Ay

-’

Ecologia Austral 35:053-064 Abril 2025 e O

Asociacién Argentina de Ecologia
https://doi.org/10.25260/EA.25.35.1.0.2388

Artificial wrecks: Unwanted consequences of the deliberate
sinking of ships for recreational diving

Karen L. Castro*™; NicoLAs BaTTINT; GoNzALO BRAVO'; GASTON TROBBIANE &
EVANGELINA SCHWINDT!

! Grupo de Ecologia en Ambientes Costeros (GEAC). Instituto de Biologia de Organismos Marinos (IBIOMAR-CONICET).
2 Centro para el Estudio de los Sistemas Marinos (CESIMAR-CONICET).

AssTrACT. Artificial reefs are submerged human-made objects. In particular, the artificial wrecks are
intentionally submerged obsolete ships. Once deployed, these wrecks are rapidly colonized by diverse benthic
communities. Currently, this effect is positively valued by the recreational diving industry, which uses this
colonization effect as one of the main arguments to promote the deployment of artificial wrecks. However,
there is increasing evidence that artificial wrecks are not a substitute for natural reefs and may alter complex
ecological processes such as food web structure and increase the likelihood of invasive species establishment
and spread. Here, we discuss our main concerns related to the unintended socioecological consequences of
the creation of artificial wrecks, problematizing the paradigm that this practice favours marine conservation.
Although we recognize that artificial wrecks have positive economic, social and even some environmental
outcomes, we argue that the benefits are often usufructed by only a portion of society and that this practice
requires a broader discussion. Finally, we also discuss the management implications of these concerns and
propose alternatives to encourage recreational diving through the adoption of more environmentally sustainable
and socially participative approaches. Hopefully, this will lead to better and more consensual practices for the
management of coastal areas.

[Keywords: adaptive ecosystem management, artificial reefs; ship recycling, ship scuttling, invasive species,
shipwrecks]

ResuMEN. Pecios artificiales: Consecuencias no deseadas del hundimiento deliberado de buques para el
buceo recreativo. Los arrecifes artificiales son estructuras sumergidas de origen antrépico. En particular,
los arrecifes artificiales a partir del hundimiento intencional de buques obsoletos se utilizan a menudo para
crear parques y fomentar el turismo subacuatico. Una vez hundidos, una diversa comunidad de organismos
benténicos coloniza rapidamente estos pecios artificiales. La industria del buceo recreativo valora esto de
forma positiva, y es su principal argumento para promover los hundimientos. Sin embargo, existe una cantidad
creciente de evidencias que muestran que los pecios artificiales no sustituyen los arrecifes naturales, y que, en
cambio, pueden alterar procesos ecoldgicos complejos como la estructura de las tramas tréficas o incrementar
el riesgo de establecimiento y dispersion de especies marinas invasoras. En este articulo discutimos diversas
inquietudes sobre las consecuencias socioecoldgicas no deseadas de crear arrecifes artificiales mediante el
hundimiento intencional de buques obsoletos, y problematizamos el paradigma de que esta practica favorece
la conservacién marina. Aunque reconocemos que este tipo de arrecifes artificiales tienen beneficios econémicos
e, incluso, algunos efectos positivos en el ambiente, argumentamos que estos beneficios suelen alcanzar solo a
una porcién de la sociedad y que es una practica que requiere ser discutida en un contexto mas participativo.
También discutimos aqui las implicancias para la gestion y proponemos ideas para fomentar el buceo recreativo
mediante enfoques mas sostenibles en términos ambientales. Esperamos aportar puntos de vista que conduzcan
a avanzar en una gestion mds integral y participativa de las areas marino-costeras.

[Palabras clave: parques submarinos, buceo recreativo, hundimiento de buques, arrecifes artificiales, naufragios,
desguace de buques]
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INTRODUCTION

Artificial reefs are submerged human-made
objects that can shift the structure, function
or behaviour of organisms and biological
communities (Tynyakov et al. 2017; Lima
et al. 2019). As such, they are increasingly
used, among other strategies, to alleviate
the anthropogenic pressure on particularly
vulnerable marine habitats, contributing to
their conservation (Tynyakov et al. 2017).
Among the various types of artificial reefs,
intentionally submerged ships (hereafter
artificial wrecks) are commonly used as
recreational diving sites (Lima et al. 2019)
and are especially useful to reduce the diving
pressure on vulnerable natural or cultural sites
(Firth et al. 2020; Ramm et al. 2021).

Post-deployment, artificial wrecks are
rapidly colonized by a diverse community
of marine invertebrates, algae and fishes,
driven by the availability of large settlement
surfaces, increased habitat complexity and
the provision of refuge against predators
(dos Santos et al. 2010; Dance et al. 2011;
Genzano et al. 2018). The resultant increase
in biomass and diversity, mainly observed
in fish communities, is positively valued by
recreational divers (Kirkbride-Smith et al.
2016; Lowry et al. 2017) and stands as one of
the main arguments supporting the deliberate
sinking of ships for the creation of artificial
reefs. However, unlike other types of artificial
reefs, the deployment of artificial wrecks
might have other unintended consequences
commonly overlooked (Heery et al. 2017).

Coastal environments are complex
socioecosystems that contribute to human
well-being in various ways (Noble et al. 2019).
Thus, their effective management should
encompass both human and environmental
well-being to ensure sustainability (Bennett
et al. 2019). In this context, we discuss our
main concerns related to the unintended
socioecological consequences of the creation
of artificial wrecks, challenging the widely
accepted paradigm that they enhance marine
conservation. While acknowledging the
sometimes positive economic, social and
environmental outcomes linked to artificial
wrecks, we argue that these benefits are often
enjoyed by a portion of the society, despite their
occurrence in public spaces, while potentially
adversely affecting local communities through
unintended consequences. Using examples
mainly from Argentina, we highlight these
concerns and discuss their management
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implications, and propose alternatives to
promote recreational diving through more
sustainable and participative approaches.

