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ABSTRACT

Artificial reefs (ARs) are becoming a popular bigiltal and management component in shallow
water environments characterized by soft seabguesenting both important marine habitats and
tools to manage coastal fisheries and resourcesauBe of the unstable nature of sediments, they
require a detailed and systematic investigation #itaustic systems can provide. An AR into the
marine environment acts as an open system withamgeh of material and energy, altering the
physical and biological characteristics of the sunding area. The AR stability will depend on the
balance of scour, settlement, and burial resulfiogn ocean conditions over time. The acoustic
systems are efficient tools in monitoring the eominental evolution around ARs, whereas water
turbidity can limit visual dive and ROV inspectiortdigh-frequency multibeam echosounder offers
the potential of detecting fine-scale distributiohreef units, providing an unprecedented level of
resolution, coverage, and spatial definition. I0&he EM3002 multibeam was used to investigate
the first scientifically-planned AR in Italy deplegt during 1974-75. After 33 years the AR is almost
in perfect condition. A considerable scouring amuhe structures and some vertical/horizontal

movements of the single units have occurred. Mareavdeepening of the whole area hosting the
AR was observed.

Resumo

Os recifes artificiais (ARs) estdo se tornandoaamponente biolégico e de manejo de ambientes
de areas rasas com substratos caracteristicogigidos, representando habitats marinhos
importantes e ainda constituindo uma ferramenta pananejo da pesca e dos recursos costeiros.
Devido a natureza instavel dos sedimentos, exigemestudo detalhado e sistematico que os
sistemas acusticos podem disponibilizar. Um RA& &t ambiente marinho como um sistema aberto
com troca de materiais e energia, alterando a<teaisticas fisicas e bioldgicas das areas que o
cerca. A estabilidade do RA dependera do equiliémioe a escavacéo, o assentamento e aterramento
resultantes das acdes do oceano no decorrer do.teB sistemas acusticos sdo ferramentas
eficientes no monitoramento da evolugcdo ambierdaledor dos ARs, uma vez que a turbidez da
agua pode limitar o mergulho visual e as inspe§@¥. A ecosonda multifeixe de alta frequéncia
oferece meios para identificar com precisdo a ibisgdo das unidades recifais, com nivel de
resolugdo, cobertura e definicdo especial. En8280 sonda multifeixe EM3002 foi usada para
estudar a primeira implantacao cientificamente gjlesia de RA na ltalia, durante 1974-75. Apos 33
anos, o RA esta praticamente em perfeitas condi¢@@am observadas a ocorréncia de escavagao
consideravel ao redor das estruturas , algunsmamids vertical/horizontal das unidades isoladas e
ainda o aprofundamento de toda a area que abRda o

Descriptors: Artificial reef, Multibeam, Acoustimage, Scouring, Deepening.
Descritores: Recifes artificiais, Multifeixes, Ingag acustica, Escavagdo, Aprofundamento.

INTRODUCTION aggregates, there is a growing need for improved

understanding of seafloor ecosystems to facilitate

The marine environment worldwide is sustainable management of offshore resources. Human
coming under increasing pressure from anthropogenigtivities can cause a wide variety of impacts foa t

activities. With the collapse of many offshoreseabed environment. The need to identify and map

fisheries, and increasing competition amongsgifierent types of benthic habitats and associated
industries for resources such as oil, gasraadhe  biological communities to protect vulnerable, rare

(*) Paper presented at th& ZARAH — International Conference on ecomglca”Y important area's IS now Wld.ely recogﬂlz
Artificial Reefs and Related Aquatic Habitats ori3November, (PICKRILL; TODD, 2003; BEAMAN; HARRIS,

