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EXECUTIVE SUMMARY 
 
Spatially explicit, quantitative measures of three out of the the seven EBSA criteria (biological 
productivity; biological diversity; and naturalness) have been established, the necessary data collected 
for the planning sites and mapped over space and where available also over time. 

Naturalness was adressed by collecting data on usage, e.g. shipping traffic or fisheries operations. 
Since naturalness as such is not measurable, we monitored usage and consider naturaless the 
reciprocal of this parameter. We did not address the issue of how to combine several pressures on 
naturalness. However, the choice of pressures should not be the consequence of data availability and 
how the scientists involved interpreted information in relation to the EBSA criteria. Future work on 
naturalness should be performed in the context of a cumulative pressures and impact assessments. 

For the Celtic Sea, we obtained 2160 x 4320 Monthly HDF files from MODIS R2022 Data (Behrenfeld 
and Falkowski, 1997; Ocean Productivity, 2024) . These data represents modelled net primary 
productivity (NPP,mg C / m**2 / day) based on the Eppley variation of the VGPM algorithm. The NPP 
products are derived from modis chl, modis sst4, and seawifs par as input. The monthly files have been 
extracted from the compressed folders. Using the shapefile of the Celtic Sea PS, the NPP products as 
a proxy for biological productivity was extracted in R and visualized in ArcMap. To provide a 
comprehensive overview of biological productivity of the area, an averaged product for all the annual 
products (2002 - 2023) was generated. The Shannon-Wiener's biodiversity index was calculated in R 
using data from the DATRAS IAMS (The International Bottom Trawl Survey for anglerfish and megrim) 
and IGFS (Irish Ground Fish Survey) surveys/datasets for the Celtic Sea from 2016 to 2022. As proxy 
for naturalness, we gathered data on relative fishing effort by gear type (for Beam Trawls, Bottom 
Otter Trawls, Dredges, Gillnets, Longlines, Pelagic Trawls, Pots and Seines) for the main commercially 
exploited species. This data from MI Atlas is based on data from fishing vessels of >=12m in length 
over the period 2018-2022. Subsequently, amosaiced raster dataset was generated to display 
averaged fishing effort products by commercial fishing vessels of all nationalities within the Irish EEZ. 

For the Aegean Sea productivity, we mapped the most dominant fertilizing process, i.e. the inflow and 
dispersion of mesotrophic Black-Sea Waters from the Dardanelles, and the one process which is 
originated at locations that can be identified with certain accuracy, i.e. the wind-forced coastal 
upwelling. The biodiversity dataset provided and mapped counts of marine animals and plants based 
on their predicted probability pf occurrence generated by Aquamaps at a resolution of 0.5 x 0.5 °. For 
naturalness, AIS shipping data were used and additionally estimates of the coastal population impact 
on the Greek Seas. 

Biological productivity for the Bay of Biscay was calculated based on Chlorophyll-a concentration in 
seawater data provided by the Ocean Colour Climate Change Initiative project. The original dataset 
contained monthly Chlorophyll-a concentration from September 1993 to December 2023. Biological 
diversity was calculated based on the combination of global predicted species richness for Plantae and 
Animalia kingdoms generated by AquaMaps. Fishing intensity was used as a proxy for Naturalness 
criterion. The original vector data containing the average 2018-2021 fishing intensity per C-Square 0.5 
x 0.5 ° grid (EMODnet) was transformed into the raster format and cropped by the study area. 

Primary productivity measured in mg m-3day-1 for the Campania Region. The most productive areas 
occur in the north sector of the study area from the Gulf of Naples to Gaeta. The spatial distribution 
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of the main habitats of the Campania region (e.g. Seagrasses, macroalgae, coralligenous, maerl, 
shallow rocky reef) were taken as proxy for biological diversity. The importance of the Essential Fish 
Habitats (spawning and nursery grounds: EFH) of the main commercial species of fish and shellfish is 
based on measures of temporal persistence of density hot spots obtained during bottom trawl surveys 
carried out in the period 1994-2010. The distribution of fishing effort was available for the main fleet 
segments and for the period 2019-2021. EMODnet vessel density data (hours per square kilometer per 
year per cell, year 2021) indicated some important traffic lanes toward the islands of Ischia, Procida 
and Capri. 

Biological productivity for the Southern North Sea case study was calculated based on Chlorophyll-a 
concentration estimates in seawater. Chlorophyll-a concentration was estimated from satellite 
images, with the source products coming from publicly accessible archives. Biological diversity of the 
Southern North Sea was measured using species richness of demersal fish species. To estimate species 
richness of demersal fish in the southern North Sea, we used already cleaned and merged data from 
three trawl surveys between 2014 and 2023. To estimate naturalness of the Southern North Sea, 
fishing intensity was used as proxy. Maps were generated from fishing effort data downloaded from 
EMODnet. The datasets are created and updated annually for each sea basin by the International 
Council for the Exploration of the Sea (ICES). 

