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Abstract: Shipwrecks are considered artificial reef environments — structures immersed in aquatic environments
(especially marine ones) that provide fauna with shelter, hard substrates, food and nursery areas. This study
aimed to survey the benthic animal biodiversity of the Pirapama shipwreck, located 23 m deep and six miles off
Recife harbor. From 2001 to 2007, species were observed, photographed and collected through scuba diving.
The material was later sorted and identified in the laboratory. A total of 76 sessile and sedentary animal taxa
were recorded belonging to the following phyla: Porifera (Demospongiae and Calcarea), Cnidaria (Hydrozoa
and Anthozoa), Mollusca (Bivalvia and Gastropoda), Annelida (Polychaeta), Arthropoda (Cirripedia), Bryozoa
(Gymnolaemata), Echinodermata (Asteroidea and Echinoidea), and Chordata (Ascidiacea). The greatest richness
was for Porifera and Bryozoa — 13 listed species for each. Eleven new occurrences were recorded for the state
of Pernambuco, the hydroid Halopteris polymorpha and ten bryozoan species, one of them being the first record
for Brazil (Scrupocellaria curacaoensis). The Pirapama’s biodiversity was considered typical when compared
to other shipwrecks that have been studied around the world.
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Resumo: Naufragios sio classificados como ambientes recifais artificiais, estruturas imersas em ecossistemas
aquadticos (principalmente marinhos) que fornecem abrigo, substratos consolidados, dreas de crescimento,
alimentacao e de bergario. Este estudo objetivou pesquisar a biodiversidade bentonica animal do Naufragio
Pirapama, localizado a 23 m de profundidade e a seis milhas do Porto de Recife. Entre 2001 e 2007 mergulhos
autéonomos foram realizados para coletar, observar e fotografar as espécies. No laboratério, o material foi
posteriormente classificado e identificado. Um total de 76 taxons foi registrado para a fauna séssil e sedentdria,
pertencentes aos seguintes filos: Porifera (Demospongiae e Calcarea), Cnidaria (Hydrozoa e Anthozoa),
Mollusca (Bivalvia e Gastropoda), Annelida (Polychaeta), Arthropoda (Cirripedia), Bryozoa (Gymnolaemata),
Echinodermata (Asteroidea e Echinoidea), e Chordata (Ascidiacea). A maior quantidade de espécies foi de
Porifera e Bryozoa, com 13 espécies listadas para cada um. Onze novas ocorréncias foram registradas para o
Estado de Pernambuco, o hidréide Halopteris polymorpha e dez espécies de briozodrios, uma deles sendo o
primeiro registro para o Brasil (Scrupocellaria curacaoensis). A biodiversidade do Pirapama foi considerada
tipica quando comparada com a de outros naufrdgios que foram estudados no mundo.

Palavras-chave: recifes artificiais, biofouling, inventdrio da fauna benténica, invertebrados marinhos,
biodiversidade.
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Introduction

The concept of “artificial reef” defines a group of activities that aim
to remodel the marine ecosystem by offering new habitats (Seaman
2000). They are also commonly used in underwater leisure activities;
the development of local marine life promoted by such submersed
structures makes these environments favorable sites for recreational
diving, for example (Dowling & Nichol 2001). Oceanic platforms,
docks, dikes, jetties and sea walls are some of the environments that
fit this definition and that essentially function as artificial rocky coasts
(Pickering et al. 1998). Shipwrecks are also classified as artificial
reefs and are structures that have been accidentally or deliberately
sunk in aquatic environments, especially marine ones. Similarly to
natural reef environments, they provide substrate for benthic fauna,
shelter from predation and tidal currents, growth and food areas,
nursery space for fauna, and recruitment habitats for individuals
that would otherwise lose themselves from the rest of the population
(Hixon & Beets 1989, Pickering & Whitmarsh 1997, Pickering et al.
1998, Amaral et al. 2006, Krohling et al. 2006, Walker et al. 2007).
Additionally, there is high biodiversity and increased connectivity
between natural and artificial reefs, the former which occupy less
than 0.25% of the ocean (Knowlton 2008).

In these areas the biological encrustations observed (referred to
as “fouling”) include sessile fauna and flora communities that attach
themselves to hard substrates (epifauna and epiflora), as well as
boring species (infauna) or free-living species that hide in crevices
(sedentary) (Whoi 1952, Floerl et al. 2004). The benthic fauna carries
out an essential ecological role in aquatic ecosystems, since most
of these organisms participate in organic matter decomposition and
in cycling the substrate’s nutrients. Thus, such fauna occupies an
important position within the food web and is the main food item of
many nektonic animals (Nybakken 1993, Snelgrove 1998).

