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Introduction

With a world population reaching 10 billion in 2050, the pressure on our food system, the impact on the ecological carrying capacity
as well as the need for global food security is more apparent than ever. A fossil fuel transition towards more renewable energy, in this
case wind energy, embodies a crucial point in this.

Nowadays, we face grand challenges for both land and marine systems. Zooming more into the
marine realm, four trends are ongoing:

1. Regarding the energy transition, wind-driven approaches are followed with innovations in multi-
use wind energy systems in offshore wind farms (hereafter named OWF) on the North Sea
combined with added value energy, including socio-economic costs versus nature-inclusive
benefits.

2. Furthermore, resource use transitions entail protein and biomass value chain development and
value-added aquaculture and fisheries alternatives.

3. Climate change transitions encompass integrated marine production systems and add value for
nature.

4. This can be interlinked with the last trend, namely marine nature ambitions and boundaries which
concern circular food systems.

New energy production zones are developed in the free-market, where the
government sets the guidelines and ambitions. So far, a maximum of two use
functions (energy and biodiversity) are included, while the current use
functions, mainly fisheries, are reconsidered.
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Integrating alternative uses with renewable energy, such as food production,

and in particular low trophic marine (LTM) food production possesses high
potential, especially when aiming for climate-smart, resilient and circular
marine systems. Adding up to this, new OWF are developed further offshore.
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In this case study we concentrate in more detail, on the primary production 7Y 4 Mﬂ
of food production (e.g. seaweed and/or shellfish) in OWF. Regarding the ‘l =

spatial and temporal boundaries of this case study, we use the Prinses Amalia
WindPark and the Egmond aan Zee (see figure 1) as a reference case (due to
data availability and decommissioning in the next decade).

Current barriers and enablers regarding integrating LTM production into
circular food systems are explored. The overall objective of this research is to
understand to what extent low trophic marine systems in offshore energy
parks in the North Sea can contribute to a more sustainable, circular and
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Figure 1. Wind energy area Offshore Wind Farm Egmond
aan Zee (Source: Noordzeeloket, De Rijksoverheid voor

Nederland)_

climate-smart food system which might simultaneously offer scenarios and possible approaches for other domains, such as

agriculture and urban settings. This case study has a future outlook towards 2050.
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Synergies & trade-offs of Wageningen climate solutions in primary production systems

The methodology used in this case study included a general description based on literature review complemented with expert
knowledge. Moreover, two workshops were organized with a multidisciplinary group of Wageningen Research experts as primary
data collection for this study. Approximately 12 to 15 selected participants attended both workshops. The workshops addressed the
importance of combining food production with renewable energy production, as well as the identification of barriers, enablers,
synergies and trade-offs using the SDGs as a framework.

Climate mitigation solution

The development of such OWF is the driving element for climate change mitigation strategies, in this case renewable energy
production, where other spatial co-use functions are following.This marine case study presents a climate mitigation solution
combining low trophic food production and nature restoration in renewable energy OWF.

Renewable energy

To start with, this case study proposes renewable energy production in form of offshore wind parks in the Dutch North Sea, one of
the most intensively used seas in the world (Programma Noordzee, 2022).

Table 1. Overview characteristics wind park Amalia, OWEZ, and Hollandse Kust North (for comparison) , including a calculation of the potential
production of mussels (based on a very conservative productivity estimate).

Offshore
. Windpark Kavel V Hollandse Prinses Amalia Total ambitions Dutch Climate
Location: Off the coast of Noord-Holland Egmond aan Zee Kust (North) Windpark (PAWP) Agreement
(OWEZ)
In operation since 2007 2023 2008 Ambition 2050
In operation until 2027 2050 2028 N.A.
Number of turbines 36 69 60 Not calculated
Turbine power (MW) 3 m 2 Not calculated
Power for number of households (in min) 0.1 1 0.125 6.4
Power windpark (MW) 108 759 120 70000
Surface area (km2) 27 92 14 4335 - 7745
Calculated mussel production space at a
productivity of 100 tons/km2 (Boogaart, et 2,700 tons Not calculated 1,400 tons Not calculated
al,, 2020)

The aim is that in 2050, there will be OWF covering one sixth to one quarter of the Dutch North Sea surface (see column to the right).
This wind energy transition is a societal choice so that compliance with the objectives of the Paris Agreement can be achieved (Het
Akkoord voor de Noordzee, 2018). The agreements also point out that the North Sea gas production is finite and declining. This
embodies a major step away from fossil fuels and towards a climate neutral society.

