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Editorial on the Research Topic

Remote Sensing for Aquaculture

While the sustainability of aquaculture is crucial for global food security, aquaculture development
faces major threats and challenges, such as the increasing competition for land, water, and energy
resources, as well as vulnerability to global warming, sea level rise, water pollution, increased
occurrence of extreme events, harmful algal blooms (HABs), and disease outbreaks (Froehlich
et al., 2018; Soto et al., 2019). Compared to land-based aquaculture where suitable areas are limited
by space constraints, there is immense potential for the expansion of aquaculture in the coastal
and open oceans (Gentry et al., 2017). The intensification of marine aquaculture, if not managed
properly, could, however, lead to serious environmental impacts and socio-economic conflicts, and
there is a clear need for ecosystem-based approaches to aquaculture planning in the marine realm
(Lester et al., 2018).

In the ocean, most aquaculture species, equipment, and operations are sensitive to the variability
of environmental parameters, such as sea surface temperature (SST), currents, wave height,
underwater irradiance, and/or water quality in terms of suspended particulate matter (SPM) and
phytoplankton. All of these parameters are highly variable over time and space, adding to the
complexity of planning and management. Due to its ability to map essential variables at multiple
scales and resolutions, Earth Observation (EO) can help to comprehensively optimize aquaculture
location and type in both the nearshore and offshore oceans (Meaden and Aguilar-Manjarrez,
2013). Spatially-explicit time-series of remotely-sensed parameters have been used for site selection
of fish (IOCCG, 2009), shellfish (Saitoh et al., 2011; Thomas et al., 2011; Gernez et al., 2014; Snyder
et al., 2017), and kelp aquaculture (Radiarta et al., 2010). Remote sensing can also contribute to
aquaculture planning, with the integration of EO into Geographic Information Systems (GIS)
(Falconer et al., 2020) and spatial multi-criteria evaluation (SMCE) methodologies to resolve
complex environmental and socioeconomic constraints (Kapetsky and Aguilar-Manjarrez, 2007;
Radiarta et al., 2008; Brigolin et al., 2017; Barillé et al., 2020). Besides site-selection and planning,
aquaculture could also benefit from EO for water quality monitoring (Gernez et al., 2017; Soriano-
González et al., 2019), notably in the case of HAB detection (Gokul et al., 2020; Rodríguez-Benito
et al., 2020; Torres Palenzuela et al., 2020), assessment of fish farming environmental impact (Bengil
and Bizel, 2014), and modeling of species invasion associated with aquaculture (Thomas et al.,
2016).

The objectives of this Research Topic were to assess the use of advanced EO products over a
variety of scales and resolutions, and to document the latest developments in coupling EO with
biological and ecological models applied to a variety of aquaculture contexts. All articles focused

on offshore marine aquaculture, with the exception of one article dedicated to nearshore intertidal
waters. All types of mariculture were investigated: fish, shellfish, and macroalgae aquaculture.
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Although most articles were based on satellite remote sensing,
the use of unmanned aerial vehicle (UAV) was also tackled, and
a large range of spatial scales considered. Overall, the articles
concerned three types of study: site selection, risk to aquaculture
(HABs), and production monitoring.

The use of EO for site suitability and selection was addressed
in four articles. In Porporato et al., EO-derived SST data was
coupled with an ecophysiological model based on a dynamic
energy budget (DEB) and incorporated into a SMCE framework
to optimize the design of allocated aquaculture zones for
fish farming (European seabass and gilthead seabream) in
the Italian offshore waters. In Palmer et al., EO-derived SST,
Chlorophyll and SPM concentration were also coupled with
DEB modeling for Pacific oyster aquaculture site selection
in a French macrotidal bay, demonstrating the potential of
strategically selected offshore sites compared to the traditionally-
farmed, albeit less productive, intertidal zone. In Jossart et al.,
statistical spatial autocorrelation techniques were incorporated
into the planning framework, improving upon conventional site
selection approaches. Two approaches were demonstrated for
northeastern US case studies; one assessing the relative suitability
for mussel farming, the other assessing patterns in modeled and
remotely-sensed oceanographic data important to aquaculture.
High-resolution SST imagery from Landsat-8 was used as a proxy
for surface nitrate concentration by Snyder et al., in their study of
offshore kelp farm optimal placement.

The Research Topic also documented some of the latest
developments in HAB remote sensing using the new generation
of Sentinel-3 satellites. In Smith and Bernard, an indicator to
identify the bloom-dominant phytoplankton type was developed
for aquaculture risk mitigation. Spectral features in the red
and NIR were used to discriminate two types of HABs (high
biomass dinoflagellate vs. Pseudo-nitzschia blooms) from other
phytoplankton assemblages in South Africa. The red-edge
spectral signature of various HAB types was also documented
in Wolny et al., where promising algorithms to detect common
marine and estuarine HAB species (Alexandrium monilatum,
Karlodinium veneficum, Margalefidinium polykrikoides, and
Prorocentrum minimum) were investigated in the Chesapeake
Bay (US).

Finally, the performance of several remote-sensing platforms
to monitor offshore kelp farming along the eastern Pacific

coastline was compared in Bell et al.: satellite sensors, UAV-
mounted optical sensors, underwater imagery and sonar
scanning. Using field observations and deep learning, this study
provided a valuable analysis of strength, weakness, opportunity,
and threat for future developments in the monitoring of far-field
kelp production.

In summary, this Research Topic compiled some of the latest
remote sensing developments for aquaculture. While three types
of studies were addressed (site selection, production monitoring,
and HAB remote sensing), there is no doubt that EO could
also benefit other aquaculture topics, notably environmental
impact assessment. EO-based analyses of land cover changes
associated with aquaculture (Proisy et al., 2018) could, for
example, be translated to the seascape. Whatever the topic, future
developments of innovative EO products (habitat mapping,
phytoplankton groups, species identification, particulate organic
carbon, or nitrogen content), as well as advances in data
processing (process-based modeling approach, deep learning,
and big data analysis) are expected to further improve
aquaculture studies. Concurrent to such progress, the uptake of

EO data by the aquaculture industry, environmental managers,

and policy makers will certainly increase as higher temporal and
spatial imagery become available, including very high-resolution
observations and services from commercial providers.
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