Researches related to the benthic organisms found in different
submerged artificial structures have been carried out in several regions
of the world (Woodhead & Jacobson 1985, Wendt et al. 1989, Bull
& Kendall 1994, Zintzen et al. 2006, 2008). In Brazil, pioneering
studies with artificial reefs began in 1985, in Rio de Janeiro, as an
attempt to prevent predatory fishing with bottom trawls used to
capture shrimp (Santos & Passavante 2007). From the 1990’s on, other
states initiated partnerships with universities and nongovernmental
organizations in order to develop projects to implement artificial reefs
on their continental platforms. The submerged structures used vary
from tires to ship hulls and aim to act as biological fish attractors
(Conceigao etal. 1997). Presently other studies are being carried out to
test different types of artificial substrates and evaluate the recruitment
and colonization of encrusting species on artificial reefs; their purpose
is to determine the role of structural complexity and benthos for
fish community habitats (Scheffer 2001, Zalmon & Gomes 2003,
Azevedo et al. 2006, Brotto et al. 2006, Krohling et al. 2006).

Only two studies have been carried out with benthic communities
associated with shipwrecks in Brazil. One of them was undertaken off
the coast of Espirito Santo State (southeastern region) and focused
on the Victory 8B shipwreck, which was sunk in 2003 at an average
depth of 32 m (Almeida 2007). The other study was carried out at
two shipwrecks with different ages — Vapor de Baixo and Servemar
X —sunk in 1850 and 2002, respectively, at an average depth of 23 m
at the coast of Pernambuco State (Amaral et al. 2010). The Pirapama
shipwreck is part of a group of approximately 70 shipwrecks —some of
which date to the 18" century, when Brazil was still a colony — which
explains why the city of Recife is called “the shipwreck capital”. The
so-called “shipwreck park™ located in this area serves an expanding
underwater tourism market by providing favorable areas for visiting
sunken ships (Santos & Passavante 2007, Santos et al. 2008).
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Massin et al. (2002) justify that technical issues are the main
reasons why this community is not better studied. Yet the fauna
that inhabits structures such as shipwrecks is a part of the biological
community that cannot be neglected (Zintzen et al. 2006). Thus, the
aim of this study was to uncover the benthic animal biodiversity
with emphasis on sessile and sedentary macrofauna of the Pirapama
shipwreck.

Material and Methods

The Pirapama shipwreck was sunk as scrap in 1889 and is located
six miles off Recife harbor (08° 03’ 23” S and 034° 46’ 58” W) and
from natural hard bottom communities of coastal reef environments
(Figure 1). It is presently settled on a sandy bottom at an average
depth of 23 m; its iron hull — about 60 m long and 8 m wide — is in
good condition and is only worn due to weathering (Carvalho 1997,
2010) (Figure 2). The deck is now partially covered by sediment, out
of which some of its structures emerge vertically (Figure 3). There
are two seasons in the area: a dry season (September to February) and
arainy season (March to August). Average precipitation is high and
reaches approximately 2.500 mm per year. Water temperature varies
from 27 to 29 °C, while salinity averages 29 and 37, respectively, in the
rainy and dry months; water transparency goes up to 23 m (Carvalho
2010, Costa et al. 2010).

The biological data was collected through a series of 43 scuba
dives conducted from 2001 to 2007 by groups of two or three divers.
Some species of sponges, corals and echinoderms were identified
in the field. The remaining sessile and sedentary invertebrates were
collected taking only a few samples per morphospecies to minimize
environmental impact. Species’ spatial distribution and abundance in
the different habitats (subjected to direct/indirect light, sedimentation
and hydrodynamism) were recorded in situ on PVC plates and
complemented by photographs.

In the laboratory, the organisms were fixed in 4% formaldehyde
or 70% alcohol, following specifications for each taxonomic group.
The material was later sorted and classified into functional groups
with the aid of a stereomicroscope and relevant bibliography or sent
to specialists.

Results

The benthic macrofauna found in the Pirapama shipwreck
encompassed 76 taxa distributed among eight phyla. Mollusca was
the dominant phylum in terms of species richness (22%), followed
by Porifera (20%) and Bryozoa (17%). The remaining groups added
up to 16% (Cnidaria), 8% (Arthropoda: Cirripedia), 7% (Chordata:
Ascidiacea), 5% (Echinodermata), and 5% (Annelida: Polychaeta)
(Table 1).

Fifteen sponge species were found (Table 1), which stood out
as they covered great part of the shipwreck surfaces — especially the
sheltered areas (see Figure 4). The sponges Monanchora arbuscula
and Desmapsamma anchorata, associated with the octocoral Carijoa
riisei, occupied almost the entire shaded area and indentations
available on the shipwreck (Figure 5). This octocoral was found in
several areas, especially those that were less exposed to light and
sedimentation, always with epibiont organisms.

