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ABSTRACT

The macrofauna assemblages of a X\éntury shipwreck off southern Portugal were stiidiad
compared with those of nearby natural reefs andysbottoms, by underwater visual census. A total
of 11 173 specimens of 224 different fauna taxa Hhghhyla were recorded. Natural reefs had the
highest density of specimens (35 122 / 103) fallowed by the shipwreck (21 392 / 1006)rand

the sandy bottoms (3771 / 1008)nThree biodiversity indices were estimated (M&faShannon-
Wiener and Pielou), with the natural reefs showihg highest values. However, the shipwreck
presented values relatively similar to those of iatural reefs for the Shannon-Wiener and Pielou
indices. The three habitats were clearly distirigalide by multivariate statistical analysis, witke th
average dissimilarity between sand and shipwrec#,metween sand and natural reefs being much
higher than that between the shipwreck and theralateefs. The shipwreck had higher abundances
of some commercially important species, such agptheing Trisopterus luscusEuropean conger
Conger congerand common spider crddaja squinado as well as some vulnerable and threatened
species such as the pink seafamicella verrucosaThe results presented emphasize the importance
of this habitat on the southern Portuguese coast.

Resumo

As comunidades de macrofauna de um naufragio ddosé&d/Il ocorrido ao largo da costa Sul de
Portugal, foram estudadas e comparadas com rawitesais e fundos de areia através de census
visuais subaquaticos. Foram registados 11 173 iespg@ertencentes a 224 taxa faunisticos e 12
phyla. Os recifes naturais apresentaram a maiaidise de espécimes (35 122 / 106 saguidos

do naufragio (21 392 / 10003re dos fundos de areia (3771 / 1008).nForam calculados trés
indices de biodiversidade (Margalef, Shannon-WieeePielou), com os recifes naturais que
apresentarem os valores mais elevados. No entant@ufragio mostrou valores relativamente
semelhantes aos fundos rochosos nos indices de@h¥iener e Pielou. Os trés habitats foram
separados por estatistica multivariada, com andiilssidade média entre areia e naufragio, e entre
areia e recifes naturais sendo muito superior sindiridade entre os recifes naturais e o nauftagi
O naufragio apresentou elevada abundancia de atgasmécies comercialmente importantes, como
a fanecaTrisopterus luscyso safioConger congere a santolaMaja squinado assim como de
espécies vulneraveis e ameacadas como a gorgosiaEmmicella verrucosa Os resultados
apresentados realcam a importancia desse hahigahgasta Sul de Portugal.

Descriptors: Atrtificial reefs; Biodiversity, Undeater visual survey, Multivariate analyses; NE
Atlantic.

Descritores: Recifes artificiais, Biodiversidade, oMitorizagdo visual subaquética, Analise
multivariada, Nordeste Atlantico.

INTRODUCTION structures deliberately or accidentally placed be t
substratum to imitate some of the characteristics o
Artificial reefs are defined by the European”at“ral reefs. These structures can be built framda

Artificial Reef Research Network as submerged’@riety of materials, and have been deployed inyman
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coastal regions of the world for diverse reasor@hsu presence of seven pewter plates as part of thermino
as enhancing tourism, coastal protection and fisker artifacts commonly found on wreck sites from the
management (BAINE, 2001). The potential use ofame period (BLOT et al., 2005). Due to its histric
these artificial structures for the restoration andmportance, theFaro A’ wreck site has been declared
rehabilitation of fisheries seems to be one ofrttaén  of national importance by the Portuguese Government
reasons for their use (CLARK; EDWARDS, 1999;and restrictions have been imposed on fishing
BAINE; SIDE, 2003) and some studies have started tactivities (both commercial and recreational) and
look into comparisons between artificial andrecreational scuba diving in the area in the atteimp
surrounding natural reefs (e.g. ASELTINE-NEILSONpreserve the site. Recreational scuba diving aietsvit
et al., 1999; BADALAMENTI et al., 2002; PERKOL- are only allowed if accompanied by authorized scuba
FINKEL; BENAYAHU, 2004, 2007; ARENA et al., divers who conduct tourists along a pre-established
2007). However, there is still only limited knowtggl route, thus minimizing the impact on the wreck.site
regarding the relations between these structures an The recent popularity of artificial reefs has led
the surrounding environments, and this lack obcientists to pose legitimate questions as to veneth
comparative knowledge has in some cases been giverey are indeed an effective fishery management and
as the main reason for the poor understanding ef tthabitat restoration tool (PICKERING; WHITMARSH,
ecology of artificial reefs (SVANE; PETERSEN, 1997). Understanding the fauna assemblages that are
2001). established on a long-term temporal scale provales
Most of the studies undertaken on the ecologynique opportunity to answer some of these question
of artificial reefs have focused on relatively ygun particularly when comparisons are made with
communities, as many of these reefs have only beeurrounding natural habitats. The objectives of the
deployed in recent years. Current knowledge on theresent study were, therefore, to 1) charactetize t
communities that have established themselves imacrofauna assemblages of tf@fo A’ shipwreck in
artificial reefs on the long term is still limitedbut southern Portugal, and 2) determine the ecological
there is some evidence that the time frame requoed importance of the site by comparing the communities
develop a diversified artificial reef communityvgll  of this shipwreck with those of nearby natural seef
over a decade (CUMMINGS, 1994; PERKOL-and sandy bottoms.
FINKEL; BENEYAHU, 2005; SANTOS;
MONTEIRO, 2007). Because of this, accidentall
sunken shipwrecks provide an excellent naturg
experimental arena, as some of these structures h
lain submersed for many decades or, in some cas{
centuries. However, and surprisingly, very few sad
have been carried out comparing the ecology ofethes
older shipwrecks with those of their surrounding
environments (e.g. ZINGTEN et al., 2008), but eve
those have focused mainly on shipwreck sites wit
time spans inferior to 100-150 years.
The shipwreck site currently known to marine
archeologists asFaro A’ (Fig. 1) was presumably an
English cargo vessel traveling from Northern Europé

to the Mediterranean port of Izmir/Smyrna as péd o Fig. 1. Underwater photograph of the shipwrelaro A,

large British convoy (BLOT et al., 2005). In Juneshowing part of the iron cargo. Original photographJosé
1693, while sailing off the southern Portuguesestoa Augusto Silva.

