
I.Introduction

Therehabilitationofthesoftsea-bottom of

PradoBayisanimportantoperationinterri-

toryrestoration,onethatfitsinwithapro-

gram for sustainable managementofthe

Marseillecoast（Fig.1）.Theaimofthisproject

istoincreasenaturalresourcesandensurethe

permanenceofhumanactivityonthecoast.

Withthisprogram,thecityofMarseillehas

decidedtoactinaglobalandcoordinatedfash-

ion,by initiating avoluntary approach in

favouroftheManagementPlanfortheRoad-

steadofMarseille（knownbyitsFrenchacro-

nym PGRM -PlandeGestiondelaRadede

Marseille）.

Thisrestoration policy and management

planconsistsmainlyinreachinganadequate

balancebetween:

�naturalenvironmentsthatmustbepreserved

duetotheirexceptionalvalueintermsof

ecologyandscenery,

�sitesthathavebecomedefinitively・artificial・

tosatisfytheneedsofmaritimeactivities

（suchasports）.

Betweenthesetwoextremesareintermedi-

aryurbanspaces,suchasPradoBayandthe

Frioularchipelago,siteswithecologicaland

economicpotentialthathaveheretoforebeen

neglected,butwhichnow couldbedeveloped

andenhanced.

Thedualadvantageofrestoringformerma-

rineproductivezonesthathavedisappeared

（suchasdeadseagrassbedmatterofPosidonia

oceanicathatpointstotherisebyseveral

metresofthelowerlimitofthelivingone）is

thatitdirectlybenefitsusersofthesea,par-

ticularlyfishers,andrelievespressureonthe

sensitiveandthreatenednaturalzonesthat

havebeendamagedbyoveruse.

II.Generalprinciples

Themaingoaloftheartificialreefimmer-

sionprojectistoincreasethediversityandsta-

bilityofmarineresourcesinthesoftbottomof
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Fig.1.LocalisationofMarseilleandPradoprogram



PradoBay.

Thebasicidea isto providenew hard-

substrateunderseahabitats,immersedbetween

25and30m below thesurface,whichare

adaptedtotheecologicalneeds（maximum of

habitatsdiversity）ofagreaternumberofma-

rineorganisms.Withamassiveinputofrock-

likehabitat,theproductivityandbiological

diversityofthecurrentsandybottomwillin-

creaseconsiderably,alongwiththevaluefor

bothecologyandfishingactivities［3］［9］.

Diverseresearchprojectscarriedoutinthe

Mediterraneanoverthepasttwodecadesare

nowconsideredtobesufficientlyconclusive［2］

［5］［7］,providingsupportfortheMarseille

projecttoadoptaveryambitiousqualitative

andquantitativeobjectivefromthestart.This

hasmadetheprojectmoresignificantatthe

nationallevel:theimmersionofnearly30,000

cubicmetresofreef,foratotalinvestmentof6

millioneuros（40％ from Europe［european

foundsforfishery］,30％ from theMediterra-

neanRhoneandCorsicanWaterAgency,20％

from thecityofMarseilleand10％ from the

RegionalCouncilinProvence,AlpsandC�te

d・Azur）.Thisobjectivewasmetin2008with

theimmersionofthelastofthe400artificial

reefs（table1）.

From thestart,thecityofMarseillehas

builtitsprojectontheactivecollaborationof

allpartners,broughttogetherontoaScientific

andTechnicalMonitoringCommitteethatre-

unitesStateinstitutions,scientificandexpert

groups,andstakeholderrepresentatives［8］.

Itsessentialmissionistodiscussandvalidate

eachbigstepintheproject,atthescientific,

technicalandadministrativelevels［3］［9］［11］

［4］［6］.Overthepasttenyears（2000�2010）,

thecommitteehasheld10plenarymeetingsat

MarseilleCityHall.

Fromtheverystartofprojectdevelopment,

theinvolvementofprofessionalfishershasre-

sultedinactiveparticipationoftheLocalcom-

mitteeofMaritimeFishers［8］,transferof

Europeanfinancingonstructuralfundsdes-

tinedforfishing,theapplicationofabanonall

formsoffishingduringtheconsultationpe-

rioduntilDecember31,2012intheregulated

fishingzone,andtheirwillingnesstounder-

take self-surveillance of reef zones and

sustainableandreasonedmanagementofthe

halieuticresource.

