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marine non-living resources, renewable energy, 
and tourism. These recommendations are 
strategically crafted to facilitate a sustainable 
and resilient transition, ensuring the vitality and 
well-being of the blue environment. 
Specifically, the report proposes to assess the 
sectorial impact of its activities on ecosystem 
services, recognizing the critical importance of 
understanding and mitigating potential adverse 
effects. Additionally, a non-exhaustive list of 
good management practices is presented for 
each of the five blue economy sectors. These 
practices serve as a guide to fostering 
responsible and sustainable practices that 
support both economic interests and 
environmental conservation. 
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Executive Summary 

Focused on the MSP4BIO project's core sectors ï aquaculture, fisheries, marine non-
living resources extraction, renewable energy, and tourism ï this report delineates the 
impact flow on ecosystem services of sustainable sectoral development. The report 
emphasizes a non-exhaustive list of effective management practices tailored to each 
sector aiming at the operationalization of the sector inside or near marine protected 
areas. 
Central to the recommendations is the imperative to mitigate negative impacts, 
minimize ecological damage, and foster synergies among different sectors, activities 
and environment. The highlighted practices showcase actions that embody a balanced 
and sustainable approach to the blue economy. Notably, these strategies consider the 
unique socio-ecological system of the areas where they are implemented, ensuring a 
harmonious coexistence between human activities and the conservation of marine 
ecosystems. These practices serve as a guide to fostering responsible and 
sustainable practices that support both economic interests and environmental 
conservation. Moreover, to enhance the accessibility and utility of this report's findings 
in spatial planning discussions, particularly in the context of Marine Spatial Planning 
(MSP) and Marine Protected Areas (MPA), a sectorial sheet for each sector was 
developed. Each sectorial sheet includes crucial information such as essential sector 
characteristics, a detailed list of sector-specific activities, a Sankey diagram to 
visualize sectors, pressures, and impacted ES hierarchically, and brief insights into 
exemplary management practices. The preliminary outcomes of this research will be 
integrated into the ESE Framework of the MSP4BIO project. More specifically, it 
supports the other tasks of the MSP4BIO project as Task 4.3. ñParticipatory 
development of the integrated trade-offs scenariosò; Task 4.4. ñMPAs and MSP 
Ecological-Socio-Economic integrated management frameworkò. 
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1. Introduction 

Numerous initiatives have emerged within the blue economy, aiming to harness the 

untapped potential of the ocean's resources. Despite these efforts, the lack of effective 

governance, strategic planning, and a comprehensive understanding of ecosystem 

impacts has resulted in competition for services and space among various uses and 

activities. This, in turn, has led to conflicts between users and contributed to the 

degradation of marine ecosystems. 

In addition to supporting traditional and emerging maritime industries such as fisheries, 

marine non-living resources, renewable energy, tourism, among others, the oceanôs 

ecosystem services play a crucial role in regulating air quality, mitigating the impacts 

of climate change and have a fundamental role in securing the wellbeing of coastal 

communities. However, the combined effects of human coastal and maritime activities 

often result in cumulative impacts on marine ecosystems, a facet that is very often 

inadequately addressed in the planning and management of these activities. 

As Zupan et al. (2018) pointed out, Marine Protected Areas (MPAs) represent the most 

common approach used to mitigate human impacts on marine ecosystems 

(Lubchenco and Grorud-Colvert, 2015; Lubchenco et al., 2003) and are being 

increasingly used worldwide both for conservation and some sectors management 

(Boonzaier and Pauly, 2015). 

The escalating anthropogenic threats pose a significant risk to ocean health, and the 

increasing congestion of ocean space exacerbates conflicts among various activities 

inside and outside MPA. Recognizing this challenge and in an attempt to deliver 

holistic management of uses and activities happening in the marine realm, Marine 

Spatial Planning (MSP) has emerged as a vital approach to balance economic drivers, 

preventing activities from exceeding environmentally sustainable thresholds and 

jeopardizing the ocean's capacity to maintain the ecosystem services it provides. 

The relationship between MSP and MPAs is strong but not always explicitly 

recognized (Trouillet and Jay, 2021). MPAs are one of the tools that can be used to 

achieve conservation objectives within MSP. The allocation of space within MSP can 

be used to identify areas that are suitable for protection as MPAs. In this way, MSP 

can help ensure that MPAs are designated in areas where they will be most effective 

in achieving conservation objectives. MSPôs area designations such as high nature 

value areas can enhance nature conservation also outside of formal MPAs (Vaughan 

and Agardy, 2020). 

Oceanôs benefits reach people through the flow of Ecosystem Services (ES) to cover 

societal demand in a given area. It is crucial to assess, quantify, and map these flows 
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within marine and coastal social-ecological systems (SES) to underpin the sustainable 

utilization of ocean resources (Chalkiadakis et al., 2022). 

Any human activity that impacts ecosystems has the potential to impact ecosystem 

services in multiple ways. In addition to impacts on the biophysical production of 

services, human activities and infrastructure can also undermine the ñconsumptionò of 

ecosystem services (Mulazzani & Malorgio, 2017). That is, human activity can 

undermine peopleôs ability to access or enjoy an ecosystem service, for example, the 

exclusion zones of wind farms across key fishing areas can impact the viability 

traditional, recreational and commercial fishing to access the ecosystem service, 

which is related not only to provision but also cultural types of ecosystem service. The 

role of impacts to the production versus the consumption of ecosystem services is 

largely unexplored in the literature (Singh et al., 2020). 

Ecosystem Services (ES) are widely utilized by scientists and policymakers to 

underscore the fundamental role of the environment in sustaining human livelihoods 

(La Notte et al., 2017). The identification of various ES offers valuable insights for 

prospective management strategies at regional and local scales (Andrés at al., 2023). 

A defining characteristic is their status as end products of an ecosystem, maintaining 

connectivity to the underlying structures and processes (pressures and impacts) while 

directly contributing to a tangible product or condition of value to human welfare 

(Potschin & Haines-Young, 2016).  

Recognizing the imperative to integrate socio-economic and environmental 

dimensions within the realms of environmental accounting, mapping, or ES 

assessment, a need arises for standardization in ES description. Addressing this, the 

Common International Classification of Ecosystem Services (CICES) was established, 

drawing upon the groundwork laid by the European Environmental Agency (EEA) in 

environmental accounting (Haines-Young & Potschin, 2010). 

Considering the growth of the blue economy1 sectors, it is unavoidable that significant 

interactions will occur with MPAs and other area-based conservation measures, 

particularly in coastal zones, where most of the activities are concentrated, coinciding 

with critical ecosystems. This report seeks to offer a non-exhaustive list of key 

recommendations tailored for the five most relevant blue economy sectors selected to 

be worked with in the MSP4BIO project ï aquaculture, fisheries, marine non-living 

resources2, renewable energy and tourism. These recommendations are designed to 

 
1 Blue Economy encompasses all sectoral and cross-sectoral economic activities based on or related 
to the oceans, seas and coasts. (European Commission, 2022). 
2 Although the Grant Agreement of the MSP4BIO project used the term mineral extraction, this report 
uses the term marine non-living resources to be in line with the EU Blue Economy Reports (e.g., 
European Commission, 2023). 
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guide the transition towards a socio-ecological system that is both sustainable and 

resilient, ensuring the health and vitality of the blue environment. 

More specifically: 

i. Present an approach to assess the sectorial impact on the ecosystem 

services; 

ii. Present a list of good management practices for the five blue economy 

sectors within MPA; 

iii. Propose an expert multi-criteria analysis to main criteria for uses 

management in MPAs. 

According to the Grant Agreement, this task originally encompassed a fourth objective 

related to receiving, analyzing, and incorporating the results from the trade-off 

scenario application in the test sites (Task 4.3). However, it is crucial to note that the 

deliverable associated with the trade-off scenario has a due date set for March 2024, 

whereas the current deliverable is expected in January. Consequently, it is impossible 

to incorporate the results of deliverable 4.3 into this document given the timeline 

misalignment. 
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2. Methodology 

To achieve the objectives of this work, the methodology below described is an 

adaptation of the of DAPSI(W)R (Driver ï Activitiesï Pressure ï Change of State ï 

Impact (on Societal Welfare)ï Response) (Elliott et al., 2017), which is the latest 

conceptual advances of the well-established framework DPSIR (Driver, Pressure, 

State, Impact, Response) (EEA, 1998), an approach that has long been a valuable 

problem-structuring framework used to assess the causes, consequences and 

responses to change in a holistic way of the environment. The DAPSI(W)R(M) 

framework, as an adaptation of DPSIR, integrates societal welfare (ecosystem 

services) more explicitly into the analysis, being a better framework to base the 

development of the present work. 

The DAPSI(W)R(M) model is used taken into consideration some adaptations for 

better fit to the proposal of this work. For example, the initial step involving Drivers 

(D), that are linked to fundamental human needs, such as the need for sustenance, 

has been omitted, and the Sectors (Step 1) have been prioritised at the forefront of the 

model. Since this work falls within a European framework, the Activities (Step 1) 

chosen from each sector are those that occur in European waters or that have been 

discussed by its member States (e.g., deep sea mining).  

In the model, Impacts are defined as effects on human welfare. However, in this 

methodology, they are connected to the Pressures (Step 2) exerted by the activities. 

