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Note by the Secretariat  

 
1. As one of the most significant threats to biodiversity in the Mediterranean Sea, climate change requires 
further clarification within IMAP. Its impact should be integrated into existing indicators and methodologies, 
particularly in the establishment of baseline and threshold values.  
 
2. To this end, the SPA/RAC, within the ABIOMMED project, has undertaken a review of the elements 
associated with the assessment of Good Environmental Status (GES), including climate change, in the 
Mediterranean region.  
 
3. The report “State of the art regarding the available information on GES and the effects of climate change 
and other cumulative pressures in its determination in the Mediterranean”  explores the state of available 
information on GES and the impacts of climate change, focusing on impediments to GES determination, 
particularly the effects of climate change on assessment processes within the Integrated Monitoring and 
Assessment Programme (IMAP) and the Marine Strategy Framework Directive (MSFD). 
 
4. This state-of-the-art study was presented as an information document during the Meeting of the 
Ecosystem Approach Correspondence Group on Monitoring (CORMON) Biodiversity and Fisheries, 
Videoconference, 6-7 June 2024. 

 
5. The present document is submitted to the 17th Meeting of SPA/BD Focal Points for information 
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Executive Summary: 

The ABIOMMED deliverable 6, specifically task 6.2, addresses the review of elements associated with Good 
Environmental Status (GES) assessment, including climate change, within the Mediterranean region. The report 
explores the state of available information on GES and the impacts of climate change, focusing on impediments to 
GES determination, particularly the effects of climate change on assessment processes within the Integrated 
Monitoring and Assessment Programme (IMAP) and the Marine Strategy Framework Directive (MSFD). 

The assessment delves into the difficulties encountered in GES evaluation, emphasizing inconsistencies within the 
IMAP definition, considering the context of climate change. Climate change impacts, such as increased sea 
temperature, acidification, and extreme weather events, are identified as influencing habitats and species' spatial 
distribution and condition, particularly under IMAP Ecological Objective 1 (EO1). 

The report highlights the need for clarifications in GES definitions, especially for EO1, addressing contradictions 
and specifying terms like "natural habitats" or "natural range" in the context of climate change impacts. Challenges 
in defining baseline values and threshold values, especially for benthic habitats under climate change conditions, are 
discussed, urging a consensus on methodologies. 

The assessment extends to other Ecological Objectives, emphasizing the need for harmonization, clearer 
interrelations, and the development of indicators, methodologies, and threshold values. Climate change impacts on 
fisheries, non-indigenous species (NIS), and eutrophication are considered, with recommendations for integrating 
climate change effects into GES assessments.  

Noteworthy points include the potential development of parameters related to climate change impacts on vulnerable 
coastal areas and the suggestion to introduce an Ecological Objective on climate change. The report concludes by 
emphasizing the ongoing efforts to renew the EcAp Roadmap, providing an opportunity to integrate climate change 
impacts efficiently into the existing monitoring program without adding new indicators. 

In summary, the report calls for a comprehensive consideration of climate change impacts on GES assessments, 
emphasizing the importance of adapting methodologies, revising definitions, and integrating climate change 
parameters into the monitoring framework to enhance the understanding of cumulative effects on marine biodiversity 
in the Mediterranean region.
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1. Introduction 

 

1. The Mediterranean countries assess the marine environmental state with an ecosystem approach 
based on (ii) the UNEP/MAP Integrated Monitoring and Assessment Programme of the Mediterranean 
Sea and Coast and Related Assessment criteria (IMAP), and (ii) the European Marine Strategy 
Framework Directive (MSFD) in European countries.  
2. Both these policies are designed to attain and maintain Good Environmental Status (GES) in 
coastal and marine waters and ecosystems at national, sub-regional and regional scale. Qualitative 
definitions of GES have been refined through the Ecological Objectives/Descriptors, Operational 
Objectives/Criteria and Indicators. Nevertheless, quantitative Threshold Values (TV) which delimit the 
“non GES” from the “GES” state, are needed to determine and obtain comparable assessments of GES 
at regional or sub-regional scale. 
3. Although GES is assessed through an ecosystem approach considering the multiple marine 
ecosystems and the anthropogenic pressures on them, climate change impacts are not explicitly taken in 
consideration or assessed through MSFD or IMAP, although both recognise climate change impacts on 
marine and coastal ecosystems and environment. 
4. Climate change is an anthropogenic driven process with global impacts, which can however 
differ from a region to another and from an ecosystem to another. The Mediterranean is one of the 
regions that undergoes the most important climate change impacts (MedECC, 2020; Lejeusne et al., 
2010; etc.). This is due in particular to the fact that the Mediterranean Sea is a semi-enclosed sea 
accelerating sea temperature increase. 
5. Following a general approach defining Good Environmental Status (GES), the document 
develops elements for GES definition for each Ecological Objective as well as the impacts that climate 
change can have on GES definition. 
  



 

 
 

2. Defining Good Environmental Status (GES) for the Mediterranean 
countries 

 
2.1. The European Marine Strategy Framework Directive (MSFD) and Good 

Environmental Status (GES) 
 

7. Several Mediterranean countries are European and are required to attain and maintain GES 
through the implementation of the Marine Strategy Framework Directive (MSFD) that defines 
Good Environmental Status (GES) as “The environmental status of marine waters where these 
provide ecologically diverse and dynamic oceans and seas which are clean, healthy and 
productive”. The Directive was adopted in 2008 (consolidated text Directive 2008/56/EC) 
building on several previous directives and policies such as the Water Framework Directive 
(WFD), the Birds and Habitat Directive and the Common Fisheries policy. In MSFD, GES is 
assessed through 11 Descriptors. 

8. Further precisions on criteria and methodological standards on GES of marine waters are given 
in the Commission Decision 2010/477/EU amended by the Commission Directive (EU) 
2017/845 in which indicative elements to be taken into account for the preparation of national 
marine strategies are listed. 

9. MSFD is currently being revised to eventually propose changes and additions for the upcoming 
years. Effort are also developed in European countries to harmonise the assessment of the 
conservation status of habitats under the Habitat Directive (Council Directive 92/43/EEC of 21 
May 1992 on the conservation of natural habitats and of wild fauna and flora) with the MSFD 
assessment where appropriate, especially for Descriptor 1 Biodiversity. 

 
2.2. UNEP/MAP-Barcelona Convention policy regarding the Ecosystem 

approach and Good Environmental Status (GES) 
 

10. The Convention on Biological Diversity (CBD) defines the Ecosystem Approach (EcAp) as “a 
strategy for the integrated management of land, water and living resources that promotes 
conservation and sustainable use in an equitable way […]. It recognizes that humans, with their 
cultural diversity, are an integral component of ecosystems.” EcAp through the Integrated 
Monitoring and Assessment Programme (IMAP), is the primary framework for action under the 
Convention on Biological Diversity to attain Good Environmental Status (GES) in the 
Mediterranean Sea. IMAP was built on some existing regional monitoring programmes such as 
MED POL Monitoring programme and was developed in coherence with MSFD. 

11. Within the UNEP/MAP-Barcelona Convention, the Ecosystem Approach is an overarching 
principal and process, with a first implementation roadmap (EcAp Roadmap 2008-2021) that 
was adopted by the Contracting Parties by decision (Decision IG.17/6, COP 15, 2008). The 
EcAp Roadmap (2008-2021) implementation is currently being evaluated in view of proposing 
a renewed EcAp policy. 