REASONS BEHIND THE DELIBERATE
SINKING OF SHIPS

As a means of disposing obsolete ships

Most commercial vessels retain a positive
value at the end of their lifespan, which makes
their deliberate sinking an economically
inconvenient alternative for their final disposal
(Devault et al. 2017). The profitability of
commercial ship recycling is partly achieved
by significantly low labour costs and minimal
environmental, safety and health regulations
in India, Pakistan, Bangladesh, China and
Turkey, where the global scrapping market
is focused (Hynes et al. 2004). However,
this is not the case for seized, abandoned
or non-commercial vessels, such as military
and other state-owned ships. Instead, they
are usually disposed of on land, piled up at
port mooring sites or sunk to create artificial
wrecks (Devault et al. 2017) (Figure 1a-c).
Although more widespread in countries like
the USA and Australia, the sinking of obsolete
ships is a common practice around the world
(Hieva et al. 2019). A notable example in the
Southwestern Atlantic is the recent sinking of
a 266-meter-long aircraft carrier off the coast
of Brazil (bit.ly/481SM4M). Originally built in
1950 as Foch for the French Navy, the vessel
was later acquired by Brazil and renamed
Sao Paulo. It was sold for scrapping in 2021
to the shipyard Sok Denizcilik, but Turkey
later refused entry due to concerns over
hazardous materials. Finally, the Brazilian
Navy intentionally sank the ship to prevent
further complications for the government. In
Argentina, artificial wrecks most commonly
result from the sinking of obsolete fishing
vessels, either abandoned, seized or formally
transferred by fishing companies, with 15
records from 1981 to the present (Castro et al.
2023) (Figure 2a). Some examples include the
giant Khronometer, which was abandoned in
Mar del Plata port following the dissolution of
the Soviet Union. In 2014, it was sunk as part
of the port consortium’s initiative to recover
operational space at the dock. Several other
fishing vessels met the same fate in this
location because of this project (Figure 2a).
In the following year, the squid jigger vessel
Hu Shun Yu 809 was apprehended for illegal
fishing within the Argentinian Exclusive
Economic Zone and subsequently confiscated
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Figure 1. Obsolete ships in Argentina. a) Dron view of the port of Mar del Plata, Buenos Aires province, in 2019. b
and c) Ships on land in the port area of Puerto Madryn, Patagonia. d) The maritime authority at the Hu Shun Yu 809
deployment site, examining the reasons why the oil plume (white arrow) could be seen emerging from the artificial
wreck. Photo credits: a) Pablo Funes @dronmardelplata (a), Pablo Tavella (b), Alejandro Bortolus (c), lul7.com (d).

Figura 1. Barcos obsoletos en la Argentina. a) Vista aérea del puerto de Mar del Plata en 2019. b y c) Fotografias de
barcos obsoletos confiscados o abandonados en el puerto de Puerto Madryn, Patagonia Argentina, d) La autoridad
maritima en el sitio de hundimiento del Hu Shun Yu 809, examinando las causas por las que una gran mancha de
aceite (ver flecha blanca) emergia del barco hundido. Créditos de las fotografias: Pablo Funes @dronmardelplata (a),

Pablo Tavella (b), Alejandro Bortolus (c), lul7.com (d).

by the maritime authority (Prefectura Naval
Argentina 2015). After its seizure, the ship was
abandoned in Puerto Madryn port, located
in northern Patagonia, causing operational
disruptions and incurring costs for the
private port administration. After more than
three years of litigation, the government
finally authorized the sinking of the vessel to
prevent further complications (Figure 2b). In
response, the port administration amended its
legal framework to prohibit future moorings
of confiscated vessels (APPM, Res 003/18).
Another case, albeit resolved more quickly,
involved the trawler Urabain, which caught
fire in 2017 while docked at Puerto Madryn
port. The ship was rendered inoperable by the
fire, and in the absence of viable alternatives,
the government authorized its sinking one
year later (Chubut Government 2017) (Figure
2c). Altogether, these cases show how the
deliberate sinking of abandoned or seized
ships, which often occupy valuable port space,
appears as the easiest option for their disposal
(Sheehy and Vik 2010; Devault et al. 2017).

To attract recreational SCUBA divers

Once rare, the practice of recreational SCUBA
diving has experienced rapid growth during
the last decades (Hasler and Ott 2008).
Shipwrecks offer attractive opportunities for
recreational divers, which led to an increasing
demand for wreck diving sites (Edney 2017)
and, in turn, to the creation of artificial wrecks
to enhance local recreational diving industries
(Oh et al. 2008; Shani et al. 2012; Ha et al. 2020).
For many recreational divers, artificial wrecks
contribute to increasing the positive image of
diving destinations and add extra value to
their experiences (Stolk et al. 2005; Shani et
al. 2012). In fact, their size is the primary factor
influencing divers’ preferences (Sensurat-
Genget et al. 2022).

The rise of recreational diving has esca-
lated the pressure on natural marine habi-
tats (Schleyer and Tomalin 2000; Polak and
Shashar 2012), which can add thousands of
dives per year. Sometimes, this pressure se-
verely affects vulnerable aquatic ecosystems
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Figure 2. Intentional sinking of obsolete ships in Argentina. a) Number of sinking over time and their distribution
along the coast. Color indicates the origin of the vessel (blue: confiscated; orange: abandoned; brown: formally ceded
by a fishing company. b) The trawler Urabain, which caught fire while moored at the Puerto Madryn port. c) The squid
jigger Hu Shun Yu 809, confiscated for illegal fishing. Photo credits: elobservadordelsur.com (b), elchubut.com (c).

Figura 2. Hundimientos intencionales de buques obsoletos en la Argentina. a) Nmero de hundimientos en funcién
del tiempo y su distribucion a lo largo de la costa. b) El barco de arrastre Urabain, que se incendié amarrado al
muelle de Puerto Madryn. c) El barco potero Hu Shun Yu 809 confiscado por pesca ilegal. Créditos de las fotografias:

elobservadordelsur.com (b), elchubut.com (c).

such as tropical coral reefs or cold-temperate
rocky reefs (Hasler and Ott 2008; Bravo et
al. 2015). In response, the deliberate sinking
of ships is one of the multiple management
strategies that have been proposed to mitigate
the negative effects of recreational diving and
fishing (Polak and Shashar 2012; Tynyakov et
al. 2017; Higgins et al. 2022). The use of ar-
tificial wrecks can alleviate the pressure on
particularly vulnerable sites and contribute
to their conservation (Tynyakov et al. 2017).
However, as with any other strategy, delib-
erate sinking ships is not a silver bullet and
needs to be adapted to the socioeconomic
context of each diving destination (Polak and
Shashar 2012; Tynyakov et al. 2017). In recent
years, this activity has grown exponentially
in Argentina, mainly concentrated in three
coastal locations that actively promote sub-
aquatic ecotourism (Mar del Plata, Las Gru-
tas and Puerto Madryn) (Figure 2a). Puerto
Madryn is recognized as the national capital
for diving and underwater activities. Recently,
the provincial government announced plans

to sink six more ships to further promote this
activity (bit.ly/47LXqFn). Even though some
stakeholders claim that these wrecks are ben-
eficial for the underwater environment, there
is not enough evidence of such effects, and the
creation of artificial wrecks may also produce
unintended consequences.