For the Western Mediterranean monthly chlorophyll data from 1993 to 2023 surface-150m were part 
of an ensemble that provided future projections of different environmental variables under climate 
change. We have processed the data, doing a mean per year (1993-2023) and cropped the map for 
the Western Mediterranean Sea. Biodiversity Kempton's index was calculated from the Ecopath with 
Ecosim  model for the Western Mediterranean Sea for 1993 to 2023.  The same models were applied 
to detmermine naturalness using relative fishing effort for bottom trawlers, purse seiners and 
midwater trawlers  from 1993 to 2023. 

The main objective of the Azores Planning Site is to provide scientific information in support of the 
expansion of the network of benthic deep-sea MPAs in the Azores. The EBSA criteria adopted in this 
PS are closely related to those used to identify vulnerable marine ecosystems (VMEs), and therefore 
might be slightly different from other planning sites. Biological productivity in this PS could be inferred 
from several complementary metrics: i) environmental productivity, ii) geomorphology classification, 
and iii) proxies for benthic biological productivity. Biological diversity in this PS could be inferred from 
several complementary metrics: i) from deep-sea benthic occurrence databases and resulting species 
distribution models of cold-water corals, deep-sea fish and deep-sea sharks, and ii) from proxies of 
biological diversity derived, for example, from multibeam bathymetry data and the identification of 
areas with potential higher diversity such as known shallow (<250m) and deep (>1500m) seamounts. 
Naturalness, in this PS can be inferred from several complementary metrics: i) VMS data on bottom 
fishing and Natural Jenk breaks for defining categories; ii) known near natural areas in the range of 
current deep-sea benthic fishing activities (< 1200m) identified by a combination of bathymetry and 
VMS data; and iii) existing area-based management regulations (e.g. MPAs) that limit human activities.  

For the Western Baltic Sea, vertically integrated monthly values of Chl-a concentration (mg/m2) were 
downloaded from the Baltic Sea Biogeochemistry Reanalysis model for 2001-2021. The dataset was 
spatially cropped to the planning site area. Biological diversity in the Western Baltic Sea is represented 
by the biodiversity of demersal fish – in particular by three complementary biodiversity indices: 
Species richness, Species evenness and Shannon index. Information on fishing activity of bottom-
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contacting fishing gears was obtained from the Danish Ministry of Food, Agriculture and Fisheries, 
including international VMS, AIS and Black Box data. 

The temporally and geographically explicit layers of quantitative EBSA criteria will be appplied in 
optimazation models to determine protential protected areas in work package 3. 
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INTRODUCTION 
 
The overall goal of MarinePlan is to develop and apply a Decision Support System (DSS) for ecosystem-
based maritime spatial planning (EB-MSP) together with best practice guidance to enhance the design 
and effectiveness of spatial conservation and restoration measures for marine biodiversity in 
European Seas. The DSS will be founded on a conceptual EB-MSP implementation process and will 
provide the tools and best available knowledge to ensure the allocation of coherent MPAs and 
restoration areas in the context of EB-MSP. MarinePlan regards the operationalisation of ecologically 
or biologically significant marine areas (EBSA) criteria as a main tool for MPA designation. EBSA criteria 
have emerged from a global effort led by the Convention on Biological Diversity (CBD). 

A prerequisite for Planning Sites to develop scenarios and planning options is a robust science base 
for the prioritisation and zonation of MPA networks by measuring the spatial distribution of existing 
and newly developed EBSA criteria. MarinePlan has developed develop under WP2 spatially explicit, 
quantitative metrics for EBSA criteria that are compatible with ecosystem-based, environmental state 
indicators (e.g., MSFD). MarinePlan has expanded on previous approaches to operationalize EBSA 
criteria to be compatible with biodiversity goals including the target of Good Environmental Status. 
Assessing the spatial connectivity between MPAs, WP2 will also propose spatially efficient zonation 
and avoiding competing sea uses where possible.  

Spatially explicit, quantitative measures of three out of the the seven EBSA criteria (biological 
productivity; biological diversity; and naturalness) have been be established, the necessary data 
collected for the planning sites and mapped over space and where available also over time. 

Through the developed EBSA metrics, WP2 (supported by WP6) will consider the different temporal 
and spatial scales and explicitly address the linkages and connectivity between identified hot spots of 
biodiversity attributes, and already designated MPAs and EBSAs to effectively address conservation 
and restoration priorities while accounting for the effects of climate change. Under WP2, MarinePlan 
will measure temporal dynamics and connectivity relevant to the EBSA criteria, in particular in view of 
climate change. New measures will be developed where necessary (such as regional extinction risk or 
predicted changes in productivity rates under warming environments), as conditions for the analyses 
on trade-offs of planning options (WP3, WP5). Temporal dynamics will be considered by investigating 
variability in connectivity among MPAs at different temporal and spatial scales, including structural 
and functional connectivity, climatic velocity, the identification of ecological corridors and hot spots, 
and spillover from MPAs. 