12. The vision of the EcAp Roadmap that corresponds to GES at the global Mediterranean Sea scale 
is defined in the adopted Decision IG.17/6 as: “A healthy Mediterranean with marine and 
coastal ecosystems that are productive and biologically diverse for the benefit of present and 
future generations”. 

13. GES should be attained and maintained described by 11 Ecological Objectives (EOs) detailed 
in Decision IG. 20/4. Seven EOs have been further defined by Operational Objectives (OO), 
Common Indicators (CI), GES definitions and proposed targets in Decision IG. 21/3 (adopted 
during COP 18). During COP 19, the Contracting Parties adopted Decision IG.22/7 that defines 
the Integrated Monitoring and Assessment Programme of the Mediterranean Sea and Coast and 



 

 
 

Related Assessment criteria (IMAP) that was developed in coherence with MSFD. 27 Common 
Indicators (CIs) including 4 Candidate Indicators have been developed belonging to 9 of the 11 
Ecological Objectives. Indicators proposed in Decision IG. 20/4. EO 4 marine food webs and 
EO 6 sea-floor integrity were considered not enough mature to be included for development of 
indicators. These are currently being defined. 

14. Concerning environmental status classification, important elements are given in the document 
Integrated monitoring and assessment Guidance (IMAP) (see UNEP(DEPI)/MED IG.22/Inf.2, 
p. 9): 

“The Classification of environmental status can be considered to have three possibilities:  

a. In GES – for which monitoring is needed to check status does not deteriorate;  

b. Not in GES – for which targets and measures are needed which should lead to GES being 
achieved and maintained, coupled with monitoring to assess progress in status and against the 
targets and measures; 

c. Unknown status (potentially not in GES) - it will not be possible in all cases to identify a 
status which is clearly within or clearly outside GES. Where, based on the current best available 
knowledge, interim boundaries or proxies can be determined, the environmental state within 
this zone should be classed as 'not in GES'. Where interim boundaries or proxies cannot be 
determined, classification needs to rely on qualitative (normative) description and expert 
judgement. According to the precautionary principle, uncertainty of classification must not be 
used for postponing action. Resulting actions will depend on the shortcomings in the individual 
case. Actions include at least those to address the shortcomings, e.g. through development of 
improved assessment methods, more monitoring, complementary research, as well as 
proportionate measures (e.g. “no regret” measures where improving status is considered 
necessary even though what constitutes ‘good status’ remains to be fully defined). “ 

15. Additionally “…the setting of a GES boundary needs to respect the dynamic nature of 
ecosystems and their components, which can change in space and time through climatic 
variation, predator-prey interactions and other factors, and should thus be set in a way which 
accommodates these dynamics.”  

 

2.3. Is GES comparable in MSFD and IMAP? 
 

16. Although slightly differing, the 11 Descriptors of MSFD and the 11 Ecological Objectives (EOs) 
of IMAP characterise the Good Environmental Status (GES) of the Mediterranean Sea in a 
comparable way. Table 1 presents GES at EO/Descriptor level for IMAP and MSFD. 
 

17. IMAP Ecological Objectives 7 and 8 are a more detailed version of the MSFD Descriptor 7 and 
IMAP Ecological Objective 9 includes MSFD Descriptor 8 and 9 (see coloured cells of Table 
1). 

 



 

 
 

Table 1 Good Environmental Status (GES) as characterised at the level of Ecological 
Objectives (IMAP) and Descriptors (MSFD) 

N° IMAP GES at the level of Ecological 
Objectives 

MSFD GES at the level of Descriptors 

1 Biological diversity is maintained or 
enhanced. The quality and occurrence of 
coastal and marine habitats and the 
distribution and abundance of coastal and 
marine species are in line with prevailing 
physiographic, hydrographic, geographic 
and climatic conditions. 

Biological diversity is maintained. The quality 
and occurrence of habitats and the distribution 
and abundance of species are in line with 
prevailing physiographic, geographic and 
climate conditions. 

2 Non-indigenous species introduced by 
human activities are at levels that do not 
adversely alter the ecosystem. 

Non-indigenous species introduced by human 
activities are at levels that do not adversely alter 
the ecosystem. 

3 Populations of selected commercially 
exploited fish and shellfish are within 
biologically safe limits, exhibiting a 
population age and size distribution that is 
indicative of a healthy stock. 

Populations of all commercially exploited fish 
and shellfish are within safe biological limits, 
exhibiting a population age and size distribution 
that is indicative of a healthy stock. 

4 Alterations to components of marine food 
webs caused by resource extraction or 
human-induced environmental changes do 
not have long-term adverse effects on 
food web dynamics and related viability. 

All elements of the marine food webs, to the 
extent that they are known, occur at normal 
abundance and diversity and levels capable of 
ensuring the long-term abundance of the species 
and the retention of their full reproductive 
capacity. 

5 Human-induced eutrophication is 
prevented, especially adverse effects 
thereof, such as losses in biodiversity, 
ecosystem degradation, harmful algal 
blooms and oxygen deficiency in bottom 
waters. 

Human-induced eutrophication is minimised, 
especially adverse effects thereof, such as losses 
in biodiversity, ecosystem degradation, harmful 
algal blooms and oxygen deficiency in bottom 
waters. 

6 Sea-floor integrity is maintained, 
especially in priority benthic habitats. 

Sea-floor integrity is at a level that ensures that 
the structure and functions of the ecosystems are 
safeguarded and benthic ecosystems, in 
particular, are not adversely affected. 

7 Alteration of hydrographic conditions 
does not adversely affect coastal and 
marine ecosystems. 

Permanent alteration of hydrographical 
conditions does not adversely affect marine 
ecosystems. 

8 The natural dynamics of coastal areas are 
maintained and coastal ecosystems and 
landscapes are preserved. 

Concentrations of contaminants are at levels not 
giving rise to pollution effects. 

9 Contaminants cause no significant impact 
on coastal and marine ecosystems and 
human health. 

Contaminants in fish and other seafood for 
human consumption do not exceed levels 
established by Community legislation or other 
relevant standards. 

10 Marine and coastal litter do not adversely 
affect coastal and marine environment. 

Properties and quantities of marine litter do not 
cause harm to the coastal and marine 
environment. 

11 Noise from human activities cause no 
significant impact on marine and coastal 
ecosystems. 

Introduction of energy, including underwater 
noise, is at levels that do not adversely affect the 
marine environment. 

 
18. Further, GES is more finely defined by IMAP Operational Objectives and MSFD Criteria that 

are assessed by a series of related indicators.  



 

 
 

19. Methods and recommendations have been described to support the EU Member States (MS) 
(e.g., Palialexis et al., 2019 for assessments relative to species; Werner et al., 2020 for marine 
litter) and UNEP/MAP Contracting Parties (e.g., Galanidi and Zenetos, 2022 for Non 
Indigenous Species; document UNEP/MED WG.482/23 on beach litter) in defining threshold 
values (TV) and geographical scales for GES assessment. 

20. However, difficulties persist in the delimitation of the boundaries between the states of “non 
GES” and “GES”, including the appropriate geographical assessment scale to use, the 
aggregation rules and the assessment plans to use. 