Six hydroid species were found (Table 1), all widely distributed
over the shipwreck’s hull. Some colonies had an epibiotic relationship
with sponges, bivalves, ascidians, and algae. The most prominent
organisms on the deck’s horizontal surface were the sponges,
corals Montastraea cavernosa and Siderastrea stellata, and their
associated fauna. This last coral species was the only one with
bleached specimens in the studied period (Figure 6) and occurred
in continuous extensions all over the shipwreck hull — including
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Figure 1. Location of the Pirapama shipwreck, Recife, Pernambuco, Brazil.

Figura 1. Localizagdo do Naufrdgio Pirapama, Recife, Pernambuco, Brasil.

Figure 2. The Pirapama Shipwreck, Recife, Pernambuco, Brazil. Photo by
Simone Albuquerque Lira.

Figura 2. Naufrigio Pirapama, Recife, Pernambuco, Brasil. Fotografia de
Simone Albuquerque Lira.

the bow — in areas of higher hydrodynamism. The corals Astrangia
solitaria, Montastraea cavernosa and Mussismilia hispida occupied
a smaller area in relation to the other cnidarians, at the protected
region near the stern, on surfaces exposed to light and sheltered from
turbulence. The species Meandrina braziliensis was only found on
the sandy areas adjacent to the shipwreck.
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Molluscs constitute the most characteristic group found at the
Pirapama Shipwreck, the 17 species found were represented by six
gastropods and eleven bivalves (Table 1). The so-called jewel box
bivalves, Chama spp., were the most numerous amongst the bivalves,
and were basibionts organisms to hydroids, serpulid polychaetes,
the barnacle Balanus trigonus, bryozoans (especially Hippothoa
flagellum, Trypostega striatula and Nolella stipata) and ascidians.
Some sessile Sabellidae and Serpulidae polychaetes were found,
yet only the Christmas tree worm Spirobranchus sp. was identified
to the generic level, associated with colonies of corals. One nestling
polychaete was observed amongst the sessile comunity, the bearded
fireworm Hermodice carunculata.

In relation to the Cirripedia, Amphibalanus amphitrite and
A. improvisus were only found as empty shells, directly attached
to the hull’s lateral surfaces. The most abundant species among the
barnacles were Balanus trigonus and Megabalanus tintinnabulum,
found on the exposed sides of the hull and on what remains of the
mast. Some specimens of Newmanella radiata and Verruca minuta
were found as epibionts of M. tintinnabulum.

The arborescent bryozoan colonies were represented by
Catenicella uberrima, Caulibugula hastingsae, C. dendrograpta,
Scrupocellaria curacaoensis, S. maderensis and Scrupocellaria sp.
They predominated on the lateral surfaces of the shipwreck’s hull
and on sheltered places, generally associated with other arborescent
organisms, and forming tangled masses with hydroids. The encrusting
bryozoans Hippothoa flagellum, Steginoporella magnilabris and
Trypostega striatula along with the creeping stolonate colonies of
Aetea ligulata, Beania kuglei, Buskia socialis and Nolella stipata did
not seem to prefer any particular type of substrate and were found as
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Table 1. Sessile and sedentary macrobenthic invertebrates in the Pirapama shipwreck (Brazil) and their geographical distribution., # = new occurrence to
Pernambuco State. Brazilian locations: ASPSP = Saint Peter and St. Paul Archipelago, FN = Fernando de Noronha Archipelago, RO = Rocas Atoll, and Regions/
States: North (AP = Amapd, PA = Pard), Northeast (MA = Maranhdo, CE = Ceard, RN = Rio Grande do Norte, PE = Pernambuco, AL = Alagoas, BA = Bahia),
Southeast (ES = Espirito Santo, RJ = Rio de Janeiro, SP = Sdo Paulo), and South (PR = Parand, SC = Santa Catarina, RS = Rio Grande do Sul).

Taxon

Distribution

Porifera
Agelas clathrodes (Schmidt, 1870)
Aiolochroia crassa (Hyatt, 1875)
Aplysina fistularis (Pallas, 1766)
Aplysina fulva (Pallas, 1766)
Aplysina sp.
Chondrilla nucula Schmidt, 1862
Cliona cf. delitrix Pang, 1973
Desmapsamma anchorata (Carter, 1882)
Dysidea sp.
Ircinia strobilina (Lamarck, 1816)
Monanchora arbuscula (Duchassaing & Michelotti, 1864)
Mycale microsigmatosa Arndt, 1927
Scopalina ruetzleri (Wiedenmayer, 1977)
Tedania ignis (Duchassaing & Michelotti, 1864)
unidentified Sycettidae sp.1

