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ABSTRACT

Artificial reefs were deployed within the Golfe-Juenarine protected area (Alpes-Maritimes coast,
France, Northwestern Mediterranean) created in 198 no-take area is fully protected since its
establishment, except in 2004 when some anthrogiivittes were, exceptionally, authorized.
Moreover, no park rangers to prevent poaching s occur. In order to carry out a long term
monitoring of the artificial reef fish assemblagesderwater visual censuses (UVC) were carried out
in 1988, 1998 and 2008, according to a traditiatahdardized visual census method that taken into
account all fish species. The complexification aie large reefs built with wide voide spaces called
Bonna reefs appear to be a good solution to inerepscies richness and density. Species richness
and density of the fish assemblages showed signifimcrease between 1988 and 1998. However
the fast increasing was stopped from 1998 and peoBably due to a lack of law enforcement and
poaching. Despite artificial reefs were deployediBA since at least 20 years, they did not show a
real positive impact on fish assemblages. Theseltsesould be explained (i) by a lack of law
enforcement patrol within the protected areas dyttie last decade, and (ii) by the one-year opening
to fishing activities within MPA. The real effecémess of the artificial reefs in sustaining fish
assemblages is discussed and the necessity ofutareand efficient control by park rangers is
highlighted.

Resuwmo

Recifes artificiais foram implantados na areaqgma Golfe-Juan (costa dos Alpes-Maritimes,
Noroeste do Mediterraneo) criada em 1981. Esta BFEA (Area de Restricdo da Pesca ) é
inteiramente protegida, desde seu estabelecimerteto em 2004, quando algumas atividades
antropicas foram excepcionalmente autorizadasmAdiisso, desde 2002, ndo houve nenhuma
patrulha florestal para impedir a caca e pdsgais. . A fim realizar um monitoramento a long
prazo das assembléias artificiais dos peixes dfergecenseamentos visuais subaquaticos (UVC)
foram realizados em 1988, 1998 e 2008, de acordgo 6m método visual tradicional de
recenseamento, que leva em consideracdo todapésessde peixes. A complexidade de alguns
recifes grandes, construidos com amplos espagmsyachamados recifes Bonna parece ser uma
boa solugdo para aumentar a riqueza e a densidedespécies. A riqueza das espécies e a
densidade das assembléias de peixes mostraramumnen® significativo entre 1988 e 1998.
Entretanto esse aumento rapido parou entre d98808 provavelmente devido a falta da aplicacéo
da lei contra a caca e pesca ilegal. . Apesar elfes artificiais terem sido instalados em MPAs
pelo menos ha 20 anos atras, eles ndo apresentaraimpacto positivo real nas assembléias de
peixes. Estes resultados podem ser explicadgsofiuma falta de patrulhamento da aplicagdo da lei
dentro das areas protegidas durante a Gltima déeg@apela abertura de um ano de atividades de
pesca dentro das MPAs. A eficiéncia real dos escértificiais para sustentar assembléias de
peixes é discutida, destacando-se a necessi@admdontrole regular e de um patrulhamento
regular e eficiente dos parques. .

Descriptors: Artificial reefs, Mediterranean se&shFassemblages, MPAs, UVC, Monitoring, Reefs
performance.

Descritores: Recifes artificiais, Mar MediterrAnedssembléias de peixes, MPAs, UVC,
Monitoramento, Desempenho recifes.

(*) Paper presented at th# @ARAH — International Conference on Artificial Reeind Related Aquatic Habitats on 8-13 NovemberitiBa,
PR, Brazil.
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INTRODUCTION MPA, created in 1981, a protected area of 50 ha in
which 7970 m of reefs were deployed on a muddy
and sandy bottom at depths of between 27 and 36 m
An artificial reef consists of one or more (CHARBONNEL, 1990; CHARBONNEL; SERRE,