We have expand on existing EBSA metrics by formulating quantitative, measurable criteria reflecting 
attributes that underpin ecosystem functioning and ecosystem services. Applying the EBSA criteria at 
appropriate spatio-temporal scales to estimate the risk-probabilities of cumulative human pressures 
for designated MPA networks is one of the key challenges. The EBSA metrics have been spatio-
temporally quantified for selected Planning Sites 

A prerequisite for these exercises has been to focus on quantifiable criteria that are relevant and 
applicable in all planning sites and to investigate the availability of data in the different study sites. 
However, focusing on biodiversity, productivity and naturalness does not mean that MarinePlan will 
ignore other criteria. These will be included where available and relevant. 
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Examples Area containing: (i) breeding grounds, spawning areas, nursery areas, juvenile habitat or other areas 
important for life history stages of species; or (ii) habitats of migratory species (feeding, wintering or 
resting areas, breeding, moulting, migratory routes). 

 

Criteria Importance for threatened, endangered or declining species and/or habitats 

Definition Area containing habitat for the survival and recovery of endangered, threatened, declining species or 
area with significant assemblages of such species 

Rationale To ensure the restoration and recovery of such species and habitats 

Consideration 
in application 

and 

Methods 

- The application of this criterion must be based on pre-existing determinations of the population 
status of a given species. The use of the IUCN Red List is fundamental to understanding to which 
species this criterion applies. In data-poor situations, the listing for organisms with similar life history 
traits should be used until further information on the status of the species is available. 
- Includes species with very large geographic ranges. 
- In many cases, recovery will require reestablishment of the species in areas of its historic range. 
- Sources for information include: e.g., remote sensing, satellite tracking, historical catch and by-catch 
data, vessel monitoring system (VMS) data. 
- Methods: Same as criterion “Special importance for life-history stages of species” 

Examples Areas critical for threatened, endangered or declining species and/or habitats, containing (i) breeding 
grounds, spawning areas, nursery areas, juvenile habitat or other areas important for life history 
stages of species; or (ii) habitats of migratory species (feeding, wintering or resting areas, breeding, 
moulting, migratory routes). 

 

Criteria Vulnerability, fragility, sensitivity, or slow recovery 

Definition Areas that contain a relatively high proportion of sensitive habitats, biotopes or species that are 
functionally fragile (highly susceptible to degradation or depletion by human activity or by natural 
events) or with slow recovery. 

Rationale The criteria indicate the degree of risk that will be incurred if human activities or natural events in the 
area or component cannot be managed effectively or are pursued at an unsustainable rate. 

Consideration 
in application 

and 

Methods 

- Interactions between vulnerability to human impacts and natural events. 
- Existing definition emphasizes site-specific ideas and requires consideration for highly mobile 
species. 
- Criterion can be used both in its own right and in conjunction with other criteria. 
- Information on which species or biomes qualify as vulnerable, fragile, sensitive or slow to recover 
should be based on peer-reviewed scientific literature to the extent possible. 
- The fragility of certain features to certain pressures (e.g., ice-dependent communities to the effects 
of climate change) can be taken as self-evident. 
- This criterion can be informed by survey data and models by using physical features known to be 
associated with biotic features that are sensitive or slow to recover. 
- Application of models that extrapolate results of studies in one area to other areas of similar features 
will be particularly helpful, especially models that predict the sensitivity or fragility of particular 
community types 

Examples Vulnerability of species:  
- Inferred from the history of how species or populations in other similar areas responded to 
perturbations.  
- Species of low fecundity, slow growth, long time to sexual maturity, longevity (e.g. sharks, etc).  
- Species with structures providing biogenic habitats, such as deepwater corals, sponges and 
bryozoans; deep-water species. 
Vulnerability of habitats: 
- Ice-covered areas susceptible to ship-based pollution. 
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- Ocean acidification can make deep-sea habitats more vulnerable to others and increase susceptibility 
to human-induced changes. 

 

Criteria Biological productivity 

Definition Area containing species, populations or communities with comparatively higher natural biological 
productivity. 

Rationale Important role in fuelling ecosystems and increasing the growth rates of organisms and their capacity 
for reproduction. 