The State of change of the environment and the Impacts on human welfare are 

presented here in Step 3 with the identification of potential ES impacted. Finally, the 

Responses (as Measures) R(M) is presented in this work as Good Management 

Practices (GMP) (Step 5). GMPs are examples of measures implemented inside 

MPAs, or that could be used in MPA management or EB-MSP. Different from what is 

proposed by Elliott et al. (2017), GMPs are not directly linked to specific pressures or 

impacts and does not follow the 10-tenets approach for adaptive management and 

sustainability (Barnard and Elliott, 2015) but are presented in a more activity-oriented 

manner based in practices and measures already implemented in different regions. 

A step-by-step approach of the methodology is presented in Figure 1. 
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Figure 1: Diagram showing the step-by-step methodology used in this work. 

 

Step 1. Selection of Sectors and related Activities 

In the submission phase of the MSP4BIO project, Test Site Leaders were queried 

about the primary sectorsðthose deemed most significantðfor the testing areas 

involved in the project. The sectors they identified as most crucial were subsequently 

selected for 4.2., namely, aquaculture, fisheries, marine non-living resources, 

renewable energy and tourism. The following steps presented in this report are based 

on them. Table 1 shows the sectors selected by each test site to put focus on. 

Table 1: Sectors by test sites according to MSP4BIO project (www.msp4bio.eu) 

Regions Sectors 

NW-MED Fisheries, aquaculture, tourism and 

renewable energy 

ATLANTIC 1 (Cádiz) Fisheries, aquaculture and tourism 

ATLANTIC 2 (Azores) Fisheries and tourism 

BLACK SEA Fisheries and tourism 

NORTH SEA Aquaculture, fisheries, marine non-living 

resources, renewable energy and tourism 

BALTIC SEA Aquaculture, fisheries, marine non-living 

resources, renewable energy and tourism. 

 

In the specific context of this report's methodology, which is identifying the pressures 

and impacts on ES related to each sector, it is crucial to identify various activities due 

to their intricate nature, since inside each sector different activities can lead to diverse 

ecological pressures and impacts (Elliot et al, 2017).  

http://www.msp4bio.eu/
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Step 2. Defining Pressures and Impacts of the Blue Economy Sectors 

After defining the sectors and their related activities, a literature review has been 

carried out to identify their pressures and impacts on the marine and coastal 

environment.  

To ensure consistency in pressure assessment and to address concerns related to 

data aggregation, facilitating the graphical representation of results, the analysis was 

framed using the pressures and impacts set up by the MSFD. While the directive does 

not provide specific definitions for each pressure, it presents eight distinct pressures 

with illustrative impact examples (Table 2). Using this reference, a categorization of 

impacts identified in the literature review was performed. 

Table 2: Pressures and associated impacts according to the MSFD 

Physical loss Smothering (e.g. by man-made structures, disposal of dredge 

spoil), 

Sealing (e.g. by permanent constructions). 

Physical damage Changes in siltation (e.g. by outfalls, increased run-off, 

dredging/disposal of dredge spoil), 

abrasion (e.g. impact on the seabed of commercial fishing, boating, 

anchoring), 

selective extraction (e.g. exploration and exploitation of living and 

non-living resources on seabed and subsoil). 

Other physical disturbance Underwater noise (e.g. from shipping, underwater acoustic 

equipment), 

marine litter. 

Interference with hydrological 

processes 

Significant changes in thermal regime (e.g. by outfalls from power 

stations), 

significant changes in salinity regime (e.g. by constructions 

impeding water movements, water abstraction). 

Contamination by hazardous 

substances 

Introduction of synthetic compounds (e.g. priority substances 

under Directive 2000/60/EC which are relevant for the marine 

environment such as pesticides, antifoulants, pharmaceuticals, 

resulting, for example, from losses from diffuse sources, pollution 

by ships, atmospheric deposition, and biologically active 

substances), 

introduction of non-synthetic substances and compounds (e.g. 

heavy metals, hydrocarbons, resulting, for example, from pollution 

by ships and oil, gas and mineral exploration and exploitation, 

atmospheric deposition, riverine inputs), 

introduction of radio-nuclides. 

Systematic and/or intentional 

release of substances 

Introduction of other substances, whether solid, liquid or gas, in 

marine waters, resulting from their systematic and/or intentional 

release into the marine environment, as permitted in accordance 

with other Community legislation and/or international conventions. 
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Nutrient and organic matter 

enrichment 

Inputs of fertilisers and other nitrogen and phosphorus-rich 

substances (e.g. from point and diffuse sources, including 

agriculture, aquaculture, atmospheric deposition), 

inputs of organic matter (e.g. sewers, mariculture, riverine inputs). 

Biological disturbance Introduction of microbial pathogens, 

introduction of non-indigenous species and translocations, 

selective extraction of species, including incidental non-target 

catches (e.g. by commercial and recreational fishing). 

 

It is important to mention that the selection criteria for pressures and impacts excluded 

those not considered as primary impact to the specific activities under assessment. 

This entailed disregarding external factors, such as oil spills from fishing vessels or 

environmental impacts generated by the port where the fisheries catch is unloaded, 

as well as issues related to mass tourism, which lie outside the scope of the primary 

activity.  

Step 3. Identifying Ecosystem Services 

In alignment with the MSP4BIO Task 4.1 methodology (Pegorelli et al., 2023), the 

CICES 5.1 group classification was adopted to characterize the Ecosystem Services 

(ES) influenced by each activity. Also, the ES of CICES 5.1 group are those related to 

marine environment. This involved considering pressures specific to activities and 

establishing a correlation between them and the ES affected. To avoid 

misinterpretation of the pressures that can be the same for different activities but affect 

the service in a different way, the following criteria were considered: 

- Type of pressure according to MSFD (Step 2); 

- Type of impact according to literature review (Step 2); 

- Typology of the activity (Step 1). 

Step 4 ï Expert Consultation 

The expert consultation was carried out in both Step 2 and Step 3 to standardize 

pressures, impacts, ecosystem services to relate sectors-activities-pressures with 

their interaction with ecosystem services. To do so two approaches were taken. 

- Validation of preliminary results of pressures and activities: Experts from 

MSP4BIO project were asked to validate the first findings and categorizations 

performed related to impact, pressures, activities, and sectors. Impacts not 

identified in the literature review were added for a more comprehensive result; 

- Multi-criteria analysis was performed by them to validate and qualify the type 

of impact on the ecosystem services.  

- The aim is to consider both the negative and positive impacts of activities 

on ES. However, the current definitions of pressures are biased towards 

negative ACTIVITY-ECOSYSTEM SERVICE relationships. To 

counteract this issue, a broader and more neutral tone was used to 
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interpret the Directive's definitions, encompassing possible positive 

interactions. 

- In that matrix, cross-referencing the SECTOR-ACTIVITY-PRESSURE 

relationship with ECOSYSTEM SERVICES, indicating with a number -1 

if it negatively impacts or +1 if it positively impacts. Only significant, 

direct, and clear interactions were considered: 

- An impact is considered positive if the normal operation of an 

activity generating that interaction with the environment 

(pressure) causes the supply of that service to increase. For 

example, when fishing extracts living resources (biological 

disturbance), it leads to a decrease in the ecosystem's ability to 

provide a flow of wild animals for food and other uses. In contrast, 

the normal activity of aquaculture results in an increase in the flow 

of the service of cultivated aquatic animals for food. 

Step 5. Identifying GMP for each sector/activity  

With the aim of formulating a repository of Good Management Practices (GMP) for the 

blue economy sectors and activities, a comprehensive literature review was 

undertaken. The selection criteria for primary sources on GMP examples involved 

technical reports and scientific publications directly relevant to the sectors and 

activities delineated in STEP 1. The criteria were irrespective of geographical location, 

emphasizing examples at a global scale. Additionally, preference was given to sources 

featuring implemented examples with demonstrable positive outcomes, steering clear 

of theoretical models yet to be put into practice.   

To do so, the research considered as scope marine spatial planning and marine 

protected areas which are the focus of MSP4BIO project. First, a general worldwide 

search on pressures and impacts of activities has been done. Later, a systematic 

organization of the acquired information into tables was undertaken. This structure 

facilitates comprehensibility and ensures ease of incorporation of any subsequent 

information. Additionally, the collected information underwent thorough revision with 

test site leaders to identify and incorporate any additional good practices for effective 

management. This collaborative effort aimed to enhance the comprehensiveness of 

the table of good management practices by sector.  

Categorization of Good Management Practices 

To allow a better understanding of the good practices described and, mainly, to be 

able to select those corresponding to each specific management process, the good 

practices are classified according to the following criteria (see Table 3 below): 

1. Scope of action 
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This indicates whether the good practice is carried out within the framework of an MSP 

or an MPA process. For this purpose, circles are used to mark those good practices 

related to the MSP and triangles are used to mark those related to the MPA. 

2. Focus of the good practice 

This criterion is used to classify good practices according to the main purpose of the 

good practice. To this end, good practices are classified according to whether they are 

oriented towards the socio-ecosystem (green), the activities (blue) or the management 

process itself (purple). 

·         Towards the socio-ecosystem: good practices where specific reference is made 

to the conservation or management of the natural ecosystem or any of its elements 

(i.e. recovery/restoration/conservation measures). It also includes those focused 

on socio-cultural aspects of the sector. 

·         Towards the activity: good practices in which specific reference is made to 

aspects of the activity or sector. These are good practices focused on generating 

responses to the activity and its pressure. They can be divided into two sub-types: 

o   The good practice is focused on decreasing the activity or its volume. 

o   The good practice is focused on changing the way or the mechanisms 

in which the activity is carried out. 

·         Towards the management: good practices that address one of the stages of 

the sector management process, MSP or MPA. 