21. In the Mediterranean, GES can be precisely defined in a qualitative way and is comparable 
within MSFD and IMAP. Yet, threshold values and methods to determine them are still in 
process of being defined or remain unclear for several indicators either at regional or sub-
regional scale. These threshold values are essential for CPs to determine the efforts needed to 
attain or maintain GES in a comparable way throughout the Mediterranean Sea. 

2.4. Pressures considered in GES assessment  
 

22. Several indicators in both policies are state indicators designed to assess the state of marine and 
coastal ecosystems and the ecological qualities. It is notably the case of indicators related to 
biodiversity (EO1/D1), food webs (D4) and seafloor (D6).  

23. The majority of the other indicators aim to assess anthropogenic pressures and impacts on 
marine and coastal ecosystems such as pollution (eutrophication, contaminants, energy/noise 
pollution, and litter) but also fishing pressure, NIS and coastal hydrographic changes and 
disturbances. At national level, these indicators should inform on which pressure to act on, in 
order to attain GES. 

24. Climate change impacts on marine and coastal ecosystems have not yet been explicitly taken in 
consideration in both MSFD and IMAP. 

 
2.5. Climate change impacts 

a) Physico-chemical changes 
25. Climate change is a human induced phenomena due to the anthropogenic emissions of 

greenhouse gases, (mainly carbon dioxide, methane, nitrous oxide, CFCs and others) which trap 
the heat and result in an increase in temperatures. Climate is changing in the Mediterranean 
basin faster than at the global scale (MedECC, 2020). 

26. The impacts of climate change on the Mediterranean Sea are important and numerous: (i) sea 
surface and deep waters warming, (ii) seawater acidification due to rising of carbon dioxide, 
(iii) rise in the sea level due to melting polar ices, (iv) increase in number and intensity of 
heatwaves on land and in the sea, and (v) more frequent and extreme climatic events such as 
floods and storms (MedECC, 2020). Summer rainfalls are likely to reduce, limiting fresh water 
inputs that could affect coastal ecosystems.  

27. The Mediterranean Sea and its ecosystems incur already these direct climate change impacts 
and all future scenarios indicate that these changes will have exacerbated trends.  

 

b) Direct, indirect and compound impacts of climate change on Mediterranean marine 
ecosystems 

28. In the Mediterranean Sea, increasing water temperature impacts marine ecosystems in various 
ways. Increasing sea temperature trends can directly impact ecosystems by: 



 

 
 

 provoking mass mortality events by the time length of heatwaves (local or sub 
regional impacts generally)  

 inducing changes in the distribution range of mobile species: the species with warm-
water affinities expanding North and species that are more psychrophilic and 
stenotherm will most probably decrease  

 changing life cycles of species including recruitment and reproduction periods 
 creating changes in biodiversity by weakening species sensitive to increased 

temperatures, in particular sessile species, and favouring thermophilic species 
 contributing to the installation of tropical thermophilic NIS Non Indigenous Species) 

and IAS (Invasive Alien Species) 
 enhancing the development and virulence of pathogens (e.g. Zgouridou et al., 2023) 
 disturbing primary production  
 increasing jellyfish outbreaks 
 provoking mass mortality events either by favouring the development of pathogens 

responsible of mortalities at a Mediterranean scale or increasing population 
vulnerability. 

29. Acidification of the sea:  
 may restructure plankton community and therefor impact marine food webs (Spisla et al., 

2021) 
 may disturb and reduce calcification rates of bivalve shells especially at juvenile stages 

30. Sea level rise: 
 The sea level rise in the Mediterranean impacts the terrestrial coastal ecosystems by 

eroding and flooding the terrestrial-marine fringe and increased infiltration of salt (Etienne 
et al., 2017; Tarchouna, 2019). It will impact also marine species that depend on these 
ecosystems such as marine turtles which use these areas for nesting. 

31. Compound impacts: 
 Acidification contributes with higher temperatures to lower growth rates of certain 

bivalves (Gazeau et al., 2014). They are large variations though in the sensitivity of 
bivalves to climatic change (Range et al., 2013). 

 High sea temperatures with nutrient pollution increase the number, the frequency and 
intensity of coastal harmful algal blooms (e.g., Tsikoti & Genitsaris, 2021)  

 Spreading and development in the Mediterranean Sea of Non Indigenous Species (NIS) 
originating from warmer waters is favoured by warming trends. Some of these species 
change and disturb Mediterranean Sea ecosystems, trophic networks and affect fisheries 
resulting in important socio-economic impacts. Some species, more resistant than others, 
or taking advantage of an ecological niche of a vulnerable or overexploited species, 
become invasive when encountering optimum conditions of development. 

 High temperatures and low pH (acidification) appear to have negative effects on survival, 
settlement and growth of e.g. scleractinian recruits (Carbonne et al., 2022) although 
further studies are needed. 

32. Many climate change impacts on the Mediterranean Sea and its ecosystems are still being 
investigated such as the effect of increased sea temperatures on the sea’s dissolved oxygen, 
other possible impacts of acidification etc. 

 

c) Climate change impacts on GES 
33. Good Environmental Status is assessed generally in relation to baseline values with an accepted 

deviation that can be defined as the threshold values (see paragraph 2.7). In the current climate 



 

 
 

change context, certain current baseline values (e.g. for state indicators) will most probably 
move away and GES will become more and more unattainable depending how baseline values 
and GES have been defined or if they will be re-evaluated/updated or not. 

34. Climate change impacts on MSFD GES assessment have been discussed by Elliott et al. (2015). 
The authors present a table with the biodiversity-related descriptors, criteria and indicators 
which may be affected by climate change as well as the cause, evidence and examples. The 
authors predict that the descriptors the most affected by climate change will be D1 Biodiversity, 
D4 Food-webs, D6 seafloor integrity and D3 Fisheries. 

35. Developing a risk-based approach of climate change impacts on the Mediterranean Sea 
ecosystems can help foresee the impact of cumulative pressures but also better apprehend how 
GES assessment will be impacted. 

2.6. Developing risk-based approaches as well as cumulative pressure and 
impact assessment 

 
36. To support the implementation of monitoring programmes and GES definition, risk-based 

approach can be useful. Although based on MSFD and not on the Mediterranean Sea, the report 
RAGES (2021) Developing a Risk-based Approach to Good Environmental Status, develops 
such an approach aiming to support MSFD implementation of 2017 GES Decision at regional 
and sub-regional scale. Further, outcomes and findings from the application of a risk-based 
approach for two Descriptors (D2 and D11) in the North-East Atlantic are provided by Verling 
et al. (2023). 

2.7. Elements and references to define Good Environmental Status (GES) 

37. In the Mediterranean Sea, GES is defined by components that describe the state of the 
biodiversity for a given area assessed through: 11 Descriptors, 29 Criteria and 56 Indicators for 
MSFD (Borja et al., 2013) and 11 Ecological Objectives, currently 27 Common Indicators (CIs) 
4 of which are still candidate CIs, for IMAP (see Mediterranean 2017 Quality Status Report 
MED 2017 QSR). Both monitoring programmes are built under the overarching ecosystem 
approach. MSFD Criteria correspond to the IMAP Indicators although there is an important 
difference: a MSFD Criterion can serve several Descriptors (e.g. D1/D6, D1/D4), whereas an 
IMAP Indicator does not currently serve several EOs except EO3-CI12 that could be considered 
as an element of CI5 Population demographic characteristics (see UNEP/MED WG.502/Inf.10) 
but that hasn’t yet been used as such. 