UNINTENDED CONSEQUENCES OF
ARTIFICIAL WRECKS

Chemical pollution

Prior to deliberately sinking a ship, all
hazardous and toxic materials are required
to be removed (Devault et al. 2017). This is
usually a time-consuming and expensive task
(Hynes et al. 2004). Pollutants such as fuel, oils,
polychlorinated biphenyls, antifouling paints,
asbestos and other hazardous materials can
produce extremely negative impacts if not
carefully removed before deliberate sinking
(Amara et al. 2018). Wrecks can alter the struc-
ture and dynamics of benthic communities by
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changing the physicochemical properties of
the surrounding area (Heery et al. 2017; Van
Landuyt et al. 2022). Metal wrecks can produce
rapid species turnover in areas with limiting
concentrations of iron (Kelly et al. 2012). In
such areas, phase shifts were described in
association with an increased amount of iron
leaching from wrecks (Kelly et al. 2012; Work
et al. 2018). In addition, ship hulls have his-
torically been treated with antifouling paints
to control biofouling accumulation. These in-
clude biocides such as copper (Cu), lead (Pb)
or tributyltin (TBT) that are slowly released
into the environment (Komyakova et al. 2022).
Particularly, TBT is an organic tin compound
that has been used since 1960 as a highly
effective antifouling agent, known to cause
deformities in oysters and imposex in sea
snails (Bigatti et al. 2009; Schoyen et al. 2019).
Consequently, IMO adopted the International
Convention on the Control of Harmful Anti-
fouling Systems on Ships, banning its use on
vessels since 2008. However, this regulation
does not extend to obsolete ships, which are
often the ones selected for sinking. While some
countries have comprehensive guidelines and
strict environmental regulations (for example,

see tinyurl.com/4szvtrdt), in others the high
costs associated with the proper removal of
such materials, together with the absence
or poor enforcement of environmental
regulations, make it more likely that some of
these pollutants are released into the sea. For
example, a significant oil plume emerged from
the deployment site following the deployment
of the Hu Shun Yu 809 (Figure 1c) in an
important coastal tourist area of Patagonia.
The growing number of obsolete ships raises
concerns, as their deliberate sinking seems tobe
the only option, particularly in regions lacking
strict protocols to mitigate environmental
pollution (Miranda et al. 2020).

Not substitutes for natural reefs

Although artificial wrecks rapidly aggregate
diverse benthic communities, these do not re-
semble those inhabiting natural reefs (Glasby
and Connell 2001; Burt et al. 2009; Carvalho
et al. 2013; Grasselli and Airoldi 2021). Even
when wrecks and natural reefs may share
many species, the ecological structure and
function of these communities are rarely
similar (Hill et al. 2021) (Figure 3). Differences

Figure 3. a) Rocky reef community
in Patagonia and b) community
at an artificial wreck site with
similar depth. Even though many
species may be shared between
artificial wrecks and natural reefs,
the structure and function of these
communities are seldom alike.
Photo credits: Nicolas Battini (a)
and Gonzalo Bravo (b).

Figura 3. a) Comunidad de un
arrecife natural rocoso en Patagonia
Argentina y b) comunidad de un
barco hundido a profundidades
similares. Incluso cuando ambos
habitats comparten muchas especies,
la estructura y funcion de estas
comunidades no suelen parecerse.
Créditos de las fotografias: Nicolds
Battini (a) and Gonzalo Bravo (b).
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in orientation, structural complexity, current
exposure, material and age are mirrored in dif-
ferences in the composition and abundance
of the communities that grow on one and the
other (Perkol-Finkel et al. 2006; Genzano et
al. 2011; Fowler and Booth 2012; Sedano et al.
2020; Pinto et al. 2021). For example, Carvalho
etal. (2017) found that the biomass of suspen-
sion feeders was higher in natural reefs while
carnivores were more abundant in artificial
ones, leading to differences in the trophic dy-
namics between habitats. Similarly, Lowry et
al. (2017) found that artificial reefs typically
attract a wider range of transient predators,
resulting in higher consumption rates of prey
species, even when fish density, biomass and
richness were similar to natural reefs (Rilov
and Benayahu 2000; Paxton et al. 2020). These
structural differences between natural reefs
and wreck communities can change organism
behavior and species interactions (Ferrario et
al. 2016). These changes, in turn, can modify
more complex processes such as recruitment,
succession or energy flow (Carvalho et al. 2013;
Simon et al. 2013; Lowry et al. 2017). Far from
being spatially restricted to the wreck itself,
ecological alterations can propagate to natural
environments (Fowler and Booth 2012). The
provision of food or refuge not only creates
novel feeding or spawning areas (Leitao et al.
2007), but also attracts organisms from nearby
areas (Simon et al. 2011), decreasing their
abundance on natural reefs and generating
potential cascading effects when these organ-
isms have an important ecological function in
natural areas. Indeed, authors have suggested
that the deployment of artificial wrecks may
attract fish, making them more vulnerable to
fishing mortality (Lowry et al. 2017) or act as
ecological traps, a term that refers to the selec-
tion of poor-quality habitats with a decrease
in fitness (Komyakova et al. 2021).

Favor the spread of invasive species

Artificial wrecks enhance the opportunities
for marine non-native species to thrive in
coastal environments. Invasive species can
trigger irreversible alterations to biodiversity
and ecosystems, such as causing local extinc-
tions (IPBES 2023). These species are intrin-
sically associated with artificial structures
and thrive in urbanized coastal areas such as
ports, marinas and cities (Glasby et al. 2007;
Schwindt et al. 2014; Ferrario et al. 2017; Gia-
chetti et al. 2019). Hotspot areas for invasive
species along the Southwestern Atlantic coast
have been identified in the ports of Mar del
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Plata, San Antonio Este and Oeste and Puerto
Madryn (Reyna et al. 2023). Invasive species
usually expand their distribution and colonize
natural environments (Simkanin et al. 2012;
Airoldi et al. 2015; Dafforn et al. 2012; Reyna
et al. 2023; Carlton and Schwindt 2024).

Artificial wrecks offer a new settlement
substrate for non-native species, acting as
steppingstones and facilitating their dispersal
into natural or even protected areas (Shelehy
and Vik 2010; Simkanin et al. 2012; Miranda
et al. 2020; Soares et al. 2020). For example,
the sun coral Tubastraea tagunensis was docu-
mented in Brazilian coral reefs (Soares et al.
2020), causing a change in the biomass of fish
(Mizrahi et al. 2017) and a reduction of the
cover and recruitment of native reef-building
corals (Miranda et al. 2016, 2018). In addition,
the presence of the invasive oyster Magallana
gigas was reported on the squid jigger vessel
Hu Shun Yu 809 shortly after its deployment
in northern Argentine Patagonia (Figure 1a)
(Schwindt et al. 2019). Interestingly, further
monitoring of the vessel led to the detection
of two invasive ascidians, Styela clava and S.
plicata (Castro et al. 2021). These three marine
invasive species caused significant ecological
and economic effects in other regions (da Ro-
cha et al. 2009; Herbert et al. 2016) and were
not previously recorded in the area. Invasive
species, in particular, have shown high toler-
ance to antifouling biocides found in hulls
and other artificial structures (Dafforn et al.
2012; McKenzie et al. 2012). For example, the
hydroid Ectopleura crocea, rapidly colonizes
wrecks surfaces, achieving the highest per-
centage coverage (Genzano et al. 2018). This
differential recruitment may enhance invasion
success at multiple stages, including facilitat-
ing transport and establishment (McKenzie
et al. 2012).