With these criteria, the good practices presented in the sectorial sheets are 

accompanied by the symbology outlined in the Table 3: 

Table 3: Symbology associated with the good practices for their classification 

Scope 

Focus  

MSP MPA 

Oriented to the socio-
ecosystem 

  

Oriented to the 
development of the 
activity 

  

Oriented towards limiting 
the activity 
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Oriented to the 
management process 

  

 

 

STEP 6 - Sectorial Sheets 

Aiming to make the results of this report more accessible and useful in the discussion 

of spatial planning and area-based approaches (MSP and MPA), based on an overall 

overview of potential impacts blue sector (STEP 2) on the marine environment and its 

ecosystem services (STEP 3) as well as some good management practices (STEP 5) 

at global level , a sectorial sheet was designed. These concise documents 

encapsulate fundamental aspects of each sector, encompassing essential 

characteristics, the associated ecosystem services, a comprehensive list of sector-

specific activities, the sector's Sankey diagram (better explained below) accompanied 

by a brief elucidation and exemplifications of good management practices. This format 

serves as an efficient and accessible way to communicate key insights and findings 

for each sector examined in the study. A guideline to use the sectorial sheets are 

presented in the recommendation section (add the number and hyperlink to the 

section). 

a. Sankey diagram  

To visualize categorical data effectively, the 'datavis' diagram, a hybrid form derived 

from the Sankey diagram initially proposed by Sankey in 1898 (as cited by Schmidt, 

2008 (Schmidt, 2008), was employed (Lupton & Allwood 2017). This visualization 

method organizes dimensions with numerous categories hierarchically, aligning with 

sectors, pressures, and impacted ES. Taking advantage of these hierarchical 

structures in visualization proves highly beneficial for end-users, offering a natural 

means to aggregate and abstract data (Kosara et al., 2006). The implementation of 

these principles, aimed at enhancing user comprehension, was executed through R 

Studio to create a straightforward and easily interpretable Sankey graph encapsulating 

the comprehensive dataset generated in this study. 

Considering that 22 Ecosystem Services (CICES group) are being analyzed, and 

displaying all of them in the same figure would make any interpretation more difficult, 

some adjustments were considered to facilitate the visualization of the final result, 

specifically: 

i) Only the 10th lowest-scored Ecosystem Services by sector were considered, in other 

words, the ecosystem services which are under more pressure by a sector is 

presented in the final Sankey Chart.  

ii) Ecosystem services nomenclature: a renaming process was implemented when 

needed, as demonstrated in Table 4. This adjustment aims to enhance 
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comprehensibility for a diverse readership, aligning with the objective for this work to 

function as a practical tool for the needs of different stakeholders. 

Table 4: New nomenclature for CICES Group Ecosystem Services 

ES Section ES Group CICES V5.1 Adapted ES Group 

nomenclature 

Regulation & 

Maintenance 

Lifecycle maintenance, habitat and 

gene pool protection 

Nursery and habitat maintenance  

Regulation & 

Maintenance 

Maintenance of physical, chemical, 

abiotic conditions 

Maintenance of physical, chemical, 

abiotic conditions 

Regulation & 

Maintenance 

Mediation of wastes or toxic 

substances of anthropogenic origin by 

living processes 

Mediation of wastes 

Regulation & 

Maintenance 

Water conditions Water conditions 

Regulation & 

Maintenance 

Mediation of nuisances of 

anthropogenic origin 

Mediation of anthropogenic 

nuisances 

Regulation & 

Maintenance 

Regulation of soil quality Regulation of soil quality 

Provisioning Wild animals (terrestrial and aquatic) 

for nutrition, materials or energy  

Wild aquatic animals 

Provisioning Genetic material (from plants, algae or 

fungi, animals and other organisms) 

Genetic material 

Provisioning Wild plants (terrestrial and aquatic) for 

nutrition, materials or energy    

Wild aquatic plants/algae 

Provisioning Mineral substances used for nutrition, 

materials or energy 

Mineral substances used for 

nutrition, materials or energy 

Provisioning Reared aquatic animals for nutrition, 

materials or energy 

Farmed aquatic animals 

Cultural Intellectual and representative 

interactions with environment (abiotic 

and natural) 

Intellectual and representative 

interactions with environment 

Cultural Other biotic characteristics that have a 

non-use value 

Environmental conservation for 

future generations 

Cultural Physical and experiential interactions 

with the environment (abiotic e.g., 

caves, Natural e.g. whales) 

Physical and experiential 

interactions with the environment  
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3. Results and Discussion 

In the interest of crafting a more concise report and emphasizing the principal findings 

of this research, the results and discussion will be jointly presented in the following 

subsections: 3.1. Activities by Each Sector: this subsection, connected to STEP 1, 

offers a brief overview of the sectors and activities used in the development of this 

work; 3.2. Pressures and Impacts: aligned with STEP 2 and STEP 4 (validation 

process), this subsection establishes connections among sectors, activities, 

pressures, and impacts; 3.3. Ecosystem Services - Multi-criteria Analysis: 

corresponding to STEP 3 and STEP 4 (multi-criteria analysis process), this subsection 

delves into the relationship between pressures/impacts and their effects on ecosystem 

services; and 3.4. Sectorial Sheets - Good Management Practices and Sankey 

Chart: Tied to STEP 5 and STEP 6, this subsection showcases sectorial sheets for 

each sector, synthesizing information, including recommended good management 

practices and Sankey charts illustrating the socio-ecosystem flow for each sector. 

3.1. Activities by each sector 

The activities selected for each of the five MSP4BIO sectors to develop the STEP (1,2, 

3 and 4) presented on the methodology section are those presented on table 5. 

 

Table 5: Selected activities corresponding to each blue economy sector 

Sector Activities 

Fisheries Trawling, gillnetting, purse seine, longline, 

pots and traps, trammel net, driftnetting, 

dredges, push and stow  

Aquaculture Aquaculture in coastal or intertidal zones, 

aquaculture at sea (hatcheries, floating cages, 

and rafts)  

Renewables Wind farms, tidal ocean energy, wave ocean 

energy 

Extraction of marine non-living resources Deep-sea mining3, dredging, offshore oil and 

gas 

Tourism Diving, sailing vessels, yacht and motorboats 

(motor vessels), sport fishing, whale-

watching, cruise 

 

 
3 It is important to highlight this activity rises many concerns among the governments, environmentalist, 
and researchers due to the lack of knowledge of the impacts it can cause in the marine environment. 
Many countries have taken measures to stop the development of this activity supporting a ban, 
moratorium or precautionary pause on deep sea mining (Annex 1). 
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3.2. Pressures and Impacts  

The creation of the impact list was guided by a primary focus on the main impact of 

each activity. Recognizing the inherent variability of secondary impacts based on 

location (Price et al., 2015), this approach allowed for a nuanced understanding of the 

diverse ecological consequences associated with each sector. 

Having this in mind, the assessment of the main impacts on the marine ecosystem 

commenced with the activities outlined in Table 5. To thoroughly understand these 

impacts, a comprehensive literature review was undertaken. This review, conducted 

with the collaboration of MSP4BIO experts, not only to validate the findings but also to 

facilitate the categorization of each impact based on the pressures outlined in the 

MSFD for each respective sector. 

These detailed categorizations are systematically presented in sector-specific tables: 

Tables 6 (Fishery), 7 (Marine non-living resources), 8 (Renewable Energy), 9 

(Aquaculture), and 10 (Tourism). Notably, in instances where potential impacts were 

not initially identified during the literature review, experts adeptly filled these gaps, 

ensuring a comprehensive overview. 

It is crucial to note that the impact analysis of Aquaculture, including the final results 

and subsequent sectorial analysis (ecosystem services affected and Sankey chart), 

had to be adapted. Unlike the other sectors, where clear information was available on 

activities and their impacts on the marine ecosystem, limited materials were available 

for aquaculture. To address this limitation, a zone approach was taken based on the 

literature found, dividing the impacts and pressures on Aquaculture into coastal or 

intertidal zones and Aquaculture at sea (hatcheries, floating cages, and rafts), the final 

result is presented on Subsection 3.4.5. 

When assessing this material and the final results (Sectorial Sheets), it's crucial to 

consider that although the nature of the pressure is the same across sectors, the 

environmental impact varies. For instance, in fisheries (Table 6), the impacts of the 

Biological Disturbance of trawling include changes in species composition, reduction 

in habitat complexity, habitat destruction by scraping and ploughing, significant 

reductions in abundance, biomass, species diversity, body size, and productivity 

caused by overfishing. On the other hand, the Biological Disturbance of Wind Farms 

leads to collisions as migration barriers for birds and marine mammals, behavioral 

changes such as displacement from foraging or reproductive areas for fish, birds, and 

marine mammals, disruption of communication abilities, decreased fish stock from a 

loss of food sources, and alterations in productivity and composition leading to fishery 

cessation and displacement and a decrease in biological diversity, among other 

effects. 
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Table 6: Fishery: Activities, pressures and impacts on ecosystems for the fisheries 

sector 

Activities Pressures Impacts on ecosystems 
Information 

source 

Trawling 

Physical 

damage 

Modification of the sediment texture (grain size) 

Eigaard, O.R. et al. 