Low trophic marine food production

Now, we will come to the 'primary production' component of the climate mitigation solution. LTM food production is routing to
replace, contribute or complement current marine production. Marine food production with seaweed and shellfish/mussel, besides
alternative fisheries, is considered as a challenging, but feasible (limiting in space and capacity) option. The total fish landings (live
weight) of the Dutch cutter fleet decreased 8% to the previous year from 63 min. kg to 58 min. kg in 2021. The five-year average for
2014-2018 was much higher with landings of about 80 min. kg. (Agrimatie 19-7-2023). Landings of mussels in the 2021/2022 season
showed a slight increase to 33.4 min. kg, which is still very low for recent years. The average mussel price increased further this
season to 1.97 euros per kg (+37% compared to last season). As a result of price highs, the total value of mussels landed rose from 45.3
million euros to 65.9 million euros (ibid).

Over the last years, various ecosystem services have been recognized regarding LTM food production. Shellfish maintain water
quality and function as natural coastal protection. Seaweed stimulates nutrient uptake and wave regulation. Nowadays, our global
seafood system is dominated by a few species, for example salmon, shrimps and tuna, often originating from unsustainable fisheries
and overfishing (Crona, 2023).
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Our blue economy needs a major shift towards a broader range of marine species, especially lower trophic levels. In other words, we
should not consume the large predators tuna, which prey on squid, shellfish and other fish, but it would be more sustainable to eat
the prey of the tuna, or the prey of the prey. Figure 1 shows research results carried out in OWF regarding opportunities for seaweed
and shellfish farming. The coloured patches are OWF. Yellow index colours demonstrate highest suitability.

Especially Southern OWFs possess suitable conditions for seaweed aquaculture. For shellfish, the majority of OWF are suitable,
except the ones in the North West. The Egmond aan Zee (OWEZ) and Prinses Amalia WindPark (PAWP) (23 kilometres offshore
IIJmuiden) are both marked yellow with highest probability for seaweed and shellfish opportunities, therefore also chosen for this
case study. The chlorophyl availability due to the North South flow in combination with the rhine plume yields results in an
estimated relatively high productivity.
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Figure 1. Opportunities for seaweed (left) & shellfish (right) farming in OWF (Steenbergen et al., 2023)

Nature restoration

While transitioning from fossil fuels to renewable wind energy in OWF, one major co-development focuses on nature restoration.
There is a shift towards nature-inclusive shellfish farming in the North Sea. Due to the OWEZ and PAWP, being established in 2008,
ecological ecosystem impacts are known. Nature and marine biodiversity restoration is considered to co-develop as co-use principle
in the marine wind domain. Development of fixed reefs, hard substrate habitats and Halfweg gravity-based structures (GBS) are
proven to increase biodiversity and biomass (Coolen, et al. 2020) and to enhance nutrient flows to benefit primary production.

Alternatively, development of fixation routes may
contribute to the facilitation of C in bottom systems. In
OWF, bottom-trawling is prohibited, hence allowing
marine species to recover. On the Dutch Continental
Shelf (DCS), the following natural reef builders occur:
the flat oyster (Ostrea edulis) (3D printed structures for
flat oyster formation), the common horse mussel
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Seaweed farming

(Modiolus modiolus), the sand tubeworm (Sabellaria
spinulosa), the honeycomb sand tubeworm (Sabellaria
alveolata) and the shell tubeworm (Lanice conchilega)
(van Duren et al,, 2016).
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Figure 1. Opportunities for seaweed (left) & shellfish (right) farming in OWF
(Steenbergen et al., 2023)

Recent research has also shown that stones surrounding wind turbines create habitat and shelter for various marine species.
Researchers identified the mackerel (Scomber scombus), cod (Gadus morhua) and the European lobster (Homarus gammarus)
being attracted to those hard stones substrates and higher aggregations are to be expected (Steenbergen, et al., 2023).