the convoy was attacked by the French navy and the
“Faro A’ ship sunk a few miles from the city of Faro
in southern Portugal (BLOT et al., 2005). The wreck
remained undiscovered until a team of recreational

MATERIAL AND METHODS

scuba divers accidentally located it in 1996, aad h Study Area
since been studied by marine archeologists and
biologists. One among several dozens of historical The present study was carried out in three

wreck sites currently known off the coast of Poalug different habitats: the Faro A’ shipwreck, three
(BLOT, 2002), the Faro A" immediately appeared as npatural rock reefs Cabeco do Robalp “Pedra da
“different” to marine archeologists, mainly duett®o  Greta’ and “Pé de Terr®) and four sandy bottom
features: 1) the significant protuberances caused b areas surrounding these reefs (Fig. 2). Tharé A’
cargo of iron bars and iron artillery, all heavily shipwreck consists mainly of the remains of theiro
covered with marine concretions and 2) the singlgars of the cargo and the iron artillery of thegival
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vessel, all covered with marine concretions (BLOT especimens found along each transect were identified
al., 2005). The natural reefs are part of a lirk&m  counted and recorded. Identification was made ¢ th
rocky outcrop lying parallel to the shorelinelowest possiblégaxon and in cases where underwater
(TEIXEIRA, 1998), its lithology consisting of medium identification was not possible, samples were ctdig
quartz sandstone and conglomerates with carbonated transported to the laboratory for posterioaitkd
cement, with strong evidences that it formed pért canalysis.

the shoreline during the Holocene period (TEIXEIRA; The same techniques, procedures and divers
PINTO, 2002). All the sampling sites were in thenea were used throughout the study, the effort (length)
area off southern Portugal, at approximately theesa each transect varying according to bottom type. On

depth, between 18 and 22 m (Fig. 2). sandy bottoms, the demersal fishes were counted on
transects 50 m long and 4 m wide, the criptobenthic
Faunal Sampling fishes on transects 25 m in length and 1m in width,

) and the invertebrate benthic macrofauna on trasisect
All the sites were sampled by underwatersg m |ong and 4 m wide. On the reef bottoms (both i
visual census using scuba diving techniques. E&ch ghe shipwreck and on the natural reefs) the derhersa
the 8 study sites was analyzed on triplicate tretsse fishes were counted on transects 20 m long and 4 m
accounting therefore for a total of 24 transectgjide, the criptobenthic fishes on transects 10 m in
investigated during the study: 3 transects in theangth and 1 m in width, and the invertebrate bienth
shipwreck itself, 9 in the rocky natural reefs d@fdon  macrofauna on transects 5 m long and 1 m wide. In
the sandy bottoms surrounding the reefs. The randogider to make comparisons between habitats possible
transect technique was used on each dive, adjtmted )| the data were standardized and analyzed instefm

the three distinct faunal groups present in the.aredensity, specifically in number of specimens pedaL.0
specifically the invertebrate epibenthic macrofaungm?.

the demersal and the criptobenthic fishes. All

Bottom substract

- Rocky botiom F37°3'0"N

Soft bottome
Quinta do Lago [ | Noinformation

[ ]
LZ Ship wreck

B Natural reef
A Sand

36°58'30"N

T
8°5'0"W 8'0'o0"w

Fig. 2. Map of the southern Portuguese coastal atezre the study was carried out indicating thetdmottype and
bathymetric lines. The locations of thedro A’ shipwreck, the three natural reefs and the famdy bottom locations that
were sampled in this study are indicated.
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Data Analysis Multivariate analysis was carried out with the
PRIMER 6 software (CLARKE; GORLEY, 2006). A
Each habitat was described in terms of the totalquare-root transformation was applied to densitpd
number oftaxa (S), and density (specimens / 1008)m and similarity matrices were constructed using the
calculated as mean values +SD for etotonin each  Bray-Curtis similarity index (CLARKE; WARWICK,
habitat. Furthermore, the frequency of occurrencg001). Non-metric multidimensional scaling (nMDS)
(FO) was also calculated by: and cluster analysis were used for spatial ordnati
FO= (Li/Lt) * 100 the data, arlld.analysis of similarity.(ANOSIM.) was
used to statistically test differences in the daking
wherelLi is the number of transects where a particulafabitat type as the factor to test. An analysis of
species was recorded in a specific habitatlarid the  similarity in percentages (SIMPER) was carried out i
total number of transects investigated in thattaabi  order to assess thaxathat were most contributing to
In order to estimate quantitative measures fotlistinguish between pairs of habitats.
comparing the different habitats, several diversity

indices were calculated, namely the Margalef rigdsne RESULTS

index R), the Shannon-Wiener diversity indel’|

and the Pielou evenness indeX).( The Margalef Species Richness and Diversity

richness index measures the number of specitsxar

present in a given number of specimens (CLARKE; During the underwater visual census, a total of
WARWICK, 2001) and is given by: 11 173 specimens, belonging to 224 different fauna
R=(S— 1)/ LogN taxa of 12 phyla, were recorded. Of these

] ) observations, 2083 records (18.6%) were of fish,
Whel’eS 1S the tOtal numbel’ d:b.xa andN IS the tOtal belonging to 42 individual taxa (including 17
number of specimens. o families), while the remaining 9090 (81.4%)