objects of natural or human origin deployed999)- This MPA is in theory a Frake area. Al
purposefully on the sea-floor to influence physical@nthropic activities are forbidden: angling, anangy
biological or socioeconomic processes relatedvingi  SCUBA diving and all sorts of fishing. However,
marine resources (SEAMAN; JENSEN, 2000)S°me admlnlstratlve difficulties led to a reopenfy
Artificial reefs can be submerged for the purposes the MPA during the whole of 2004 and some
(BRICKHILL et al., 2005): increasing fishing gnt.hroplc activities (fishing, angling) were auulzed.
resources and mitigating environmental impactdSide the MPA throughout the year. Moreover, since
(POLOVINA; SAKAI, 1989: REED et aj. 2006): 2002, the lack of any surveillance inside the MR& h
constituting protection for “nurseries” againsegal  allowed poaching to occur and, in consequence,
trawling (CHARBONNEL; FRANCOUR, 1994: professional and non-professional fishing actigitiee
GOMEZ-BUCKLEY: HAROUN 1994 regularly to be observed within the MPA.
SANTAELLA: REVéNGA 1995'LOK’et al. 2002)’. In order to evaluate the effectiveness of
enforcing “no fishing” legislation with anti-trawlg ~these artificial reefs after 30 years of immersioe
reefs (FRANCOUR et al., 1991; RAMOS-ESPLA etCOmpared censuses undertaken in 1988, a .few years
al., 2000; MORENO, 2002); increasing biodiversityaﬂer the creation of the MPA, in 1998 and in 2008.
(JENSEN; COLLINS, 1995); promoting the survival We then tested the hypothesis that fish abundarexds
of some species (JENSEN et al., 2000), and progotirfncreased from 1988 to 2008.

recreational activities, notably SCUBA diving and

angling (BRANDEN et al., 1994). Japan was one of

the first countries to use large-scale artificiefs in METHODS

order to restore fishery resources. Three hundned a

fifty types of reef have been deployed to attract Study Area

different species and they have protected andcittta o )
millions of crustaceans and fish. The largest reeés The MPA studied is situated off the city of
several thousand cubic meters in volume and uto g>olfe-Juan — (Var, =~ Northwestern  Mediterranean,
m high (SIMARD, 1995). France) (Fig. 1). Several types of reefs of various

Understanding the effectiveness of artificialSizes, hereafter called stations, were deployethén
reefs in increasing fishery resources requiregalae  area between 1981 and 1988 (CHARBONNEL, 1990).
monitoring of the fish assemb|ages ||V|ng in and:ensuses of the 7 most representative stations were
around artificial reefs. Fish assemblage censuass cundertaken (Table 1). The smallest reef units @dnsi
be undertaken using destructive methods such &% concrete cubes (of 1 3nor parallelepipeds (of 2
trawling (BOMBACE et al., 1994), or nedestructive m) with large holes in them. These small units were
methods such as the underwater visual cens@isposed randomly on the bed of the MPA. The
(BAYLE-SEMPERE et al., 1994; CHARBONNEL; biggest reefs (158 ) called Bonna reefs, consist of
FRANCOUR, 1994: CHARBONNEL et al., 1997: hine perforated concrete slabs with wide empty epac
BORTONE et al., 2000; SANTOS: MONTEIRO, and were created to attract pelagic fish specieses
2007). When artificial reefs are deployed in marind3onna reefs were complexified in 1989, after thstfir

protected areas, non-destructive methods are peefer Survey. Complexification consists of adding small
(CHARBONNEL et al., 1997). elements (concrete bricks, tires, pieces of redéfim

A decrease has been observed in th&he Bonna reefs in order to create numerous holes of
Posidonia oceanica seagrass beds and fisherydifferent sizes (CHARBONNEL et al. 2002). A
resources following the urbanization of the Alpesnatural rocky area was sampled, as a control site,
Maritimes coastline (Northwestern Mediterranear) sedluring the same period.

(MEINESZ et al.,, 1985). As a consequence marine

protected areas (MPAs) were created in the )

department in accordance with a decision taken by Data Collection

professional fishermen to increase fishery resaurce
The local government (the Conseil Général des Alpe
Maritimes) created three MPAs at the beginninghef t
80s with the agreement of the professional fisherme
These areas were set up along the coast off thes cit
of Golfe-Juan, BeauliesurMer and Roquebrune