Another research on benthic community aggregations in four OWF in the North Sea identified a total of 47 species from seven
different phyla from video footage. An abundance and diversity of benthos in OWF offer food sources for higher trophic levels such
as fish, mammals and birds (Ter Hofstede, et al., 2022). However, one of the core challenges embodies finding a balance between the
ecological carrying capacity of the North Sea ecosystem and the economic feasibility of OWF and LTM food production. Future-
related agreements ought to pay attention not only to the economic potential, but should incorporate an ecosystem-inclusive
perspective right from the beginning.
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Enablers and barriers

—~
@

Enablers

Increasing the demand for sustainable food
production at sea, part of the North Sea agreement
(2018) and expanding the current mussel sector in
the Voordelta is key for the blue economy (Blue Deal,
2022). Seaweed and shellfish are resource-efficient
and go hand in hand with the food vision for the
North Sea (Ministry of Agriculture, Nature and Food
Quality).

Ecological footprint: GHG production per serving of
protein was found to be lowest for shellfish
aquaculture (20 times higher for beef). Concerning

___ eutrophication, most production methods release
" nutrients, however aquaculture absorbs nutrients.

Acidification is also lowest for shellfish aquaculture
(Hilborn et al.,, 2018).

Space use: Coastal and offshore waters are highly
intensively used with energy, food and nature
transitions upcoming. The greatest physical space
available in the future for LTM food production could
be within OWF.

Co-development and multi-use systems: Shipping,
oil, gas, fisheries and wind energy sectors are driving
forces for spatial and resource use. By co-developing
other sectors, including LTM and re-thinking spatial
use options, optimal use of climate solutions can be
made.

Spatial limitations of agriculture production on land,
freshwater shortages, Nitrogen limitations (legal
framework) and Phosphorus (depletion) limitations
are urgent issues on the current agenda. Connecting
circular production principles of marine production to
agricultural systems can have mutually beneficial
effects.

Enabler for other case studies: LTM production does
not require input of unnatural substances, antibiotics
while being lower in the food chain » low carbon
footprint and alternative protein source » less land-
use » unburdening the land through more production
at sea.

Robust and resilient nature: The Dutch ministry’s food
vision and policy making (Het Akkord van de
Noordzee, 2018) — Ecological impact known for OWEZ
and PAWP and can be built upon, their
decommissiong is now a chance for nature,
aquaculture and (passive) fisheries.
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= @ interaction shellfish and sediment.

Barriers

The carrying capacity (physical, ecological, socio-
economic and production-wise) embodies a major
barrier to LTM production. Production space for
mussels is max. 0.5 million tons in the whole North
Sea (Foekema, 2024). Production space for seaweed is
estimated at 145.000 ton dw (10 ton dw
production/ha) with 145km2 production areal over the
North Sea) (Boogaart, 2020).

Technological challenges of processing large volumes
of harvested biomass at location or in a port persist to
date. This also includes the challenge of having
various extraction processes and the processing of
large volumes of salt waste water.

Large investments are required for large-scale
seaweed farming / shellfish farming. The practice is
however not yet demonstrated. Adding up to this,
suitable vessels are needed. The distance to OWF also
demands higher transport and fuel costs.

Lack of organization and management in bringing
actors and policy makers together - food vision for the
North Sea results in a target, willingness and
capacities of stakeholders to cooperate, innovate and
change to production in OWF.