38. To assess the environmental status and define whether it is in Good Environmental Status (GES) 
or not, elements such as aggregation rules, baseline values (BV), threshold values (TV), 
assessment criteria (AC) and monitoring and assessment scales (MAS) need to be defined.  

39. General definitions of key elements for IMAP can be found in: 
 UNEP/MAP. (2017). Integrated Monitoring and Assessment Programme of the Mediterranean 

Sea and Coast and Related Assessment Criteria (p. 52) [UN Environment/MAP]. Athens, 
Greece. Link  

 UNEP/MAP. (2017). Mediterranean 2017 Quality Status Report. Link  

 UNEP/MAP. (2016). Integrated Monitoring and Assessment Guidance (Meeting Report No. 
UNEP(DEPI)/MED IG.22/Inf.7; p. 282). Athens, Greece. Link  



 

 
 

 Plan Bleu. (2019). Science-Policy Interface (SPI) to support monitoring implementation plans 
as well as sub-regional and regional policy- developments regarding EcAp clusters on 
pollution, contaminants and eutrophication, marine biodiversity and fisheries, coast and 
hydrography (Technical Paper No. 18). Link 

 Updates and specific document for these elements can be found in Annex A: Data 
Dictionaries/Data Standards, Assessment Criteria, Threshold Values, Baseline Values, 
Guidance Factsheets, Guidelines and Monitoring Protocols available or in progress for each 
IMAP Common Indicator (CI) or Candidate Common Indicator (CCI)..  

40. These elements and other important points for MSFD are defined in the following documents: 
 A report produced by the Working Group on GES Common Understanding of (Initial) 

Assessment, Determination of Good Environmental Status (GES) & Establishment of 
Environmental Targets (Articles 8, 9 & 10 MSFD) (Claussen et al., 2011)  

 Commission Decision (EU) 2017/848 of 17 May 2017 laying down criteria and methodological 
standards on good environmental status of marine waters and specifications and standardised 
methods for monitoring and assessment, and repealing Decision 2010/477/EU. Link 

 The European Commission staff working document Background document for the Marine 
Strategy Framework Directive on the determination of good environmental status and its links 
to assessments and the setting of environmental targets Accompanying the Report from the 
Commission to the European Parliament and the Council on the implementation of the Marine 
Strategy Framework Directive (Directive 2008/56/EC), SWD(2020) 62 final. 

 European Commission. (2019). Reporting on the 2018 update of articles 8, 9 & 10 for the 
Marine Strategy Framework Directive. MSFD Guidance Document 14 (p. 72). Bruxelles: DG 
Environment. 

 The MSFD guiding document to prepare 2024 reporting: Article 8 MSFD Assessment Guidance 
(European Commission., 2022). 

 Tornero Alvarez, M. V., Palma, M., Boschetti, S., Cardoso, A. C., Druon, J.-N., Kotta, M., … 
Hanke, G. (2023). Marine Strategy Framework Directive—Review and analysis of EU 
Member States’ 2020 reports on Monitoring Programmes. Link 
 

Monitoring and assessment scales, and assessment units 
41. The Ecosystem Approach requests to define whether the status of an area is or not in GES by 

assessing the status through 11 Descriptors for MSFD and 11 Ecological Objectives (EOs) for 
IMAP.  

42. These areas can be ecologically or hydrologically relevant assessment areas, Spatial 
Assessment Units (SAU) used in Nested Environmental status Assessment Tool (NEAT) (Berg 
et al., 2016) as for IMAP pollution indicators, or more administrative defined areas such as 
national subdivisions, Marine Reporting Units (for MSFD reporting, see here), or IMAP 
geographical units at four scales, regional (Mediterranean Sea), sub-regional (4 sub-regions), 
coastal waters and other marine waters, subdivision of coastal national waters provided by 
Contracting Parties (see IMAP, 2017). These must be organised in a nested approach to be 
coherent. 



 

 
 

43. Requests for MSFD Monitoring and Assessment Scales (MAS) can be found in Commission 
Decision (EU) 2017/848 and further guidance in document SWD(2020) 62 final and Article 8 
MSFD Assessment Guidance (European Commission, 2022). 

44. Documents defining monitoring and assessment scales for IMAP indicators can be found in 
Annex A. 

45. Choosing the appropriate scale of assessment is important especially concerning biodiversity. It 
may indeed impact the assessment status (see e.g. Machado et al., 2020 for fish). A large scale 
can mask population patterns visible at smaller scale and for biodiversity, the different 
requirements of each species should be taken in consideration (Machado et al., 2020). 

Assessment criteria 
46. Assessment criteria are closely related to GES definition since they define information that is 

relevant for the GES assessment. They help define the conditions in which the assessments 
should be done and the elements to consider.  

47. For IMAP, the general assessment criteria are defined in IMAP, 2017, and for the majority of 
the indicators, they have been further defined for each indicator and are available (see Annexe 
A). 

48. For MSFD, the 11 Descriptors are based on defined Criteria which are subdivided in indicators. 
The Criteria are divided in primary criteria that must be used and secondary criteria that MS 
may choose to use. Assessment methodologies can be found in Cardoso et al. (2010). 

Baseline and threshold values 
49. Baseline and threshold values are used to compare the current assessments to determine whether 

GES is met or not. Baseline values can be considered in three different ways: 
 Un-impacted state or negligible impacted that is the state where human pressure and 

their impacts are considered negligible on marine environment. This state is also known 
as reference conditions. It can be determined through current or past measures or 
modelling. 

  Baselines can also be a state in the past usually the point when data collection on a 
parameter of the marine environment began. This implies also to know the level of the 
pressures on marine environment at the time to set the threshold values.  

 The baseline state can be determined as the situation when the policy started to be 
implemented with an objective of no deterioration accepted or improvements requested 
(e.g. decreasing trend of a pressure).  

50. In the Mediterranean, due to the lack of data and of un-impacted areas, baseline values more 
frequently define the state described by the first assessment (initial assessment) (see European 
Commission,  2022). Threshold values will then be understood as the accepted deviation from 
the baseline values (Vasilakopoulos et al., 2022). If no deviation from the baseline values is 
accepted to meet GES, TVs and BV can be then the same. 

51. In MSFD, TVs are required to be established by MSs through Union, regional or sub-regional 
cooperation following recommendations (see article 4 of Commission Decision (EU) 2017/848 
of 17 May 2017 and Background document SWD(2020) 62 final)). The criteria D1C5, D2C2, 
D6C1, D6C2, D7C1, D8C3 and D8C4 do not need to have TV defined because the data of these 
criteria feed into and informs the assessment of other criteria, elements or features (European 
Commission, 2022). TVs should be consistent at regional or sub-regional scale and across 
Ecological Objectives or Descriptors.  



 

 
 

52. The JRC Technical Report Thresholds for MSFD Criteria: state of play and next steps 
(Vasilakopoulos et al., 2022) reviews the availability of agreed threshold-setting approaches 
and methods and TVs for all criteria of the 11 MSFD Descriptors. Ways forward are also 
suggested to improve the availability of thresholds for MSFD criteria. 

53. For IMAP, available documents defining baseline and threshold values where appropriate are 
listed in Annex A by indicator. Nevertheless, quantification of thresholds still remains an issue 
that is very much under development (UNEP/MED WG.502/Inf.10). 