Consideration 
in application 

and 

Methods 

- Can be measured as the rate of growth of marine organisms and their populations, either through 
the fixation of inorganic carbon by photosynthesis, chemosynthesis, or through the ingestion of prey, 
dissolved organic matter or particulate organic matter. 
- Can be inferred from remote-sensed products, e.g., ocean colour or process-based models (global 
datasets are available for Chlorophyll-a, primary productivity, and secondary productivity). 
- Due to high temporal variability (years, seasons, and short time scales) appropriate temporal 
coverages should be considered. 
- High primary productivity near the surface may not necessarily mean higher secondary productivity 
near the seafloor. 
- Time-series fisheries data can be used, but caution is required. 

Examples - Frontal areas 
- Upwellings 
- Hydrothermal vents 
- Seamonts polynyas 

 

Criteria Biological diversity 

Definition Area contains comparatively higher diversity of ecosystems, habitats, communities, or species, or has 
higher genetic diversity. 

Rationale Important for evolution and maintaining the resilience of marine species and ecosystems. 

Consideration 
in application 

and 

Methods 

- Diversity needs to be seen in relation to the surrounding environment 
- Diversity indices are indifferent to species substitutions 
- Diversity indices are indifferent to which species may be contributing to the value of the index, and 
hence would not pick up areas important to species of special concern, such as endangered species. 
- Diversity can be inferred from habitat heterogeneity or diversity as a surrogate for species diversity 
in areas where biodiversity has not been sampled intensively. For benthic habitats, this can be 
approximated by measuring physical topographic complexity or rugosity; for pelagic habitats, this can 
be estimated by identifying convergences of differing water masses. 
- When comparing measures of species diversity among areas, sampling should be sufficient to 
statistically support such comparisons, for example, by ensuring that species accumulation curves 
(when considering richness) are saturated prior to conducting pair-wise comparisons. Otherwise, 
there is a danger of identifying areas with more research effort. 
- Examples of diversity indices that can be used: 

• Berger-Parker Index  
• Simpson’s Index  
• Shannon-Wiener Index  
• Pielou’s Evenness Index  
• Hurlbert (ES50) Index  
• Rank Abundance Curves 

Examples - Seamounts 
- Fronts and convergence zones 
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- Cold water coral communities 
- Deep-water sponge communities 
- reefbuilding communities (Sabellaria) 

 

Criteria Naturalness 

Definition Area with a comparatively higher degree of naturalness as a result of the lack of or low level of human-
induced disturbance or degradation. 

Rationale - To protect areas with near natural structure, processes and functions. 
- To safeguard and enhance ecosystem resilience. 

Consideration 
in application 

and 

Methods 

- Priority should be given to areas having a low level of disturbance relative to their surroundings. 
- In areas where no natural areas remain, areas that have successfully recovered, including 
reestablishment of species, should be considered. 
- Criterion can be used both in their own right and in conjunction with other criteria. 
- This criterion is a relative measure. 
- Mapping and analysing the cumulative effects of human maritime activities should reveal overall 
patterns that would be useful to identify possibly (more) natural areas of a given habitat type. 
Stressors can be mapped using a GIS and overlaid on habitat maps to predict the ‘naturalness’ of an 
area. 

Examples Most ecosystems and habitats have examples with varying levels of naturalness, and the intent is that 
the more natural examples should be selected. 

 

 
It should be noted that the EBSA description process is open-ended, and additional regional or 
subregional workshops may be organized when there is sufficient advancement in the availability of 
scientific information (CBD, 2019b). However, there is still a lack of a process on how to describe new 
areas through mechanisms other than regional workshops and how to incorporate outputs from 
national processes (CBD, 2020).  

 

THE EBSA CONCEPT IN MARINEPLAN  
 
MarinePlan focuses on quantifying biological productivity (P), biological diversity (D) and naturalness 
(N). The other EBSA criteria are considered, but by their nature they cannot be quantified and 
measured as well as the three aforementioned criteria. 
 
In the following section, we used quantification and measurement synonymously. If model data are 
applied instead of actual measurement it will be explicitly stated.  
 
P, D and N are ideally samples on a spatial scale much smaller than potential EBSAs. This way, we can 
assess variability and hotpots, and in case can fit designated EBSAs.  
 
Disentangling and decoupling the temporal and spatial dynamics of species diversity is a critical 
prerequisite for elucidating the effect of EBSAs and the most promising locations for protected areas 
inside EBSAs. This way, such an understanding can provide valuable input for informing and planning 
broad-scale conservation and ecosystem-based management strategies. In MarinePlan, we examine 
spatial and temporal patterns and compare drivers of multiple marine biodiversity, productivity and 
naturalness indicators (Figure i).  
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Figure i: Example of species richness, a biodiversity indicator, in the North Sea. Panel A gives the 
temporal development aggregated for the whole North Sea, panel C on the right the average spatial 
gradient, while panel B in the centre combines these two and shows the areas with the greatest 
temporal variability (Dencker et al. 2017).  
 