The Shannon-Wiener diversity index, one ofrecordings were of invertebrate macrofauna, betungi
the most widely used biodiversity indexes (CLARKE;to 182 individualtaxa (of 19 classes and 11 phyla). In
WARWICK, 2001), is based on the proportion ofterms oftaxa per habitat, 8%taxa (10 phyla) were
species abundance and accounts for the equitabilifgcorded in the sandy habitat, 8%a (9 phyla) were

and richness: recorded in the shipwreck and 148xa (12 phyla)
) ] were recorded in the natural reefs. A Table présgnt
H=- PiLn (Pi) the complete fauna list recorded, with values of

B ) ) B density andFO for each habitat is provided in an

wherePi is the proportion of specimens of spedies  Annex as Supplementary Data.
) ] The mean number ofaxa (+ SD) observed

The Pielou evenness index expresses how thgring the investigation of each transect was Highe
taxa are distributed in the community (CLARKE; for the natural reefs with 46.2 (+ 17.6), followbst
WARKICK, 2001) and varies from a minimum of 0 t0 the shipwreck with 21.7 (+ 2.5) and finally the dgn
a maximum of 1, where 1 represents a communitiapitat with 19.2 (+ 15.9) (Fig. 3). There were
where all species are equally abundant, and @atistical differences between the mean number of
represents a community where one species dominat@sa in each habitat (ANOVA: F = 7.91; p-value =

all others (MAGURRAN, 1988): 0.003), with significant differences between thadsa
and the natural reefs (SNK: g = 5.470; p-value =
E=H/LnS 0.003) and between the shipwreck and the natural

reefs (SNK: q = 3.28; p-value = 0.03), but not kesw

- Each diversity index was calculatedthe shipwreck and the sand (SNK: g = 0.35; p-value
individually for each of the transects, and theshea ¢ g1).

Variance (ANOVA). Whenever significant differencesthe natural reef had the highest density, with 35 (-
were detected, the Student Newman Keuls (SNK) te§t3 935) Specimens per 10002, nfollowed by the
was used to calculate pairwise differences betwleen shipwreck with 21 392 (+ 1812) and finally the sand
habitats. Whenever the parametric assumptionstaf dayjth 3771 (+ 4199) (Fig. 3). Differences were found
normality and homogeneity of the variances were nQjetween the mean density of specimens in eachaabit
respected, alternative non-parametric tests Wwefruskal-Wallis: H = 16.48; p-value < 0.001), with
carried out, specifically the Kruskal-Wallis testsjgnificant differences between the sand and the
followed by the pairwise Dunn test. A 5% significan  natural reefs (Dunn: Q = 3.88; p-value < 0.05), ot
level was considered in all cases. between the other possible pairs (Dunn: p-values >
0.05 in both cases).
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Fig. 3. Total (black circles) and average (greysptaxa (a) and average density
of specimens (b) found in each habitat. Error befier to + SD.

In terms of the density of each phylum in eachthe three habitats (ANOVA: F = 5.7; p-value = 0,01)
of the three habitats, it was noteworthy that manthe values of the Shannon-Wiener diversity index
phyla were proportionally more abundant d¢me (ANOVA: F = 11.9; p-value < 0.001) and the values
natural reefs than in the other habitats, partitpthe of the Pielou evenness index (ANOVA: F = 5.6; p-
Chordata, Phoronida, Plathelminthes, Porifera andalue < 0.01). As for the Shannon-Wiener and the
Urochordata. The densities of other phyla suchhas t Pielou evenness indices, only the sandy habitat
Annelida, Arthropoda, Bryozoa, Cnidaria and Echiurgresented differences from the other two habitats
were more evenly distributed between the natuefsre (SNK: p-values < 0.05), while for the Margalef
and the shipwreck, while on the sandy habitat thechness index both the sand and the shipwreck
Arthropoda, Echinodermata and Mollusca assumepresented differences from the natural reefs (SpK:
particular importance. In terms of number of spgcie values < 0.05).
the phyla Annelida, Bryozoa, Chordata, Cnidaria,

Phoronida, Porifera and Urochordata had more specie Multivariate Analysis
on the natural reefs. The Echiura had almost theesa )
species on the natural reefs as in the shipwrebkew When all the data combined (both vertebrates

the Mollusca and Plathelminthes had almost the san&d invertebrates) were used for multivariate esisly
number of species on the natural reefs as on te sathe differences between habitats became clear.
The Arthropoda had more species on the sand (Fig. 4Samples from the same habitat were clustered tegeth

Regarding the diversity indices, it wasand separately from those from different habitats,
noticeable that the natural reefs had higher vaines indicating relatively high  similarity —between
all cases. For the Margalef richness index theaglu assemblages at the same site compared with those at
on the sand and in the shipwreck were relativelyhe other sites. All the transects investigatedtiua
similar, but for the other indices the sandy habitasand are highly different from those of both the
presented lower values, while the shipwreck tertded shipwreck and the natural reefs, with the sand grou
have values lying between those for the sand aed tibeing the first to separate out, being characterimea
natural reefs (Fig. 5). There were statisticalatifhces relatively high dispersion and variability between
between the values of the Margalef richness index f transects (Fig. 6).
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The average dissimilarity between the sand and

the shipwreck and between the sand and the natural

LT reefs was much greater than that between the
i shipwreck and the natural reefs. Tiaga which most