Social concerns

The reinforcement of the paradigm that
artificial wrecks promote marine conserva-
tion, coupled with traditional development
approaches prioritizing short-term economic
gains, may lead governments to relax regula-
tions or implement policies that encourage
their proliferation (Cullen-Knox et al. 2017).
Such decisions could change the sustainable
provision of some ecosystem services and,
consequently, undermine long-term human
well-being and lead to social conflicts due
to inequitable access to specific ecosystem
services by different individuals or groups
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(Walker et al. 2004; Bennett et al. 2015; Sala
and Torchio 2019). The current benefits from
the deliberate sinking of ships are unbalanced
in favor of certain stakeholders, which is a
cause for concern. For instance, in Chubut
province (Argentina), public access to the ar-
tificial wrecks is restricted by the provincial
law, which provides exclusive right of use to
authorized diving operators. This policy not
only restricts access to local recreational div-
ers, but also excludes non-profit diving clubs,
generating tensions among stakeholders due
to, in our opinion, an unfair distribution of
costs and benefits.

In general, there is a lack of empirical
understanding of the diversity of stakeholders,
their motivations and preferences for valuing
ecosystem services (Reed et al. 2009). A survey
of divers found that artificial wrecks are not
consistently perceived as an effective strategy
for reducing pressure on sensitive habitats
(Firth et al. 2023). In addition, some evidence
suggests that divers appreciate shipwrecks
as valuable diving sites for their historic
component, which is lacking in artificial
wrecks (Edney and Spennemann 2015).
Consequently, the effectiveness of artificial
wrecks in promoting tourism remains unclear,
particularly given that divers often prefer
historical sites and natural reefs (Sensurat-Geng
etal. 2022; Firth et al. 2023). In Puerto Madryn,
the relative contribution of diving activities
to the overall tourism industry has remained
relatively stable during the last decade despite
the fact that ships have been deliberately sunk
(Observatorio Turistico 2024). Furthermore,
despite this, Puerto Madryn appears to be
competing with Las Grutas (Argentina) to
establish the “largest underwater park of
South America”. This competitive dynamic
underscores how the intentional sinking of
ships can motivate neighboring regions to
pursue similar initiatives.

MANAGEMENT IMPLICATIONS

Ship recycling facilities

The deployment of artificial wrecks
constitutes one of the few available options
for the final disposal of obsolete ships (Devault
et al. 2017). Several factors including the
scarcity and uneven distribution of ship
recycling facilities, lead to most state-
owned, abandoned or seized vessels being
deliberately sunk, whenever they are not left
to rust next to ports (Figure 1). Importantly,

alternative management strategies such as
concentrating scrapping in a few countries
may not necessarily be better from a social or
environmental viewpoint (Devault et al. 2017).
It is then imperative that environmentally
and socially secure management strategies
are promoted with the strengthening of legal
and institutional settings to allow for the
proper management of obsolete vessels. In
many countries, there is a lack of standardized
national regulations governing the preparation
and deployment of artificial wrecks. For
example, in Argentina, ships have been
prepared for sinking in accordance with the
regulations of each locality, often developed
on an ad hoc basis. Although the national
maritime authority has granted approval
for sinking each of the cases mentioned in
the text, there are significant dissimilarity
in the infrastructure, stakeholders involved
in scrapping and financial support. Also, in
Brazil, there are plans to establish artificial
wrecks near hard bottom ecosystems and
marine protected areas along the coastline
without standardized protocols (Miranda et
al. 2020; Soares et al. 2020). Therefore, national
or regional policies for the Southern Atlantic
region are necessary. Regional initiatives in
Europe started in 2009 with the International
Convention for the Safe and Environmentally
Sound Recycling of Ships and the European
guidance for safer and greener ship recycling
practices (bit.ly/47WpG6u). These kinds of
initiatives are crucial to grant environmentally
and socially secure alternatives to safely
dispose of the increasing number of obsolete
ships at a global scale.

Policies for artificial wrecks

The evidence pointing out that artificial
wrecks do not form the basis for healthy
marine ecosystems is increasing (Kelly et
al. 2012; Heery et al. 2017; Komyakova et al.
2022). Unlike certain types of artificial reefs,
they lack the design that pursues a specific
conservationist objective. However, the
demand for artificial wrecks continues. While
the United Nations Conventions on the Law
of the Sea provides a general framework for
regulatingactivitiesin themarineenvironment,
there is currently no international instrument
that specifically addresses the regulation
of any artificial reefs. For this reason, the
guidelines on artificial reef placement of the
London Convention and Protocol/UNEP have
among their objectives to promote an approach
that enables the construction of artificial reefs
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in such a way that, even if a reef is primarily
built for commercial purposes, such as fishing
or tourism, it still provides environmental
benefits. In addition, since the Convention
on Biological Diversity, the conservation of
biodiversity has been viewed through the
lens of the adaptive ecosystem management
(AEM) approach, which advocates for both
environmental and social well-being (Waylen
et al. 2014; Morgera 2016). A key aspect of the
AEM of artificial wrecks is to better recognize
and anticipate how wrecks will affect social
and ecosystem processes, and that policies and
decisions can be rapidly refined in the light
of further knowledge (Kareiva and Fuller
2016). Achieving this requires the intimate
coupling of scientific research with decision-
making schemes (Sala and Torchio 2019),
ensuring they incorporate adequate planning,
monitoring and evaluation stages.

Engaging diverse stakeholders

All  stakeholders, including local
communities, should be integrated and
participate in the decision-making process
to achieve a fair distribution of benefits and
potential risks across the different elements of
the socioecosystem (Bennett et al. 2019; Noble
et al. 2019). Limited studies have explored
the diver perceptions of artificial wrecks as
attraction sites (Stolk et al. 2005; Shani et al.
2012; Sensurat Geng et al. 2022). Yet, to our
knowledge, there is still a lack of similar
studies scrutinizing the public perception
and social license for the intentional sinking
of ships. While social media is replete with
comments both supporting and opposing
the practice, there has been no systematic
assessment of the overall perception of all
stakeholders. Surveys or interviews can help
to assess public perceptions of the sinking of
ships” benefits (Ramos et al. 2007), whether
these vary by locality or individuals recognize
that it interferes with other tourism activities
they engage in or benefit from directly.
Undertaking such participatory planning is
challenging, as it requires important changes
at the individual, collective and institutional
settings (Sala and Torchio 2019).