These data can in the future be used to assess natural and environmental drivers on productivity, 
biodiversity and naturalness. The drivers can be selected based on their demonstrated importance in 
shaping patterns of fish biodiversity in marine ecosystems. This way, the Marine-Plan concept for 
quantifying EBSAs maintains compatibility to quantitative ecological research and allows for 
forecasting of EBSA properties for example in the course of ongoing climate changes.  
 
The EBSA criteria have strong links to the FAO VME criteria and the CBD COP14/8 biodiversity 
attributes (Fig. ii). However, while e.g. biological diversity  is a measurable quantity, the corresponding 
criteria ‘key biodiversity areas’ (CBD COP 14/8) and ‘functional significance of habitat’ are poorly 
defined quantitatively. 
 
 

 
 
Figure ii: Comparison of the criteria used for VME (FAO 2009) and CBD EBSA (CBD/COP/DEC/IX/20) 
identification with those provided as CBD Biodiversity Attributes for Other Effective Conservation 
Measures (OECMs) descriptions of in situ conservation of biodiversity (Criterion C). TED=Threatened, 
Endangered and Declining. (REF, ices report vanessa mail) 
 
Naturalness was adressed by collecting data on usage, e.g. shipping traffic or fisheries operations. 
Since naturalness as such is not measurable, we monitored usage and consider naturaless the 
reciprocal of this parameter. The choice of assessing fishing pressure by bottom contacting gears is 
deemed as a good approximiation of the spatial footprint of human activities in a given planning site. 
Since we did not aim for mapping cumulative pressures, we did not further investigate on methods 
for combining various human pressures. However, through close collaborations with the EU funded 
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Biological 
Diversity 

Deep-sea 
benthic 
occurrence 
database and 
derived 
species 
richness and 
habitat 
suitability of 
cold-water 
corals, deep 
sea fish, and 
deep-sea 
sharks and 
rays. 
Multibeam 
bathymetry 
data and 
known 
shallow 
(<250m) and 
deep 
(>1500m) 
seamounts 

Shannon-
Wiener 
diversity 
index of fish  

Plant and 
animal 
species 
richness 

Presence of 
main habitats, 
deep sea 
corals and 
oyster extent, 
essential fish 
habitats, 
important 
marine 
mammal and 
bird areas 

Fish species 
diversity 

Fish species 
diversity 
(richness, 
evenness, 
Shannon-
Wiener) 

Plant and 
animal 
species 
richness 

Kempton’s 
biodiversity 
index 

Naturalness Bottom 
fishing effort, 
known near 
natural areas, 
existing area-
based 
management 
regulations 

Fishing effort  
offshore and 
inshore of all 
commercial 
fishing 
vessels  

Fishing effort 
of large 
vessels (effort 
of small-scale 
fleet under 
preparation), 
coastal 
population 
impact, 
tourist arrivals 
impact 

Fishing effort 
of purse seine 
and otter 
trawl, 
artisanal 
fishing effort, 
vessel 
density, 
shipping 
lanes, 
aquaculture, 
ports, 
concession of 
sea state 
property 

Fishing 
intensity and 
(sub)surface 
swept area 
ratio of 
mobile 
bottom-
contacting 
gears 

(Sub)surface 
swept area 
ratio by 
mobile 
bottom 
contacting 
gears 

Fishing 
intensity, 
overall and 
per gear type 
(beam trawls, 
bottom otter 
trawls, 
bottom 
seines, 
dredges, 
pelagic trawls 
and seines, 
static gears) 

Fishing effort 
of bottom 
trawlers, and 
purse seiners 
and midwater 
trawlers 

 

CELTIC SEA 

Biological productivity 
We obtained 2160 x 4320 Monthly HDF files from MODIS R2022 Data (Behrenfeld and Falkowski, 1997; 
Ocean Productivity, 2024) . These data represents modelled net primary productivity (NPP,mg C / 
m**2 / day) based on the Eppley variation of the VGPM algorithm. The NPP products are derived from 
modis chl, modis sst4, and seawifs par as input. The monthly files have been extracted from the 
compressed folders. Using the shapefile of the Celtic Sea PS, the NPP products as a proxy for biological 
productivity was extracted in R and visualized in ArcMap. To provide a comprehensive overview of 
biological productivity of the area, an averaged product for all the annual products (2002 - 2023) was 
generated (Figure 0.1, Figure 0.2). 
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Figure 0.1 Net primary productivity (mg C/m2/day) averaged across 2002-2023. 
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Figure 0.2 Annual and averaged net primary productivity (mg C/m2/day) from 2002-2023 

The biological productivity is mainly influenced by interactions between abiotic environmental factors, 
human activities and inherent biological characteristics of marine species. More specifically, 
temperature, nutrient availability, and ocean stratification exerts an influence in the abundance and 
distribution of plankton communities (phytophytoplankton and zooplankon), and have a subsequent 
influence on higher trophic levels. These physical factors including light availability and nutrient 
concentrations vary with oceanographic conditions e.g. mixing (Hervann et al., 2020). Similarly, the 
influence of picoplankton and nanoplankton on primary productivity has been mentioned in previous 
studies, with these contributing a significant component of the carbon fixation in the area (Joint and 
Pomroy, 1983). Again, the indirect influence of fishing activities in altering food web structure and 
energy/biomass flow within the ecosystem has been acknowledged. Overfishing can influence the 
shifts in species composition, size structure and distribution, potentially leading to cascading effects 
on the total ecosystem’s productivity (Hernvann and Gascuel, 2020).  