3
S
=

Shipwreck

SSand contributed to the differences between the shipkrec
and the natural reefs were invertebrates of théuphy
Cnidaria. Specifically, the sea beandemertesia
5 g ot B gl antenninaand the pink seafai&unicella verrucosa
3 ?&@(s@ %@a @" & & & o ”’@a“’éy"&@“\ ‘“Qov‘i?o occurred in higher abundances in the shipwrecklewhi
¥ & e the anemonesCorynactis viridis and Anemonia
sulcatawere more abundant on the natural reefs. Two

b important bony fishes were the poutifigisopterus

90% luscus and the gobidPomatoschistusf. quagga the
% i former being more abundant in the shipwreck and the
) iy latter more abundant on the natural reefs. Other
; important species for distinguishing these two tabi
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were the sea cucumbétawsonia saxicolaand the

% sponge Leucosolenia complicatathat occurred in
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Fig. 4. Speumen den5|ty (a) and numbettaofa (b) as
percentages of each phylum in each of the thredatsb

fictitius that occurred in higher densities on the natural
reefs (Table 1). The differences between both the
shipwreck and the natural reefs and the sand were

studied. mainly due totaxa present either in the shipwreck or
@ a 160 on the natural reefs, but absent from the sand. The
70 " 140 only exceptions were the brittlest@phiura albida
60 120 and the gobid®omatoschistuspp., present in higher

50 100 densities on the sand (Table 1).
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The natural reef versus shipwreck transects 3 &
also showed high dissimilarity, with the shipwreck
transects forming a closely similar group, while th °
natural reefs presented greater dispersion (Fig. 6)
There were significant differences between theehre ) . ) )
habitats (ANOSIM: R = 0.91: p-value = 0.001), with  '9- 6. Cluster (a) and multidimensional scaling

P . . (b) of transects carried out in the various
significant differences between the three posphies habitats: sand; 0 natural reefsa shipwreck.
(ANOSIM pairwise tests: p-values < 0.05 in all cjse ’
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Table 1. Cumulative list of the 10 most importaaka indexes of the shipwreck were generally lower than
contributing to the differences found between paifs those found on nearby natural reefs, but highen tha
habitats. The values refer to the contribution #thtaxon  those on the surrounding sandy bottoms. Assuming
makes to each habitat characterization: Contritféseo the that this particular shipwreck has had enough ftione
contribution in percentage and Cum% refers to the bli hp | P bl . 9 h
cumulative sum of values of Contrib%. establis _a ong-term stable pommur_ﬂty, we can then
hypothesize that the lower biodiversity, as comgare

Shipwreck vs. Natural _ conrib  cum  to those of the natural reefs, may be a resulactofs
reefs(average dissimilarity ~ Shipwreck Nat. reefs %

=80.2) 0 % other than age. These findings may corroborate what
Nemertesia antennina 3L6 2.9 8.4 84  was found by Perkol-Finkel et al. (2006) when they
Corynactis viridis 15 19.0 4.6 13.1
Eunicella verrucosa 14.4 55 34 165 §tated that structural fe.atures seem to play a more
Trisopterus luscus 11.4 0.6 32 196  important role than age in the biological commusiti
Pomatoschistusf. quagga 0.0 13.9 3.1 22.7 . g .
Anemonia sulcata 0.0 04 58 55  established on an artificial reef. Therefore, #ttts the
Pawsonia saxicola 10.9 19 27 282 case, we may then assume that the natural reefs
Leucosolenia complicata 8.9 0.0 2.6 30.8 - . .
Schizobrachiella sanguinea 2.1 99 29 s30  occurring in the A_Igarve region have more strudtura
ghozbas f;f]'_tlous - 21 9.1 2.0 350 complexity than this vessel-reef, and are therediie
ana vs. ipwrec . .
(average dissimilarity = sand Shipwreck  ONtr DC/Uum to accommodate a more complex . and dlversg
99.2) . community of organisms. This hypothesis seemstto fi
Nemertesia antennina 0 e 76, 2 Wwellinto what is known about the region and hasnbe
Trisopterus luscus 0.0 11.4 5.6 282 observed on these sites: while the natural reefpart
P o e 1o 2% 3o of a linear structure that rises some 2 m above the
Leucosolenia complicata 0.0 8.9 44 433 surrounding sandy bottom and are entirely segmented
Holothuriacf. forskali 0.0 6.9 3.5 46.8 b tical Kk f 2t05 : idth hni
Ophiura albida 7.3 0.0 33 501 DY Vertical cracks or some < to > m in widtn, pong
HeEﬁilngcale cglumella 0.0 6.3 3.2 533  structural complexity (TEIXEIRA; PINTO, 2002), the
Sabellidae n. id. 0.9 6.6 3.1 56.4 : ;

“Faro A’ shipwreck is a much flatter and less complex
Sand vs. Natural Reefs .
(average dissimilarity = Sand Natreefs 0P SUM - spructure, composed mainly of the remains of the
98.9) : . :
Corynacts viridis oo 90 a9 : cargo of iron bars and some iron artillery (BLO.T et
Schizobrachiella sanguinea 0.0 9.9 3.2 8.1 al., 2005). Another hypothesis that must be comsitie
Anemonia sulcata 0.0 9.4 3.2 11.3 H : : H H ;
Pomatosahistuet quagga 0.0 130 31 14a IS that the lower biodiversity in the shlpwreck iz
Phorbas fictitious 0.0 9.1 2.9 173 the result of the smaller size of this structure as
Ophiura albida 7.3 0.0 2.3 19.6 H H
Pentapora foliacea 0o 75 Pt s compare(_j to that of th_e natural reefs. Again, this
Gobius xanthocephalus 0.0 5.0 1.8 235  hypothesis fits in well with what has been observed
Pomatoschistuspp. 48 21 17 252 gand is known about those environments: while the
Diplosoma spongiformis 0.0 4.4 1.7 27.0

natural reefs are part of a structure of some 2iKm
length, 50 to 100 m in width, and 2 m in height
(TEIXEIRA; PINTO, 2002), the Faro A’ wreck site

i ) is much smaller - some 30 m long, 10 m wide and 1 m
. In general, shipwreck sites such as that of thgig, * Finally, it needs to be said that some of our
Faro A" appear as high-resolution long-term markers,oncjysions regarding these differences between the
of the marine biotope (BLOT, 1996) and which, as,apjtats should be regarded with caution, as sdime o
such, deserve systematic interdisciplinary appresch ,q gifferences may result from the different sanpl
related to the biological and physical/chemicCalyttyrts made in each location. Even thought the
memories” of the underwater historical S'teanalysis was performed in terms of species derthity,

(RODGERS, 1989; FERRARI, ADAMS, 1990; o151 effort was not constant between locationsictvh
OXLEY, 1990; GUNTHRIE et al., 1994; GREGORY, may, in part, be biasing the results.