Curitiba, PR, Brazil. 2005). Since artificial reefs (ARs) have become a
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popular biological component in shallow waterdifferent typologies of ARs respond to environmental
environments characterized by soft seabed, thewctors and their impact on the surrounding ecesgst
represent important marine habitats. Because of the Acoustic systems are efficient tools capable
unstable nature of sediments, they require theldéta of monitoring the environmental (physical and
and systematic investigation that acoustic systesms biological) evolution around ARs, whereas visualediv
provide. An AR is "one or more objects of natural oand ROV inspections can be limited by water
human origin deployed purposefully on the seaftoor turbidity. However, techniques such as single beam
influence physical, biological, or socioeconomicecho sounder and side scan sonar have spatial
processes related to living marine resourcesiimitations and navigation and towfish control
(SEAMAN; JENSEN, 2000). The main intent is todifficulties. On the other hand, high-frequency
mimic some characteristics of the natural rockymultibeam echosounders offer the potential of
environment. ARs range in structure and complexityletecting and defining the fine-scale distributioh
from sunken ships to objects custom-made from eeef units.
wide range of materials (GROVE et al, 1991; These high resolution systems are able to
BROWN; HARPER, 2006). They have been deployedchieve 100% coverage of seabed geology and
around the world for a wide number of reasongieomorphology over relatively broad spatial scales,
including fisheries protection and enhancementffering an unprecedented level of resolution,
environmental protection and rehabilitation, resbar coverage, and spatial definition (KENNY et al., 200
education, and tourism (HARRIS, 2006; OSPARBERMAN et al, 2005). In recent years the application
COMMISSION, 2009). of acoustic-mapping methodology, in particular the
An AR within the marine environment acts use of acoustic ground-discrimination systems used
as an open system with exchange of material anmbnjunction with ground-truth sampling, has become
energy, altering the physical and biologicalcommon practice in monitoring and mapping seabed
characteristics of the area where it is deployeRs A habitats (NAAR et a] 1999; COCHRANE;
can modify flow velocity and turbulence intensity LAFFERTY, 2002; FOSTER-SMITH et al., 2004;
around and in the vicinity of the structures, whéem  JORDAN et al, 2005; FREITAS et al., 2008).
lead to scouring and changes in sedimenBecause acoustic data are less able to detect change
accumulation in the surrounding area (GROVE et ain the biological components of the seabed,
1991; FARMER et al., 1999; RAMBABU et al., 2002; classifications of different seabed ecosystems tend
YU; URA, 2002; RAMBABU et al, 2003; be driven largely by physical criteria (KOSTYLEV et
STAUBLE; TABAR, 2003; STAUBLE, 2003; al., 2001; FREITAS et al., 2003). There is no doubt
INMAN; JENKINS, 2005; QUINN, 2006; JENKINS that acoustic technologies have greatly improvesd th
et al.,, 2007; MAYER et al., 2007; WOLFSON et al.,definition of physical aspects of seabed envirorisien
2007). The environmental changes on the adjaceand provide unique insights into biological comntyni
seafloor can, in turn, physically affect the acidi composition and distribution. As regards seabed
structures. Thus the stability of ARs will depend orcharacterized by a high degree of sediment
the balance of scour, settlement, and burial nesult heterogeneity, our understanding of the community
from ocean conditions, over time (GROVE et al;structure and spatial distributions of biological
1991). Although much research has been conducted assemblages is strengthened through the combimed us
terrain change and scour processes operating arouofd acoustic data (specifically backscatter intgnsit
anthropogenic structures in the near-shore (e.gmagery along with bathymetry), and point-source
RAMBABU et al, 2002; YU; URA, 2002; biological and sediment samples. When studyingelarg
RAMBABU et al, 2003; STAUBLE; TABAR, 2003; areas of the seabed, biological sampling at high
STAUBLE, 2003; QUINN, 2006; MAYER et al intensity is unlikely to be cost-effective, and if
2007), only limited research has been conducted aacoustic data are not collected at the same timall-s
horizontal movement, deepening and scouring odcale patchiness in the seabed environment wlylik
unique ecological systems such as ARs (SHYUBEpe missed. Given the benefits of acoustic systems f
1998; FARMER et al., 1999; SHYUE; YANG, 2002; the study and characterization of the seabed, ribts
MANOUKIAN et al.,, 2004; BROWN; HARPER, surprising that acoustic data are used as the prima
2006). Detailed quantitative information on seabedbasis for classifying seabed environments, in tesfns
morphology and terrain changes around individued re both  physical and  biological = components
units have been obtained by SHYUE; YANG (2002)(EASTWOOD et al 2006).
while BROWN; HARPER (2006) worked on an In the present study an AR in the Western
experimental AR particularly suited for scientific Adriatic Sea, Italy, was acoustically investigatg8
studies, offering a replicated reef design. Buteher years after its deployment to assess its temporal
still a lack of long term monitoring of the AR syste  evolution, investigating scour, burial, deepeniagd
and, further, of a detailed description of how theany horizontal changes. Further, advanced multibea
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echosounder technology integrated with posttrawling blocks, giving a total volume of 3,624%m
processing software was used in the study, pengitti The gravel laid under the pyramids amounted to a
an appraisement of the efficiency and limitatiofis ovolume of 396 i In all, more than 4,000 mof