Cnidaria
Astrangia solitaria (Lesueur, 1817)
Carijoa riisei (Duchassaing & Michelotti, 1860)
Clytia sp.
Dynamena crisioides Lamouroux, 1824
Halopteris polymorpha (Billard, 1913)
Macrorhynchia philippina Kirchenpauer, 1872
Macrorhynchia sp.
Meandrina braziliensis (Milne Edwards & Haime, 1848)
Montastraea cavernosa (Linnaeus, 1767)
Mussismilia hispida (Verrill, 1868)
Sertularella diaphana (Allman, 1885)
Siderastrea stellata Verrill, 1868

Mollusca
Aliger gallus (Linnaeus, 1758)
Carditamera micella Penna, 1971
unidentified Cephalaspidea sp.1
Chama sp.
Chama congregata Conrad, 1833
Chama macerophylla Gmelin, 1791
Chama sinuosa Broderip, 1835
Charonia variegata (Lamarck, 1816)
Eustrombus goliath (Schroter, 1805)
Gouldia cerina (C. B. Adams, 1845)
Hyotissa hyotis (Linnaeus, 1758)

W Atlantic, Brazil: RO, FN, AP to RJ

W Atlantic, Brazil: ASPSP, RO, FN, AP to RJ
W Atlantic, E Pacific, Brazil: AP to BA

W Atlantic, Brazil: ASPSP, FN, AP to SC

Cosmopolitan, Brazil: RO, FN, AP to SC

Widespread, Brazil: RN to RJ

W Atlantic, Brazil: RO, FN, AP to ES

W Atlantic, Brazil: FN, AP to SC

Widespread, Brazil: PE to SC

W Atlantic, Brazil: ASPSP, RO, FN, RN to SC
W Atlantic, Brazil: ASPSP, FN, AP to SC

Brazil: FN, PE to RJ

Cosmopolitan, Brazil: ASPSP, MA to SC
Cosmopolitan, Brazil: PE to SC
Cosmopolitan, Brazil: FN, PE (#), BA to SP
Cosmopolitan, Brazil: PE to SP

Brazil: RO, FN, MA to BA

W Atlantic, Brazil: RO, FN, PE to BA
Brazil: RO, FN, MA to SP

Cosmopolitan, Brazil: FN, PE to BA

Brazil: RO, FN, MA to RJ

Amphi-Atlantic, Brazil: FN, MA to ES
Brazil: RO, FN, PE to SP

W Atlantic, Brazil: FN, PE to SC
Cosmopolitan, Brazil: RO, FN, AP to SC
W Atlantic, Brazil: RO, FN, PA to RJ
Amphi-Atlantic, Brazil: CE to RJ

Brazil: CE to ES

W Atlantic, Brazil: AP to RS
Cosmopolitan, Brazil: ASPSP, PE, ES

Tutbom e T et rctris T disom o drmrmam s vin amre Taae

T ttom e I ecrctrecs Tn ot mam o famramt v veie Tad s 1V A A Ton T ilm cotrems otV rsntt Al a1 N2 1ONANT N



Biota Neotrop., vol. 10, no. 4 159

Macrofauna from the Pirapama Shipwreck, Brazil

Table 1. Continued...

Taxon

Distribution

Macrocypraea zebra (Linnaeus, 1758)
Papyridea semisulcata (Gray, 1825)
Pinctada imbricata Roding, 1798
Pinna carnea Gmelin, 1791
Spondylus ictericus Reeve, 1856

Strombus sp.

Polychaeta

unidentified Sabellidae
unidentified Serpulidae
Hermodice carunculata (Pallas, 1776)

Spirobranchus sp.

Cirripedia

Amphibalanus amphitrite (Darwin, 1854)
Amphibalanus improvisus (Darwin, 1854)
Balanus trigonus Darwin, 1854
Megabalanus tintinnabulum (Linnaeus, 1758)
Newmanella radiata (Bruguiere, 1789)

Verruca minuta Young, 2000

Bryozoa

Aetea ligulata (Couch, 1844)

Beania kuglei Cook, 1968

Buskia socialis Hincks, 1887

Catenicella uberrima (Harmer, 1957)
Caulibugula dendograpta (Waters, 1913)
Caulibugula hastingsae Marcus, 1941
Hippothoa flagellum Manzoni, 1870
Nolella stipata Gosse, 1855
Scrupocellaria curacaoensis Fransen, 1986
Scrupocellaria maderensis Busk, 1860
Scrupocellaria sp.

Steginoporella magnilabris (Busk, 1854)
Trypostega striatula (Smitt, 1873)

Echinodermata

Astropecten sp.
Diadema antillarum (Philippi, 1845)
Linckia guildingii Gray, 1840

Oreaster reticulatus (Linnaeus,1758)

Ascidiacea

Ascidia sp.

Aplidium lobatum Savigny, 1816
Didemnum sp.

Lissoclinum sp.