Aggregation rules 
54. Assessment results of indicators need in fine to be aggregated and integrated to be able to 

determine the status of an Ecological Objective or a Descriptor, these needing also to be 
aggregated to define the environmental status of an area. These can differ between Ecological 
Objectives but need to be coherent to be able to integrate EOs’ status into an evaluation of the 
environmental status of the area considered. 

55. Aggregation rules are of importance in an integrative approach such as MSFD and IMAP. The 
choice of the aggregation method can have a considerable impact on the results of an assessment 
(Langhans, Reichert, & Schuwirth, 2014; Borja et al., 2015, 2014, 2013; Probst & Lynam, 
2016). Therefore, it is of great significance that aggregation rules within an Ecological Objective 
but also between EOs, be coherent and laid down at Mediterranean scale.  

56. Aggregation rules need also to be defined concerning geographical scales (European 
Commission,  2022). Choosing to work with nested areas, facilitates aggregation but rules still 
need to be clarified. 

 
2.8. Key messages 

 
57. Several points remain unclear concerning GES in both MSFD and IMAP: (i) can one consider 

attaining GES/ non GES at indicator and criterion level? What is the difference between a 
target/threshold/limit level and GES at this level? (ii) How to integrate and aggregate into a 
unique status assessment at EO level? At global status level? At national level?  

58. Borja et al. (2013) and Prins et al. (2014) discuss these two points and proposes options using 
different decision rules to determine if an area is in GES. Efforts to clarify these points at 
Mediterranean scale could considerably enhance the quality and coherence of data but also 
further apprehend the impact of climate change on the element that define GES. 

 
  



 

 
 

3.  Ecological Objective 1: Biodiversity 

3.1. General information on IMAP EO1 and MSFD D1 GES definition 
59. Adding to the general documents on MSFD and IMAP referred to in section 2.7, relevant 

documents relative to EO1/D1 and GES determination under IMAP and MSFD can be found in 
Table 2. 

 
Table 2: Relevant documents relative to GES definition for EO1 and D1.  

Biodiversity 
IMAP MSFD 

EO1 GES: “Biological diversity is maintained or 
enhanced. The quality and occurrence of coastal 
and marine habitats and the distribution and 
abundance of coastal and marine species are in 
line with prevailing physiographic, 
hydrographic, geographic and climatic 
conditions.”  

D1 GES: “Biological diversity is maintained. The 
quality and occurrence of habitats and the 
distribution and abundance of species are in line 
with prevailing physiographic, geographic and 
climate conditions.” 

 

Relative to species 
UNEP/MAP. (2021). Comparative Analysis 

undertaken with regard to IMAP and the 
European Commission GES Decision 
2017/848/EU for Biodiversity 
(UNEP/MED WG.502/Inf.10). Link  

UNEP/MAP - RAC/SPA. (2019). Monitoring 
Protocols for IMAP Common Indicators 
related to Biodiversity and Non-Indigenous 
species (UNEP/MAP WG.467/16.)Link 

UNEP/MAP (2017) IMAP Common Indicator 
Guidance Facts Sheets (Biodiversity and 
Fisheries) (UNEP(DEPI)/MED 
WG.444/6/REV.1). Link 

See Annex A, EO1-CI1 and 2 for technical 
documents specifically related to CIs 

 

Alonso, A. E., Palma, M., Palialexis, A., & 
Hanke, G. (2023). Reference list of MSFD 
D1 species (2018-2020 update). Link 

Palialexis, A., & Boschetti, S. (2021). Marine 
Strategy Framework Directive - Review 
and analysis of Member States’ 2018 
reports Descriptor 1: Species biological 
diversity. Link 

Palialexis, A., Korpinen, S., Rees, A., Mitchell, 
I., Micu, D., Gonzalvo, J., … Tuaty-
Guerra, M. (2021a). Species thresholds: 
Review of methods to support the EU 
Marine Strategy Framework Directive 
MSFD Descriptor 1 biological diversity. 
JRC Technical Report EUR 30680 EN. 
Link 

Palialexis, A., Kousteni, V., Boicenco, L., 
Enserink, L., Pagou, K., Zweifel, U. L., … 
Connor, D. (2021b). Monitoring 
biodiversity for the EU Marine Strategy 
Framework Directive: Lessons learnt from 
evaluating the official reports. Marine 
Policy, 128, 104473. Doi : 
10.1016/j.marpol.2021.104473. Link 

Palialexis, A., Boschetti, S., Vasilakopoulos, P., 
& Somma, F. (2020). Alignment of the 
Marine Strategy Framework Directive and 
the Habitats Directive: current state and 
future perspectives. Link 



 

 
 

Biodiversity 
IMAP MSFD 

Palialexis, A., Connor, D., Damalas, D., 
Gonzalvo, J., Micu, D., Mitchel, I., … 
Somma, F. (2019). Indicators for status 
assessment of species, relevant to MSFD 
Biodiversity Descriptor: Identifying 
methods to set thresholds for the GES 
assessment. Link 

Palialexis, A., De, J. C. A., & Somma, F. 
(2018). JRC’s reference lists of MSFD 
species and habitats: MSFD reporting for 
Descriptors 1 and 6. Link 

Relative to habitats 

Montefalcone, M., Tunesi, L., & Ouerghi, A. 
(2021). A review of the classification 
systems for marine benthic habitats and the 
new updated Barcelona Convention 
classification for the Mediterranean. Marine 
Environmental Research, 169, 105387. doi: 
10.1016/j.marenvres.2021.105387 

UNEP/MAP-SPA/RAC. (2021). Interpretation 
Manual of Marine Habitat Types in the 
Mediterranean Sea (UNEP/MED 
WG.502/Inf.4) (p. 426). Tunis. Link 

UNEP/MAP. (2021). Comparative Analysis 
undertaken with regard to IMAP and the 
European Commission GES Decision 
2017/848/EU for Biodiversity (UNEP/MED 
WG.502/Inf.10). Link  

UNEP/MAP - RAC/SPA. (2019). UNEP/MAP 
WG.467/16. Monitoring Protocols for 
IMAP Common Indicators related to 
Biodiversity and Non-Indigenous species. 
Link 

Plan Bleu. (2019). Science-Policy Interface 
(SPI) to support monitoring 
implementation plans as well as sub-
regional and regional policy- 
developments regarding EcAp clusters on 
pollution, contaminants and 
eutrophication, marine biodiversity and 
fisheries, coast and hydrography 
(Technical Paper No. 18). Link 

UNEP/MAP (2017) IMAP Common Indicator 
Guidance Facts Sheets (Biodiversity and 

Boschetti, S., Palialexis, A., & Connor, D. 
(2021). Marine Strategy Framework 
Directive – Review and analysis of EU 
Member States’ 2018 reports – Descriptor 6: 
Sea-floor integrity and Descriptor 1: Benthic 
habitats. Link 

Palialexis, A., Kousteni, V., Boicenco, L., 
Enserink, L., Pagou, K., Zweifel, U. L., … 
Connor, D. (2021). Monitoring 
biodiversity for the EU Marine Strategy 
Framework Directive: Lessons learnt from 
evaluating the official reports. Marine 
Policy, 128, 104473. Doi : 
10.1016/j.marpol.2021.104473 