CapMartin. Our study focuses on the Gelfean

) Data were collected during three seasons
?cold, intermediate and warm) in each of the years
1988, 2000 and 2008. The cold season lasts from
November to March (mean water temperature ca.
13°C), the intermediate season from April to June
(mean water temperature ca. 16°C) and the warm
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season from July to October (mean water Statistical analysis
temperature ca. 20°C). Data were collected by
SCUBA divers using a standardized underwater visual Species richness (mean number of species

census method (BORTONE et al., 2000). At eaclper 100 ) and density (mean number of individuals
station two divers undertook the census of the oeef per n?) were calculated from data of abundance
group of reef units at the same time: each divecollected during sampling. Density was calculated f
moving in the opposite direction to the other dit@r all the species, except planktonophagous species
avoid disturbing the fish fauna. All individuals sge (Boops boops, Chromis chromis, Oblada melanura
counted. Three size classes, defined in termsiafsth and Spicara sp.) that can mask trends due to high
of each species’ maximum length (small: <1/3 TL,variance in UVC data (CHARBONNEL, 1990). For
medium: 1/3 to 2/3 TL; large: > 2/3 TL) were the natural area, the density of fish assemblage ha
recorded. Fish Base data maximum TL was used. Been expressed by cubic metre, as for the artifiegf
census was undertaken at each station at least thfesh assemblages, considering that the divers
times during each season. All reefs were small ghou undertook the censuses of the fish on the bass of
to allow total populations to be assessed withabt s 1.25 x 50 (width x length) x 1 m (height above the
sampling or extrapolation. substrate) volume (Table 1).
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Fig. 1. Localisation of the Golfe-Juan MPA (Nortrstern Mediterranean Sea, France).
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Table 1. Summary of the parameters of the diffesantpling stations.

Station Design Dimensions of one unit (m) Number of units ulkB/olume (nf) Depth (m)

GJ1 1 munits spread out 1X1X1 500 500 30
1 n? units in chaotic shape

GJ3 add to 4 closed alveolar reefs],' X1X1+09X1.7X1.25 80+4 112 30

GJ4 2 niin a chaotic shape 09X17X1.25 36 72 30
GJ5 2 niin a chaotic shape 09X17X1.25 36 72 30
GJ6  Empty Bonna reef 6 X6X4.4 1 158 28
GJ7  Complexified Bonna reef 6X6X4.4 1 158+40 27
GJ8  Natural area: rocky area 15X50X1 75 32

Permutational MANOVA (PERMANOVA) comparisons revealed no significant differences for
were undertaken to compare the change in speciempty Bonna reefs during the three survey periods. O
richness and density of the fish assemblages #se other hand, species richness and density of the
between years sampled. Pairwise-tests allowed eacbmplexified Bonna reefs differ significantly betwee
type of reef to be compared as between years. A-Brayears. Moreover these comparisons revealed that mos
Curtis similarity test was applied to square-rooteef types do not differ significantly between year
transformed data. The evolution of species richness and
A MDS, wusing Bray-Curtis similarity density for all reef types during the three survey
indices, was undertaken on density estimates peeriods confirm these results (Fig. 2; p > 0.05).
species for each year, and an analysis of sinyilaritComparing natural areas and artificial reefs, specie
percentages (SIMPER) was used to examine potentigthness of 2 rhreefs and natural areas evolved in the
differences in fish assemblage structure among.sitesame way regardless of the year studied and showed
Primer 6 software was used to perform all theses.tes the highest richness. Density results modify tlaist f
PERMANOVA + package for PRIMER 6 software for artificial reefs. Only density in natural arees
(CLARK; WARWICK, 2001; ANDERSON; higher for all the three years than it is on agifi
GORLEY, 2007) was used to carry out thereefs (Fig.2; p <0.05).
PERMANOVA. Complexified Bonna reefs only showed
significant differences for density data from empty
ResuLts Bonna reefs in 1998 (Fig. 2; p < 0.05). But an
Sixty-one species belonging to 22 familiesimportant increase in density on complexif_ied Bonna
were observed during the three survey periods €Tab[€€fS was observed from 1988 to 1998 (Fig. 2). This
2). Forty-eight species were observed in 1988,m9 i€sult is supported by the significant differences
1998 and 51 in 2008. Whatever the period, the tw@PServed between these two years for complexified
main families observed were Labridae and Spariddgonna reefs in PERMANOVA pair-wise comparisons
(46 % in 88, 42 % in 98 and 40 % of the total numbe(Table 3). _ o
of species in 2008). Gobiidae were the third most "€ main result of the multidimensional
important family: 4 species were observed in 1988, Scaling (MDS) was that both empty Bonna and
in 1998 and 9 in 2008. Serranidae and Scorpaenidafé),mplex!f!ed ‘Bonna reefs in 1988 (i.e. before their
two families of commercial value, were represente§OmPplexification in 1989) were seen to be clearly
respectively by 5 and 3 species. Blenniidaeg'St'nCt fr_om the other _a_trtlflual regf types andtural
Carangidae, Centracanthidae, Gadidae each accounftgas (Fig. 3). In addition, the 1*rand 2 m reefs
for two or three species. Only one species of the 1Were grouped together whatever the year.