Biological diversity 
The Shannon-Wiener's biodiversity index was calculated in R using data from the DATRAS IAMS (The 
International Bottom Trawl Survey for anglerfish and megrim) and IGFS (Irish Ground Fish Survey) 
surveys/datasets for the Celtic Sea from 2016 to 2022 (Figure 0.3). Note that benthic and infauna data 
were missing at the time of this analysis. This will be updated as soon as the data is made available. 
We provide both the averaged product and also the yearly products of Shannon-Wiener Diversity 
Index. These products are generated based on biological point data (Station 
No./Longitude/Latitude/Species) using krigging interpolation method based on default paramters 
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provided in ArcMap (Krigging method=ordinary; Semivariogram model= spherical; search radius= 
variable and 12 number of points). 

The biological diversity of the Celtic Sea of Ireland is influenced by a combination of several biophysical 
factors. Factors such as oceanography, the types of spawning fish present, and the distribution of 
various marine organisms have been shown to play a big role in shaping biological diversity in the 
Celtic Sea (Harma et al., 2012).  Other studies have linked the spatial distribution of infauna (e.g. 
nematodes) to water depth, bottom temperature and substrate characteristics (Schratzberger et al., 
2008). Besides, spatial patterns in larval fish assemblages can be influenced by bathymetry and ocean 
warming, emphasizing how various physical features of the marine environment can drive patterns in 
biological diversity (Tiedemann et al., 2014). 

 
Figure 0.3 Shannon Wiener diversity of fish averaged from 2016-2022. 

Naturalness 
We gathered data on relative fishing effort by gear type (for Beam Trawls, Bottom Otter Trawls, 
Dredges, Gillnets, Longlines, Pelagic Trawls, Pots and Seines) for the main commercially exploited 
species. This data from MI Atlas is based on data from fishing vessels of =12m in length over the period 
2018-2022. Subsequently, amosaiced raster dataset was generated todisplay averaged fishing effort 
products by commercial fishing vessels of all nationalities within the Irish EEZ (Figure 0.4).  Fishing 
effort here is represented as the time spent engaged in fishing operations or time spent at sea, this 
time may be multiplied by a measure of fishing capacity, e.g. engine power. In this dataset, fishing 
effort is measured as average hours of fishing per kilometre square, per year. The data from, is collated 
from 3 sources; vessel monitoring systems, logbooks and EU fleet register (Gerritsen, 2024). Additional 
data/layers were obtained to generate inshore fishing effort (Figure 5.5). In these layers, vessel count 
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was used as proxy for inshore fishing effort. The raster value is number of vessels per polygon, divided 
by the number of raster cells intersecting each polygon.  

The datasets used here were derived from vessel monitoring and logbook data collected under the 
Council Regulation (EC) No. 1224/2009 and were aggregated and processed by the Marine Institute. 
Fishing represent one of the most significant utilization of the ocean resources in the waters around 
Ireland. However, given the shared nature of the oceans and its resources, detailed spatial information 
on fishing activity is particularly relevant, especially within the context of Ireland’s commitments to 
offshore wind energy and marine protected areas. The fisheries in Irish waters show a high degree of 
diversity. Much of this variation and diversity can be explained by spatial patters in the availability of 
the target species including key fish and shellfish species. 

 

 
Figure 0.4 Fishing effort for Beam Trawls, Bottom Otter Trawls, Dredges, Gillnets, Longlines, Pelagic Trawls, Pots and Seines 
from 2018 to 2022 as average hours fishing per kilometre square, per year. 
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Figure 0.5 Inshore fishing effort represented by number of vessels per grid cell.  

GREEK AEGEAN/IONIAN SEAS 

Biological productivity 
This work is an effort to map the regions known to the scientific community as hosting the most 
important processes responsible for the productivity of the Hellenic Seas. It has been implemented in 
the framework of the project MarinePlan, as a contribution to the Marine Spatial Planning of the 
Hellenic Seas. 