Wind farms depreciation period of 20-25 years (Wind
op Zee), decommissioning according to OSPAR
Guidance on Environmental Considerations for
Offshore Wind Farm Development (2008) » economic
factors and costs-effectiveness » ecological impact on
species including noise pollution and disturbance.

Carbon storage through shell formation has recently
been reevaluated » considered to release CO2 rather
than sequestrate, other processes (mainly linking to
reef formation) not yet considered.

Little knowledge on carbon in marine soils and
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Stakeholders

Synergies & trade-offs of Wageningen climate solutions in primary production systems

The stakeholders involved in LTM production in offshore wind renewable energy farms come from a broad range of sectors, with
diverse expertise and user functions. Multi-use and marina spatial planning are therefore of key importance (Steins et al., 2021).

Adding up to this, a ‘Community of Practice’ has been set up in the North Sea for this reason, aimed at bringing stakeholders
together, sharing knowledge and learning fromm one another, while balancing offshore wind energy transitions with seafood
production and nature development (ibid). Stakeholders active in this transition are as follows :

Nature Domain
-Stichting de Noordzee
-Stichting Anemoon

-ARK Rewilding J \
-Additional nature é/&-jzr Y

organisations and NGO's

»
»

-Bureau Waardenburg

Knowledge institutes and research domain
-University of Applied Sciences Hogeschool

Q B Zeeland
y & -Wageningen Marine Research
-Deltares
" -MARIN
-NIOZ

LTM food production domain
-Conventional mussel farmers
-Innovative mussel farmers
-North Sea Farmers

-Passive fisheries

Wind energy domain
-Wind park operators
-Wind park maintenance
and construction

Policy domain

-Ministry of Agriculture, Nature and Food
Quality

-Ministry of Economic Affairs and Climate
-Ministry of Infrastructure and Water
Management

-Rijkswaterstaat

-Province Zeeland

Sustainable Development Goals as a framework

The seventeen Sustainable Development
Goals (SDGs) came into force on the Ist of
January 2016 and have been adopted by
world leaders to fulfil the 2030 Agenda for
Sustainable Development (see Figure 5).

The SDGs offer a well-known framework for
dialogue on international level and a good
channel towards circular economy. These
goals recognise that ending poverty,
inequality, and tackling climate change, must
go hand in hand with strategies which build
economic growth while addressing social
needs, education, health, social protection
and job opportunities and environmental
protection (van Eijk and van Kruchten, 2020).

The effective incorporation of sustainability is
complex and requires all stakeholders in the
value chain to be involved, therefore using
common frameworks that drives
understanding and effectiveness is important.
The SDG framework is a shared plan for
promoting sustainable economic growth,
advancing social inclusion, and safeguarding
the natural environment. This framework
provides the basis for initiating and
developing a common ground and facilitate
international, national, or regional dialogues
(van Eijk and van Kruchten, 2020, Sustainable
Development Goals, n.d.).

SUSTAINABLE
DEVELOPMENT

GOALS

uw) &

RO R GOOD HEALTH QUALITY GENDER
POVERTY L AMD WELL-BEING EDUCATION EQUALITY

REDUCED
INEQUALITIES

CLIMATE LIFE LIFE PARTHERSHIPS

ACTION BELOW WATER OM LAND FOR THE GOALS

Figure 5: Sustainable Development Goals (Source: UN SDG's)

The goals universally apply to all and although they are not legally binding,
governments are expected to take ownership and establish national
frameworks for the achievement of the 17 Goals. Countries have the primary
responsibility for follow-up and review of the progress made in implementing
the Goals, which will require quality, accessible and timely data collection.
Countries and businesses should mobilize their efforts to end all forms of
poverty, fight inequality and tackle climate change, while ensuring that no one
is left behind (van Eijk and van Kruchten, 2020, Sustainable Development Goals,
n.d.).
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Synergies & trade-offs of Wageningen climate solutions in primary production systems