remaining families was observed. One species {rarel The differences highlighted by the
observed) was only identified in 2008: a Gobiidae? ERMANOVA and MDS between 1998 and the two
Corcyrogobius liechtensteini. other years are mainly due to the high densities of

The PERMANOVA applied to species Diplodus spp. in 1998 as compared to their low
richness and density data revealed significarﬁ'ensmes in 1988 and 2008, whatever the reefsl¢Tab
differences for the factors “reef' and "year" aodthe ~4@)- The year 1988 was also marked by the higher
interaction "reef x year" (Table 3). PERMANOVA density ofBoops boops than in 1998 and 2008. The
pair-wise comparison results showed significanflifferences between the empty Bonna reefs and the
differences between the year 1988 and the other wgther stations were still due to low densities of
No significant differences were observed as betweehiPlodus spp., Apogon imberbis and Anthias anthias
the years 1988 and 2008 for any of the areas.iia@- ©N the empty Bonna reefs.
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Table 2. List of species censussed from 1988 t8 Z8(resence of the species; C: commercial spgcie
Family Species 1988998 2008 Family Species 1988998 2008
Apogonidae »:r;ggst))n imberbis (Linnaeus, * * * Moronidae Dicentrarchus labrax * C
- Parablennius gattorugine . . . - Lophius piscatorius Linnaeus, .
Blenniidae (Linnaeus, 1758) Lophiidae 1758 C
Parablennius rouxi (Cocco, . . . - ; . .
1833) Mugilidae Mugil sp.
Carangidae  Seriola dumerili (Risso, 1810) * Mullidae 2/'7“5”;3 surmuletus Linnaeus, * * C
Centracanthida&picara maena (Linnaeus, 1758) * * * Muraenidae  Muraena helena Linnaeus, 1758 * *
Spicara smaris (Linnaeus, 1758) * * * Pomacentridae(l:;lr_)%m''S chromis Linnaeus, * * *
Congridae Conger conger Linnaeus, 1758  * * * CSciaenidae Sciaena umbra Linnaeus, 1758 * *
Dasyatidae Dasyatis sp. * Scorpaenidae f(golrgaena notata Rafinesque, * * C
Gadidae Phycis phycis (Linnaeus, 1766)  * * * C %%ré)aena porcusLinnaeus, * * C
Trisopterus minutus (Linnaeus, Scorpaena scrofa Linnaeus, . . . c
1758) 1758
Gobiidae Aphia minuta (Risso, 1810) * Serranidae ’J"_\ggg";s anthias (Linnaeus, %
Corcyrogobius liechtensteini . Epinephelus marginatus (Lowe, . .
(Kolombatovic, 1891) 1834)
Gobius auratus Risso, 1810 * * * Serranus cabrilla (Linnaeus, -, * * Cc
1758)
Gobius cruentatus Gmelin, 1789 * * Serranushepatus (Linnaeus,
1758)
Gobius geniporus Valenciennes, . . Serranus scriba (Linnaeus, . . c
1837 1758)
Gobius paganellus Linnaeus, . Sparid b : . . .
1758 paridae Boops boops (Linnaeus, 1758) C
Gobius xanthocephalus Heymer )
& Zander, 1992 * * * Dentex dentex (Linnaeus, 1758) * * * C
’ . Diplodus annularis (Linnaeus, N %
Pomatoschistus sp. 1758) C
Iggrgc;gobl us ephippiatus (Lowe, * * Diplodus puntazzo (Cetti, 1777) * * * C
Thorogobius macrolepis . Diplodus sargus (Linnaeus, . . . c
(Kolombatovic, 1891) 1758)
. P, Diplodus vulgaris (Geoffroy
* * * * * *
Labridae Corisjulis (Linnaeus, 1758) Saint-Hilaire, 1817) C
Labrus merula Linnaeus, 1758 * * * C Oblada melanura (Linnaeus, * * C
1758)
Labrus mixtus Linnaeus, 1758 * * Pagellus erythrinus (Linnaeus, C
1758)
Labrus viridis Linnaeus, 1758 * * * C Pagrus pagrus (Linnaeus, 1758) * C
%r;g;wodus cinereus (Bonaterre, . . Sarpa salpa (Linnaeus, 1758)  * . c
i)ér;ghodus doderleini Jordan, * * Sparus aurata Linnaeus, 1758 * * * C
Symphodus mediterraneus . . . Spondyliosoma cantharus . . . c
(Linnaeus, 1758) (Linnaeus, 1758)
Symphodus melanocercus (Risso, , . . B Sphyraena viridensis Cuvier, . .
1810) Sphyraenidae 1829 C
Sympodus ocellatus (Forsskal, . . - Torpedo marmorata Risso, . .
1775) Torpedinidae 1810
Symphodus rostratus (Bloch, . . . ! . Tripterygion delaisi Cadenat & . .
1791) Tripterygiidae g2 che 1971
Symphodus tinca (Linnaeus, . . . Numper of 61 48 49 51
1758) species