1995;,THQMSON} 1997, RANDELL, 1998,)' The Analyzing the diversity indices in greater
potential information for both archaeologists antyeyail this study showed that when the Margalef
biologists which can be gathered by studying thekth jopness index is considered the shipwreck presents
layers of marine concretions covering shipwreck$ayes lower than those of the natural reefs antemo
would appear to be a rewarding challenge and @qsgly similar to those of the sandy bottoms. B t
powerful drive to such interdisciplinary investigats — j o, hand, if we consider indices such as the

on such sites. Shannon-Wiener diversity that uses both richness an

In general, the southeastern Portuguese COggyrinytion of species within the community, oeth
where this study was carried out is composed mainl¥iajou  evenness that accounts for the species

of soft bottom habitats, with some scattered andsyinytion, then the shipwreck values were higher
isolated rocky reefs throughout the area (TEIXEIRAhan those found for the sandy bottoms and only
PINTO, 2002; GONCALVES et al., 2004). In the gjighily lower than those for the natural reefs.

present study, the species count and biodiversityheretore, it seems that even though the shipwreck

Discussion
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does not constitute a particularly rich environmient area and that vulnerable species, easily damaged by
terms of numbers dbxa thosetaxathat do occur are commercial fishing gear, find greater protectioaréh
more equitably distributed and show no particulastill, we were not fully able to test these hypain
dominant species. These results are typical of-welthis study, and future studies should address those
established and fairly undisturbed reef environmentimportant issues.
where no species is able to gain advantage and During the present study we were able to
dominate the community (CLARKE; WARWICK, ascertain that the biodiversity aFdro A’, a three
2001). Likewise, when multivariate analysis wascentury-old shipwreck site located off the southern
applied to these habitats, it was noteworthy that t coast of Portugal, is greater than that in the
natural reefs and the shipwreck were distinct thougsurrounding sandy bottom habitats. We found
closely related, and much more closely similaraohe significant differences between the shipwreck amal t
other than to the adjacent sandy bottoms. natural reefs which also occur in the area, but
In terms of fish density in both reef type hypothesized that the similarities between these tw
environments, it was noticeable that even though threef habitats (natural and artificial) are muchatee
natural reefs had a much higher density of fismthathan those with the surrounding sandy bottoms. We
the shipwreck, much of this higher density was ttue also hypothesized that the reduced dimensions and
the presence of the gobRbmatoschistusf. quagga lower structural diversity found in this particular
in high numbers. If we exclude this particular spec shipwreck might account for some of the differences
from the analysis, the fish abundances on the alaturfrom the larger and more complex natural reefs foun
reefs and the shipwreck become much more closelg the area. The results, along with the preserfce o
similar, with 2192 specimens / 10002nfor the both commercially important and biologically
shipwreck and 2389 specimens / 1008 for the vulnerable species in the shipwreck, bring out the
natural reefs. ThePomatoschistuscf. quaggais a importance of this habitat on the southern Portague
species that schools and aggregates in very largeast.
numbers but with relatively low frequency of
occurrence. Thus although it is only recorded aneso
of the transects, wherever it is found it occursény ACKNOWLEDGMENTS
large numbers. Also in this case, the issue of a

different sampling effort in each location may be Part of this study was supported by the CCDR-
playing an important role, as the greater effoat thas Algarve (Comisséo de Coordenagao e

expended on the natural reefs may have increaged {Begenyolvimento Regional do Algarve) through
odds of flnFjlng thoge species that tend to aggeeigat funding of the research project “RENSUB | -
schools, with a relatively low frequency of occuiee. £\ 41uation of the impact of dredging for beach

One important question that still remains,qrishment on the marine communities off the

unanswered is whether artificial reefs are indeegantrgl Algarve”. The authors would like to thank
contributing to fishery enhancement (PICKERING; ;554 augusto Silva, co-discover of the wreck e,
WHITMARSH, 1997) and it is, therefore, important to roviding the underwater photographs. Further

compare the densities of commercially importan cknowledgments are due to all the divers and

species between the artificial and natural reéfeias  egearchers of the CCMAR/University of Algarve who
interesting to note that the most abundant fisttiese e|ped with the diving operations and identificatiof

in the shipwreck was the pouting, a species@he gnecimens, particularly Luis Bentes, Carlos Afonso,
commercial importance for the region (DGPA, 2007)greqerico Oliveira, Joaquim Ribeiro, Cheila Aimeida,
Other species of relatively high commercialpgyrq Veiga and Daniel Machado.

importance that also occur in the shipwreck include

the European conge€onger conger the common
two-banded seabreariplodus vulgaris and the
common spider crabMaja squinado Another

important aspect to consider is the adequacy cafetheARE’\lA P. T JORDAN. L K. B SPIELER. R. E. Fish
artificial structures for creating habitats for netable T o o » R BFIST
assemblages on sunken vessels and natural reefs in

and protected species, and one p.articularl'y vulngra southeast Florida, USAdydrobiologia, v. 580, p. 157-
species that was found in the shipwreck in relétive 171, 2007.