III.Anticipatedorganisation

Inagreementwiththemainpartnersin-

volved,itwasfinallydecidedtolimitthesector

ofimmersiontotwozones:asanctuaryzoneof

100ha,inwhichallusesareforbiddenoutside

ofsurfacenavigationandaregulatedzoneof

100ha,inwhichfishingwillnotbealloweddur-

ingthetransitionperioduntilDecember2012

（Fig.2）.Thisdelaywillbeusedtodevelop

managementofthiszonewithallstakeholders.

PradoBayhasmanypositivefeaturesfor

typeofproject:easyaccessandsurveillance;

protectionaffordedbytheFrioularchipelago

againstwavesfrom theopensea;theexis-

tenceofnearlypermanentmarinecurrents

thatchangedirectiondependingonthedomi-

nantwinds（mistrals,easternwinds）;proxim-

ityofavastPosidoniabedandsignificant

naturalrocky zonesthatguaranteerapid

colonisation by localsubmarineflora and

fauna;thepossibility ofrestoring former

plantbedzonesthathavedisappearedand

which form vast flat bottoms that are

favourabletoreefinstallation［6］;theexis-

tenceofferryway（Marseille-Southdeveloped

zone）thatenablesasanctuaryformarine

faunatobeincludedinthiszonewithouten-

genderingnewconstraints.

IV.Descriptionofreefarchitecture

Theobjectiveistoprovidemarineplantand

animallifewiththefeaturesofhardsub-

strates,arangeofecologicalhabitatsthatare

aslargeanddiversifiedaspossible（dimensions
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Fig.2ThePradoreefsarea



ofcavitiesbetweenafewdecimetresandafew

millimetres）toprovidefoodsourcesandshel-

tertoallstagesofbiologicalcyclesofthedif-

ferentspecies（Photo1）.

Ecologicaloptimisationofthesestructures

thatareorganisedonland,essentiallyfocuses

ontheinteriorthree-dimensionalcomplexity

anduniformity,obtainedwiththematerials

usedintheirfabrication（concrete,steel,syn-

theticcordsforguardlines）andtheinterior

packingusingunitsofdifferentsizesandfunc-

tions（1.7m3concretecubes,blocks,oystershell

nets,octopuspots）.

Projectstudieshaveledtothreeoveralltypes

ofreefsbeingretained（largevolume・basket・

models,pilesofconcretecubes,quarryrocks）

andtwotypesofguardlines（・high・floating

ropes,which areindependentunitsoftwo

floorsand・low・floatingropes,thatareal-

wayscombinedinfourgroups;therearethree

specificmodels:themetalbasketreef,the

chicanereefandthepilesofconcretecubes）

（Photos1）.

Biologicaleffectivenessisprovidedbythe

system knownas・chaoticpiles・whichhas

proventobevaluableintheMediterranean.

Butthelegalobligationtoplanfortheeventual

possibilityofreefremoval（duetothetempo-

rarynatureofterritoryacquisitioninthepub-

licmaritimedomain）hasledtosignificant

constraints.Aswell,studieshavebeendoneon

thedesignoflarge-volumeunits（58to306m3）

（Table2）thataresolidandstableonthebot-

tom,thatareeasytomanufactureandim-

merse（aswellastoremove）.

V.Planforimplantation

Thegeneralobjectiveistofavourthedistri-

butionofalargenumberofreefunits（surface

effect）ratherthanagreatconcentrationinthe

formofafewbigpiles,andtofacilitateaccessi-

bilitybymobilefaunatoalllowerpartsofthe

reefunits,aswellascommunicationamongthe

reefsusinglinkages.

Twooveralltypesofunitgroupingwerethus

adopted,enablingoptimaloccupationofall

availablesurfaces（220ha）:thevillages（6tri-

anglesof300moneachside,madeof51to57

units）andlinkages（8segmentsof300m in

lengthmadeupof9units）.