26
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Table 3. Results of univariate analysis appliedspecies richness and total density data: permottidANOVA (a: Main
test; b: Pair-wise tests) (ns: not significatp; < 0.05;**p < 0.01;*** p < 0.001) (RS: species richness; CB: complexified
Bonna reefs, EB: Empty Bonna reefs, NA: Naturahgsye

a

RS Re 4 24,599 6,1543,7390.000***

Ye 2 4,398 2,1995,6400.000***
Re xYe8 15,391 1,92413,6840.000***
Res 22331,354 0,141
Total 23775,266

Density Re 4 24,328 6,0821,1490.000%**
Ye 2 4505 2,257,833 0.001**
Re xYe8 8,945 1,118,888 0.001***
Res 22364,131 0,288
Total 237102,920

Groups  Whole areak nt 2nt CB EB NA

RS 1998, 2008®.075 (ns)  0.245 (nK).085 (ns)0.000*** 0.157 (ns)0.355 (ns)
1998, 19880.000***  0.267 (ns)0.002**  0.000*** 0.509 (ns)0.418 (ns)
2008, 1988).000***  0.021*  0.051 (ns)0.000*** 0.408 (ns)0.694 (ns)

Density 1998, 20080.388 (ns) 0.526 (ng).111 (ns)0.006** 0.297 (ns)).101 (ns)
1998, 19880.001***  0.644 (ns)0.055 (ns)0.000*** 0.204 (ns)0.911 (ns)
2008, 19880.001***  0.635 (ns)0.482 (ns)0.000*** 0.379 (ns)0.027*

1988 1988
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NA 1md EB CB NA

1998 1998
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2008 2008
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: 1 B
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M3 M3 EB cB NA 1m3 2m3 EB B NA
Species richness Density

Fig. 2. Species richness (left; mean number of ispeper M) and density (right; mean number of
individuals per ) V SE observed during each year of census and dilwénghole period for the different
types of reef studied. Means with differing lettare statistically different (P < 0.05, Multipleniatest).
EB: empty Bonna; CB: complexified Bonna (previoustyipty Bonna, complexified in 1989, i.e. after the
first sampled period); NA: natural area.



PASCALINE ET AL.: MONITORING ©BTHE ARTIFICIAL REEF FISH ASSEMBLAGES 173

Transform Fourth root
Resenblance: $17 Bray Curtis smilanity
2D Stress: 0,11

NA_08

CB 98

NA_
2V3
A
2 &8
M3 98 cB 08
£p ogEB08
ce s EBB8S

Fig. 3. MDS plots of Bray-Curtis similarity indices different reefs submerged in
the Golfe-Juan MPA. (1M3 = 1tweef; 2M3 = 2 mreefs, EB = empty Bonna reef,
CB = complexified Bonna reef, NA = natural area; 88, 08: year of sampling).