high densities was the pink seafaBunicella ASELTINE-NEILSON, D. A.. BERNSTEIN, B. B.
verrucosa that is considered vulnerable under the PALMER-ZWAHLEN, M. L.; RIEGE, L. E.; SMITH,
IUCN Red List Criteria (WORLD CONSERVATION R. W. Comparisons of turf communities from Pendieto
MONITORING CENTRE, 1996). This may be due Artificial Reef, Torrey Pines Artificial Reef, and
either to the shipwreck's being a more suitabldtagb ga;uralggef ] “Igg'ga”ate techniquéull. Mar.

or to the fact that fishing activities are forbidde the Cl V.09, P 551, '
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Supplementary Data: Table with the taxa observetierthree different habitats. Density refers tb1®0m2 and FO% is the
frequency of occurrence as a percentage. The taxarganized alphabetically by phylum and class.

Taxa Sand Shipwreck Natural reef
Density FO% Density FO% Density FO%
Annelida
Polychaeta
Annelida n. id. 23.3 (71.9) 16.7
Epitonium clathrus 66.7 (100.0) 33.3
Eupolymniasp. 22.2 (66.7) 11.1
Eurythoesp. 22.2 (66.7) 11.1
Filogranasp. 66.7 (115.5) 33.3 44.4 (88.2) 22.2
Lanice conchilega 1.3(3.1) 16.7 22.2 (66.7) 11.1
Myxicolasp. 155.6 (278.9) 33.3
Nereissp. 1.3(3.1) 16.7
Polycirrussp. 266.7 (264.6) 66.7
Protula sp. 66.7 (141.4) 22.2
Sabella pavonina 88.9 (202.8) 22.2
Sabella spallanzani 0.4 (1.4) 8.3 44.4 (133.3) 11.1
Sabellidae n. id. 27.9 (72.9) 41.7 733.3 (945.2) 66.7 88.9 (266.7) 11.1
Serpula vermicularis 577.8 (659.1) 55.6
Serpulidae n. id. 106.7 (196.9) 50.0
Spirorbidae n. id. 83.3 (162.8) 25.0
Arthropoda
Malacostraca
Anapagurus laevis 3.3(10.1) 16.7
Crangon crangon 1.7 (4.9) 16.7
Galathea intermedia 25.4 (71.3) 33.3
Inachus dorsettensis 22.2 (66.7) 11.1
Macropodia rostrata 2.1 (3.3) 33.3
Maja squinado 133.3 (115.5) 66.7 22.2 (66.7) 11.1
Paguristes eremita 0.8 (2.9) 8.3
Pagurus cuanensis 1.7 (5.8) 8.3
Pagurus prideaux 6.7 (21.6) 16.7
Parthenope angulifrons 4.6 (14.4) 16.7
Pilumnus hirtellus 22.2 (66.7) 11.1
Pisidia longicornis 18.8 (35.0) 33.3
Polybius puber 66.7 (115.5) 33.3
Polybius pusillus 0.4 (1.4) 8.3
Xantho pilipes 0.4 (1.4) 8.3
Maxillopoda
Cirripedia n. id. 41.7 (97.3) 16.7
Megabalanusp. 155.6 (466.7) 11.1
Bryozoa

Gymnolaemata
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Sand Shipwreck Natural reef
Taxa

Density FO% Density FO% Density FO%
Adeonella calveti 22.2 (66.7) 11.1
Bugulacf. turbinata 133.3 (115.5) 66.7
Bugula fulva 22.2 (66.7) 11.1
Chartella papyracea 22.2 (66.7) 11.1
Frondipora verrucosa 22.2 (66.7) 11.1
Pentapora foliacea 1,133.3 (577.4) | 100.0 622.2 (405.5) 88.9
Schizobrachiella
sanguinea 133.3 (230.9) 33.3 1,022.2 (380.1) 100.0
Schizobrachiellap. 22.2 (66.7) 11.1
Schizomavellaf.
linearis 69.6 (173.1) 25.0
Schizomavellap. 22.2 (66.7) 11.1
Turbicelleporacf.
magnicostata 222.2 (352.8) 33.3
Turbicellepora spp. 377.8 (717.2) 44.4
Watersipora
subovoidea 3.3(11.5) 8.3

Chordata
Chondrichthyes
Torpedo torpedo 0.4 (1.4) 8.3
Osteichthyes

Arnoglossusp. 3.3(11.5) 8.3
Boops boops 69.4 (141.3) 22.2
Bothus podas 33.3(57.7) 33.3
Callionymusspp. 13.3 (46.2) 8.3
Centrolabrus exoletus 47.2 (85.0) 44.4
Chelidonichthys
obscurus 4.2 (11.4) 25.0
Chromis chromis 1.4 (4.2) 11.1
Conger conger 3.3(11.5) 8.3 100.0 (100.0) 66.7
Coris julis 208.3 (170.2) 100.0 298.6 (301.8) 100.0
Ctenolabrus rupestris 133.3 (152.8) 66.7 127.8 (98.8) 88.9
Diplodus annularis 11.1 (11.6) 66.7
Diplodus bellottii 33.3 (31.5) 66.7 23.6 (49.4) 22.2
Diplodus cervinus 2.8 (5.5) 22.2
Diplodus sargus 47.2 (60.8) 55.6
Diplodus vulgaris 25.0 (12.5) 100.0 256.9 (196.5) 100.0
Gobiesocidae n. id. 6.7 (15.6) 16.7
Gobius cobitis 11.1 (33.3) 11.1
Gobius cruentatus 33.3(57.7) 33.3 100.0 (132.3) 44.4
Gobius gasteveni 222.2 (263.5) 66.7
Gobius paganellus 33.3 (57.7) 33.3
Gobiusspp. 16.7 (46.6) 16.7
Gobius xanthocephalus 311.1 (261.9) 88.9
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Cnidaria
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Sand