(2016); 

McConnaughey, 

R. A. et al. (2020); 

Jones, J. B. (1992) 

Modification of presence and nature of bedforms 

Reduction in light levels on sediment and smothered 

benthos caused by sediment resuspension 

Habitat destruction by scraping and ploughing 

Mortality of benthic invertebrates 

Creation of anaerobic turbid conditions that can lead 

to the dead of organisms due to vertical 

redistribution of sediment layers 

Biological 

disturbance 

Changes in the species composition 

Reduction in habitat complexity 

Habitat destruction by scraping and ploughing 

Significant reductions in abundance, biomass, 

species diversity, body size and productivity caused 

by overfishing 

Other physical 

disturbance 

Underwater noise from both the dredger and the 

ship 
Expert input 

Gillnetting 

Biological 

disturbance 

Overfishing. Fishing down the food web 

Silvano, R. A. et al. 

(2017); Lyle, J. M., 

& Tracey, S. R. 

(2016); Shester, G. 

G., & Micheli, F. 

(2011) 

Biodiversity loss caused by by-catch of juvenile 

commercial fish or endangered species of 

megafauna (cetaceans, turtles, seals) 

Increase the conflict and negative interactions 

between fishers and aquatic predators (sea lions 

and dolphins) due to small mesh size of gillnet 

Entanglement of cetaceans, turtles, seals. Injuries 

and death to non-targeted species 

Other physical 

disturbance 

Deterioration of the marine environment through 

ALDFG 

Physical 

damage 

Bottom-set gillnets, which have weights dragging the 

bottom 
Expert input 

Purse seine Biological Population loss due to bycatch (turtles, marine Leroy, B. et al. 



 
 
 
 
 

Page 24 of 89                                                       D4.2: Guideline for the strategic and spatial measures for the 
nature-inclusive operation of blue 

This project has received funding from the European Union's Horizon Europe research and 
innovation programme. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union. Neither the European Union nor the 
granting authority can be held responsible for them.  
 

 
(with FADs 

or not) 

disturbance mammals and sharks) (2013) 

Physical 

damage 
Coral reef habitat destruction 

Other physical 

disturbance 

Contribution to ocean plastic by derelict FADs 

Noise from vessels Expert input 

Longline 

Biological 

disturbance 

Population loss due to bycatch (marine mammals, 

turtles and seabirds) 

Baker, G. B., & 

Wise, B. S. (2005) 

Physical 

damage 

Include here bottom longlines, which go with weights 

and hooks that drag the bottom. 
Expert input 

Other physical 

disturbance 

Contribution to ocean plastic by derelict FADs Expert input 

Noise from vessels Expert input 

Pots and 

traps 

Biological 

disturbance 
Bycatch by ghost fishing 

Lively, J. A., & 

Good, T. P. 

(2019); Shester, G. 

G., & Micheli, F. 

(2011) 

Other physical 

disturbance 

Contribution to ocean plastic by derelict FADs Expert input 

Noise from vessels Expert input 

Physical 

damage 

The pots are placed on the bottom and when set 

and retrieved can disturb the surface, break corals 

or reefs, etc. 

Expert input 

Trammel 

net 

Biological 

disturbance 

Gradual reduction of the sex ratio over time due to 

higher contribution of males to trammel net catches 

at the beginning of the fishing season 

Ganias, K. et al. 

(2021); Baeta, F., 

Costa, M. J., & 

Cabral, H. (2009) Population loss due to low selectivity (high by-catch) 

Physical 

damage 

Include here bottom-set trammel nets, which have 

weights that drag the bottom. 
Expert input 

Other physical 

disturbance 

Contribution to ocean plastic by derelict FADs Expert input 

Noise from vessels Expert input 

Contamination 

by hazardous 

substances 

Anti-fouling substances for boats/ships Expert input 

Possible spills of fuel or motor oil Expert input 

Driftnetting 
Biological 

disturbance 

Population loss due to heavy bycatch ("Walls of 

death" - Banned in the Mediterranean) 

Telesetsky, A., & 

Bratspies, R. 

(2020); Danalache, 

T. et al. (2020); 
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EJF (2007); 

Johnston, D. M. 

(1990) 

Other physical 

disturbance 

Contribution to ocean plastic by derelict FADs Expert input 

Noise from vessels Expert input 

Dredges 

Physical 

damage 
Habitat destruction by scraping and plunging 

Todd, V. L. et al. 

(2015); 

Erftemeijer, P. L. 

et al. (2012); 

Erftemeijer, P. L., 

& Lewis III, R. R. 

R. (2006) 

Biological 

disturbance 

Risk of population loss of loggerhead, Kemp's ridley, 

and green sea turtles due to capture or 

entanglement 

Risk of population loss of pilot whales and common 

dolphins due to capture or injuries 

Risk of population loss (dolphin and porpoises) due 

to entanglement in the tow lines 

Other physical 

disturbance 

Underwater noise from both the dredger and the 

ship 
Expert input 

Contamination 

by hazardous 

substances 

Anti-fouling substances for boats/ships Expert input 

Possible spills of fuel or motor oil Expert input 

Push and 

stow net 

Biological 

disturbance 

Biodiversity loss and effect nursery production due 

to bycatch and low selectivity Briand, C. et al. 

(2012) Injuries and death to non-targeted species caused 

by speed and tow conditions 

 

Table 7: Marine non-living resources: Activities, pressures and impacts on ecosystems 
for the Marine non-living resources sector 

Activities Pressures Impacts on ecosystems 
Information 

source 

Deep-sea 

mining 
Physical damage 

Removal of nodules, complete disturbance of seabed 

and its compaction causing destruction of habitat and 

associated organisms 

Drazen, J. C. et 

al. (2020); 

Weaver, P. P. 

et al. (2018); 

Sharma, R. 

(2015) 

Clogging of filter feeding apparatus of benthic 

organisms due to sediment resuspension 

Mortality of organisms on the seafloor 
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Plumes released in the photic zone (down to 200 m) 

may reduce light penetration and reduce plankton 

growth or release deep-water nutrients increasing 

productivity with food chain effects. Plumes released 

below 200 m depth must be negatively buoyant. 

Effects on pelagic ecosystems 

Depletion of oxygen by bacterial growth on suspended 

particles 

Biological 

disturbance 

Smothering of seabed animals. Effects on 

benthopelagic organisms due to sediment laden 

plumes near seabed containing particle load 

Changes on the habitat in terms of the sizes of life that 

will either be benefited or be impacted negatively - 

Size and ecosystem function fractionated impact on 

life 

Mortality of zooplankton species 

Effects on meso and bathypelagic fishes and other 

nekton 

Impacts on deep-diving marine mammals 

Effects on fish behaviour 

Contamination by 

hazardous 

substances 

Mortality caused by the sediments or trace metals 

Dissolution of heavy metals within the oxygen-

minimum zone 

Smothering of seabed animals by particulates, 

especially proximal to the mined area. Toxicity to 

animals in areas affected by the plume. Effects on 

benthopelagic fauna 

Other physical 

disturbance 

Masking effects on marine mammals due to high 

levels of noise 

Physical loss 

Destruction of seabed habitats 

Construction of structures or sealing by disposal of 

dredged material 
Expert input 

Dredging 
Biological 

disturbance 

Temporary decrease in water transparency affects 

phytoplankton, algae and seagrass 
Svensson, N. et 

al. (2022); 

Manap, N., & 

Voulvoulis, N. 
Algal blooms and biofouling in turbines caused by 

turbidity 
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Changes in faunal density, number of species and 

composition at the macrobenthic infaunal level 

(2016); Todd, 

V. L. et al. 

(2015); 

Erftemeijer, P. 

L. et al. (2012); 

Erftemeijer, P. 

L., & Lewis III, 

R. R. R. (2006) 

Habitat degradation 

Physical damage 

Increased oxygenation of bottom sediment changes 

biodiversity of infauna 

Burial due to subsequent deposition of material 

Loss of coral reef habitats due to sediment 

disturbance 

Changes in bathymetry - introduction of new habitats 

Clog membranes of filter-feeding fauna like shellfish 

due to high level of sediment disturbance 

Recolonization by opportunistic taxa within disturbed 

seafloor 

Other physical 

disturbance 
Noise 

Contamination by 

hazardous 

substances 

Sediment toxicity: P, Pb, Zn and Hg increase 

Resuspension of contaminated sediments increase of 

nutrient concentration and reduction of dissolved 

oxygen in the water column affect pelagic fauna 

Food chain affected by the exposure of contaminants 

due to sediment resuspension 

Interference with 

hydrological 

processes 

Alteration of current velocities and wave conditions 

affecting the sedimentary regime and causing erosion 

under seagrass beds 

Offshore oil 

and gas 

extraction 

Physical loss 
Smothering of benthic habitats. Habitat loss 

Sommer, B. et 

al. (2019); Vad, 

J. et al. (2018); 

Cordes, E. E. et 

al. (2016) 

Clogging of feeding and gas exchange structures 

Physical damage 

Direct physical impact at emplacement 

Provision of hard substratum for colonization by 

sessile epifauna and associates 

Increased sedimentation altering natural habitats 

Mortality and burial of benthic fauna 
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Fragmentation of corals 

Interference with 

hydrological 

processes 

Direct physical impact at emplacement potentially 

continuing impact through tidally induced motions 

Contamination by 

hazardous 

substances 

Direct toxicity 

Altered electrochemical environment 

Changes in nutrient availability 

Food-web contamination 

Potential food-chain 

Trophic amplification 

Pipelines can corrode and increase toxicity 

Altered benthic, pelagic and infaunal communities 

Mortality of corals 

Other physical 

disturbance 

Potentially continuing impact through tidally induced 

motions 

Surface light attract some mobile species and repels 

others 

Affect vertical migration of plankton (due to surface 

light) 

Localized auditory damage (acoustic energy) 

Disruption of marine mammal behavior (acoustic 

energy) 

Physiological stress to marine mammals (acoustic 

energy) 

Invertebrate larval loss (acoustic energy) 

Disturbance of key bioturbating species in sediments 

(acoustic energy) 

Biological 

disturbance 

Altered community structure 

Decreased species abundance 

Altered distribution of species due to new artificial 
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habitat 

May increase species connectivity (including invasive 

species) due to new artificial habitat 

Physical loss Structure construction Expert input 

 

Table 8: Renewable energy: Activities, pressures and impacts on ecosystems for the 
renewable energy sector 

Wind farms 

Biological disturbance 

Collisions: migration barrier for birds and marine 

mammals 

Galparsoro, I. et 

al. (2022); 

Lloret, J. et al. 

