-made structures, the lang sestainability of these areas for
fishing depends on management. One of the probteatsmight limit the increase of
fish biomass and catch, is reef overexploitatioe tlu increased catchability in ARs
areas (Polovina 1991). For instance, an artisaflahef used by local fishermen can
extend to approximately 3000 m, over six AR grougss means that in an area where
fishing effort is high, a small number of boats &asily cover all the Faro/Ancdo AR
area. Moreover, commercial fishing tends, throughuse of size-selective gears (such
as qill nets, the most widely fishing gear usedtbhg Algarve artisanal fleet), to
selectively remove the largest individuals in tbeal fish assemblage. As suggested by

Berkeleyet al. (2004), this can consequently alter species dssgm structure, with
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results including truncated size and age distrim#tiand reduced fish abundance. In the
latter context, length frequencies analysis and atgaphic composition (juvenile,
adult) are highly important as indicators of thehihg pressure in Algarve AR areas and
for proposing management measures.

The management plan for AR areas must be basedmanéoring program,
which should be used to assess whether the managguoas are being met. On the
other hand, scientific research should be condutdenprove management, and to
increase the AR production and ecosystem conservatotential. For instance, for
sparids a 70 mm gill net mesh size would be thet mppropriate for AR exploitation
(chapter 5). The enforcement of the latter mesh sieans an increase by 10 mm on the
current minimum legal mesh size. Moreover, fisyglds also can increase if there is
an adaptation of the fishing techniques to the disfemblage structure. For example, on
the ARs adulD. sargus ranged in size between 20 and over 40 cm, sizgshtve a
low probability of retention by gill nets with mesize between 60 and 80 mm. Thus,
due to their constant exploitable biomass availgtdin alternative to gill nets is to use
longlines (chapter 5). Moreover, seasonal recruitmevents of large numbers of
occasional category demersal young of the year (¥@id resident fish (e.dD.
vulgaris) schools also necessarily need to be taken inideragion, thus avoiding the
use of fishing gears (such as purse seines) thadl catch these juveniles during their
recruitment periods (Chapter 2)hat is, it is necessarily for managers to adapt th
fishing exploitation regimes to the bio-ecologtlé reef fish assemblages.

Until 1998 the artificial areas were probably tauadl to justify their specific
management. However, management is particularlyortapt in the case of artisanal
fisheries, such as those off the Algarve, thatréglly dependent on the availability of

fishing resources. In addition, AR management idiqdarly important for resident
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economically valuable species, as these are mdrenable/available to the fishery.
Moreover, as diversification of the catches antl fiensity/biomass increase due the
augmentation of material deployed, greater respdrgifor management is required.

Artificial habitats deployed in coastal waters bktAlgarve acount for large
portion of the available hard habitat substratdwithe depth range of 16 to 24 M.
key element in moving toward sustainable fishergethe identification of EFH, i.e.
high quality habitats for fishery specid$us, although this study is only a first step and
ignores much of the complexity of coastal ecosystdime information gather, showed
that due to ecological (e.g feeding areas) andgicél (e.g. spawning areas) value of
these man made habitats can be qualify as EFHpt@ha, 4 and 5). This is a step
towards the argument to justify the creation ofimaprotected areas (MPA), which are
increasingly regarded as interesting managemensumes ARS used in conjunction
with a MPA can be an alternative option for the gmmyears, as together they can
contribute to ecosystem conservation, thatthe future will dominate fisheries
managemersistainability. But they can be helpful in zonir@pstal areas in order to
reduce conflicts between users too. In additioe, BMPA must be dynamic in the
understanding that each AR system is independedt tans should be managed
separately as “Marine life conservation distrididiapter 2).

Studies on artificial reefs have focused predontlgaon fish assemblages and
have largely disregarded the development of sessdéa and their structural and
functional relationships (Svane and Petersen 200kl important argument that
highlights the necessity of conservation of higlalgy habitats is the recognition of the
value of different habitats for determining theusture of exploited fish assemblages.
Despite the evidences of important ecological lisapetween habitat(s) and fishery

production, the management of most commercial reesuworldwide has historically
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concentrated on assessing stock size and congrdikhing mortality. However, the
relationship between benthic fauna and flora asd &issemblages (chapter 6) showed
that different benthic communities affect fish asb&age’s compositionTherefore, a
factor predicted to be important for ARs succes®asthic habitat availability and
composition. To maintain a sustainable fisherigkgtry, it is important for managers
to regulate not only the total allowable catch lué fisheries, for example, but also to
have in mind the role of shallow coastal habitatstiee production of fish to the
fisheries, i.e., the ecosystem services providedhieyhabitats and thus also regulate
society’s exploitation of the coastal environmeDogtanzat al. 1997; Stakt al. 2007).

It is most probable that in the future fisheriesnagement will focus a great effort
directly on theconservation otoastal zones, such as near shore ARs areas,réhat a
known for supporting a high diversity of fishes quared to offshore areas, offering
organisms multiple habitats and food resources.s€guently management necessarily
needs to preserve thentire ecosystems, aiming the long term sustdihalf the

fishery, instead of focus particularly on fish exftions (catches).