Table 4. SIMPER percentages of the three specisilooting the most to the differences betweeny@ars and (b) the empty
Bonna reefs and all the other stations (artificegfs and natural areas).

a
Year Average dissimilarityspecies name Dissimilarity (¥8umulative dissimilarity (%)
1988/199849,99 Diplodussargus 17,40 17,40
Diplodus wulgaris 8,78 26,18
Parablenniusrouxi 6,02 32,20
1998/200844,07 Diplodussargus 16,94 16,94
Apogon imberbis 10,52 27,46
Anthias anthias 8,42 35,88
1988/200853,67 Apogon imberbis 10,86 10,86
Anthiasanthias 8,13 18,98
Parablenniusrouxi 7,60 26,58
b
Year Average dissimilaritySpecies name Dissimilarity (umulative dissimilarity (%)
198851,55 Diplodus wulgaris 13,53 13,53
Diplodussargus 11,17 24,69
Corisjulis 11,12 35,81
199854,42 Diplodussargus 24,13 24,13
Apogon imberbis 7,40 31,53
Parablennius rouxi 6,25 37,77
200853,99 Apogon imberbis 16,20 16,20
Anthiasanthias 11,88 28,08

Corisjulis 9,74 37,82
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DiscussioN fish density in 2008 after the one-year reopenimga
then be linked to an increase of non-professional
fishing activity (angling). As observed in a prewso

The main objective of this study was toStudy the empty Bonna reefs are ineffective
assess the effectiveness of the different artifiaf (CHARBONNEL et al. 2000). The advantage of
types deployed in the MPA surveyed. The ﬁshcomplexme_d _re_efs as a means of increasing the
assemblages were dominated by two main familie§umber of individuals is confirmed by the companiso
Sparidae and Labridae, as it is usually the case ¢ the evolution of species richness and density on
Mediterranean artificial reefs (CHARBONNEL et al., Poth the complexified and empty Bonna reefs. Density
2002; RELINI et al., 2007) and in natural areas, of'creased sharply —after the complexification.
rocky substratum (HARMELIN, 1987). The study of Moreover, the results of SIMPER analysis revealed
the 20 years of monitoring revealed that 2 meefs great dissimilarities in the species  composition
appeared to have the same level of species rictasessPetween the empty and complexified Bonna reefs even
natural areas. The important complexity of 2 neefs though species richness does not really differ as
built haphazardly might explain these resulteween the two types of Bonna reefs. These
(BOHNSACK, 1989). This observation is confirmed observations confirm the results obtained in aipres/
by the very low values obtained for empty Bonngtudy a@s to the advantage of complexified reefs
reefs. MDS results showed mainly that empty BonnkCHARBONNEL et al., 2002). But the rapid increase
reefs and complexified Bonna reefs in 1988 (i.e0bServed over the first ten years seemed to conae to
before their complexification in 1989) were clearlyn@lt during the last ten - perhaps due to the brief
distinct from the other reefs and natural aread®0P€ning andfor lack of surveillance. It is ingtirg
However, the density on 2°meefs only attained the to note that 2 rhreefs obtained the same results as
same level as the natural area in 1998. The inedeas’€9ards density as the complexified Bonna reefs. The
complexity of the habitats offered by the artificia 9°0d performance of 2 freefs has already been
reefs could attract the fish from neighboring nakur Nighlighted (CHARBONNEL et al., 2000). It would
areas to artificial reefs. This assumption (mignator °€ advantageous to deploy such reefs as a way to

displacement) has been frequently opposed to tfe/Stain fisheries.

production hypothesis to explain the increase in Further, the results of SIMPER analysis
density in artificial fields (BOHNSACK, 1989; revealed great dissimilarities in the species
OSENBERG et al., 2002). composition as between empty and complexified

PERMANOVA  results showed that Bonna reefs, and between empty Bonna reefs and the