(2022); 

Dannheim, J. et 

al. (2020); 

Nazir, M. S. et 

al. (2020); 

Draget, E. 

(2014) 

Behavioral changes: displacement from foraging 

or reproductive areas for fish, birds and marine 

mammals 

Disruption on communication abilities 

Decreased fish stock from a loss of food sources 

and alteration in their productivity and composition 

Fishery cessation and displacement 

Decreased biological diversity 

Changes on species composition: effect on the 

functional traits as productivity, resistance to 

disturbance and susceptibility to biological 

invasions 

Physical loss 

Loss of fragile benthic marine and coastal habitats 

Loss of natural seabed areas 

Physical damage 

Disturbance to sensitive and threated species 

(birds, mammals, sea turtles and fish) due to piles, 

anchors and cables, causing injury or death and 

changes in habitat 

Localized erosion: affect larval recruitment, alter 

sedimentation rates, alter food and oxygen 

availability, waste removal 

Decrease or even disappearance of stratification 

due to local turbulences 
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Other physical 

disturbance 

Sound (noise): There is two different noises: i. 

during the construction of the wind farm and ii. the 

noise of the wind turbine working. (i)Temporary 

hearing loss, tissue damage and imminent death 

for fish and marine mammals. (ii)Species may 

abandon areas ranging up to several km from the 

construction site: affect spawning and juvenile 

stages of many species 

Avoidance or attraction to magnetic fields from 

fish, marine mammals and crustaceans 

Ocean 

energy - 

Tidal 

Physical loss 
Benthic organisms can be affected through 

installing a barrage by changes of sedimentation 

Baker, A. L. et 

al. (2020); 

Mendoza, E. et 

al. (2019); Fox, 

C. J. et al. 

(2018); 

Furness, R. W. 

et al. (2012); El-

Geziry, T. M. et 

al. (2009) 

Physical damage 

Change of sediment deposition rates affect 

benthic habitat and it can modify the local water 

depth if prolonged 

Changes to tidal regime and sedimentation are 

predicted to directly and indirectly impact 

benthopelagic species 

Physical barriers can interrupt connectivity to small 

organisms and migratory species 

Entanglement in mooring lines 

Other physical 

disturbance 

Altered behaviour in marine mammals 

(communication and breeding) due to noise 

Altered behaviour in fish (spawning, distribution) 

due to noise 

Exposure to magnetic fields can alter behaviour in 

fish and crustacea 

Biological disturbance 

Physical injury to seabirds 

Changes in megafauna occupation patterns, 

distribution and behaviour 

Change reproductive and migratory habitats of 

coastal birds as well as risk of collision 

Altered reproductive and migratory habits, food 

availability and nutrient distribution and collision 

risk in the marine habitat 

Collision risk: cetaceans, fish and seabirds 

Ocean 

energy - 
Physical damage 

Benthic organisms can be affected through 

installing a barrage by changes of sedimentation 

Rahman, A. et 

al. (2022); 
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Wave 

Physical loss 

Physical loss (due to permanent change of seabed 

substrate or morphology and to extraction of 

seabed substrate) - alteration of bentic fauna 

Galparsoro, I. et 

al. (2021); 

Copping, 

Andrea E. et al. 

(2020); 

Langhamer, O. 

et al. (2010) 

Other physical 

disturbance 

Alter behaviour in marine mammals 

(communication and breeding) due to noise 

Alter behaviour in fish (spawning, distribution) due 

to noise 

Exposure to magnetic fields can alter 

communication systems of species (taxa 

Chondrostei, Agnathans and Chandrichthyes) 

Biological disturbance 

Migratory birds affected (device creates a barrier 

in the path the species) 

Physical injury to seabirds (due to blade strike, 

collision and entanglement) 

Changes of species; introduction of new species 

due to changes in hydromorphology 

 

Table 9: Aquaculture: Activities, pressures and impacts on ecosystems for the 
aquaculture sector 

Activities Pressures Impacts on ecosystems 
Information 

source 

Aquaculture 

in coastal or 

intertidal 

zones 

Physical loss 
Sealing - due to the replacement of an ecosystem 

with an aquaculture facility 
Expert input 

Physical damage 
Exploitation of living resources of the seabed and 

subsoil 
Expert input 

Interference with 

hydrological 

processes Hydrological modification for water intake/redirection 

Expert input 

Biological 

disturbance 

Selective extraction - much of the feed for 

aquaculture comes from wild species, thus extracting 

biomass 

Expert input 

Alteration of wild fish stock (competition for food 

resources in poor ocean productivity times) due to 

releases on the wild 

Bohnes & 

Laurent (2021); 

He, P. et al. 

(2021); Price, 

C. et al. (2015); 

Read & 

Fernandes 

(2003); Levin, 

Genetic interactions between escaped farmed fish 

and wild fish 

Disease transfer by escaped fish or through ingestion 

of contaminated waste by wild fish 
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Effects on the wider ecosystem P. S. et al. 

(2001) 

Impacts on benthic communities near cage sites 

Degradation of local biodiversity 

Contamination by 

hazardous 

substances 

Resource depletion caused by the release of anti-

bacterial and other chemical used 

Systematic and/or 

intentional release 

of substances 

Lower light penetration affecting phytoplankton 

production 

Affect photosynthesis of benthic aquatic vegetation 

(seagrasses) 

Microlayer of released lipids from fish oil increase the 

toxicity of some ichthyotoxic algal species 

Nutrient and 

organic matter 

enrichment 

Decrease on the quality of water 

Hypernutrification 

Accelerate algal growth 

Produce an undesirable disturbance to the balance 

of organisms 

Increased oxygen consumption in deep water 

Increased production of toxins by certain algae 

Increased dissolved nitrogen discharge (algae 

blooms, eutrophication, nutrient enrichment) 

Aquaculture 

at sea 

(hatcheries, 

floating 

cages and 

rafts) 

Contamination by 

hazardous 

substances 

Resource depletion caused by the release of anti-

bacterial and other chemical used 

Systematic and/or 

intentional release 

of substances 

Lower light penetration affecting phytoplankton 

production 

Affect photosynthesis of benthic aquatic vegetation 

(seagrasses) 

Microlayer of released lipids from fish oil increase the 

toxicity of some ichthyotoxic algal species 

Nutrient and 

organic matter 

Increased dissolved nitrogen discharge (algae 

blooms, eutrophication, nutrient enrichment) 
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enrichment Decreased water quality 

Hypernutrification 

Accelerate algal growth 

Produce an undesirable disturbance to the balance 

of organisms 

Increased oxygen consumption in deep water 

Increased production of toxins by certain algae 

Biological 

disturbance 

Alteration of wild fish stock (competition for food 

resources in poor ocean productivity times) due to 

releases on the wild 

Genetic interactions between escaped farmed fish 

and wild fish 

Disease transfer by escaped fish or through ingestion 

of contaminated waste by wild fish 

Effects on the wider ecosystem 

Impacts on benthic communities near cage sites 

Degradation of local biodiversity 

Physical damage 
Habitat damage due to reef installations, bottom 

anchorages and mollusk facilities 
Expert input 

Interference with 

hydrological 

processes 

Obstacle, disturbing currents, swell (although very 

slightly) 

Expert input 

Seaweed 

farming 

Biological 

disturbance 

Altered genetic composition of local species resulting 

in loss of natural fitness or altered community 

composition 

Campbell, I. et 

al. (2019) 

Potential widespread of consequences (disease, 

parasites and non-native species) for marine 

communities and ecosystem functioning 

Large scale changes in local hydrodynamics: 

reduction in tidal flows at the surface where kelp is 

suspended could have implications for the benthic 

and pelagic habitats below 

Contamination by 

hazardous 

substances 

Discarded or lost components may contribute to 

marine pollution such as increasing levels of plastic 

in marine food webs 
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Discarded or lost components may contribute to 

marine pollution and cause social concerns as the 

reduction in coastal amenities due drifting debris 

Biological 

disturbance 

Loss of infrastructure can result in the mortality of 

marine megafauna (marine mammals, marine turtles, 

sharks, rays and large bony fish) due to 

entanglement 

Local nitrogen absorption resulting in phytoplankton 

community compositional changes 

Release of reproductive material: 'Crops to wild' gene 

flow. Potential effects: direct competition with wild 

populations and hybridization with natural stands 

Artificial habitat creation 

Other physical 

disturbance 

Creation of noise due to an increase of vessel traffic 

could create behavioral alterations to affected 

megafauna 

Nutrient and 

organic matter 

enrichment 

Positive remedial effects when the quantity and 

proportion of nutrients removed are equal to those 

added by anthropogenic activities 

 

Table 10: Tourism: Activities, pressures and impacts on ecosystems for the tourism 
sector 

Activities Pressures 
Impacts on ecosystems 

Information 

source 

Diving 

Physical damage 

Physical damage to coral reef by clambering over 

them, by kicking them accidentally with the fins or 

by stirring up silt that suffocates them 

Santander-

Botello & 

Frejomil 

(2009) 

Damage to benthic organisms like sponges due 

to air bubble formation during cave diving 

Physical damage to coral (abrasion and tissue 

loss) facilitates disease transmission 

Biological 

disturbance 

Dominance by branching corals that grow faster 

than massive non-branching corals 

Algal overgrowth 

Feeding of large fish by scuba divers reduces 

local biodiversity (probably reversible over short 

periods).  