Microcosmus exasperatus Heller, 1878

W Atlantic, Brazil: RN to SC

‘W Atlantic, Brazil: AP to PE
Cosmopolitan, Brazil: PA to SC
W Atlantic, Brazil: FN, CE to SC
W Atlantic, Brazil: FN, PE to SC

Widespread, Brazil: ASPSP, FN, RO RN to SP

Cosmopolitan, Brazil: AP to RS
Cosmopolitan, Brazil: MA to RS
Cosmopolitan, Brazil: AP to RS
Cosmopolitan, Brazil: PA to RS
‘W Atlantic, Brazil: PE to SC
Brazil: PE, BA, ES

Cosmopolitan, Brazil: PE (#), BA, SP
Cosmopolitan, Brazil: PE to SP
Cosmopolitan, Brazil: PE (#), RJ
widespread, Brazil: PE (#), AL, SP
Cosmopolitan, Brazil: PE (#), BA, SP
Brazil: PE (#), SP

Cosmopolitan, Brazil: RO, PE (#), BA to SP
Cosmopolitan, Brazil: RN to SC

W Atlantic, Brazil: PE (#)
Cosmopolitan, Brazil: ASPSP, PE (#)
Cosmopolitan, Brazil: CE, PE (#) to RJ
Cosmopolitan, Brazil: PE (#), AL to PR

Amphi-Atlantic, Brazil: PE to SP
Amphi-Atlantic, Brazil: PE to RJ
W Atlantic, Brazil: CE to RS

Cosmopolitan, Brazil: CE to BA

Cosmopolitan, Brazil: FN, CE to SC
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Figure 3. Internal portion of the Pirapama Shipwreck, Pernambuco, Brazil.
Photo by Simone Albuquerque Lira.

Figura 3. Parte interna do Naufragio Pirapama, Pernambuco, Brasil. Fotografia
de Simone Albuquerque Lira.

Figure 4. Lateral Pirapama Shipwreck surface covered by sponges. Photo by
Simone Albuquerque Lira.

Figura 4. Superficie lateral do Naufragio Pirapama coberta por esponjas.
Fotografia de Simone Albuquerque Lira.

Figure 5. Association between Monanchora arbuscula and Desmapsamma
anchorata and the octocoral Carijoa riisei. Photo by Simone Albuquerque
Lira.

Figura 5. Associacdo entre Monanchora arbuscula e Desmapsamma
anchorata e o octocoral Carijoa riisei. Fotografia de Simone Albuquerque
Lira.

Tutbom e I exrn

epibionts to a great variety of calcareous animals such as bivalves,
barnacles, and other bryozoans. Among the sampled bryozoans, the
most conspicuous encrusting species was Steginoporella magnilabris.
It stood out due to the large amount of colonies and was found on
several specimens of the barnacles Balanus trigonus and Newmanella
radiata as well as on Chamidae bivalves.

Four echinoderm species were recorded. A small number of
starfish — Oreaster reticulatus, Linckia guildingii and Astropecten sp.
— were observed. The sea urchin Diadema antillarum was recorded
as the most abundant.

Colonies of the ascidians Didemnum sp., Lissoclinum sp. and
Aplidium lobatum were observed growing over other animal species,
especially barnacles and bivalves. Two solitary species were also
recorded, Ascidia sp. and Microcosmus exasperatus, this last one
commonly found in the shipwreck indentations.

Discussion

Solely considering the sessile and macrofauna species reported
for the Pirapama, as well as the statement of Bortone et al. (2000)
that marine artificial reef assemblages may have well over 50
different species, the faunal diversity of the Pirapama’ shipwreck
was considered typical when compared to other shipwrecks that
have been studied around the world. For the Brazilian coast, Almeida
(2007) recorded 31 species for the Victory 8b shipwreck in Espirito
Santo State, which had been sunk at 32 m two years before the study.
Amaral et al. (2010), in turn, found 57 species on two shipwrecks
(Servemar X and Vapor de Baixo) off the Pernambuco coast, near
the wreck studied here.

Considering other localities in the Atlantic Ocean, Wendt et al.
(1989) while carrying out research with five shipwrecks located
between South Carolina and Georgia (22-31 m deep and 3.5-10 years
old) reported a total of 89 species; Baynes & Szmant (1989) recorded
52 macrofaunal taxa on the Biscayne shipwreck, located in Florida
20 m deep; and Zintzen et al. (2006) found 49 macrofauna species
on the Birkenfels (42 m depth) and Bourrasque (16 m) shipwrecks,
sunk for at least 10 years off the Belgian coast. Later, these same
authors (Zintzen et al. 2008) investigated the cover, community
structure and abiotic environment of nine shipwrecks from Belgian
coastal waters; the vessels had been sunk for at least 40 years (3-22 m
above the seabed) and a total of 90 species were found. Similarly,

Figure 6. Bleached colonies of the coral Siderastrea stellata. Photo by Simone
Albuquerque Lira.