the acoustic system when used in AR mapping. material was deployed.
A Kongsberg Simrad EM3002 bathymetric
MATERIAL AND METHODS system mounted on the CNR-ISMAR (Ancona) R/V

"Tecnopesca 1" was used. The echosounder operated

The acoustic survey was carried out in Jun&t @ frequency of 300 kHz, fanning out up to 254
2008 at the first scientifically-planned AR in Italjhe ~ acoustic beams 2t a maximum ping rate of 40 Hz and
reef was deployed during 1974-75 about 5.5 km fror" @ngle of 130°. This yielded swaths that wereaup
the Porto Recanati shoreline, at 12-15 m depth, on # times the water depth. The position of the bt
muddy seabed (Fig. 1). The AR was constructed ofietermined by 24-hour differential global positiogi

behalf of CNR-ISMAR of Ancona for the purpose of: SYStem (DGPS) navigation  connected to a
a) preventing illegal trawling inside the 5.5 kmastal geostationary satellite, while an Anshutz Standz0d

zone; b) inducing finfish re-population; c) enhamgi 9Yrocompass and a Seatex Motion Remote Unit 4.0

biodiversity through the settlement of hard-botton}V€"® Used to compensate for ship heading and motion
communities; d) redirecting the flow of excessWVith differential GPS, the system was capable of cm

resolution with a depth accuracy of 5 cm RMS and a
horizontal positioning accuracy of less than 1 m.
feeders such as musseBiytilus galloprovincialis) Angular misalignment between trans_,ducer, motion
and oysters@strea edulis andCrassostrea gigas), and ~ S€NSor and gyrocompass, together with Iaten(_:y, was
e) enhancing small-scale fisheries. The reef has GliPrated by a paich test at sea. Sound speedeprof
central "oasis" (3 ha) composed of 12 pyramids.(Figneasurements were made by Smart SV & Pressure
2; in the present paper, Porto Recanati AR refetseo 4609 of Applied Micro-system Ltd. The data were
central oasis), each one built of 14 concrete cubi#o99ed using SIS software, and subsequently post-
blocks (2x2x2 m). Each pyramid stands 6 m high. Thgrocesseq using CARIS softwaye. Tidal (.:orrectlplns
pyramids were placed on gravel "mattresses” toaspre Were applied to the depth soundings by using eefifi
the weight and prevent deepening, and were deploy&@Wnloaded tide data available for the study arem f

in a rectangular arrangement, about 50 m aparheStoWWWw-mareografico.it. Digital Terrain Models and
piles were placed among the pyramids to make th@hally 3D images were obtained.

reef system continuous and two old vessels werk sun The vessel’s speed was maintained at around
at the centre of the oasis. The reef oasis is snded 3 Knots and the distance between each paralleegurv

by a protected area (2,000 ha) extending from @%o0 line was established in such a way as to obtaleast

nutrients occurring in Adriatic coastal waters into
edible biomass through extensive cultures of filter

km from the coast where the cubic blocks weré0% of overlapping, thus guaranteeing more than
100% coverage.

dispersed. A total of 453 blocks were used: 168Her
construction of the pyramids and 285 as isolatdd an

Fig. 1. Study area location showing the positiofPofto Recanati artificial reef (Google Earth imgge
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Fig. 2. Plan of the central oasis of Porto Recaandificial reef (not to scale).