Identification of synergies and trade-offs

Identifying synergies and trade-offs of low trophic marine systems in offshore energy parks in the North Sea with the SDGs (see
Figure 6 and Figure 7) is crucial for informed decision-making. Therefore, a workshop with experts has been organised to discuss
synergies and trade-offs of the proposed climate solution on the SDGs. The workshop resulted in multiple synergies on the case
with all discussed SDG targets. Meanwhile, trade-offs on several SDGs were identified as well. Recognizing synergies enables us to
define the potential of the proposed case study. Understanding the trade-offs will help to identify potential unintended
consequences. Therefore, the climate solution can be aligned better with overarching SDGs, foster inclusive development, and
mitigate any negative impacts. This assessment could guide policymakers, stakeholders, and communities in making choices that
balance economic, environmental, and social objectives for a more sustainable production and consumption pattern.

Figure 6: Identified synergies of low trophic marine systems in offshore wind farms in the North Sea relevant to the

SDGs (Selected).
Food security: GOOD HEALTH Ecosystem services:
Increasing mussel production on the North Sea offers options AND WELL-BEING A synergy for marine ecosystems if it is done in a
for more protein-rich food sources from the sea. Such low nature-based, ecosystem-based or ecosystem-
trophic marine food production diversifies human food intake. ' inclusive manner.
It is nutrient-rich, a local production system and does not

require additional fertilizer input.

Sustainable energy production:
4 QUALITY New opportunities for education: This case study has a clear syngery with this SDG since
EDUCATION Potential synergy because the North Sea food system is in a mussel production is in this case developed in offshore

2 transition towards low trophic marine food production, thus wind farms.
new opportunities for education for the hanging rope mussel
production system emerge.

INDUSTRY, INNOVATION

DECENT WORK AND AND INFRASTRUCTURE Optimalization and biodiversity:

ECONOMIC GROWTH Emerging developments: This case study aims for sustainable industrialization
Potential syngery because there are ecosystem-based mussel by upgrading already used offshore wind farms. When

M prodution developments ongoing which offer sustainable executed well, space can be optimally used and

‘I' economic opportunities. ecosystem recovery can be stimulated.

. CLIMATE o .
‘I EESNPS?J':\SIE\LUEN Food production for the future: ACTION Reducing impact on climate change:

AND PR;]DUGTIDN This case study ensures robust and resilient food production Low trophic marine food production contributes to
for the future. It is crucial to act sustainable and responsible more sustainable food production, lower GHG
towards the ecosystem. production per protein serving as compared to

conventional livestock
'I LIFE Habitat creation and lower trophic species:
BELOW WATER q . LIFE )
Increasing mussel culture has the potential to reduce the ON LAND Releasing pressure:
AN demand on other species while creating new habitat. This -~ A synergy can be identified since this case study has
provides an alternative to the ‘traditional' Dutch food “"‘ the potential to release pressure of the terrestrial
b production at sea. -~ ecosystem while stimulating more biodiversity
I— increase.
—

Figure 7: Identified trade-offs of low trophic marine systems in offshore wind farms in the North Sea relevant to the
SDGs (Selected).

SDG1,3,8and 9

o DECENT WORK AND
POVERTY Large companies profit: ECONOMIC GROWTH Economic and regulatory challenges:
o oo o A tfaqe-off regarfiing ihequality might be present since /\/ Working conditions, sound business models and spatial
. R building and maintaining offshore windfarms is often done arrangements are hurdles for this case study.
M*/I\w by large and resourceful companies. "'
GOOD HEALTH INDUSTRY, INNOVATION

AND INFRASTRUCTURE Financial and infrastructure constraints:
Current mussel farmers (industry) might not be equipped
(financially and infrastructure wise) to transitioning
towards offshore entrepreneurship and offshore mussel
production.

