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Editorial on the Research Topic

Marine Aquaculture Impacts on Marine Biota

Marine aquaculture provides undoubted economic benefits and diverts a proportion of
fishing pressure on wild stocks. However, it is known to strongly impact marine life
(Tacon and Forster, 2003) with the Mediterranean region, which is densely populated and
urbanized with a strong demand for seafood, especially sensitive to marine aquaculture
pressures (Colloca et al., 2017; Holon et al., 2018). This awareness led the Center
for Mediterranean Cooperation of the International Union for Conservation of Nature
to set up a working group in 2004. This was originally named “Aquaculture and
Environment” and made up of aquaculture specialists from around the Mediterranean
Sea; their work resulted in the publication in 2007 of a guide on the sustainable
development of marine aquaculture (IUCN-Med, 2007). That same year, considering marine
aquaculture was a major threat to the coastal environment, the Mediterranean Science
Commission dedicated a workshop to the impact of this activity on Mediterranean coastal
ecosystems (CIESM, 2007).

Dempster andHolmer (2010) assessed the scientific literature addressing environmental impacts
and dependencies of aquaculture. They identified many papers, published between 2007 and 2008
in a significant number of journals that had studied the issue. To bring together scientists around
a common international and interdisciplinary forum, these scientists launched a new journal:
“Aquaculture Environment Interactions.” In recent years, scientific research and knowledge has
developed at a rate proportional to the emergence of marine aquaculture facilities. Aquaculture is
the fastest-growing food production sector (FAO, 2016), but there are few mandatory production
safety measures to manage the impacts. Some reviews have comprehensively identified threats
linked to marine aquaculture. For example, Holmer (2010) described the environmental issues of
fish farming in offshore waters and, for the Mediterranean, Grigorakis and Rigos (2011) evaluated
the effects of aquaculture on environmental and public welfare.

Marine aquaculture not only has adverse effects on the aquatic environment, but also
on the associated biota. Among the little scientific work that has addressed the biota issue
to date, stands up the review of Callier et al. (2018) on mobile wild organisms’ attraction
and avoidance in relation to aquaculture, or the global meta-analysis of Barrett et al.
(2019) on the impacts of aquaculture on wildlife. Currently available scientific observations
cannot clearly identify the positive or negative effects of marine aquaculture on wildlife.
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Because of this limited scientific knowledge, we felt the time
was ripe for a special issue to bring together recent research
on the impacts of marine aquaculture on marine biota—with
particular emphasis on the Mediterranean as a laboratory in this
assessment—and on proposed mitigation measures to reduce the
potential negative effects.

New initiatives are needed to make marine aquaculture
more environmentally-responsible and sustainable. In this
sense, Restorative Shellfish Mariculture (RSM), especially
the most conservation-oriented RSM strategies (e.g., habitat
restoration, reintroduction of locally extinct endangered
species) have the potential to generate greater positive
impacts. In their global overview of RSM, Carranza and
Ermgassen identify emergent patterns across species and/or
ecoregions, based on experiences developed worldwide
over the last decades. In contrast, there is no shortage of
examples of shellfish aquaculture with negative environmental
consequences. As an example, Šegvić-Bubić et al. analyse
the impact of oyster culture in wild Mediterranean oyster
populations. They report oyster farming and human-mediated
spat translocation may pose an environmental risk due
to the genetic erosion of wild counterparts and spread of
disease. Also, Boudouresque et al. argue shellfish marine
aquaculture is the major source of exotic macrophyte species in
to the Mediterranean.

In sediments, group of organisms such as nematodes may
contribute to the recycling of fish farm-derived organic matter,
as emphasized by Grego et al. using carbon stable isotope
signatures. Also, elevated microbial degradation of organic
compounds in fish farm sediments increases pore water nutrient
concentrations. By modeling the impact assessment of a fish
farm development in an ultra-oligotrophic setting, Livne et al.
suggest that the sediment condition and the increase in
apex predators that are attracted are relevant indicators for
ecosystem stability. To limit apex predator attraction, these
authors suggest developing automated discard and dead fish
removal systems at the base of a cage. The attraction to,
and deleterious effects of offshore farms on wild fauna are
highlighted in the study of Casadevall et al.. They report a
tendency to find anomalous specimens of Diplodus sargus—
inedible tough fish—around fish farms and commercial and
industrial ports and hypothesize that pollution could be a driver
of the flesh anomaly.

Not only is the sediment microbial activity but the
prokaryotic community composition underneath fish cages
related to fish biomass and organic enrichment over the course
of fish production, as reported by Quero et al.. Although
other factors (e.g., seasonality, hydrodynamic conditions)
may contribute to the prokaryotic assemblage’ variations,
their study is useful to assess the impact of intensive
marine aquaculture on the surrounding environment. The
production area hydrodynamic regime is an important factor
to reduce the detrimental impacts on local water quality.
According to Gomes et al., the establishment of fish farms
in locations with low water residence time would avoid
costly approaches aiming to reduce habitat degradation.
Finally, Tičina et al. review the impacts on marine biota in

oligotrophic environments of the Mediterranean, at different
spatial scales, and provide useful information for policy
makers, managers and other stakeholders. These authors assert
that well-balanced and properly managed marine aquaculture
operations should not significantly alter the environment. This
concluding statement should, therefore, be the standard for
aquaculture development.

Three messages arise from this e-book. Firstly, the
identification of potentially suitable sites for the installation
of aquaculture facilities should rely on an integrated approach
that considers the ecological, environmental, socio-cultural,
economic, and technological aspects. Secondly, preliminary
impact studies and the use of indicator organisms, from
bacteria to fish, should make it possible to minimize the adverse
effects of aquaculture. Thirdly, the adjustment of aquaculture
practices according to the results of the aforementioned
aspects should maximize the sustainability of the activity.
The Research Topic focuses on fish aquaculture in the
Mediterranean, with shellfish also mentioned; however, the
message it conveys can be applied to other areas of activity,
such as the development of seaweed aquaculture. In particular,
the growing salmon aquaculture industry might benefit from
the flow of information of this e-book, in addition to, for
example, the recent work of Amundsen and Osmundsen (2018)
and Valenti et al. (2018) compiling sustainability indicators,
including environmental, for salmon aquaculture. Although not
established in the Mediterranean, salmon aquaculture is by far
the most important sector of aquaculture production in Europe
(48.3% of relative biomass production in 2014; FAO, 2017), so
requires particular attention.

The three messages of this e-book also address
recommendations of international’s European policies,
including the Water Framework Directive (EC, 2000) and
the Marine Strategy Framework Directive (EC, 2008). They
also address recommendations of specific policies, including
the Environmental Impact Assessment Directive (EC, 2001)
and the Strategic Environmental Assessment Directive (EC,
2012); they stipulate that any aquaculture plan, programme
or project must consider, before development, environmental
issues in order to avoid or minimize negative impacts on the
marine environment. The development of aquaculture must
also comply with the Maritime Spatial Planning Directive (EC,
2014) that aims to promote sustainable development and use
of marine resources, through the establishment of maritime
spatial plans in each Member State by 2021; i.e., this year.
Following the recommendations of this e-book based on the
scientific knowledge, and meeting the obligations of Directives
should enable the long term growth of marine aquaculture
in the Mediterranean and further afield by safeguarding wild
stocks and limiting the harmful impacts on environment
and biota.
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