A key complement of AEM strategies
involves education and communication
initiatives aimed at increasing the level of
awareness related to ecosystem stability
and integrity. As underwater eco-tourists,
recreational divers enjoy healthy natural
seascapes (Oh et al. 2008) and should advocate
for the least impacting behaviors. Currently,
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some courses for advanced recreational divers,
such as specialization in ecology or species
identification for marine conservation, are
offered by diving certification companies.
Expanding these educational programs
to include concepts of eco-evolutionary
processes that contribute to ecosystem stability
and integrity is essential for aligning with the
principles of ocean literacy and the Sustainable
Development Goal (SDG) 14, proposed by
the United Nations (Virto 2018). This type of
ecosystem-based education would empower
recreational divers in sharing their attitudes,
preferences and decisions regarding the use
and management of aquatic environments
(Ha et al. 2020). It is anticipated that this
approach will encourage recreational divers
to enhance their appreciation, enjoyment
and care of natural environments, fostering a
deeper sense of ocean literacy.

CONCLUDING REMARKS

Artificial wrecks are currently valued tools
for enhancing biodiversity and promoting the
development of healthy aquatic communities.
Here, we aim to challenge this paradigm by
identifying and discussing undesirable con-
sequences associated with artificial wrecks.
Importantly, while we do not intend to advo-
cate against further deployment of artificial
wrecks, we strongly believe that they can
produce unintended socioeconomic outcomes.
Hence, we urge decision makers to undertake
more integrative assessments of the potential
impacts prior to their deployment, particu-
larly where guidance and regulations are
either lacking or not standardized. We also
recommend a shift towards more participa-
tory processes that recognize all stakeholders
and involve local communities. This approach
is crucial to support social acceptance of en-
vironmental risks and ensure transparency
in the decision-making process (Cullen-Knox
et al. 2017). Finally, we advocate for greener
and safer options for ship recycling, given that
artificial wrecks are typically a means of dis-
posing of obsolete ships. The development of
accessible, environmentally and socially safe
ship recycling facilities, where vessels can be
safely scrapped at the end of their lifespan, is
then imperative to provide better alternatives
to the deliberate sinking of ships.

AckNOWLEDGMENTS. We are deeply grateful
to Mariano Rodriguez, whose comments and
opinions during early discussions on the topic
motivated this article. We also thank Alejandro
Bortolus, Pablo Funes, and Pablo Tavella



UNWANTED CONSEQUENCES OF ARTIFICIAL WRECKS 61

for providing their photos.We especially  work was supported by the Consejo Nacional
thank for the anonymous reviewer and the de Investigaciones Cientificas y Técnicas
handling editor for their valuable comments (CONICET). KC and GB are supported by
that greatly improved this manuscript. This  Postdoctoral fellowships from CONICET.

REFERENCES

Airoldi, L., X. Turon, Perkol-Finkel, S., and M. Rius. 2015. Corridors for aliens but not for natives: Effects of marine
urban sprawl at a regional scale. Divers Distrib 21:755-768. https://doi.org/10.1111/ddi.12301.

Amara, I, W.Miled, Ben Slama, R., and N. Ladhari. 2018. Antifouling processes and toxicity effects of antifouling paints on
marine environment. A review. Environ Toxicol Pharmacol 57:115-130. https://doi.org/10.1016/j.etap.2017.12.001.

Bacher, S., B. S. Galil, M. A. Ntfiez, M. Ansong, P. Cassey, K. Dehnen-Schmutz, G. Fayvush, et al. 2023. Impacts of
invasive alien species on nature, nature’s contributions to people, and good quality of life. In H. E. Roy, A. Pauchard,
P. Stoett and T. Renard Truong (eds.). Thematic Assessment Report on Invasive Alien Species and their Control of
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Chapter 4. IPBES Secretariat,
Bonn, Germany. https://doi.org/10.5281/zenodo.7430731.

Bennett, N. J., A. Di Franco, A. Calo, E. Nethery, F. Niccolini, M. Milazzo, and P. Guidetti. 2019. Local support for
conservation is associated with perceptions of good governance, social impacts, and ecological effectiveness. Conserv
Lett 12:e12640. https://doi.org/10.1111/conl.12640.

Bigatti, G., M. A. Primost, M. Cled6n, A. Averbuj, N. Theobald, W. Gerwinski, W. Arntz, E. Morriconi, and P. E.
Penchaszadeh. 2009. Biomonitoring of TBT contamination and imposexincidence along 4700 km of Argentinean shoreline
(SW Atlantic: From 38S to 54S). Mar Poll Bull 58(5):695-701. https://doi.org/10.1016/j.marpolbul.2009.01.001.

Bravo, G., F. Marquez, E. M. Marzinelli, M. M. Méndez (Pitu), and G. Bigatti. 2015. Effect of recreational diving on
Patagonian rocky reefs. Mar Environ Res 104:31-36. https://doi.org/10.1016/j.marenvres.2014.12.002.

Burt, J. A, A. Bartholomew, P. Usseglio, A. Bauman, and P. F. Sale. 2009. Are artificial reefs surrogates of natural
habitats for corals and fish in Dubai, United Arab Emirates? Coral Reefs 28:663-675. https://doi.org/10.1007/s00338-
009-0500-1.

Carlton, J. T., and E. Schwindt. 2024. The assessment of marine bioinvasion diversity and history. Biol Invasions 26(1):
237-298. https://doi.org/10.1007/s10530-023-03172-7.

Carvalho, S., A. Moura, J. Ctrdia, L. Cancela da Fonseca, and M. N. Santos. 2013. How complementary are epibenthic
assemblages in artificial and nearby natural rocky reefs? Mar Environ Res 92:170-177. https://doi.org/10.1016/
j.marenvres.2013.09.013.

Castro, K. L., N. Battini, C. B. Giachetti, B. Trovant, M. Abelando, N. G. Basso, and E. Schwindt. 2021. Early detection of
marine invasive species following the deployment of an artificial reef: Integrating tools to assist the decision-making
process. ] Environ Manage 297:113333. https://doi.org/10.1016/jjenvman.2021.113333.

Castro, K. L., N. Battini, and E. Schwindt. 2023. Hundimiento intencional de buques para fomentar el ecoturismo:
hacia una gestion participativa del uso de los ambientes marino-costeros. IIl Congreso Iberoamericano de Gestion
Integrada de Areas Litorales (GIAL). Mar del Plata, Argentina.

Chubut Government. 2017. El ministro de ambiente del Chubut; Ignacio Agulleiro, firm¢ acuerdo preliminar con los
representantes de "Iberconsa” duefia del barco "Urabain" para el parque submarino. URL: ambiente.chubut.gov.ar.