AND WELL-BEING Labour risks:

Rather a trade-off for workers and mussel producers in the
' sector due to demanding health and working conditions
offshore.
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SDG13and 16
Monoculture risks: 1 PEACE, JUSTICE
When executed poorly, risks related to growing a monoculture AND STRONG Decision-making
CLIMATE
1 ACTION population (diseases etc.) are high. INSTITUTIONS Potential trade-off due to high

Ve

competitiveness, diverging interests and

|

Technology and decommissiong: !_ unclear governance

Furthermore, research gaps are apparent, in particular questions ’ =
surrounding the carrying capacity of the ecosystem, the technology

needed for harvesting close as well as the consequences for mussel
rope culture system during the decommission period.

Research questions for other domain experts

The following questions are potential topics for other domain experts to explore in this case study:

¢ How to assign marine development benefits to land based circular food systems?

¢ Which marine trade-offs can be directly used to land based case studies?

¢ How can multiple indicators (nitrogen, carbon, biodiversity etc.) in synergy and trade off analysis be used?

e How much Nitrogen/Phosphorus and which ratios are we expecting in future circular food scenarios? (Will this alter current
marine productivity?).

¢ How can ecosystem services be integrated in synergy and trade-off analysis?

e How is this case linked to the carbon sequestration and food waste case in relation to closing nutrient loops (as a trade-off)?

Terminology for Wageningen Climate Dictionary Overfishin g

The proposed climate solution contributes to essential

terminology and practical concepts for the Wageningen Ecosystemn carrying capacity |
climate dictionary, enriching the discourse on climate Manne b|od|verS|ty
mitigation and adaptation. The terms and definitions can Nature—inclusive farming

be found in Annex 1. Offshore wind farms

Wind energy

Hard substrates
Bottom-trawling

Conclusions

Integrating low trophic marine systems, such as mussel farming, with offshore wind farms in the North Sea represents an
innovative approach to contribute to multiple Sustainable Development Goals (SDGs). This integration offers numerous synergies
(on SDG 2-4, 7-9 and 12-15) but also involves certain trade-offs (on SDG 1-3, 8, 9 and 16) that must be carefully managed to ensure
overall sustainability (Figure 8).

One of the primary benefits of this case study is its contribution to a robust and resilient food production, aligning with SDG 12
(Responsible Consumption and Production). Farming mussels within wind farms offers options for an alternative food supply that
does not require additional fertilizers, thereby promoting responsible production practices. This approach also supports SDG 14
(Life Below Water) by reducing pressure on higher trophic species and fostering habitat creation.

In terms of energy production, the integration aligns well with SDG 7 (Affordable and Clean Energy).
Mussel farming within offshore wind farms exemplifies the synergy between clean energy and
sustainable food production. It optimizes the use of maritime space and reduces the carbon
footprint associated with food production, thus supporting the goal of affordable and clean energy.

Increasing mussel production also contributes to SDG 2 (Zero Hunger) by enhancing food security.
Mussels offer a local, nutrient-rich food source that diversifies the human diet and contributes to a
more resilient food system. This production can take place alongside the high-efficient farming
systems as known in the Netherlands. This is especially important as global food demand continues
to rise. However, production volumes and capacity for mussel farming might be limiting factors.
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Relevance factor of each SDG for the case study
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Figure 8. Overview with weight of importance of the synergies and trade-offs, and relevance of each SDG to the case study of low trophic
marine production systemsin offshore wind farms at the North Sea. The weight of each synergy and trade-off is a combination of the relevance
of the SDG for the case study (blue dots; upper axis) and an expert judgement based weighing between trade-offs and synergies (green and
red bars; lower axis).

Several trade-offs on SDGs are associated with the implementation of this case study as well. Questions
remain about the ecosystem's carrying capacity and the technological requirements for harvesting
mussels during decommissioning periods. Economic and regulatory challenges are another issue.
Ensuring the economic viability of offshore mussel production involves overcoming difficult working
conditions, establishing sound business models, and addressing spatial planning issues. Regulatory
frameworks are needed to support these new practices effectively.

Technological hurdles and knowledge gaps can also complicate the integration of this case. More
research is needed to enhance the robustness of mussel rope culture systems under rough offshore
conditions. Furthermore, economic impacts of these innovations require in-depth analysis. Poorly
managed monoculture farming could lead to disease outbreaks and other environmental impacts.