FUTURE STUDIES

It has been found that different sized reefs hafferdnt fish assemblage characteristics
(Grove and Sonu 1985; DeMartiai al. 1989; Stephenet al. 1994; Bombacet al.
1995; Pickering 1996; Jensenal. 2000) and that reef size significantly influendes t
biomass and the total number of species and ingiNsd with the efficiency of artificial
reefs as attractors being far greater when formexa structure than disaggregated into
pieces (Moffittet al. 1989; Pickering 1996; Bohnsaekal. 1994;). The study of ARs
organization and complexity is beyond the scopehdf dissertation. However, it is

useful to mention that complexity may promote tnéancement of the diversity and
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abundance (Carr and Hixon 1997; Shernshral. 2002 and references therein) of
species that are typical of coastal areas at reythd. This might be the case of some
crustaceans recorded in low abundances in AR, aa&anulirus e ephants, Necora
puber and Scyllarus arctus. These species are probably high vulnerable tdgien
after post settlement in AR due to the lack of el (Spanier 1991, 1994; Lozano-
Alvarez et al. 1994; Barshaw and Spanier 1994; Frageal. 1994). It would also be
interesting to evaluate the possibility of incregsicomplexity in the ARs areas, as
different species along their life cycle requiréeatfient refuge sizes and types. With the
above mentioned crustacean species for exampleg# not require a large number of
animals to be caught to sustain a small fisherys Ipossible that AR adaptation to
lobster biology could optimise the catch and thaitega few new/alternative fishing
jobs could be supported. Offshore crustacean faymmits using large-scale multi ARs
started in Canada and USA and are being deploye8cuotland’s (Loch Linnhe)
coastline (http://www.earthdive.com/site/news/nestad.asp?id=1402; Anon 2003). A
survey of artificial reefs established in the racdecade has revealed that lobsters were
reported in only a small proportion of the projedtss suggested that the majority of
these reefs has not been designed and construztéitl the behavioral-ecological
preferences of the target lobster species for eh@panier 1994). Moreover, ARs are
considered of particular interest with regards abgisation (restocking) using reared
aquaculture fish, such aspinephelus marginatus, a species that in the past was
common in Algarve waters. However, this prized sgmeand other serranidae of
economic importance found in Algarve AR (eSgrranus cabrilla) have strong shelter
requirements and they are territorial sedentargispgBeets and Hixon 1994). In the
case of the groupdt. striatus, Beets and Hixon (1994) found that ARs of appateri

design (providing species sized holes) provide drigtbundances than the natural reefs.
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However, it is necessarily to consider that thisgltived species is highly voracious
and territorial, with strong habitat area requiraise So, the success for some species
restocking also depends on species adaptation ixatioh in AR environments.
Nevertheless, the role of re-colonisation by spesiech a&. marginatus, must be also
studied as the species preys on crustaceans,dhiat megatively impact production of
crustaceans in ARs. Probably reefs with differentreaa sizes and
complexity/heterogeneity could be adapted to diifieispecies.

The lack of knowledge regarding Algarve reef desgjudies raises several
questions. Would another type of reef organizateog. number of modules per reef set)
produce/attract/aggregate more or different fisbcags? Is the minimum area (n. © of
reefs) enough to provide suitable area for suchtdenlly sedentary species ds
marginatus. It is increasingly recognised that this is onetlod major areas where
further work is needed (Frazetral. 1994; Pickering and Whitmarsh 1997). It would be
worthwhile to investigate if small levels of Alga&vARs manipulation, by the
deployment of man made material, would create betienditions for fishery
diversification, such as crustaceans and juverifeserranids of commercial species.
Horizontal shelters with opaque cover and multigésn openings were preferred by
most crustacean species mentioned above, as thasscteristics are considered anti-
predator adaptations (Spanier 1994). That is, ffecteveness of ARs in increasing
productivity depends in particular on whether itetsethe specific habitat requirements
of individual target species and age groups and afsthe design and size of a reef
structure.

Spatial information is often underutilised owing tiee lack of capability to
explore spatial and temporal relationships betwespecies distributions and

environmental gradients across large spatial sqéattista and Monaco 2004). ARs
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should be managed to conserve and enhance fishodsction. In this context, the
use of geographical information systems (GIS), aoasounder surveys (fast/low cost
sampling survey method), might be important toals better understanding the
temporal and spatial dynamic of reef assemblagepgulation and for collecting
information regarding fish resourc@&he integration of mapping (GIS) and monitoring
of ARs ecosystems and reef fish habitat utilizaggaiterns can help managers make
informed decisions about AR/MPA design and effeatiezss, as well as help to define
essential fish habitat and understand ecosystentifum Research involving the use of
artificial reefs and GIS tools tied to zoning stgies is a positive approach to assessing
the best means to protect coastal marine habttatsnhance spawning stocks, and to
manage reef fisheries. Moreoveoy the development of regional zoning strategiet an
community-based participation (“Marine life consaien districts”) it will be
necessary to implement such (GIS) marine ecosystanagement.

Finally, in association with the data collectedthg monitoring component of
AR Algarve project, results achieved in this stumhg important for modelling the
pelagic ecosystem, to identify the functional gmupow energy and matter flow
through these groups and how they are affectedhlygipal and biological changes as

well as by human activities (fisheries).
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