Cullen-Knox, C., M. Haward, J. Jabour, E. Ogier, and S. R. Tracey. 2017. The social licence to operate and its role in
marine governance: insights from Australia. Mar Policy 79:70-77. https://doi.org/10.1016/j.marpol.2017.02.013.

da Rocha, R. M., L. P. Kremer, M. S. Baptista, and R. Metri. 2009. Bivalve cultures provide habitat for exotic tunicates
in southern Brazil Related papers. Aquat Invasions 4:195-205. https://doi.org/10.3391/ai.2009.4.1.20.

Dafforn, K. A.,, T. M. Glasby, and E. L. Johnston. 2012. Comparing the invasibility of experimental ‘reefs’ with
field observations of natural reefs and artificial structures. PLoS ONE 7:e38124. https://doi.org/10.1371/
journal.pone.0038124.

Dance, M. A., Il W. E. Patterson, and D. T. Addis. 2011 Fish community and trophic structure at artificial reef sites in
the Northeastern Gulf of Mexico. Bull Mar Sci 87:301-324. https://doi.org/10.5343/bms.2010.1040.

Devault, D. A,, B. Beilvert, and P. Winterton. 2017. Ship breaking or scuttling? A review of environmental, economic
and forensic issues for decision support. Environ Sci Pollut Res 24:25741-25774. https://doi.org/10.1007/s11356-016-
6925-5.

dos Santos, L. N., D. S. Brotto, and I. R. Zalmon. 2010. Fish responses to increasing distance from artificial reefs on the
Southeastern Brazilian Coast. ] Exp Mar Bio Ecol 386:54-60. https://doi.org/10.1016/j.jembe.2010.01.018.

Edney, J. 2017. Human dimensions of wreck diving and management: Case studies from Australia and Micronesia.
Tour Mar Environ 12:169-182. https://doi.org/10.3727/154427317X15016348972686.

Edney, J., and D. H. R. Spennemann. 2015. Can artificial reef wrecks reduce diver impacts on shipwrecks? The
management dimension. ] Mari Arch 10:141-157. https://doi.org/10.1007/s11457-015-9140-5.

Ferrario, F., L. Ive3a, A.Jaklin, S. Perkol-Finkel, and L. Airoldi. 2016. The overlooked role of biotic factors in controlling the
ecological performance of artificial marine habitats. ] Appl Ecol 53:16-24. https://doi.org/10.1111/1365-2664.12533.

Ferrario, J., S. Caronni, A. Occhipinti-Ambrogi, and A. Marchini. 2017. Role of commercial harbours and recreational
marinas in the spread of non-indigenous fouling species. Biofouling 33:651-660. https://doi.org/10.1080/
08927014.2017.1351958.



62 KL CastrO ET AL Ecologia Austral 35:053-064

Firth, L. B., M. Farnworth, K. P. Fraser, and A. McQuatters-Gollop. 2023. Make a difference: Choose artificial reefs
over natural reefs to compensate for the environmental impacts of dive tourism. Sci Total Environ 901:165488. https:
//doi.org/10.1016/j.scitotenv.2023.165488.

Fowler, A. M., and D. ]. Booth. 2012. How well do sunken vessels approximate fish assemblages on coral reefs?
Conservation implications of vessel-reef deployments. Mar Biol 159:2787-2796. https://doi.org/10.1007/s00227-012-
2039-x.

Genzano, G., D. Giberto, and C. Bremec. 2011. Benthic survey of natural and artificial reefs off Mar del Plata, Argentina,
southwestern Atlantic. Lat Am ] Aquat Res 39(3):553-566. http://doi.org/10.3856/vol39-issue3-fulltext-15.

Genzano, G. N., P. E. Meretta, and C. Bremec. 2018. Macrobenthic colonization on the derelict fisheries vessel
Khronometer, Cristo Rey submarine park, Argentina. Mar Ecol 39(2):e12491. https://doi.org/10.1111/maec.12491.

Giachetti, C. B., N. Battini, A. Bortolus, M. Tatian, and E. Schwindt. 2019. Macropredators as shapers of invaded fouling
communities in a cold temperate port. ] Exp Mar Bio Ecol 518:151177. https://doi.org/10.1016/j.jembe.2019.151177.

Glasby, T.M., and S. D. Connell. 2001. Orientation and position of substrata have large effects on epibiotic assemblages.
Mar Ecol Prog Ser 214:127-135. https://doi.org/10.3354/meps214127.

Glasby, T.M., S. D. Connell, M. G. Holloway, and C. L. Hewitt. 2007. Nonindigenous biota on artificial structures: Could
habitat creation facilitate biological invasions? Mar Biol 151:887-895. https://doi.org/10.1007/s00227-006-0552-5.

Grasselli, F., and L. Airoldi. 2021. How and to what degree does physical structure differ between natural and
artificial habitats? A multi-scale assessment in marine intertidal systems. Front Mar Sci 8. https://doi.org/10.3389/
fmars.2021.766903.

Ha, N. T., L. Cong, and G. Wall. 2020. China’s scuba divers’ marine-based environmental behaviors. ] Sustain Tour
29(4):616-638. https://doi.org/10.1080/09669582.2020.1820016.

Hasler, H., and J. A. Ott. 2008. Diving down the reefs? Intensive diving tourism threatens the reefs of the northern Red
Sea. Mar Pollut Bull 56:1788-1794. https://doi.org/10.1016/j.marpolbul.2008.06.002.

Heery, E. C., M. ]. Bishop, L. P. Critchley, A. B. Bugnot, L. Airoldi, M. Mayer-Pinto, E. V. Sheehan, R. A. Coleman, et
al. 2017. Identifying the consequences of ocean sprawl for sedimentary habitats. ] Exp Mar Biol Ecol 492:31-48. https:
//doi.org/10.1016/j.jembe.2017.01.020.

Herbert, R. J. H., ]. Humphreys, C. J. Davies, C. Roberts, S. Fletcher, and T. P. Crowe. 2016. Ecological impacts of non-
native Pacific oysters (Crassostrea gigas) and management measures for protected areas in Europe. Biodivers Conserv
25:2835-2865. https://doi.org/10.1007/s10531-016-1209-4.

Higgins, E., A. Metaxas, and R. E. Scheibling. 2022. A systematic review of artificial reefs as platforms for coral reef
research and conservation. PLoS ONE 17(1):e0261964. https://doi.org/10.1371/journal.pone.0261964.

Hill, C. E. L., M. M. Lymperaki, and B. W. Hoeksema. 2021. A centuries-old manmade reef in the Caribbean does not
substitute natural reefs in terms of species assemblages and interspecific competition. Mar Pollut Bull 169:112576.
https://doi.org/10.1016/j.marpolbul.2021.112576.