In summary, integrating low trophic marine systems within offshore wind farms in the North Sea have significant potential for
sustainable development. It can enhance food security, promote biodiversity, and contribute to clean energy goals. However,
addressing the financial, infrastructural, and regulatory challenges is crucial when striving to implement this case.

Authors: Poelman, M. and Pulskens, A. (2025). Marine Case Study. Low trophic marine production systemsin offshore wind farms at the North Sea. Project: Synergies & trade-offs
of Wageningen climate solutions in primary production systems . Wageningen University & Research. Factsheet, July 2024.
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Annex |

Synergies & trade-offs of Wageningen climate solutions in primary production systems

TERMINOLOGY

DESCRIPTION

SOURCE

OFFSHORE WIND FARMS

As offshore wind farm can be defined as a power plant that contains all the facilities
needed to capture the wind power, transform it into electricity and supply it to the
main electricity network.

Nikitas, 2020

WIND ENERGY

Wind turbines generate alternating or direct current (AC or DC) power, in sizes
ranging from a few watts to several megawatts. Each wind turbine has a
characteristic power curve that describes its power output as a function of the wind
speed at its hub height.

Peter Lilienthal, 2004

TROPHIC LEVELS

Trophic levels are a hierarchical way of classifying organisms according to their
feeding relationships within an ecosystem. By convention, detritus and producers
(such as phytoplankton and algae) are assigned a trophic level of 1. The herbivores
and detritivores that feed on the plants and detritus make up trophic level 2. Higher
order carnivores, such as most marine mammals, are assigned trophic levels
ranging from 3 to 5. Knowing what an animal eats is all that is needed to calculate
its trophic level.

Trites, 2001

LOW TROPHIC AQUACULTURE

Low Trophic Aquaculture (LTA) can include unfed shellfish, seaweed and some
species of finfish, and can also include fed species that primarily depend on plant
products in their feeds.

Cao, 2015

BENTHIC COMMUNITY

Benthic communities are the organisms that reside on the sediments of aquatic
habitats. They are very diverse and also, they can occur in a wide range of habitats.
According to their size, they are subdivided into macrofauna, meiofauna, and
microfauna. Aquatic habitats possess a diverse range of benthic communities and
they have an important role in maintaining the food web and primary production.

Alongi & Christoffersen, 1992

MARINE BIODIVERSITY

Marine biodiversity is the key foundation for the structure and functioning of ocean
ecosystems and for providing essential service and benefits for human societies, on
local, regional, and global scales.

Lotze, 2021

ECOSYSTEM CARRYING
CAPACITY

as the magnitude of aquaculture production that can be supported at site scale
without leading to significant changes to ecological processes, species, populations,
or communities in the environment (Gibbs, 2007; Byron and Costa-Pierce, 2013)

Mayerle, 2022
Gibbs, 2007
Byron and Coasta-Pierce, 2013

Hard substrates include (1) hardgrounds sensu stricto, formed by syndepositional
cementation of carbonate sediments at or near the seafloor, and (2) rockgrounds,

yield (MSY)

HARD SUBSTRATES which are lithified substrates of various types that have been exhumed. 3) Artifical Savrda, 2007
hard substrates are typically introduced in an exclusively soft-bottom environment
OVERFISHING Stock abundance fished to below the level that can produce maximum sustainable FAO, 2022

BOTTOM-TRAWLING

Bottom trawling is a fishing method used to catch fish or invertebrates living on or
close to the seabed. It is performed worldwide using a range of different fishing
gears, most commonly beam trawls, otter trawls and various types of dredges,
which are dragged along the sea floor.

Corell, et al., 2023

NATURE-INCLUSIVE FARMING

Nature-inclusive farms are defined as having low emissions and thereby a limited
negative impact on biodiversity on the farm or in the surroundings, making use of
biodiversity through ecosystem services and taking care of biodiversity through
landscape management.

Van Doorn et al., 2016
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