ReefdensityinthePradoareais0.014m3

perm2ofplot.InEurope,theprogramwiththe

biggestvolumeofsubmersedreefsisfoundin

Portugal,with 102 000 m3 scattered over
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Photo1.Thedifferenttypesofartificialreefsusedin
thePRADOREEFSoperationinMarseilles
a:pileofconcretecubes,b:pileofstoneCubes,
c:floatingrope,d:metalbasket,e:chicane,f:
fakirbasket

Table1.Numberandvolumeofthedifferentmodelsused

Typesofreef Number
Totalvolume

（m3）

Percentage％

Number Volume

Piles:
-ConcreteCubes（CCP）
-StoneCubes（SCP）
Modules:
-MetalBasketReef（MBR）
-FakirBasketReef（FBR）
-ChicaneReef（CR）
Ropes:
-Low（LR）
-High（HR）

245
202
43

142
21
21
100

337
323（x4）

14

10000
3100
6900

8585
4880
1705
2000

9025
5500
3525

34
28
6

20
3
3
14

46
44
2

36
11
25

31
18
6
7

33
20
13

TOTAL 724 27610 100 100



50km2.But,intermsofvolumeforthesame

surface,thePradoreefsare7timesdenserthan

thePortuguesereefs.

Inregardtogroundcover,thePradoreefs

coveronly0.35％ ofthe200haoftheplot.The

highestreefcoveristhepileofstonecubes（Ta-

ble3）.

VI.Monitoringanddevelopmentprogramme

Theterritoryacquisitiondecreeanticipates

initialscientificreefmonitoringoveraperiod

of10years,basedonthemeasurementsandob-

servationscarriedoutoverthedifferent・stage

zerostudies・.

Monitoringisbasedontheuseoftwocom-

plementarymethods:experimentalfishing（by

professionalfishersandsupervisedbyanex-

pert in halieutics） and direct population

inventoriesusingavisualreportingtechnique

inunderseadiving.Controlmonitoringofreef

stabilityandwearwillalsobecarriedoutdur-

ingdivingexpeditions.

Thestakeholdersintheprojecthavehopedto

gofurtherthanthecompulsorymonitoring

program.Anoperationofthisscopeisanop-

portunitytodeveloparesearchprogramaimed

atabetterunderstandingofecosystem func-

tionin・artificialreefs・anditsrelationshipto

theenvironment.Thescientificcommunityand

itspartnershavethereforebeensolicitedto

suggestothertypesofmonitoringofthezone.

ThemarinesciencecentreinMarseilleand

theSubaquaticEnvironmentandBiologyCom-

missionofDepartmentCommittee13ofthe

FrenchFederationofUnderseaStudiesand

Sportshavethereforesuggested additional
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Table2.Dataontheweightandvolumeofthereefs

Moduleorpile Volume（m3） Weight（tons）
Totalvolumeand

weight

Pileof6ConcreteCubes（CCP）+
lowropes（LR）

StoneCubePile（SCP）

MetalBasketReef
（MBR）+lowropes（LR）

FakirBasketReef
（FBR）
ChicaneReef

（CR）+lowropes（LR）

Highrope（HR）

volumeofonecube=1.7m3

pileof6cubes+LR=25m3

160m3

1element=45m3

MBR=setof3piledelements+LR=266m3

75m3

50m3

252m3

1block=0.750t
4.5t+link

500t

16t
48t

48t

15t

Ballast=6m3of
concrete=14t

202CCP=5050m3

（=1000t）
43SCP=6880m3for
21500tons

21MBR=5580m3for
1000tons
21FBR=1575m3for
1000tons
100CR=5000m3for
1500tons
14HR=3525m3for
200tonsofballast

TOTAL
26610m3

26200tons

Table3.Groundcoverofthereefs

Typeofreef Numberofreefs
Groundcoverof
onereef（m2）

Totalground
cover（m2）

Percentageof
groundcover（％）

PileofConcreteCubes
PileofStoneCubes
MetalBasketReef
FakirBasketReef
ChicaneReef
HighRopes

202
43
21
21
100
14

6.25
50
15
25
9,6
36

1262.5
2150
315
525
960
504

0.063
0.108
0.016
0.026
0.048
0.025

TOTAL 5716.5m2 0.286％



meansofmonitoring:organicmatter,plankton

communities,geneticoriginsofpopulations,

biologicalsurveillance.Othermeansofscien-

tificmonitoringarebeingdiscussedwithnew

partners.