Considering the very weak flow of the Greek and Turkish rivers and their only coastal impact on the 
marine ecosystem, we investigate the remaining sources of productivity of the Hellenic Seas. The 
major source of productivity for the Aegean Sea, as evidenced by the zonal trophic gradient recorded 
in this basin (Ignatiades et al. 2002; Frangoulis et al. 2010; Siokou-Frangou et al. 2002; Lykousis et al. 
2002; Skliris and Beckers 2009), is the inflow of modified Black Sea Waters (BSW) through the series 
of the Bosphorus Strait, the Marmara Sea and the Dardanneles Strait. Other processes contributing to 
the fertilization of the marine ecosystem, with evidently weaker roles, are the annual vertical mixing 
through convection processes, taking place in late February – mid-March in the region (Lykousis et al. 
2002; Theocharis and Georgopoulos 1993), coastal upwelling taking place every late summer mostly 
along the eastern shores of the Aegean Sea (Androulidakis, Krestenitis, and Psarra 2017; I. Mamoutos 
et al. 2017; Chaniotaki et al. 2021; Savvidis et al. 2004), and the potential fertilization through the 
episodic deposition of Saharan dust through southerly winds (Herut et al. 2005). 

Below, we will deal with mapping the most dominant fertilizing process, i.e. the inflow and dispersion 
of mesotrophic Black-Sea Waters from the Dardanelles, and the one process which is originated at 
locations that can be identified with certain accuracy, i.e. the wind-forced coastal upwelling. 

Dispersion of modified Black Sea Waters 
The most prominent characteristic of the waters originated in the Black Sea and exported to the 
Mediterranean via the Dardanelles Strait is their low salinity, which can be used as a tracer of their 
presence in the North Aegean (approach which will be used hereafter). Their generally low 
temperature and high chlorophyll-a concentration can also be used as a tracer, but the results are less 
solid, for the following reasons: (a) the sea-surface temperature (SST) of the Marmara Sea rises to 
comparable to the North Aegean values, while in the latter region coastal upwelling in the Eastern 
Aegean brings cooler waters to the sea surface. Thus, SST can generally be used as a tracer for BSW in 
the North Aegean, except during the summer months. (b) the Black Sea is considered a mesotrophic 
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Figure 0.6 The weight ratio of BSW in the Aegean Sea, on an annual basis over 2000-2019 

On a seasonal basis, the BSW presence is depicted in the figures below: 
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Figure 0.7 Contribution of BSW in Aegean surface waters in Winter (January - March 2000-2019) 

 

Figure 0.8 As in Figure 5.2, for Spring (April - June 2000-2019) 
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Figure 0.9 As in Figure 5.2, for Summer (July - September) 2000-2019 
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 Discussion 
The method employed above permits the direct estimation of the contribution of BSW to the Aegean 
surface water masses, without the bias often introduced by the very low salinities recorded in Spring 
and Summer. As expected, modified BSW covers the upper layers of the northern and western Aegean 
Sea. Its contribution appears to be minimized geographically in Spring, and maximized in Fall, probably 
in agreement with the seasonal cycle of the Dardannelles export. Productivity estimates derived from 
BSW content are primarily applicable to the Aegean Sea. Accuracy may be compromised in gulf 
interiors where river water introduces additional low-salinity sources. Similarly, in the Ionian Sea, 
Modified Atlantic Water serves as the primary source of low-salinity water. 

 

Ekman Pumping (coastal and offshore upwelling) 
In the methodology we will describe below, we have decided not to use the traditional Coastal 
Upwelling Indices used in the more or less distant past, and proceed to assess the upwelling velocity 
at the bottom of the Ekman layer, as a function of the  Ekman transport divergence. When using the 
full wind field, the above computation provides the offshore Ekman pumping (assuming no presence 
of islands or coasts). In order to add the coastal upwelling to this computation, we just use the 
presence of land to mask the wind field by setting wind velocity equal to zero over land. Following 
this, wind stress and thus Ekman transport is also set to zero over lands and coasts, with the desirable 
results when one computes the net (coastal plus offshore) upwelling. 

 

Figure 0.10 As in Figure 5.2, for Fall (October - December) 2000-2019 
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Results 

 
Figure 0.11 Vertical velocity at the bottom of the Ekman layer, as obtained from equation (4) using the full wind field. This 
corresponds to the theoretical offshore upwelling. The colorbar refers to the vertical velocity, units are in ms-1. 
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Figure 0.12 As in Figure 0.11, but after setting the wind stress to zero over land areas. This corresponds to the combination 
of coastal upwelling and offshore Ekman pumping 
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Figure 0.13 As in Figure 0.11, but offshore Ekman pumping results for summer months only (1st July - 30th September) 
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Figure 0.14 As in Figure 0.13, but for total (coastal upwelling and offshore Ekman pumping), for the summer months 
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Figure 0.15 This figure refers to the summer months (July – September) climatology for the period 2000-2019. The background 
color corresponds to SST (colorbar in degrees C). The black contours identify the areas of strong energetic upwelling (vertical 
velocity contours drawn at 0.5, 1, 1.5 and 2 m day-1). Overlaid are wind-stress vectors showing the summer mean atmospheric 
momentum forcing. 