Figura 6. Colonias branqueadas do coral Siderastrea stellata. Fotografia de
Simone Albuquerque Lira.
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Hiscock et al. (2010) found 263 taxa while analyzing the community
that colonized the frigate HMS Scylla’ shipwreck, after five years on
the seabed off the English coast. In the Indian Ocean, Dipper (1991)
studied a shipwreck in the Arabian Gulf (20 m deep), and recorded
56 sessile and sedentary animals. In the Indo-Pacific Ocean, another
report done by Walker et al. (2007) recorded 31 epifaunal taxa on
the ex-HMAS Brisbane shipwreck, after the ship had been scuttled,
which rests 27 m deep in the waters of Australia.

The differences in relation to the findings of those surveys might
be explained by the great difference in the age of the shipwrecks
when compared to the Pirapama, as well as distinctions in depth,
distance from the coast, local diversity, and in the methods used to
evaluate the fauna’s diversity. For this reason, it is hard to confirm
which factors determine the number of species found on this and in
other studies.

Regarding the distribution of species found in this study and their
ecological preferences, all sponge species cited are common for the
Brazilian coast (Muricy & Hajdu 2006). On two nearby shipwrecks,
Amaral et al. (2010) observed that Porifera was the main group
in terms of number of species and space occupation, with seven
coincident species: Aplysina fulva, Chondrilla nucula, Cliona cf.
delitrix, Desmapsamma anchorata, Dysidea sp., Ircinia strobilina,
Monanchora arbuscula, and Mycale microsigmatosa. Studying
the Biscayne shipwreck, Baynes & Szmant (1989) observed that
approximately half of the living cover consisted of sponges (mostly
encrusting forms). From the compiled list, these authors found four
species also reported from the Pirapama shipwreck: A. fistularis,
D. anchorata, Monanchora arbuscula, and Scopalina ruetzleri. These
species were found growing on the deck and on most of the side
sections of the shipwreck. Chondrilla nucula was also recorded on
artificial reefs at shallow depths (2.3-2.4 m) in Florida (Cummings
1994).

Commensalism among Carijoa riisei and the sponges
Monanchora arbuscula and Desmapsamma anchorata may even
be considered a pattern among these species, whereas this same
association was also observed by Mothes et al. (2003), Cerrano et al.
(2006), and Amaral et al. (2010). Calcinai et al. (2004) had considered
this a symbiotic association, with the two partners supporting each
other by giving rise to a more rigid structure: the sponge grows
vertically, stressing its own growth strategies and therefore avoiding
competition for space; in return, its covering protects the octocoral
from predation.

According to Bayer (1961), the way Carijoa riisei grows, by
creeping stolons with an arborescent structure, is an ideal structure
for epibiotic association; this fact was also verified by Neves et al.
(2007) when investigating the ophiuroid epibionts of this octocoral
present on a seawall in Pernambuco. This octocoral occurs throughout
the entire occidental Atlantic Ocean, from Florida (USA) to the
Brazilian State of Santa Catarina (Silva & Pérez 2002) and is cited
as common on natural substrata of Pernambuco (Laborel 1969,
Pérez 2002, Neves et al. 2007). It has also been reported on other
artificial substrata, such as shipwrecks (Baynes & Szmant 1989,
Wagner et al. 2009, Amaral et al. 2010), oil platforms (Bull & Kendall
Jr. 1994), artificial reefs (Cummings 1994) and integrating the fouling
community of harbors, usually on pier pilings that are not exposed
to direct sunlight (DeFelice et al. 2001).

With the exception of Halopteris polymorpha, with the nearest
occurrence in the Fernando de Noronha Archipelago (Amaral et al.
2009a) and the State of Bahia (Kelmo et al. 2003), all remaining
hydroid species compiled had already been mentioned for
Pernambuco by Mayal et al. (2002). The hydroids Macrorhynchia
philippina and Sertularella diaphana were also recorded on Vapor de
Baixo shipwreck by Amaral et al. (2010) in the Pernambuco coast.
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The coral species had all been previously listed by Laborel (1969)
for the coast of Pernambuco. It is worth mentioning that only the
massive starlet coral Siderastrea stellata was found on the Vapor de
Baixo shipwreck for the coast of this state — an equally old wreck
in Pernambuco (Amaral et al. 2010). Wendt et al. (1989), in their
study of sunken vessels in South Carolina, found that stony and soft
corals comprised a much greater proportion of the total biomass on
older shipwrecks (8-10 years) than on younger ones (3.5-4.5 years).
Perkol-Finkel & Benayahu (2004), while studying unplanned vertical
artificial reefs in Eilat (Red Sea), found that soft corals (mainly
Nephtheidae) accounted for up to 90% of the total living coverage,
which was attributed to physical and biological features associated
of the artificial reefs.