Palialexis, A., De, J. C. A., & Somma, F. (2018). 
JRC’s reference lists of MSFD species and 
habitats: MSFD reporting for Descriptors 1 
and 6. Link 

 
Pelagic habitats 

Magliozzi, C., Palma, M., Druon, J.-N., 
Palialexis, A., Mcquatters-Gollop, A., 
Varkitzi, I., … Artigas, L. F. (2023). Status 
of pelagic habitats within the EU-Marine 
Strategy Framework Directive: Proposals 
for improving consistency and 
representativeness of the assessment. Link 

Magliozzi, C., Druon, J.-N., Boschetti, S., & 
Palialexis, A. (2021). Marine Strategy 
Framework Directive - Review and analysis 
of EU Member States’ 2018 reports - 
Descriptor 1: Pelagic habitats. Link 

Magliozzi, C., Druon, J.-N., Palialexis, A., 
Artigas, L. F., Boicenco, L., González-



 

 
 

Biodiversity 
IMAP MSFD 

Fisheries) (UNEP(DEPI)/MED 
WG.444/6/REV.1). Link 

 UNEP/MAP. (2017). Draft guidelines for 
the preparation of the country specific EcAp 
monitoring programme for biodiversity and 
NIS (UNEP(DEPI)/MED WG.444/Inf.14) 
(p. 41) [6th Meeting of the Ecosystem 
Approach Coordination Group]. Link 

 

See Annex A, EO1-CI3, 4 and 5 for technical 
documents specifically related to CIs 

Pelagic habitats 

UNEP-MAP/SPA-RAC. (2021). First elements 
to elaborate the List of Reference of Pelagic 
Habitat Types in the Mediterranean Sea 
(UNEP/MED WG.502/7) (p. 13). Link  

Quirós, R., … Varkitzi, I. (2021). Pelagic 
habitats under MSFD D1: Current 
approaches and priorities. Link 

Magliozzi, C., Druon, J.-N., Palialexis, A., 
Aguzzi, L., Alexande, B., Antoniadis, K., … 
Zervoudaki, S. (2021). Pelagic habitats 
under the MSFD D1: Scientific advice of 
policy relevance. doi: 10.2760/081368 

Zampoukas, N., Palialexis, A., Duffek, A., 
Graveland, J., Giorgi, G., Hagebro, C., … 
Zevenboom, W. (2014). Technical guidance 
on monitoring for the Marine Stategy 
Framework Directive. Link 

60. Relations between MSFD D1 Criteria and IMAP EO1 indicators have been addressed in the 
document Comparative Analysis undertaken with regard to IMAP and the European 
Commission GES Decision 2017/848/EU for Biodiversity (UNEP/MED WG.502/Inf.10). 

61. Fraschetti et al. (2022) performed an integrated assessment of the Good Environmental 
Status of Mediterranean MPAs using the analytical tool NEAT and integrating data from 
seagrass P. oceanica, macroalgae, sea urchins and fish with thresholds defined to define GES 
set by dedicated workshops and literature review. The results on maps are available in the article 
accessible here. 

62. IMAP Ecological Objective 1 is declined in five indicators, which are state indicators designed 
to assess the state and changes of specific important aspects of ecosystems at habitat and species 
level. CI1 is related to habitats, CI2 to habitats and species and CI3, 4 and 5 are related to species 
or groups of species. The GES definition of these indicators are: 

EO1-CI1 – Habitat distributional range (EO1) to also consider habitat extent as a relevant 
attribute, should be maintained. 

EO1-CI2 – Condition of the habitat’s typical species and communities is maintained. 

EO1-CI3 – Species distributional range (related to marine mammals, seabirds, marine reptiles) 
is maintained. 

EO1-CI4 – Population abundance of selected species (related to marine mammals, seabirds, 
marine reptiles) is maintained. 

EO1-CI5 – Population demographic characteristics (e.g. body size or age class structure, sex 
ratio, fecundity rates, survival/mortality rates related to marine mammals, seabirds, and marine 
reptiles) are maintained. 

63. Each Common Indicator (CI) includes several habitats and groups of species. 
64. MSFD Descriptor 1 is declined in 6 criteria with the following GES definitions: 



 

 
 

D1C1 – The mortality rate per species from incidental by-catch is below levels which threaten 
the species, such that its long-term viability is ensured.  

D1C2 – The population abundance of the species is not adversely affected due to anthropogenic 
pressures, such that its long-term viability is ensured. 

D1C3 – The population demographic characteristics (e.g. body size or age class structure, sex 
ratio, fecundity, and survival rates) of the species are indicative of a healthy population which 
is not adversely affected due to anthropogenic pressures. 

D1C4 – The species distributional range and, where relevant, pattern is in line with prevailing 
physiographic, geographic and climatic conditions. Member States shall establish threshold 
values for each species through regional or sub-regional cooperation.  

D1C5 – The habitat for the species has the necessary extent and condition to support the 
different stages in the life history of the species.  

Relating to pelagic habitats 

D1C6 – The condition of the habitat type, including its biotic and abiotic structure and its 
functions (e.g. its typical species composition and their relative abundance, absence of 
particularly sensitive or fragile species or species providing a key function, size structure of 
species), is not adversely affected due to anthropogenic pressures. 

65. Each Criterion (C) includes several species or groups of species to be decided by the Member 
State (MS). Compared to the EO1 indicators, D1 indicators concern mainly species or the 
habitat in relation with an assessed species. The benthic habitats are assessed through D6 
seafloor1 integrity by 5 primary (mandatory) criteria that assess “physical loss” and 
“physical disturbance” of seabed and habitats. 
 

66. To determine GES for IMAP EO1 Biodiversity, the assessment of the initial state is necessary, 
against which each future assessment of the indicators and parameters will be compared to 
define weather its status is “maintained” and therefore in GES, or not. This initial assessment 
of biodiversity at regional and sub-regional level had been attempted with the MED QSR 2017. 
However, for many indicators and in particular for EO1, the data available were not sufficient 
to have a complete initial assessment. MED QSR 2023 will be going beyond, towards building 
a complete image of the initial assessment at Mediterranean and when possible sub-regional 
scale. The results of MED 2023 QSR should serve as baseline values were baseline values have 
not yet been defined.  

3.2. Elements for defining EO1 GES at indicator level in a climate change 
context 

 
1 Definition given in the context of MSFD for seafloor: “Sea-floor is defined as a key compartment for 
marine life. It includes both the physical and chemical parameters of seabed (e.g. bathymetry, 
roughness (rugosity), substratum type, oxygen supply, etc.) as well as the biotic composition of the 
benthic community. Different kinds of habitats for sedentary and mobile marine species are formed 
inside and above the seabed.” (see Link) 



 

 
 

d) Indicators relative to habitats 

Coralligenous habitats 

EO1 Biodiversity 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO1-CI1, EO1-CI2 Coralligenous habitat 

 
EO1-CI1 GES: Habitat distributional range and habitat extent is maintained 

EO1-CI2 GES: Condition of the habitat’s typical species and communities is maintained 
Specific monitoring guidance documents available to assess and monitor coralligenous habitats: 
 Gennaro, P., Piazzi, L., Cecchi, E., Montefalcone, M., Morri, C., & Bianchi, C. N. (Eds.). 