Hynes, M., . E. Peters, and D. Rushworth. 2004. Artificial Reefs: A disposal option for Navy and MARAD Ships. RAND
National Defense Research Institute. United States.

Ilieva, I, L. Jouvet, L. Seidelin, B. D. Best, S. Aldabet, R. da Silva, and D. A. Conde. 2019. A global database of intentionally
deployed wrecks to serve as artificial reefs. Data in Brief 23:103584. https://doi.org/10.1016/j.dib.2018.12.023.

Kareiva, P., and E. Fuller. 2016. Beyond resilience: How to better prepare for the profound disruption of the
Anthropocene. Glob Policy 7:107-118. https://doi.org/10.1111/1758-5899.12330.

Kelly, L. W., K. L. Barott, E. Dinsdale, A. M. Friedlander, B. Nosrat, D. Obura, E. Sala, S. A. Sandin, J. E. Smith, M. J. A.
Vermeij, G. J. Williams, D. Willner, and F. Rohwer. 2012. Black reefs: Iron-induced phase shifts on coral reefs. ISME
J 6:638-649. https://doi.org/10.1038/ismej.2011.114.

Kirkbride-Smith, A. E., P. M. Wheeler, and M. L. Johnson. 2016. Artificial reefs and marine protected areas: A study
in willingness to pay to access Folkestone Marine Reserve, Barbados, West Indies. Peer] 2016:1-32. https://doi.org/
10.7717/peerj.2175.

Komyakova, V., J. B. Jaffres, E. M.. Strain, C. Cullen-Knox, M. Fudge, O. Langhamer, A. Bender, S. M. Yaakub, E. Wilson, B.
J.M. Allan, L. Sella, and M. Haward. 2022. Conceptualisation of multiple impacts interacting in the marine environment
using marine infrastructure as an example. Sci Tot Env 830:154748. https://doi.org/10.1016/j.scitotenv.2022.154748.

Leitao, F., M. N. Santos, K. Erzini, and C. C. Monteiro. 2009. Diplodus spp. assemblages on artificial reefs: importance
for near shore fisheries. Fish Manag Ecol 16(2):88-99. https://doi.org/10.1111/j.1365-2400.2008.00646.x.

Lima, ].S., I. R. Zalmon, and M. Love. 2019. Overview and trends of ecological and socioeconomic research on artificial
reefs. Mar Environ Res 145:81-96. https://doi.org/10.1016/j.marenvres.2019.01.010.

Lowry, M. B., T. M. Glasby, C. A. Boys, H. Folpp, I. Suthers, and M. Gregson. 2014. Response of fish communities to
the deployment of estuarine artificial reefs for fisheries enhancement. Fish Manag Ecol 21(1):42-56. https://doi.org/
10.1111/fme.12048.

McKenzie, L. A., R. C. Brooks, and E. L. Johnston. 2012. A widespread contaminant enhances invasion success of a
marine invader. ] App Ecol 49(4):767-773. https://doi.org/10.1111/j.1365-2664.2012.02158 x.

Miranda, R.]., I. C. Cruz, and F. Barros. 2016. Effects of the alien coral Tubastraea tagusensis on native coral assemblages
in a southwestern Atlantic coral reef. Mar Biol 163:1-12. https://doi.org/10.1007/s00227-016-2819-9.

Miranda, R. J., A. Tagliafico, B. P. Kelaher, E. Mariano-Neto, and F. Barros. 2018. Impact of invasive corals Tubastrea
spp. on native coral recruitment. Mar Ecol Prog Ser 605:125-133. https://doi.org/10.3354/meps12731.

Miranda, R.J., J. A. C. C. Nunes, J. C: Creed, F. Barros, R. M. Macieira, R. G. Santos, V. L. Gislaine, A. V. F. Pontes, L.



UNWANTED CONSEQUENCES OF ARTIFICIAL WRECKS 63

G. F. C. Silva, et al. 2020. Brazil policy invites marine invasive species. Science 80:368:481. https://doi.org/10.1126/
science.abb7255.

Morgera, E. 2016. The need for an international legal concept of fair and equitable benefit sharing. Eur ] Int Law 27:
353-383. https://doi.org/10.1093/ejil/chw014.

Noble, M. M., D. Harasti, J. Pittock, and B. Doran. 2019. Understanding the spatial diversity of social uses, dynamics, and
conflicts in marine spatial planning. ] Environ Manage 246:929-940. https://doi.org/10.1016/j.jenvman.2019.06.048.

Observatorio Turistico. 2024. Anuario Estadistico de Turismo 2023-2024. Ministerio de Turismo y Areas Protegidas,
Chubut. Argentina.

Oh, C. O,, R. Ditton, and J. Stoll. 2008. The economic value of scuba-diving use of natural and artificial reef habitats.
Soc Nat Resour 21:455-468. https://doi.org/10.1080/08941920701681953.

Paxton, A. B., K. W. Shertzer, N. M. Bacheler, G. T. Kellison, K. L. Riley, and C. Taylor. 2020. Meta-analysis reveals
artificial reefs can be effective tools for fish community enhancement but are not one-size-fits-all. Fron Mar Sci 7:282.
https://doi.org/10.3389/fmars.2020.00282.

Perkol-Finkel, S., N. Shashar, and Y. Benayahu. 2006. Can artificial reefs mimic natural reef communities? The roles of
structural features and age. Mar Environ Res 61:121-135. https://doi.org/10.1016/j.marenvres.2005.08.001.

Pinto, T. K., F. P. A. Barros, J. A. C. C. Nunes, R. ]. Miranda, B. M. Pereira, P. H. Pereira, and C. L. Sampaio. 2021.
Shipwrecks fouling community: Similarities with natural rocky reefs at different distances and wave exposure regimes.
Ocean Coast Manag 213:105895. https://doi.org/10.1016/j.ocecoaman.2021.105895.

Polak, O., and N. Shashar. 2012. Can a small artificial reef reduce diving pressure from a natural coral reef? Lessons
learned from Eilat, Red Sea. Ocean Coast Manag 55:94-100. https://doi.org/10.1016/j.ocecoaman.2011.10.006.

Prefectura Naval Argentina. 2015. Prefectura capturd un buque pesquero chino y decomisé mas de 600 toneladas de
calamar. URL: youtube.com/watch?v=aKVhdTXXhyY.

Ramm, L. A, J. H. Florisson, S. L. Watts, A. Becker, and ]J. R. Tweedley. 2021. Artificial reefs in the Anthropocene: a
review of geographical and historical trends in their design, purpose, and monitoring. Bull Mar Sci 97(4):699-728.
https://doi.org/10.5343/bms.2020.0046.