ResuLTs (Fig. 3). The rectangular arrangement was correctly
constructed(?) and is still well preserved, whihe t
The grey-scale shaded relief image of th@tone_piles had begn displaced to the centrgb{ﬁaine

central oasis of Porto Recanati AR presented a meQ3SiS instead of being between each pyramid.

depth of 15 m and the high-resolution data were The high-quality multibeam data also

capable of distinguishing between the differentf ree’@vealed that most of the 12 pyramids are stillrent

modules such as the 12 3-layer pyramids, the stor(%'g- 4), with every single one of the 2x2x2 m csibe

piles and the surface shape of one of the two wereci'early outlined.

a

Wreck ——>

Fig. 3. Grey-scale detailed bathymetric data froBBd EM3002 of Porto Recanati artificial reef.
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Fig. 4. High-resolution 3-D images from MBES EM308Ran integral (left) and not-
integral (right) 3-layers pyramids.

White circular areas defined by darkermore pronounced (much darker) scouring on the NW
contours were observed around the pyramids (Figs. s8de of the units and more prolonged towards the SE
and 4) and indicate an accumulation of sediment due A second depth profile (Fig. 7) passing
to scouring. This geological process is wellthrough an area free of any kind of structures iwith
represented by black areas extending southeastwartie oasis, indicates a certain amount of deepening
from the structures in the NW-SE direction of tbedl undergone by both the whole area hosting the meegf a
currents parallel to the shoreline. Figure 5 sha@ws the under-current area in the southeasterly dolecith
depth profile traversing a complete pyramid. Thelepth difference of about 1 m was found between the
sediment pile with a height of approximately 1 m isseabed where the AR is situated and the surrounding
clearly identified together with the scouring eossi area.
tracks. The pyramid presents its full height of 6 m Of the two ships deliberately sunk during the

Scouring was also observed around smallereef deployment, the shape of one of them was yardl
units such as the groups of 3 concrete blocks @Jig. detectable because it had almost completely suthside
Again, the extended NW-SE shapes of the darkesareéFig. 8).
lay in the same direction as the current, with much
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Fig. 5. Depth profile across an integral pyramid.
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Fig. 6.Grey-scale MBES EM3002 image of a particular regidfPorto Recanati
artificial reef. The white arrows show scour praEssaround small units of 3
concrete blocks each.
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Fig. 7.Depth profile across the Porto Recanati artifioéef.

s
et
.

Fig. 8. Grey-scale MBES EM3002 image of the paléicuegion of Porto Recanati
artificial reef where the shape of one of the shgnk was detected.
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Discussion scouring of unique ecological systems such as ARs
(FARMER et al, 1999; SHYUE, 1998; SHYUE;
Apart from the ecological role played by YANG, 2002; MANOUKIAN et al, 2004; BROWN;
ARs in the marine environment, the lack ofVARPER, 2006; SALA et al2007). As remarked by

investigation into their post-deployment settlerreas  S"'YUe (1998), acoustic systems are efficient table.
been commented on during the past two decadd® monitor the geo-morphological and geo-physical
(SHYUE, 1998; SHYUE; YANG, 2002; BROWN: evolution of an AR, the settlement and scouring of
HARPER, 2006). The establishment of an AR on th¥/hich may be very difficult for divers or ROV to

seafloor induces a change in the local hydrodynamid"SPect due to time-cost effectiveness for the tarm

increasing the flow velocity and the turbulence'€mote control difficulties for the latter, and emat

intensity. Due to the unstable nature of the sentsye turbidity for both methodologies. Similarly, even a

many ARs may undergo diverse geophysical process8§0Ustic technology such as side scan sonar has
such as scouring, deepening, sinking, andavigation and towfish control difficulties in staw
destabilisation of the artificial structures on ey Water. Nevertheless, a single beam echosounder
range of temporal scales with a consequent reducti®€Sents spatial limitations for sounding. A high-
of the reef's key role in attracting finfish andhet resolution multibeam echosounder, on the other hand

living organisms. The spatial extent of the scogirin provides a detailed picture of the distribution. of
depends on the interaction between th&ehanges in depth, sediment type, and bedformsein th

geometrical/physical characteristics of the aitfic 2r€2 .hosting an AR (FARME'R et,al999; SHYUE,
units (e.g. lie, shape, size) and the marinérgggj SHYUE'. YANG, 2002; MANOUKlAN et al
environmental factors such as the seafloof004 BROWN; HARPER, 2006; SALA et.a2007).