Density
Gobiusculus flavescens

Labrus bergylta
Parablennius
gattorugine

Parablennius pilicornis
Pomatoschistusf.
quagga
Pomatoschistuspp. 433.3 (637.5)
Scorpaena notata
Serranus cabrilla 0.8 (2.9)
42.1 (125.9)

3.3 (11.5)

Serranus hepatus

Soleasp.
Spondyliosoma
cantharus

Symphodus bailloni

Symphodus cinereus
symphodus
mediterraneus
Symphodus roissali
Symphodus rostratus
Syngnathus acus 3.3(11.5)
Trachinus draco 7.9 (15.1)

Trisopterus luscus

Anthozoa

Actinothoe sphyrodeta
Aiptasia diaphana
Aiptasia mutabilis
Aiptasiaspp.

Alicia mirabilis 0.8 (1.9)
Anemonia sulcata
Calliactis parasitica 7.9 (22.8)

Caryophyllia spp.
Cerianthus
membranacea 0.4 (1.4)

Corynactis viridis

Eunicella verrucosa
Leptogorgia
sarmentosa

Veretillum cynomorium 2.5 (5.8)

Hydrozoa

Aglaopheniecf. pluma
Aglaopheniasp.
Gymnangium montagui
Nemertesia antennina 1.7 (5.8)

Synthecium evansii

Shipwreck
FO% Density
75.0
200.0 (100.0)
8.3 25.0 (12.5)
33.3
8.3
12.5 (12.5)
8.3
41.7
1,354.2 (607.0)
200.0 (200.0)
16.7
33.3
8.3 266.7 (305.5)
66.7 (115.5)
2,266.7 (1,616.6)
25.0
8.3 10000.0

Natural reef

FO% Density
44.4 (133.3)

5.6 (11.0)

22.2 (44.1)

277.8 (396.2)
7,222.2
(16,414.8)

244.4 (661.6)
116.7 (89.0)
48.6 (36.7)

100.0
100.0

41.7 (71.5)
20.8 (23.4)
2.8 (5.5)

2.8 (5.5)
5.6 (9.1)
5.6 (12.7)

66.7

100.0 19.4 (53.8)

22.2 (66.7)
66.7 (141.4)
133.3 (282.8)
422.2 (703.2)

88.9 (145.3)
1,222.2
(1,387.2)

22.2 (66.7)
177.8 (338.3)

66.7 155.6 (218.6)
5,555.6

(4,639.8)
911.1 (1,396.8)

33.3
100.0

666.7 (692.8)

600.0 (1,655.3)
22.2 (66.7)
311.1 (375.6)
155.6 (166.7)
355.6 (545.7)

100.0

FO%
11.1
22.2

22.2
66.7

33.3
22.2
88.9
88.9

66.7
77.8
22.2

22.2
33.3
22.2

11.1
22.2
22.2
55.6
33.3

88.9
11.1
33.3

44.4

66.7
33.3

66.7

22.2
1.1
44.4
55.6
33.3
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Taxa Sand Shipwreck Natural reef
Density FO% Density FO% Density FO%
Echinodermata
Crinoidea
Antedoncf. bifida 111.1 (266.7) 22.2
Echinoidea
Echinocardium
cordatum 3.3(6.5) 25.0
Paracentrotus lividus 133.3 (223.6) 33.3
Psammechinus miliaris 428.3 (725.4) 58.3
Spatangus purpureus 3.3(8.9) 16.7
Sphaerechinus
granularis 25.0 (27.1) 100.0 66.7 (141.4) 22.2
Holothuroidea
Cucumariaspp. 22.2 (66.7) 111
Holothuria cf. forskali 533.3 (416.3) 100.0 155.6 (166.7) 55.6
Holothuria cf. tubulosa 0.8 (1.9) 16.7 44.4 (88.2) 22.2
Pawsonia saxicola 1,333.3(1,101.5) 100.0 155.6 (312.7) 22.2
Ophiuroidea
Ophioderma
longicauda 133.3 (230.9) 33.3 88.9 (202.8) 22.2
Ophiothrix fragilis 0.8 (2.9) 8.3 66.7 (100.0) 33.3
Ophiura albida 948.8 (1,159.0) 83.3
Stelleroidea
Astropecten aranciacus  22.5 (32.1) 58.3
Echinaster sepositus 44.4 (88.2) 22.2
Echiura
Echiuroidea
Bonellia viridis 66.7 (115.5) 33.3 66.7 (100.0) 33.3
Mollusca
Bivalvia
Acanthocardia spinosa 1.3 (3.1) 16.7
Aequipecten
commutatus 1.7 (4.4) 16.7
Aequipecten
opercularis 2.9 (7.5) 16.7
Anomia ephippium 751.3 (1,569.7) 50.0 22.2 (66.7) 111
Atrina pectinata 0.8 (2.9) 8.3 22.2 (66.7) 111
Capsella variegata 0.8 (2.9) 8.3
Chamelea gallina 1.7 (3.9) 16.7
Chlamys flexuosa 150.0 (432.1) 41.7
Chlamys varia 0.4 (1.4) 8.3
Clausinella fasciata 7.1(11.4) 33.3
Clavagella melitensis 488.9 (707.9) 44.4
Corbula gibba 21.7 (72.0) 16.7
Gari fervensis 0.4 (1.4) 8.3
Gastrochaena dubia 44.4 (88.2) 22.2
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Taxa Sand Shipwreck Natural reef