 

Discussion 
A rather unexpected result (most probably due to the modulation of the wind-field by the presence 
of high land masses around the Aegean Sea) is that there are not major differences between the 
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Ekman pumping and the total wind-forced upwelling velocity fields, except some very strong upwelling 
areas along the shores of the eastern Aegean (especially off the Trojan coast and northwest of Lesvos 
island), as well as to the downwind side (usually to the southwest) of Crete and a  few large islands of 
the Cyclades. 

The main energetic upwelling areas remain the same throughout the year, despite exhibiting 
somewhat lower vertical velocities due to weaker wind-stress pumping. However, there is no SST 
signal (except maybe partly in the Spring time), mostly due to thick surfaces layers and deep surface 
mixed layer during the Fall and Winter periods. These results are not shown but are available upon 
request. 

During the summer months, the SST signal traces the dispersion of the upwelled waters, as clearly 
seen in Figure 10, which eventually cover the surface layers of the Cyclades islands. 

Biological diversity 
This dataset provides the count of marine animal and plant species within each cell, based on a 
predicted probability of occurrence greater than 0.5 (Figure 0.16). The data, automatically generated 
by Aquamaps, is summarized at a resolution of 0.5 x 0.5 °.  

 
Figure 0.16 Species richness in the Greek Aegean/Ionian Seas. richness is measured as count of all marine plant and animal 
species with a probability of occurrence greater than 0.5. 

 

Naturalness 
The first dataset contains the sum of fishing hours for each cell, derived from AIS data of all large 
fishing vessels (Figure 0.17). It represents the total time large vessels spent fishing within each cell for 
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the period 01/09/2020 to 31/08/2023. The fishing effort is summarized at a resolution of 0.03 x 0.03 
°.  

 
Figure 0.17 Sum of all fishing effort, expressed as the sum of fishing hours across all gears, summed across 2020-2023 for the 
Greek Aegean/Ionian Seas. 

The second dataset, developed by the MarinePlan team following Holon et al. (2015) methodology, 
estimates the coastal population impact on the Greek Seas (Figure 0.18). The inland area of the 
Planning Site was divided into catchments and population density was calculated, with assigned 
population density ratings from 0 to 5, according to the scale provided by Holon et al. (2015. Multi-
ring 100-meter buffer zones were generated extending into the marine environment from each 
catchment. To model the impact of population density, an attenuation curve was applied, assuming a 
negative exponential decrease from the origin to distances of 1, 3, 5, or 20 kilometers, based on the 
rating assigned to each catchment. Buffer zones were transformed into a 100 x 100 m grid and 
adjusted for bathymetry, accounting for a 10% impact loss per 10-meter depth group. 
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Figure 0.18 Coastal population impact in the Greek Aegean/Ionian Seas based on population density and distance from the 
coast. 

The third dataset, developed by the MarinePlan team following Holon et al. (2015) methodology, 
estimates the impact of tourist arrivals on the Greek Seas (Figure 0.19). The inland area of the Planning 
Site was divided into catchments and tourist population density was calculated, with assigned density 
ratings from 0 to 5, according to the scale provided by Holon et al. (2015. Multi-ring 100-meter buffer 
zones were generated extending into the marine environment from each catchment. To model the 
impact of tourist arrivals, an attenuation curve was applied, assuming a negative exponential decrease 
from the origin to distances of 1, 3, 5, or 20 kilometers, based on the rating assigned to each 
catchment. Buffer zones were transformed into a 100 x 100 m grid and adjusted for bathymetry, 
accounting for a 10% impact loss per 10-meter depth group. 
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Figure 0.19 Iimpact from tourist arrivals in the Greek Aegean/Ionian Seas based on tourist density and distance from the 
coast. 

BAY OF BISCAY 

Biological productivity 
Biological productivity was calculated based on Chlorophyll-a concentration in seawater data provided 
by the Ocean Colour Climate Change Initiative project (Sathyendranath et al. 2019). The original 
dataset contained monthly Chlorophyll-a concentration from September 1993 to December 2023. We 
computed monthly medians per year and per quarter (Q1: Jan-March, Q2: Apr-Jun, Q3: Jul-Sept, Q4: 
Oct-Dec) and cropped it by the study area. The unit of the chlorophyll is mg/m3. Data are presented 
across all years (Figure 0.20), by year (Figure 0.21) and by quarter (Figure 0.22). 
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APPENDIX: DATA INVENTORIES 
 

  


















	Executive Summary
	Table of Contents
	Aim of the Deliverable
	Contributors

	Introduction