(2020). Monitoraggio e valutazione dello stato ecologico dell’habitat acoralligeno. Il 
coralligeno di parete. ISPRA. Link 

 UNPE/MAP-SPA/RAC. (2019). Monitoring Protocols for IMAP Common Indicators related to 
Biodiversity and Non-Indigenous species (Meeting Report No. UNEP/MED WG.467/16; p. 
293). Tunis. Link 

 UNEP/MAP-SPA/RAC. (2019). Monitoring protocols of the Ecosystem Approach Common 
Indicators 1 and 2 related to marine benthic habitats. Guideline for monitoring coralligenous 
and other calcareous bioconstructions (Meeting Report No. UNEP/MED WG.474/3). Tunis. 
Link  

 JNCC. (2018). Autonomous Underwater Vehicles for use in marine benthic monitoring (JNCC). 
Peterborough. Link  

 RAC/SPA - UNEP/MAP. (2015). A guide on environmental monitoring of rocky seabeds in 
Mediterranean marine protected areas and surrounding zones (RAC/SPA-MedMPAnet 
Project). Tunis. Link 

 RAC/SPA-UNEP/MAP. (2014). Monitoring protocol for coralligenous community. Case 
study—Croatia (RAC/SPA-MedMPAnet Project). Tunis. Link  

 
Habitat distributional range and habitat extent 
Elements to define the actual distributional range and habitat extent of coralligenous habitats at 
regional, sub-regional and national scale:  

The EMODnet map of probability occurrence of Coralligenous habitats and maerl beds 
available here, could be used as the habitat distributional range at Mediterranean scale but 
they also include maerl beds. 

Distribution of coralligenous formations in the Mediterranean Sea (extracted from different 
sources) is presented by Giakoumi et al. (2013) and Martin et al., (2014). The latest also 
present a coralligenous habitat occurrence probability at the Mediterranean Sea scale. 

After registration through the site Donia Expert, the Medtrix platform gives access to a fine 
cartography of coralligenous habitats (up to 80 m) for France and some other areas (Sardania 
and Tunisian islands). On the same platform, RECOR presents the geographical distribution 
along the French coast (and some points in Sardinia) of monitored coralligenous habitats sites 
and gives the possibility to access to information on the sites as well as photos and sometimes 
3D reconstruction. The environmental status for each year is indicated by the five category 
Coralligenous Assemblage Index (CAI) (Deter et al., 2012), the coverage percentage by 
sediments, the percentage covered by bioconstructors, an indicator of perturbation and an 
indicator of necrosis. Data are available for every year since 2010.  

Several recent publications have mapped localised coralligenous reefs at very fine scale such 
as (e.g. Pierdomenico et al., 2021 along the Latium continental shelf, Italy). Studies on 
distribution of certain gorgonians such as Ghanem et al. (2018) in Tunisia also inform on 
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EO1-CI1, EO1-CI2 Coralligenous habitat 

coralligenous distribution since several species (e.g. Paramuricea clavata, Eunicella cavolini, 
Leptogorgia sermentosa) are characteristic species of coralligenous habitats. 

All together with older publications on localized mapping of coralligenous habitats, the 
distribution and extent of coralligenous habitat at fine scale for number of sites in the 
Mediterranean is available in several Mediterranean countries. 

Condition of habitats typical species and communities 
To define GES for CI2, requires to determine the habitats’ typical species and communities. For 
coralligenous habitats typical species may vary between sub-regions and even areas. 
 

The multi-parametric index Mesophotic Assemblages Conservation Status (MACS) that 
combines status and impact indicators (Enrichetti et al., 2019) also applied by Pierdomenico 
et al. (2021) in Italian coralligenous outcrops seems a tool of interest to assess the condition 
of the coralligenous habitat’s typical species and communities at least for the North-western 
Mediterranean. In this index the typical species considered are “structuring species, here 
intended as arborescent or massive megabenthic species (e.g. sponges, anthozoans, 
bryozoans), reaching elevated sizes (decimetric) and densities, and hence able to shape the 
environment and support a complex biocoenosis”. 

Given that the assessment of coralligenous habitats is now often based on images (video or 
photographies), it is of interest that typical species be identifiable on image. 

Effects of climate change and other cumulative pressures in GES determination 
Models integrating climate change projections indicate that environmental changes due to 
climate change will lead to a shift in the distribution of the coralligenous habitats as in the 
North Adriatic (Vitelletti et al., 2023). 

Gómez-Gras et al. (2021) and Grenier et al. (2023) describe the impacts of recent Marine 
Heat Waves on habitat forming octocorals and sponges of coralligenous habitats in the NW 
Mediterranean, and consequent mass mortality events. This leads to assemblages that are 
deficient in key functional traits which could have consequences for ecosystem functioning. 
Reducing local impacts in MPAs may help coralligenous habitats face climate change impacts 
especially MHW (Zentner et al., 2023).  

Predictive models show that under climate change conditions, floods will be more and more 
frequent. Impact of floods on coralligenous habitats has been underlined by Piazzi et al. 
(2021) that describes the changes in the assemblages and their degradation by floods. 

Further, an indirect impact of climate change is the expansion and rapid instalment of 
thermophilic invasive NIS favoured by Mediterranean Sea warming (e.g. Costanzo et al., 
2021; Zenetos & Galanidi, 2020) which have the potentiality to modify benthic habitats 
especially in coastal areas by e.g. completion for space, predation etc.  

Katsanevakis et al., 2016, identify hot spot areas with high Cumulative Impact score on 
Coralligenous habitats using the cumulative impact of invasive alien species model 
(CIMPAL) score. Some limitations of the approach were underlined that are addressed under 
the ALAS project for the Aegean region (see Katsanevakis et al., 2020). 

According to Zunino et al. (2019), ocean acidification will also directly and indirectly impact 
coralligenous habitats but also the related ecosystem services that could have impacts on 
human well-being as well. 
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Carbonne et al. (2022) experimented the impact of acidification and sea warming on larval 
and recruit development of a Mediterranean coral. They observed that low PH and warm 
temperatures had a negative impact on survival, settlement and growth of recruits. 

 
Maerl and rhodolith habitat 
67. « …the GES evaluation of Mediterranean Rhodolith Beds is a challenging task. »  

(Basso et al., 2016). 

 
EO1 Biodiversity 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO1-CI1, EO1-CI2 Maerl and rhodolith habitat 
EO1-CI1 GES: Habitat distributional range and habitat extent is maintained 

EO1-CI2 GES: Condition of the habitat’s typical species and communities is maintained 
Specific monitoring guidance documents available to assess and monitor maerl and rhodolith 
habitats: 
 UNEP/MAP-SPA/RAC. (2021). Guidelines for the assessment of environmental impact on 

coralligenous and maërl assemblages (UNEP/MED WG.502/Inf.3) (p. 58). Tunis: SPA/RAC. 
Link 

 UNEP/MAP-SPA/RAC. (2019). Monitoring protocols of the Ecosystem Approach Common 
Indicators 1 and 2 related to marine benthic habitats. Guideline for monitoring coralligenous 
and other calcareous bioconstructions (Meeting Report No. UNEP/MED WG.474/3). Tunis. 
Link  

 Basso, D., Babbini, L., Kaleb, S., Bracchi, V. A., & Falace, A. (2016). Monitoring deep 
Mediterranean rhodolith beds. Aquatic Conservation: Marine and Freshwater Ecosystems, 26(3), 
549–561.  