Sailing vessels Physical damage Benthic animals, corals and seagrass beds are Davenport, J., 
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often damaged by anchoring.  & Davenport, 

J. L. (2006) 

Biological 

disturbance 

Introduction of non-indigenous species 

Transmission of non-indigenous species 

Yacht and 

motorboats/moto

r vessels 

Physical damage 
Benthic animal, corals and seagrass beds are 

often damaged by anchoring.  

Carreño, A., 

& Lloret, J. 

(2021) 

Other physical 

disturbance 

Acoustic disturbance of cetaceans particularly 

during breeding 

Biological 

disturbance 

Injury or death of cetaceans, seals and turtles as 

a result of collisions 

Wake formation altering pelagic and benthic 

habitats 

Spread of fouling macroalgae and animals 

Sport fishing 

Physical damage 

Discarded snagged monofilament fishing lines 

cause intense damage to rocky habitats and 

coral reef 
Shollenberger

, H. et al. 

(2019); 

Britton, J. R., 

& Orsi, M. L. 

(2012) Other physical 

disturbance 

Discarded snagged monofilament fishing lines 

cause intense damage to rocky habitats and 

coral reef 

Entanglement in discarded lines 

Engine noise and litter Expert input 

Cruise 

Physical damage 

Cruise ship anchoring is associated with severe 

long-term damage to coral reef and seagrass 

meadows 

MacNeill & 

Wozniak 

(2018); Cariĺ, 

H. (2011); 

Brida & 

Zapata (2010) 

Modifications to the natural and built environment 

to enable destinations to serve as cruise line 

destination involve loss of natural habitat, 

exploitation of local construction 

Dredging channels for larger vessels causes 

increased turbidity that is damaging to both 

corals and seagrass. Dredging can also cause 

injury and death of filter-feeding animals. 

Other physical 

disturbance 

Disturbance of wildlife and pressure on 

endangered species by noise 

Contamination by 

hazardous 

substances 

Eco-toxic metal emissions from antifouling coating 

triggers bioaccumulation of Cu and Zn in mussels 

and fish 

Illegal discharge of substances mainly oil and 
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other hydrocarbons - Pollution 

Discharge of garbage and solid waste (plastic, 

steel cans, paper, cardboard, aluminium) 

contribute to pollution and habitat loss 

Nutrient and 

organic matter 

enrichment 

Discharge of wastewater, graywater and sewage 

contribute to pollution, eutrophication, and habitat 

loss 

Biological 

disturbance 

Introduction of non-indigenous species by ballast 

water 

Whale-watching 

Biological 

disturbance 

Decrease of abundance of marine mammals 

Finkler & 

Higham 

(2020); 

Higham, J. E. 

et al. (2016); 

Parsons, E. 

C. M. (2012); 

Bejder, L. et 

al. (2006) 

Long-term shift in habitat use from an area of high 

to low vessel traffic (Habitat abandonment) 

Reduced population fitness due to repeated 

disturbance: decrease in the amount of time they 

could spend near their basal metabolic rate 

(resting) and decrease their basal metabolic rate 

Decline in size population due to a reduction in calf 

survival (cetaceans, long-lived and slow to 

reproduce, prioritize survival over calving) 

Behavioral changes: surfacing/diving, "active" 

behaviour (tail slapping and beaching), acoustic, 

group size or cohesion, swimming speed, 

swimming direction, altered feeding or resting 

Chronic levels of stress 

Cessation of essential behaviours like feeding or 

resting 

Other physical 

disturbance 

Boat-related sound can be drowned out or "mask" 

cetacean vocalizations resulting in animals being 

unable to communicate 

Engine size and consequent underwater noise 

disturb cetaceans (communication, orientation, 

and predator/prey detection) 

 

3.3. Ecosystem services ï Multi-criteria analysis  

A comprehensive examination, involving consultations with domain experts, was 

conducted. The collaborative efforts of these experts facilitated the identification of 

pressures, defined as the interactions of humans with the environment through 
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ecosystem services. These interactions were further categorized as positive pressures 

(+1), indicating favorable impacts, negative pressures (-1) denoting adverse effects, 

and neutral pressures (0) representing interactions with no discernible positive or 

negative impact on Ecosystem Services (ES) (ANNEX II). The final results of expert 

consultation regarding the impact of the blue economy sector on ecosystem services 

are presented in Table 11. A more detailed analysis by sector, activity, and pressure 

can be found in Annex I. It is important to note that, although the information in the 

annex is linked to pressures, the analysis considered the impacts identified by each 

activity presented in the aforementioned tables (aquaculture, tourism, renewables, 

fishery, Marine non-living resources). 

As previously mentioned, one of the criteria for assessing the impact of activities on 

ecosystem services was the identification of positive effects. While most results 

indicate a negative impact on the ecosystem, certain activities within aquaculture, 

renewables, and tourism have demonstrated positive effects according to expert 

analyses. 

In tourism, both positive impacts are primarily associated with cultural services, 
particularly in whale-watching, diving, and fishing sports. These activities are more 
closely linked to well-preserved environments. 
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Table 11: Pressure and ecosystem services matrix by sector. Where, the red number is related to the ten most impacted ecosystem 
services by each sector. And the blue number are those ecosystem services that have a positive impact due to a sector operation 

ES Section ES Group 
Fisherie

s 

Aquacul

ture 

Marine non-

living 

resources 

Renewa

bles 
Tourism 

Cumulative 

impact on 

each ES 

Nursery and habitat maintenance Regulation & Maintenance -24 -13 -14 -4 -13 -68 

Genetic material Provisioning -18 -15 -11 -7 -6 -57 

Wild aquatic animals Provisioning -17 -12 -15 -4 -9 -57 

Wild aquatic plants/algae Provisioning -13 -11 -11 -7 -6 -48 

Intellectual and representative 

interactions with environment Cultural -21 -7 -5 -2 1 
-34 

Environmental conservation for 

future generations Cultural -15 -13 -11 1 4 
-34 

Physical and experiential 

interactions with the 

environment Cultural -21 -8 0 0 0 

-29 

Mediation of anthropogenic nuisances 
Regulation & Maintenance -7 -2 -10 -4 -5 -28 

Mediation of wastes Regulation & Maintenance -14 -8 -1 -2 -2 -27 

Regulation of soil quality Regulation & Maintenance -6 -9 -6 -6 0 -27 

Maintenance of physical, chemical, 

abiotic conditions Regulation & Maintenance -1 -1 -10 -6 -8 -26 

Pest and disease control Regulation & Maintenance -11 -10 -1 0 -2 -24 

Water conditions Regulation & Maintenance -2 -12 -4 0 -2 -20 
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Mineral substances used for nutrition, 

materials or energy Provisioning -2 -8 -6 -2 0 -18 

Farmed animals Provisioning -7 6 -2 -6 -5 
-14 

Spiritual, symbolic and other 

interactions with natural environment Cultural -3 -5 0 0 0 -8 

Water used for nutrition, materials or 

energy Provisioning 0 -4 0 0 0 -4 

Atmospheric composition and 

conditions Regulation & Maintenance 0 -1 -1 0 -1 -3 

Regulation of baseline flows and 

extreme events Regulation & Maintenance -1 4 -3 0 0 0 

Non-mineral substances or ecosystem 

properties used for nutrition, materials 

or energy Provisioning 0 0 0 0 0 
0 

Other mineral or non-mineral 

substances or ecosystem properties 

used for nutrition, materials or energy Provisioning 0 0 0 0 0 
0 

Other type of regulation and 

maintenance service by abiotic/biotic 

processes Regulation & Maintenance 0 0 0 0 0 
0 

Cultivated aquatic plants for nutrition, 

materials or energy Provisioning 0 1 0 0 0 1 
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 As expected, the extent to which the ecosystem services are affected by different 

activities in the five blue sectors varies. The ten most impacted ecosystem services by 

sector and by cumulative impact (sum of all sectorsô impact on the ES) are presented 

in Table 12. It is also possible to identify that the most vulnerable ES to the sectors 

operations are nursery and habitat maintenance, wild aquatic animals, genetic 

material, intellectual and representative interactions with environment, environmental 

conservation for future generations, physical and experiential interactions with the 

environment, mediation of anthropogenic nuisances, and mediation of wastes. 