In relation to molluscs records, all species have been cited for
Pernambuco by Tendrio et al. (2000) and Rios (2009). The bivalves
Pinna carnea, Hyotissa hyotis, and the gastropods Aliger gallus,
Charonia variegata, and Eustrombus goliath have been cited for the
Northeast region in compatible depths, on hard substrata (Rios 2009).
The giant coxcomb oyster, Hyotissa hyotis, now has its second record
for the Brazilian coast. It had been previously reported only for the
Saint Peter and St. Paul Archipelago, at a depth of 45 m to at least
60 m (Edwards & Lubbock 1983). This species is usually found below
the low tide mark and on offshore wrecks (Abbott 1974, Bieler et al.
2004), yet has also been found on a buoy investigation station 29 m
deep and on a stationary oil platform (38 m) (Yan et al. 2006). It is
possible that H. hiotis has a broader distribution along the Brazilian
shelf — the absence of other citations might be due to the lack of
studies in the depths where it tends to settle.

Another interesting record is the occurrence of Pinna carnea for
the Pirapama shipwreck. It is considered an endopsammic species,
which lives on sand bottoms of the Brazilian coast, from Ceard to
Santa Catarina States, including the Fernando de Noronha Archipelago
(Matthews & Kempf 1970, Wiggers & Magalhiaes 2003, Rios 2009).
Its presence in the examined shipwreck was probably only possible
due to the accumulation of sediments on the deck of the vessel.

As for the sessile species, emphasis should be given to species of
the Chama genera, whereas they were the most numerous amongst
the bivalves. They are usually found on any hard, shallow substrata
(Rios 2009). Chama congregata and C. macerophylla, for example,
were found on five shipwrecks located between the American states of
South Carolina and Georgia, at an average depth of 25 m (Wendt et al.
1989). C. macerophylla and C. sinuosa are common foulers on oil
platforms, from the intertidal to 20 m deep (Lewbel et al. 1987).
These three Chama species were also recorded on the other two near
shipwrecks (Amaral et al. 2010). Another bivalve species reported
for the shipwreck, Pinctada imbricata, is usually found attached to
corals, rocks, and mangrove roots sometimes associated to sponge
in, shallow waters (Farrapeira et al. 2009, Rios 2009); however, it
was also recorded on oil platforms located 6 m deep off the Rio de
Janeiro coast (Ferreira et al. 2006) and on concrete blocks up to 43 m
deep in Florida (Cummings 1994).

In relation to Polychaeta, only one species was identified,
Hermodice carunculata, a typical predator of corals and octocorals
(Souza et al. 2007). The presence of this polychaete on the shipwreck
follows its ecological requirements. In Brazil, this worm has been
found at the Saint Peter and St. Paul Archipelago, where it is common
between 45-60 m (Edwards & Lubbock 1983, Amaral et al. 2009b);
at the Fernando de Noronha Archipelago (Eston et al. 1986); and at
the Rocas Atoll (Barroso & Paiva 2007). Its distribution also covers
the area between the Brazilian States of Rio Grande do Norte and Sdo
Paulo, particularly in association with hard substrata, but also near
the surface on flotsam or swimming freely (Barroso & Paiva 2007).
Lewbel et al. (1987) mentioned it on oil platforms off Louisiana,
30 m deep.
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All barnacle species had already been cited for the coast of
Pernambuco by Young (1998) and Farrapeira (2009, 2010). Among the
species collected and considering only those that were sampled alive,
three of them are usually found on artificial substrata in shallow coastal
areas. Ross (1969) and Amaral et al. (2010) mentioned Newmanella
radiata as an encrusting component common on hulls of wrecked ships.
Balanus trigonus has been observed in greater depths (Wirtz et al.
2006) and occupies a variety of biogenic and abiogenic substrata
(Farrapeira 2010), including artificial reefs in New Zealand (Russell
1975) and Florida (Nelson et al. 1994), and shipwrecks between 20 and
30 m deep (Wendt et al. 1989, Ponti et al. 2002, Amaral et al. 2010)
Megabalanus tintinnabulum has been reported up to 38 m deep on
offshore oil platforms (Lewbel et al. 1987, Yan et al. 2006), and on a
shipwreck that lay in 27 m of water (Walker et al. 2007).

For bryozoans, with the exception of Scrupocellaria curacaoensis,
which represents the first record for the country and was originally
described for Curagao (Fransen 1986), the remaining species found in
this study had all been previously cited for Brazil (Vieira et al. 2008).
Excepting for Beania kuglei and Nolella stipata, which were already
recorded for Pernambuco, all remaining species are being recorded for
the first time for this state. Three species had the second record for the
country: Buskia socialis, Caulibugula hastingsae, and Scrupocellaria
maderensis. The first two were previously reported for the Southeast
region (Vieira et al. 2008) and S. maderensis had only been recorded
once in Brazil, at Saint Peter and Saint Paul Archipelago (Busk 1884,
Edwards & Lubbock 1983). It is possible that their distribution along
the Brazilian shelf is broader, yet the absence of other citations might
be due to the small amount of studies for this taxonomic group and
for the depths where they usually are found.