Asocioeconomicstudywillevaluatetheim-

pactofthesereefsonactivitiesanduses,inpar-

ticulartheeconomicspin-offsforprofessional

fishing.Thestudywillusesurveysandanaly-

sisofspecificindicators.

Theinvolvementofprofessionalfishersises-

sential,asitwillenablemonitoringoftheir

catchesoverasetperiodtocomparethemwith

theperiodbeforethereefsweresetup.

VII.Regulationsandmanagement

Fishing,divingandanchoringareforbidden

throughoutthezoneuntilDecember31,2012to

allowspeciesandfoodchainstoestablishthem-

selvesnaturally.

During this period, consultation with

stakeholdershelpstodefinethemodesofuse

overtheregulatedzone（southzone,outside

thechannel）.Thenorthzone（insidethenavi-

gationchannel）isdestinatedtobeasanctuary

whereallactivitiesareforbidden.Theexistence

oftwodifferentlymanagedzonesmayassistin

evaluatingaconservationzoneandpopulation

evolution.

VIII.Promotingtheoperation

Thehighlyattractivenatureoftheimagesso

farobtained,andtheeducationalpotentialof

theseartificialreefs,makethemidealforcom-

municationandraisingawarenessaboutthe

marineenvironmentandsustainabledevelop-

ment.Severalinitiativesofthistypearebeing

developed,bothforthegeneralpublicandfor

schools:

�oneofthe・concretecubepile・reefswas

notsubmerged.Itisexhibitednearthebeaches

ofthePrado.Decoratedunderscientificsuper-

vision,itgivespassersbyanideaofthesizeof

thereefandofthecontrastbetweenthecon-

creteatthetimeofsubmersionandthesurface

colonisedbymarineorganismsseveralmonths

later;

�incollaborationwithNationalEducation

andthe・CentreP�dagogiquedelaMer・,amu-

nicipalstructuretoteachthepublicaboutthe

marineenvironment,severalprimaryschool

classessponsorareefvillageeveryyear.These

classesareprovidedwithtechnicalinforma-

tion,photos,andaccuratescientificdataabout

thesponsoredvillage.Eachclassmakesaclay

plaquewhichisplacedintheunderwatervil-

lagebyascientistdiver.Attheendoftheyear,

theclassesgettogetherforadaytoshoweach

othertheirwork（anABC,asong,anelectronic

circuitreef,scalemodel,etc.）andtomeetthe

institutionalandscientificpartnersinvolvedin

theoperation;

�tohelpcirculateinformationandmessages,

asetoftoolsisbeingdesignedandupdated:

teachingpack,exhibition,internetsite,teach-

ingbooklet,leafletforthegeneralpublic,etc..

Someofthesewillbeputtogethertoform a

teachingpack,availableforclassroomuseand

foranyoneinterestedinartificialreefs,even

thoseoutsidethesponsorshipprogramme;

�conferenceshavebeenarrangedtopresent

theoperationandinformationaboutwhatis

happeningonthereefs.Heldonceortwicea

month,theyprovideanopportunitytolearn

aboutthemarineenvironmentandtheneedto

preserveit.

�theMarseilleexperienceispromotedalong

thecoastinFranceandabroad.

IX.Conclusion

From themomentofconceptiontotheim-

mersionofthelastreef,theimmersionof

nearly30,000m3ofartificialreefsinMarseille

hastaken10years.ThecityofMarseilleand

itspartners（state,localskateholders,fisher-

men,scientists,marineusers）havemobilised

andinvolvedthemselvesincarryingtheopera-

tionPRADOREEFSsuccessfullytoterm,the

firstprojectofthisscopeinFrance.Theartifi-

cialreefsareanexcellenttoolforsustainable

managementofthecoastandcoastalactivities.

SpearheadedbythePlandeGestiondelaRade

de Marseille［Management plan for the

Marseillecoast］,a program ofintegrated

coastalzonemanagement,thisunifyingproject

shouldopenthewayforotherrestoration

zones to support small coastal fishing

endeavours,restore irretrievably degraded

zonesormakecertainsitesmoreaccessiblefor

scubadiving.
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