Table 12: The Ten Most Impacted Ecosystem Services by Sector and Cumulative 

Impact. Legend: Abbreviations: CI - Cumulative Impact; F - Fishery; NLMR - Marine 

non-living resources; R - Renewable; T - Tourism; A - Aquaculture 

Ecosystem 
Services 

CI F NLMR R T A 

Nursery and 
Habitat 

Maintenance 
Yes Yes Yes Yes Yes Yes 

Wild Aquatic 
Animals 

Yes Yes Yes Yes Yes Yes 

Genetic Material Yes Yes Yes Yes Yes Yes 

Wild Aquatic 
Plants/Algae 

Yes Yes Yes Yes Yes Yes 

Intellectual and 
Representative 

Interactions with 
Environment 

Yes Yes Yes Yes Yes Yes 

Environmental 
Conservation for 

Future 
Generations 

Yes Yes Yes Yes Yes Yes 

Physical and 
Experiential 

Interactions with 
the Environment 

Yes Yes Yes Yes Yes Yes 

Mediation of 
Anthropogenic 

Nuisances 
Yes Yes Yes Yes Yes Yes 

Mediation of 
Wastes 

Yes Yes Yes Yes Yes Yes 

Regulation of Soil 
Quality 

Yes Yes Yes Yes No Yes 

Pest and Disease 
Control 

No Yes No No Yes Yes 

Farmed Animals No Yes No Yes Yes Yes 

Maintenance of 
Physical, 

Chemical, Abiotic 
Conditions 

No No Yes Yes Yes Yes 
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Mineral 

Substances Used 
for Nutrition, 
Materials, or 

Energy 

No No Yes Yes No Yes 

Water Conditions No No No No Yes Yes 

 

3.4. Sectorial Sheets (Good management practices and Sankey 
Chart) 

The results of steps 5 and 6 will be collectively presented in the sectorial sheets for 

the five sectors: aquaculture, fisheries, marine non-living resources extraction, 

renewables, and tourism (ANNEX III). These sheets offer a synthesized overview of 

the impact assessment on the ecosystem analysis, simplifying the complex analyses 

conducted for the stakeholders and users in particular from the blue economy sectors. 

The primary purpose is to provide information on the socio-ecological system 

surrounding the development of the five blue economy sectors. Each sheet provides 

a general sector overview, highlighting the main ecosystem services the sector relies 

on, various activities within the sector, a Sankey chart summarizing activities, 

pressures, and impacts on ecosystem services, and recommended good 

management practices for enhancing sustainability in the sectors operations. 

Some main points found during the elaboration of the Good Management Practices 

(Step 5) and the Sectorial Sheets, more specifically the Sankey charts (inside STEP 

6), are presented in the subsections below. 

3.4.1. Sankey Charts by sector 

While the Sankey Chart conceals a wealth of information, it serves as an effective 

visual tool for presenting the intricate outcomes derived from the preceding analysis. 

It highlights the most affected ecosystem services, along with the associated 

pressures and activities linked to each of the five sectors analyzed in this report. This 

visual representation aims to simplify the understanding of complex relationships and 

outcomes derived from the extensive analysis conducted to build the flow of the 

activities, pressures, and impacts to the ecosystem services. To streamline the final 

visualization, it was focused on showcasing the ten most significantly impacted 

ecosystem services in the charts. This approach enhances the clarity in identifying the 

origins of impact, associated activities, and the corresponding pressures. In fact, 

according to Chalkiadakis et al., (2022), understanding, defining and accurately 

measuring the flows of ecosystem services (ES) is crucial for the sustainable 

management of social-ecological systems, since it can improve the decision-making 

process to manage marine ecosystems effectively. 
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Based on the Sankey Chart presented on the sectorial sheets subsection below it is 

possible to identify by sector the primary pressures, the predominant ecosystem 

services and the type of ecosystem services impacted.  

Ẇ Primary pressures on the ecosystem by sector: 

ỏ Fishery: Other physical disturbance and the Biological disturbance; 

ỏ Aquaculture: Nutrient and organic matter enrichment, 

Contamination by hazardous substances and Systematic and/or 

intentional release of substances. 

ỏ Tourism: biological disturbance and physical damage, and other 

physical disturbance. 

ỏ Renewables: physical damage and physical loss. 

ỏ Marine non-living resources: physical damage, physical loss and 

contamination by hazardous substances.  

Ẇ Ecosystem services and type of ES most impacted: 

ỏ Fishery: Wild aquatic animals; Nursery and habitat maintenance and 

Cultural services (Sport, recreation and leisure interaction with the 

environment, and Intellectual and representative interactions with 

the environment) corresponding mainly to Regulation & Maintenance 

and Provision types of ecosystem services. 

ỏ Aquaculture: Wild aquatic plants/algae, Wild aquatic animals, and 

Nursery and habitat maintenance, corresponding mainly to 

Regulation & Maintenance and Provision types of ecosystem 

services. 

ỏ Tourism: Nursery and habitat maintenance, Wild aquatic animals 

and maintenance of physical, chemical, abiotic conditions, 

corresponding mainly to Regulation & Maintenance and Provision. 

ỏ Renewable: Wild aquatic plants/algae, regulation of soil, 

maintenance of physical, chemical, abiotic conditions and Genetic 

material, corresponding mainly to Regulation & Maintenance and 

Provision. 

ỏ Marine non-living resources: Wild aquatic plants/algae, Wild aquatic 

animals, and Nursery and habitat maintenance, corresponding mainly 

to Regulation & Maintenance and Provision 

3.4.2. Good management practices and sectorial sheets 

The Good Practices obtained have the aim of preserving species, habitats and 

ecosystems, so most of them can be focused on the socio-ecosystem. However, it can 

be observed that there are some good practices that focus on minimizing the sector 
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or the specific activity in order to achieve this end, while other good practices do so by 

adapting the activity itself through more sustainable measures or instruments. 

The good practices focused on management are not very abundant in this compilation 

given the purpose mentioned above. However, some have been included because 

they are good management practices directly focused on the socio-ecosystem. 

It is crucial to highlight that aquaculture serves as a significant alternative to 

maintaining food security. Certain practices, such as multitrophic aquaculture, are 

regarded as environmentally friendly and represent good practices for sustaining 

environmental health while providing food. Some of these activities are also outlined 

in the context of good management practices, as presented in the Aquaculture 

Sectorial Sheet. 

Furthermore, the identification of Good Management Practices (GMP) for renewable 

energies presented challenges owing to their innovative nature. Despite these 

challenges, we systematically documented commendable practices. This 

methodological approach culminated in the development of a repository delineating 

exemplary strategies for the effective management and implementation of emerging 

environmental policies. Notably, these strategies demonstrate a harmonious 

alignment with the socio-economic and environmental contexts prevalent in the 

monitored test sites across the five European basins. 

In the domain of offshore renewable energy and other sectors, numerous studies have 

explored the integration of synergy and multi-use strategies. The goal is to optimize 

marine space utilization and enhance overall efficiency. The subsequent section 

provides a succinct overview of the benefits and practicalities associated with the 

implementation of multi-use practices in these contexts. 

a. Ocean Multi-Use ï Good management Practice 

The concept of ocean multi-use originated in Europe two decades ago in response to 

challenges posed by the growing intensification and diversification of human activities 

at sea. It involves envisions a holistic and integrated approach to ocean management, 

where various activities coexist harmoniously, encompassing various combinations of 

marine uses, such as integrating wind and wave energy technologies, repurposing 

decommissioned oil and gas platforms, and incorporating fishing-based tourism or 

aquaculture within offshore wind farms. Multi-use represents a more integrated and 

efficient approach to marine spatial management, with goals including creating 

synergies for Blue Growth, fostering collaborations between marine users to reduce 

conflicts, and alleviating human pressures to benefit biodiversity and local ecosystems 

Schupp et al., (2019). 

Ocean multi-use therefore seeks to optimize the utilization of ocean space by 

integrating diverse activities such as aquaculture, renewable energy production, 

shipping, tourism, and conservation efforts. One of the most promising aspects of 
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Ocean Multi-Use lies in its potential to serve as a catalyst for marine biodiversity 

conservation. By strategically planning and managing overlapping activities, it is 

possible to create synergies that benefit both human development with reduced 

environmental costs of the ocean. Some well-known examples are described below:  

- the co-location of some types of aquaculture facilities with marine 

protected areas can provide a win-win scenario, supporting sustainable 

seafood production while preserving critical habitats for marine species (Le 

Gouvello et al., 2017; Mengo et al, 2020). 

- Renewable energy installations (and conservation), such as offshore wind 

farms and wave energy converters, offer another avenue for Ocean Multi-Use. 

When strategically positioned, these installations can serve as artificial reefs, 

attracting marine life and enhancing local biodiversity. Balancing these 

structures with conservation priorities ensures that energy needs are met 

sustainably, while also providing sanctuaries for marine species (Lukic, 2022). 

- The integration of responsible tourism with conservation efforts can raise 

awareness and funding for marine protection. Well-managed ecotourism 

ventures can contribute to local economies while promoting a sense of 

stewardship for the oceans. 

Moreover, Multi-use of Marine Protected Areas can bring additional socio-economic 

benefits to the region. Examples of business cases and models based on the ocean 

multi-use principles such as sustainable economic activities in Marine Protected Areas 

have been studied in different EU and global projects and initiatives, such as in the 

Horizon Europe Ocean Mission BLUE4ALL project showing variety of examples in the 

EU and beyond. For the reviewed business cases mostly found in the Mediterranean 

Sea region, the socio-economic boost is represented through the creation of new jobs 

and income opportunities for the local community, increased inclusion of women in 

maritime jobs, a boost in eco-tourism and fishing tourism, and the initiation of small- 

scale businesses. Some examples can be found below:  

- ñThe Blue Business Incubatorò and ñMediterranean Experience of 

EcoTourism (MEET)ò are both (eco)tourism-based models, their revenue 

streams rely on the quality of the marine environment; thus, both are possible 

to link to blue finance if the business would like to seek financing or investment.  

- ñBlue Parks Initiativeò and ñBLUEprintò are two incubators to support MPAs 

globally, the first one support locals and provide opportunities to boost eco-

tourism through an award; whereas the second supports a broader variety of 

business activities by providing a guideline to establish sustainable finance 

models for different business as well as guidance for planning and developing 

MPAs.  