The most conspicuous bryozoan present on the hard surfaces
of the shipwreck, Steginoporella magnilabris, is reported mainly in
shallow waters, on piles, shells, sponges, and corals, up to 25 m deep
(Osburn 1914). It was also found on experimental rubber and concrete
modules, which were immersed up to 9 m deep in Rio de Janeiro
State (Zalmon & Gomes 2003) and reported for two shipwrecks in
Pernambuco State (Amaral et al. 2010) The habit observed for the
bryozoan Nolella stipata, previously cited for Pernambuco by Marcus
(1955) and Farrapeira et al. (2009), is commonly reported elsewhere.
It has a cryptic habit and creeps over shells, algae, and the stems of
hydroids and other bryozoans (Winston 1982), and was already found
on shipwrecks (Wendt et al. 1989).

Among the echinoderms found, all of them cited for Pernambuco
by Fernandes et al. (2002), the species Linckia guildingii and Oreaster
reticulatus deserve to be highlighted as they might become extinct in
the near future (MMA.... 2004). The occurrence of both species in the
wreck demonstrates the importance of these artificial environments,
which create niches for their development. It also signals the need
for preserving these areas in order to facilitate the restoration of their
stocks in the natural environment.

Finally, on the ascidians species, Aplidium lobatum and
Microcosmus exasperatus had already been cited for Pernambuco by
Millar (1977) and had recently been mentioned on two shipwrecks
of Pernambuco coast (Amaral et al. 2010). Microcosmus exasperatus
lives on gravel (Millar 1977), on mangrove roots, on coral reefs
(Collin et al. 2005), in aggregations or clusters with other ascidians,
or attached to various other invertebrates on wharves and bridges
(Cole & Vorontsova 1998). This species seems to be well adapted to
live on artificial substrata; it has been mentioned on drill ship hulls
(Ferreira et al. 2006) and on experimentally placed plates in harbor
areas (Marins et al. 2010), both in Rio de Janeiro State, as well as on
a shipwreck, in Australia (Walker et al. 2007).

Regarding the distribution of the organisms found we believe one
of the decisive factors is the different gradation of light and water
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speed. The corals were predominant in the areas most sheltered from
the currents and with greater light exposure; i.e., the external surface
on the western side of the hull and the internal surface of the eastern
side. Glasby & Connell (2001) summarized several studies which
showed species strongly affected by substrate orientation, levels of
light exposure, sedimentation rate, and degree of protection from
physical and chemical disturbances. Bachtiar (2000) stated that one
of the variables that can interfere in the number of species is the
rate of sediment accumulation, which can influence recruitment and
development. Moreover, for epifauna there is a significant difference
between environments with and without light, as observed by
Walker et al. (2007) for an Australian shipwreck.

The Pirapama shipwreck can be compared to an island because
it contributes to the success of the settlement of larvae that were
previously being lost due to the scarcity of appropriate substrates. The
situation found in the shipwreck studied, settled on a sandy bottom, is
similar to what was observed by Dokken et al. (2000) when researching
the fouling communities of oil platforms from the Gulf of Mexico; these
are located in areas of fine sediment where natural hard substrates are
not abundant topographical features. Those authors believe that offshore
oil/gas production structures provide “islands of opportunity” for
organisms that require hard surfaces on which to settle, and eventually
create dynamic artificial reefs that meet the habitat needs of mobile reef
organisms — both invertebrate and vertebrate. Any new substrate with
characteristics favorable to larval settlement in adequate environments
is rapidly occupied by epibenthic communities that increment the local
trophic chain and promote the development of higher trophic levels
(Bruno & Bertness 2001, Witman & Dayton 2001).

Artificial reefs can become genuine biodiversity reservoirs and
help conserve species threatened by anthropogenic interferences.
Conversely, Work et al. (2008) observed that artificial substrates
favored the emergence of invasive species that eliminated native
reef species — similar to what happened in Rio de Janeiro with the
introduction of Tubastraea coccinea Lesson, 1829 and T. tagusensis
Wells, 1982 and their negative interference on natural coral and
octocoral communities (DePaula & Creed 2005, Creed 2006) — and
suggested that these structures should be removed from natural
environments. Thus, it is extremely important to continuously carry
out qualitative and quantitative biological monitoring of artificial
reefs, for which the ecological role in the maintenance of natural
coastal reefs is still unknown.
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