considering all reef types the data of the firsvey natur'al area. In. each of the three years one or two
period are closer to those of the last year thahaee ~SPecies of Sparida@iplodus sargus andD. vulgaris
of the intermediate survey period. These result{€ré among those which most contributed to the
corroborate the fact that reef performance deccemse differences observed. These species are genehglly t
the last year as compared to 1998. This decreasd cofirst to colonise artificial reefs (LEI_TAO et akp09).
be explained by the opening of the reserve to some i’ The haphazardly cr?]aotlc heaps of around
anthropic activities in 2004 or by the lack of 100 nT built with 1 and 2 m reef units are more
surveillance within the reserve after 2002. Singez  attractive to fish than are the empty Bonna reefs
there has been no enforcement of anti-poaching lad/BARNABE et al., 2000). The great heterogeneity of a
and some anthropic activities (fishing, angling,reef and the heterogenelty of the reef comp'lex.es
anchoring) were authorized during the whole of 20042PPear to be the most important factors: (i) in
The impact of fishing in 2004 can only be guessed ancreasing food resources for fish, (ii) in mulfiiig
as no information about fishing effort is available 'éfuges of different sizes for young and adult fistd
However, that there was such an impact is evidencdll) in increasing the diversity of the assemblage
by the decrease of density in 2008 on the compdakif (HA_RMEL'N; BELLAN'_SANTlNl' 1997)'_ ) Th_e
Bonna and 2 freefs and by the non-significant deS|g_n of reefs is a crucial factor that conditidimeir
difference observed between 1988 and 2008 in tHfectiveness (CH%R_BONNEL et al, 2000). A
PERMANOVA results. The higher density observedMinimum of 400 m is recommended for fishery
in the natural area opposite the artificial reef@90g ~PUrPOSEs as IS an artificial reef bulk volume obuth
could be due to a "refuge effect” as supposed by o000 m/km? to ensure peak fish harvests (JAN et al.,
and Harmelin (1994). 2003). In our case, an average 16 00knY were
The complexification of empty Bonna reefsdeployed on the floor of the MPA studied. Species
in 1989, just one year after the first monitoring richness attained natural values only on the® inits.
yielded an important increase in fish density. Thé:'rsTg density results though reduced were still good
process of complexification could be interpretedres 2 M @nd complexified Bonna reefs.
building of a new artificial reef. The sharp deceaf
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Low connectivity between artificial reefs BOMBACE, G.; FABI G.; FIORENTINI, L.; SPERANZA,
and shallow areas limited fish recruitment (no juilee S. Analysis of the efficacy of artificial reefs ted in
was observed during any of the censuses, data not 3V25d5|ﬁere5n5f ggg%ai g;;he Adriatic Seull. mar. Sci.,
given). In addition, the absence of surveillancd tre )\ SR T high densities of fishes atifeial
waiving of restrictions opened the way for poaching reefs the results of habitat limitation or behaaior
As aresult, more than 25 years after the deploywien  preferenceBull. mar. Sci, v. 44, p. 631645, 1989.
the artificial reefs, the density of the fish asbéages BORTONE, S.A.: SAMOILYS, M.A.; FRANCOUR, P. Fish
within this MPA did not show the expected increase and macroinvertebrate evaluation methodsAntificial
sufficient to sustain local fisheries, even on thet reef evaluation with application to natural habitats,
reefs, the most efficient in Golfe-Juan, and _ Boca Raton, Fla.: CRC Press, p. 154, 2000.

which permitted an increase in fish assemblaggRAN':_’EN' K. L; POLLARD, D. A; REIMERS, H. A. A
density. review of recent artificial reef developments inséralia.

R Bull. mar. Sci., v. 55, p. 982094, 1994,
~ Denny and Babcock (2004) highlighted thatggciil L. M, 3 LEE. 9. v. CONNOLLY, R. M. Fishes
partially protected reserves are ineffective as associated with artificial reefs: attributing chesgto
conservation fishing tools for heavily targeted spe attraction or production using novel approactiesFish
or for fish communities. Marine reserves in which  Biol., v. 67, Suppl. B, p. 531, 2005.
surveillance is exercised show the most ecologicall CHARBONNEL, E. Les peuplements ichtyologiques des
significant responses (e.g. HARMELIN et al., 1995; récifs artificiels dans le département des Alpes-
FRANCOUR et al., 2001; GUIDETTI et al., 2008). Maritimes (France)Bull. Soc. Zool. Fr, v. 115, n. 1, p.
The need to protect MPAs effectively with 123136, 1990.

. . A : . CHARBONNEL, E.; FRANCOUR, P. Etude de
surveillance sufficient to limit or stop illegalsfiing lichtyofaune des récifs artificiels du Parc Régioal

and an absence of temporal reopening (waiving of \arin de la Cote Bleue en 1993Report. Marseille,
restrictions ?) seem to be obvious conditions tongie France: GIS Posidonie Publisher , 1994. 66 p.
the sufficient increase of fishery resources wher€HARBONNEL, E.; SERRE, CSuivi des peuplements
artificial reefs have been deployed to sustain lloca ichtyologiques des récifs artificiels de la zone miae
fisheries. protégée de Vallauris-Golfe-Juan (Alpes-Maritimes).
Comparaison entre les périodes 1987/89 et 1997/98.
Contrat Conseil Général des Alpes-Maritimes et GIS
Posidonie. Marseille, France: GIS Posidonie Publ.,
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