- Tourism- and fishing-related businesses are commonly found, but some 

diversity and innovation among the cases has also been identified. For 
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example, for the cases related to fishing, it varies from production, process, and 

marketing.  

- Other cases like the business combination of research (water monitoring and 

wind power), label for marketing, and carbon and biodiversity credits were also 

identified. (Lai, T.-Y. et al. (2023). Deliverable D1.3: Review of socio-ecological 

framework and methodologies (Draft). BLUE4ALL.) 

To complement the analysis done in this document good management practices have 

been provided in the sectorial sheet which included existing multi-use development 

world-wide, combining nature conservation and marine protection with other uses such 

as fisheries, tourism and renewable offshore energy.  
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3.4.3. Fishery Sectorial Sheet 
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3.4.4. Tourism Sectorial Sheet 
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3.4.5. Aquaculture Sectorial Sheet 
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3.4.6. Marine non-living resources extraction Sectorial Sheet 
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3.4.7. Renewables Sectorial Sheet 
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4. Conclusion and recommendations 

This work culminates in a comprehensive guideline for navigating the expansion of 
blue economy sectors, namely aquaculture, tourism, renewables, fishery, and Marine 
non-living resources. The emphasis lies in a holistic approach, particularly focusing on 
their potential impacts on ecosystem services ï socio-ecological system flow. By 
pinpointing primary pressures, the guideline facilitates the identification of targeted 
actions to minimize their adverse effects. To support better a more sustainable 
implementation of these sectors, a non- exhaustive list of good practices is provided 
to guide the transition towards a sustainable and resilient socio-ecological system, 
ensuring the enduring health and vitality of the blue environment.  

In general, the use of ecosystem services flow is essential for the sustainable 
management of social-ecological systems: this visual representation serves as a 
powerful aid for conveying nuanced findings, offering a detailed exploration of the 
impact dynamics within the blue economy sectors. It offers stakeholders and decision-
makers a holistic view of the intricate interplay between activities, pressures, and their 
consequences on key ecosystem services. 

The sectorial sheets efficiently encapsulate the outcomes of the analyses for 
aquaculture, fisheries, Marine non-living resources, renewables, and tourism. By 
offering concise overviews, these sheets serve as valuable references, shedding light 
on the intricate interplay of activities, pressures, and impacts on ecosystem services 
within each sector. The inclusion of Sankey charts and recommended good 
management practices further enhances their utility in promoting sustainable practices 
across the diverse domains of the blue economy. 

As part of our final remarks and recommendations, a concise guide titled 'On the Use 
of Sectorial Sheets' is presented below. This guide, together with the sectorial sheets 
serve to support discussions related to the marine environment, offering insights and 
suggestions to address various socio-ecosystem issues. It illustrates the flow of 
interactions and potential solutions, although it is not site-oriented. 

Moreover, considering that this work is a part of the MSP4BIO project, specifically 
contributing to a broader ecological-socioeconomic (ESE) management framework, 
the authors offer additional guidance. In 'Incorporating D4.1 (ESE 2) and D4.2 (ESE 
3) into the ESE framework ï MSP4BIO Project' the authors provide general insights 
on how to integrate these results seamlessly into the final framework. This 
comprehensive guideline aims to enhance the applicability and impact of the research 
within the larger context of the project, ensuring a cohesive and meaningful 
contribution to the overall objectives of the MSP4BIO initiative. 

a) On the use of sectorial sheets 

Firstly, it is essential to have minimal information to apply the sector factsheets 
correctly. Specifically, it is necessary to understand the objectives of the area to be 
managed and the activities taking place in it. Additionally, the most important 



 
 
 
 
 

Page 60 of 89                                                       D4.2: Guideline for the strategic and spatial measures for the 
nature-inclusive operation of blue 

This project has received funding from the European Union's Horizon Europe research and 
innovation programme. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union. Neither the European Union nor the 
granting authority can be held responsible for them.  
 

 
ecosystem services present in this space must be identified. Starting from this 
information, the following instructions, need to be followed step by step: 

Ẇ Step 1. Identify in the sector factsheets the activities taking place in a work area 

for each sector considered. 

Ẇ Step 2. Observe in the Sankey diagram the potential relationships between 

activities, the pressures they exert, and the ecosystem services that will be 

affected. 

Ẇ Step 3. Contrast the potential impacts on ecosystem services from the activities 

in the managed area with the established objectives for it. 

Ẇ Step 4. Get inspired by some of the best management measures to correct 

existing/potential deviations in a work area based on the objectives to be 

achieved. 

b) Incorporating D4.1 (ESE 2) and D4.2 (ESE 3) into the ESE framework ï 
MSP4BIO Project 

Starting from the application of D4.1 (Pegorelli et al., 2023) and D4.2 (present work), 
methods and results in test sites, the ESE framework is being created by linking test 
site specificities and their planning / management needs to the ñsolutionsò (criteria, 
practices, tools) provided by MSP4BIO project. In addition to the ones prepared under 
D4.1 (ESE2) and D4.2 (ESE3), criteria, practices and tools identified/created under 
WP3 (ESE 1), as well as those provided under Deliverable 4.3 on trade-off analysis 
and management (ESE 3) (Gutierres et al., 2024), are also being incorporated in the 
ESE framework (see Figure 3 of Matczak et al. (2024) in Annex IV). The ESE 
framework will answer to test site needs, and, in its final version, it will be available as 
a general framework for application beyond the project, providing solutions to general 
and specific planning and management questions and needs, related with MPAs and 
biodiversity protection in the context of MSP.  

This sequential method used for D4.1 and D4.2 enables the grounding of the ESE 
framework in the real context of each working area, using integrative criteria that 
consider existing relationships between nature, social and economic fields, thus 
approaching the area as a socio-ecosystem. It also provides tools and selected best 
practices to address identified trade-offs, thereby improving the management of the 
area. This step-by-step methodology will be incorporated in the development of the 
MSP4BIO ESE framework. 

More specifically, the main contributions made by deliverables 4.1 (D4.1) and 4.2 
(D4.2) are highlighted: 

ü In Pegorelli et al. (2023) (ESE 2), the main socio-economic and governance 
criteria to be considered for managing each test site were identified for different 
types of spatial management approach (MSP, and different levels of MPA 
based on IUCNôs classification). Additionally, the most important ES related to 
the prioritized socio-economic criteria in each test site is provided. 
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ü In the present work (ESE 3) relates ES impacted to activities that can be carried 

out by the sectors chosen for each test site. It also includes a selection of best 
practices available to improve the management of these activities. 

The aforementioned contributions are related to the ESE framework in three different 
ways: 

On one hand, socio-economic and governance criteria help establish a specific 
baseline for each test site from which to begin working. As observed in Pegorelli et al., 
(2023), socio-economic criteria vary significantly among case studies, reflecting the 
diverse social, economic, and cultural contexts to which the ESE model must be able 
to respond. 

On the other hand, by establishing existing relationships between socio-economic 
criteria and ES, ESE 3 facilitated the linking of criteria to activities carried out and the 
impacts these activities may have on them. Consequently, it highlighted how these 
activities could affect the achievement of socio-economic criteria identified as priorities 
(ESE 2). 

Finally, the present work provides a collection of best practices available to enhance 
the sustainability of different activities in the marine environment. This aids managers 
in achieving better outcomes in addressing trade-offs while also supporting blue 
economy sectors/industry stakeholders to understand the impacts relevant of sectorsô 
operation, which are addressed through the SeaSketch or similar tool in Task 4.3 (ESE 
3) of the Project (Gutierrez et al., 2024). Figure 2 illustrates the connection between 
ESE 2 and ESE 3 to the final ESE Framework in the context of Ecosystem Services. 
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Figure 2: The diagram illustrates connection between ESE 2 (4.1. Socioeconomic and 
governance criteria) and ESE 3 (4.2. Blue economy sector orientations) to the overall ESE 
Framework of the MSP4BIO Project in the context of Ecosystem Services. 
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ANNEX I: List of countries that support a ban, moratorium or precautionary 
pause on deep sea mining. 

Table below presents a list of countries that support that support a ban, moratorium or 
precautionary pause on deep sea mining. In bold, European Union Member States. 
(Source: www.savethehighseas.org) 

Moratorium Alliance Palau, Fiji, Samoa and Federated State of Micronesia 

Precautionary pause Chile, Costa Rica, Ecuador, Spain, Germany, Panama, Ireland, Brazil, 
Finland, Portugal, Vanuatu, Dominican Republic, Sweden and Monaco 

Moratorium New Zealand, Switzerland, Canada, United Kingdom and Mexico 

Ban France 
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ANNEX II ï Positive and negative impact on ecosystem services by maritime 
activity. 

The table below presents the classification of impacts on the ecosystem services for 
by maritime activity. Where positive impact (+1) is indicating favorable impacts, 
negative (-1) is showing adverse effects, and neutral impacts (0) is representing 
interactions with no discernible positive or negative impact on Ecosystem Services 
(ES). For a better visualization, the excel table is accessed here: Supporting Material.  

  

https://docs.google.com/spreadsheets/d/1Cxdro-_OD7mnF8vqeOqH44ipeZXpy3eW/edit
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ANNEX III ï Maritime activities pressures on the marine environment and their 
potential ecosystem service impacted. 

For a better visualization, the excel table is accessed here: Supporting material. 

 

https://docs.google.com/spreadsheets/d/1Cxdro-_OD7mnF8vqeOqH44ipeZXpy3eW/edit#gid=303016934
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