Density FO% Density FO% Density FO%

Gouldia minima 44.4 (88.2) 22.2

Hiatella arctica 1.3 (4.3) 8.3

Laevicardium crassum 0.8 (2.9) 8.3

Lima exilis 22.2 (66.7) 111

Mactra glauca 0.4 (1.4) 8.3

Modiolus adriaticus 1.3 (4.3) 8.3

Modiolus barbatus 133.3 (173.2) 44.4

Papillicardium

papillosum 66.7 (100.0) 33.3

Pecten maximus 30.0 (72.0) 41.7

Pteria hirundo 22.2 (66.7) 11.1

Tellina incarnata 0.4 (1.4) 8.3

Tellina nitida 0.4 (1.4) 8.3

Cephalopoda
Octopus vulgaris 0.4 (1.4) 8.3 44.4 (88.2) 22.2
Sepia officinalis 2.1 (4.0) 25.0
Gastropoda

Acteon tornatilis 0.4 (1.4) 8.3

Aglaja tricolorata 22.2 (66.7) 111

Aporrhais pespelecani | 47.9 (143.6) 33.3

Bittium cf. jadertinum 22.2 (66.7) 11.1

Bolma rugosa 422.2 (307.3) 77.8

Calliostoma zizyphinun 22.2 (66.7) 111

Calyptraea chinensis 56.7 (97.0) 33.3

Cerithium vulgatum 177.8 (307.3) 33.3

Chauvetia brunnea 22.2 (66.7) 11.1

Chauvetia retifera 22.2 (66.7) 111

Chromodoris krohni 44.4 (88.2) 22.2

Clanculus cruciatus 22.2 (66.7) 11.1

Clanculus jussieui 22.2 (66.7) 11.1

Crimora papillata 22.2 (66.7) 11.1

Dondice banyulensis 0.8 (2.9) 8.3

Doriopsilla areolata 0.4 (1.4) 8.3 111.1 (333.3) 111

Doris verrucosa 22.2 (66.7) 11.1

Euspira pulchella 1.3 (4.3) 8.3

Flabellina affinis 0.8 (2.9) 8.3

Flabellina babai 22.2 (66.7) 111

Gibbula magus 60.0 (111.4) 41.7

Hexaplex trunculus 88.9 (145.3) 33.3

Hypselodoris bilineata 22.2 (66.7) 11.1

Hypselodoris cf.

cantabrica 133.3 (173.2) 44.4

Hypselodoris

fontandraui 22.2 (66.7) 111
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Taxa Sand Shipwreck Natural reef
Density FO% Density FO% Density FO%
Hypselodoris picta 155.6 (397.2) 22.2
Hypselodoris
villafranca 88.9 (202.8) 22.2
Melanellacf. polita 22.2 (66.7) 11.1
Melanellespp. 22.2 (66.7) 11.1
Mitra zonata 44.4 (133.3) 111
Nassarius incrassatus 5.8 (17.3) 16.7 844.4 (1,745.8) 33.3
Nassarius pygmaeus 91.7 (191.7) 33.3
Neosimnia spelta 111.1 (226.1) 22.2
Ocenebra erinaceus 2.1 (5.0) 16.7 133.3 (223.6) 33.3
Ocinebrina aciculata 64.2 (216.1) 16.7 22.2 (66.7) 111
Philine aperta 0.4 (1.4) 8.3
Roboastra europaea 111.1 (145.3) 44.4
Phoronida
‘ ‘ Phoronopsisf.
californica 200.0 (424.3) 22.2
Plathelminthes
Turbellaria
Planocerossp. 2.1(7.2) 8.3
Prostheceraeus
giesbrechtii 66.7 (141.4) 22.2
Porifera
Calcarea
Clathrina clathrus 88.9 (145.3) 33.3
Clathrina coriacea 44.4 (133.3) 111
Leuconiasp. 0.4 (1.4) 8.3
Leucosolenia
complicata 800.0 (200.0) 100.0
Desmospongiae
Axinella damicornis 22.2 (66.7) 111
Chondrosia reniformis 66.7 (141.4) 22.2
Ciocalypta penicillus 66.7 (100.0) 33.3
Cliona celata 7.9 (18.8) 16.7
Cliona viridis 44.4 (133.3) 111
Dysidea avara 22.2 (66.7) 111
Hemimycale columella 600.0 (529.2) 66.7 511.1 (539.5) 77.8
Hymeniacidon
sanguinea 66.7 (115.5) 33.3
Ircinia cf. fasciculata 66.7 (141.4) 22.2
Ircinia cf. oros 111.1 (202.8) 33.3
Ircinia spp. 44.4 (88.2) 22.2
Phorbas fictitius 133.3 (230.9) 33.3 888.9 (448.5) 100.0
Porifera n. id. 66.7 (200.0) 11.1
Spirastrellasp. 244.4 (466.7) 33.3
Tethya aurantium 22.2 (66.7) 111
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Taxa Sand Shipwreck Natural reef
Density FO% Density FO% Density FO%
Urochordata
Ascidiacea

Aplidium proliferum 22.2 (66.7) 11.1
Aplidium punctum 244.4 (444.7) 33.3
Aplidiumsp. 22.2 (66.7) 111
Botryllus schlosseri 22.2 (66.7) 111
Ciona intestinalis 22.2 (66.7) 11.1
Clavelinasp. 22.2 (66.7) 11.1
Dendrodoa grossularia, 22.2 (66.7) 11.1
Didemnuncf. lahillei 16.7 (30.6) 33.3
Diplosoma
spongiformis 333.3 (412.3) 66.7
Lissoclinum perforatum 266.7 (300.0) 55.6
Phallusia fumigata 333.3 (577.4) 33.3 177.8 (233.3) 44.4
Phallusia mammillata 9.6 (8.6) 66.7
Pyura microcosmus 9.2 (18.8) 25.0
Pyurasp. 177.8 (233.3) 44.4