Reed, M. S, A. Graves, N. Dandy, H. Posthumus, K. Hubacek, J. Morris, C. Prell, C. H. Quinn, and L. C. Stringer. 2009.
Who's in and why? A typology of stakeholder analysis methods for natural resource management. ] Environ Manage
90(5):1933-1949. https://doi.org/10.1016/j.jenvman.2009.01.001.

Reyna, P. B., G. Alurralde, A. Taverna, E. Calcagno, F. Scarabino, G. M. Vélez-Rubio, and E. Schwindt. 2023. Hotspot
areas of marine introduced species in the Southwestern Atlantic. Mar Eco Progress Ser 725:15-28. https://doi.org/
10.3354/meps14471.

Rilov, G., and Y. Benayahu. 2000. Fish assemblage on natural versus vertical artificial reefs: The rehabilitation perspective.
Mar Biol 136:931-942. https://doi.org/10.1007/s002279900250.

Sala, J. E., and G. Torchio. 2019. Moving towards public policy-ready science: philosophical insights on the social-
ecological systems perspective for conservation science. Ecosyst People 15:232-246. https://doi.org/10.1080/
26395916.2019.1657502.

Schleyer, M. H., and B. J. Tomalin. 2000. Damage on South African coral reefs and an assessment of their sustainable
diving capacity using a fisheries approach. Bull Mar Sci 67:1025-1042.

Schoyen, M., N. W. Green, D. . Hjermann, L. Tveiten, B. Beylich, S. @xnevad, and J. Beyer. 2019. Levels and trends of
tributyltin (TBT) and imposex in dogwhelk (Nucella lapillus) along the Norwegian coastline from 1991 to 2017. Mar
Env Res 144:1-8. https://doi.org/10.1016/j.marenvres.2018.11.011.

Schwindt, E., ]. L. Gappa, M. P. Raffo, M. Tatian, A. Bortolus, . M. Orensanz, G. Alonso, M. E. Diez, B. Doti, G. Genzano,
etal. 2014. Marine fouling invasions in ports of Patagonia (Argentina) with implications for legislation and monitoring
programs. Mar Env Res 99:60-68. https://doi.org/10.1016/j.marenvres.2014.06.006.

Schwindyt, E., A. Bortolus, M. Abelando, E. Barbieri, P. Baron, N. Basso, and B. Trovant. 2019. Estudio, plan de deteccién
temprana y accidn precoz en especies marinas exdticas: la ostra japonesa Crassostrea gigas como modelo de estudio.
COLACMAR. Mar del Plata, Argentina.

Schwindt, E., T. A. August, S. Vanderhoeven, M. A. McGeoch, S. Bacher, B. S. Galil, P. Genovesi, P. E. Hulme, et al.
2023. Overwhelming evidence galvanizes a global consensus on the need for action against invasive alien species.
Biol Invasions. https://doi.org/10.1007/s10530-023-03209-x.

Sedano, F., J. M. T de Figueroa, C. Navarro-Barranco, E. Ortega, and J. M. Guerra-Garcia. 2020. Do artificial structures
cause shifts in epifaunal communities and trophic guilds across different spatial scales? Mar Environ Res 158. https:
//doi.org/10.1016/j.marenvres.2020.104998.

Sensurat Geng, T., A. Ozgijl, and A. Lok. 2017. The use of artificial reefs for recreational diving. Turkish ] Marit Mar
Sci 3:27-33. https://doi.org/10.1016/j jenvman.2022.115159.

Shani, A., O. Polak, and N. Shashar. 2012. Artificial reefs and mass marine ecotourism. Tour Geogr 14:361-382 https:
//doi.org/10.1080/14616688.2011.610350.

Sheehy, D. J., and S. F. Vik. 2010. The role of constructed reefs in non-indigenous species introductions and range
expansions. Ecol Eng 36:1-11. https://doi.org/10.1016/j.ecoleng.2009.09.012.

Simkanin, C., I. C. Davidson, J. F. Dower, G. Jamieson, and T. W. Therriault. 2012. Anthropogenic structures and
the infiltration of natural benthos by invasive ascidians. Mar Ecol 33:499-511. https://doi.org/10.1111/j.1439-
0485.2012.00516.x.

Simon, T., H. T. Pinheiro, and J. C. Joyeux. 2011. Target fishes on artificial reefs: Evidences of impacts over nearby



64 KL CastrO ET AL Ecologia Austral 35:053-064

natural environments. Sci Total Environ 409:4579-4584. https://doi.org/10.1016/j.scitotenv.2011.07.057.

Simon, T., J. C. Joyeux, and H. T. Pinheiro. 2013. Fish assemblages on shipwrecks and natural rocky reefs strongly differ
in trophic structure. Mar Environ Res 90:55-65. https://doi.org/10.1016/j.marenvres.2013.05.012.

Soares, M. de O., S. Salani, S. V. Paiva, and M. D. A. Braga. 2020. Shipwrecks help invasive coral to expand range in
the Atlantic Ocean. Mar Pollut Bull 158:111394. https://doi.org/10.1016/j.marpolbul.2020.111394.

Stolk, P., K. Markwell, and J. M. Jenkins. 2005. Perceptions of artificial reefs as scuba diving resources: A study of
Australian recreational scuba divers. Ann Leis Res 8:153-166. https://doi.org/10.1080/11745398.2005.10600968.

Tynyakov, J., M. Rousseau, M. Chen, O. Figus, Y. Belhassen, and N. Shashar. 2017. Artificial reefs as a means of
spreading diving pressure in a coral reef environment. Ocean Coast Manag 149:159-164. https://doi.org/10.1016/
j.ocecoaman.2017.10.008.

Van Landuyt, ., K. Kundu, S. Van Haelst, M. Neyts, K. Parmentier, M. De Rijcke, and N. Boon. 2022. 80 years later: Marine
sediments still influenced by an old war ship. Front Mar Sci 9:1017136. https://doi.org/10.3389/fmars.2022.1017136.
Virto, L. R. 2018. A preliminary assessment of the indicators for Sustainable Development Goal (SDG) 14. Conserve
and sustainably use the oceans, seas and marine resources for sustainable development. Mar Policy 98:47-57. https:

//doi.org/10.1016/j.marpol.2018.08.036.

Waylen, K. A, E.]. Hastings, E. A. Banks, K. L. Holstead, R. J. Irvine, and K. L. Blackstock. 2014. The need to disentangle
key concepts from ecosystem-approach jargon. Conserv Biol 28:1215-1224. https://doi.org/10.1111/cobi.12331.

Work, T. M., G. S. Aeby, B. P. Neal, N. N. Price, E. Conklin, and A. Pollock. 2018. Managing an invasive corallimorph

at Palmyra Atoll National Wildlife Refuge, Line Islands, Central Pacific. Biol Invasions 20:2197-2208. https://doi.org/
10.1007/s10530-018-1696-1.