morphology, the underlying geology, the water depth The results presented in this paper suggest
the wave turbulence and the bottom currents, etdat MBES EM3002 is able to clearly locate and even

Biological and chemical processes can also affecfentify individual reef modules, their conditioma
scouring. Moreover, some reef units may be paytiall2Y terrain phange which has occurred around them.
or totally covered by sand and never relocated!N® resolution of the MBES together with the 3-D

Monitoring the spatial distribution of reef unitaca visualization technique provide realistic looking
understanding the mechanisms of scouring, deepenirlg!ges of not only the single reef modules but esfen
horizontal movements, and sand transportatioH'€ individual reef units such as each single 2x@x2
involved on the local scale of an AR, could provide concrete block. Thlrty-_three years later, _the antr
reference for future site selection criteria, aaSis Of Porto Recanati AR appears to be in very good
previously mentioned by Shyue (1998). condltlpn, with the planned .recta.ngula.r arrangement
Scouring, as the erosional and accretionar?‘a'“ta'”e,d and most pyramlds still entire. The scou
bedform pattern that occurs near objects that arero PrOCess is clearly .eV|denced around the artificial
near a sediment bed (INMAN; JENKINS, 2005), and'UCtures suggesting the presence = of = strong
the consequent burial of objects in response wirfgr  descending currents that have eroded the seabed,
by waves and currents have been widely studied (e.?'_s'ng each pyramid on a sediment pile (of 1 m
FARMER et al., 1999: RAMBABU et al., 2002: YU: eight). The direction of the scouring around teefr
URA, 2002: RAMBABU et al 2003: STAUBLE; Structures is the same as that of the main NW-SE
TABAR, 2003; STAUBLE, 2003: INMAN: current. The detail and coverage provided by the
JENKINS, 2005; QUINN, 2006; JENKINS et.al MBES offered useful approaches to the measurement
2007; WOLFSON et al., 2007; MAYER et al., 2007)_of the degree of scour and/or bu'rial of the stmety
Different techniques ranging from SCUBA diving such as the constructlon of a profile across thélcar
observations, AUV and ROV inspections and acoustig!'rounding the reef units. )
surveys to numerical models have been developed and In addition, the results show the outline of

applied to investigate scouring initiated by the@nly one of the two sunken ships, implying that the

intentional (e.g. submerged breakwaters; vertigasp S€c0nd vessel had probably totally subsided and tha
submarine pipelines; etc.; RAMBABU et.,aR002; the MBES was, therefore, unable to detect it.

VIJAYA KUMAR et al. 2003° RAMBABU et al’ This is the first study ever to have enabled us
2003: STAUBLE: TABAR. 2003: STAUBLE 2003) 0 obtain a complete view/map of the reef, recagdin

or accidental (e.g. mines, wrecks, etc.. HATTON efhe exact position of each artificial unit in respéo
al. 2004: INMAN: JENKINS. 2005 QL}INN 2006: the others. For example, it revealed that the spiles

JENKINS et al 2007: WOLFSON et al 2007: had been placed in the central part of the oasteaa

MAYER et al, 2007) placing of an object on the of between the concrete pyramids as had been glanne
seafloor. ' before the deployment. Moreover, this large-scale

However, only limited research has beeryiew of the area has provided useful information on
conducted into horizontal movement, deepening ant® changes induced by the reef in the surrounding
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terrain. By contrast, before the advent of MBES RECOVERY CONFERENCE, 6., 2006, Orlando.
technology, diving inspections had only been able t  Proceedings..2006. p.1-12.

characterize single units without permitting anyHAT;'n%Nb'uﬁéﬁ& gw;:rg%d[)n;inlzgsfgh E'A—éah\? Sécfu
overall view of the reef system. n. 52, p. 18 - 19, 2004, '
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