 UNEP-MAP-RAC/SP. (2015). Standard methods for inventorying and monitoring coralligenous 
and rhodoliths assemblages. (RAC/SPA). Tunis. Link 

 
Habitat distributional range and habitat extent 
Elements to define the actual distributional range and habitat extent of maerl and rhodoliths habitats 
at regional, sub-regional and national scale:  

Basso et al. (2017) presents detailed maps of the presence of rhodolith beds in the 
Mediterranean, so does Martin et al. (2014) that presents in addition an occurrence probability 
map of maerl beds in the Mediterranean.  

Recent works focus on specific areas: rhodolith beds extent and integrity in the Tyrrhenian 
Sea off the Campania coast (Rendina et al., 2020), the Strait of Sicily (Maggio et al., 2022), 
around Malta (Deidun et al., 2022), at the south coast of Spain in the Alboran Sea (Del Rio et 
al. 2022).  

The distribution and measurable extent of sites in several areas of rhodolith beds (that include 
maerl beds see Basso et al., 2016) at fine scale and for the Mediterranean are available.  

Condition of habitats typical species and communities 
Typical species of these habitats are coralline red algae such as Lithothamnion corallioides, 
but the habitat is considered complex and variable (Jardim et al., 2022). Basso et al. (2016) 
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underlines the difficulties to assess the condition of this habitat which needs sampling and 
cannot be assessed solely by image (photo or video) according to the authors. These authors 
propose a monitoring methodology to acquire data on the extent and condition of this habitat 
and its typical species. 

Effects of climate change and other cumulative pressures in GES determination 
Martin & Hall-Spencer (2017) suggest that rhodolith habitats will be affected by long-term 
acidification and predict a decline of the calcareous algae that would be replaced by other 
non-calcareous species which would reduce complexity and biodiversity of the habitat. The 
impacts of climate change could be very species-specific which could result in the death of 
rhodoliths and associated fauna (de Araújo Costa et al., 2023). 

The importance of sea surface currents and waves for rhodolith habitats distribution appear 
in several publications (Martin et al., 2014; Agnesi et al., 2020). Possibly, changes in these 
variables due to climate change could also impact the habitats assemblage on the long term.  

Maerl and rhodolith beds thrive in rather deep waters in the Mediterranean Sea, rarely less 
than 25 m. Currently, the main anthropogenic impact that this habitat is undergoing is bottom 
otter trawling which can locally be devastating for these habitats. 

  



 

 
 

Marine vegetation and Posidonia oceanica meadows 
 

68. Under IMAP, the main marine vegetation that is assessed and monitored is Posidonia oceanica 
meadows. Posidonia oceanica meadows, are of great importance for the Mediterranean Sea 
functioning (see Addamo & La Notte, 2023), and it’s degradation causes negative impacts on 
fisheries (El Zrelli et al., 2020) and more generally can cause economic loss by reduction of the 
ecosystem services (Zunino et al., 2019; El Zrelli et al., 2023). Nevertheless, other marine 
vegetation habitats are also of great importance and undergo climate change and other 
anthropogenic pressures. 

EO1 Biodiversity 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO1-CI1, EO1-CI2 Marine vegetation and Posidonia oceanica meadows 

EO1-CI1 GES: Habitat distributional range and habitat extent is maintained 
EO1-CI2 GES: Condition of the habitat’s typical species and communities is maintained 

Specific monitoring guidance documents available to assess and monitor marine vegetation: 
 UNEP/MAP-SPA/RAC. (2019). Monitoring protocols of the Ecosystem Approach Common 

Indicators 1 and 2 related to marine benthic habitats. Guideline for monitoring marine 
vegetation (Meeting Report No. UNEP/MED WG.474/3). Tunis. Link  

 UNEP/MAP-RAC/SPA. (2015). Guidelines for the standardization of mapping and monitoring 
methods of marine magnoliophyta in the Mediterranean. Tunis: RAC/SPA. Link 

Habitat distributional range and habitat extent 
Elements to define the actual distributional range and habitat extent of marine vegetation at regional, 
sub-regional and national scale can be found hereafter. Available information concerns mainly 
Posidonia oceanica meadows. 

The EMODnet map of probability occurrence of Posidonia oceanica meadows available here, 
could be used as the habitat distributional range at Mediterranean scale. 

Telesca et al. (2015) present the distribution of Posidonia oceanica meadows in the 
Mediterranean Sea (extracted from different sources), surface and linear coastline occupied 
and average regression over 50 years estimated at 10.1% of the total known area and 33.6% 
if only areas for which there is historical information are considered. 

The Medtrix platform gives access to a fine cartography of Posidonia oceanica meadows and 
mats after registration through Donia Expert for France and some other areas (Sardinia and 
Tunisian islands). 

Panagyotidis et al. (2022) have made available their datasets of seagrass spatial distribution 
(P. oceanica, Cymodocea nododsa, Zostera noltei and Halophila stipulacea) in the Hellenic 
territory. Seagrass which has been calculated as being over 2,749.09 km2. 

Traganos et al., 2020 present coverage area for P. oceanica for the Mediterranean basin up to 
25 m depth, using satellite images and machine learning. The surface estimated to be covered 
by P. oceanica in the Mediterranean by the authors is 19,020 km2, which is significantly more 
than previous publications (Telesca et al., 2015; McKenzie et al., 2020).  

Such assessments should give the possibility to estimate the surface occupied at national level for 
some countries and possibly at sub-regional level. 

Condition of habitats typical species and communities 
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EO1-CI1, EO1-CI2 Marine vegetation and Posidonia oceanica meadows 

Typical species include at least the dominant magnoliophyte species of the seagrass meadows but 
should include also other species included in the Annex 2 to the SPA Protocol. Assemblages vary 
between sub-regions therefor the list of typical species should be defined at sub-regional level. 

The assessment approach of Houngnandan et al. (2020) concerning Posidonia oceanica 
meadows, environmental variables and anthropogenic pressures identified and mapped along 
the French coast, the good and bad environmental conditions for P. oceanica and compared 
it to a decline index and a cohesion index. 

Urbanisation, coastal population and human made coastline appear to be the anthropogenic 
pressures that degrade the most the P. oceanica meadows along the French coast (see Holon 
et al., 2018) although in this study, several other anthropogenic pressures were not taken in 
consideration such as climate change. By using maps of marine habitats and anthropogenic 
pressures the model predicts quite well the relation between human pressures and degradation 
status therefore being able to identify priority areas for management. 

Effects of climate change and other cumulative pressures in GES determination 
Sea temperature warming and Marine Heat Waves (MHW) could induce changes in P. 
oceanica meadows by affecting morphology and productivity (Guerrero-Meseguer, Marín, & 
Sanz-Lázaro, 2017; Stipcitch et al., 2022; Cantasano, 2023) and shoot production success 
(Marbà & Duarte, 2010) of the plant. 

Chefaoui et al. (2018) modelled P. oceanica meadow loss depending on different climate 
change scenarios and predict that the Mediterranean would lose up to 75% of suitable habitat 
by 2050 in the worst scenario. More recently, Llabrés et al. (2023) predict that in high 
greenhouse emissions, Posidonia oceanica meadows would lose 70% of its population by 
2050. 

Further, an indirect impact of climate change is the expansion and rapid instalment of 
thermophilic invasive NIS favoured by Mediterranean Sea warming (Beca-Carretero et al., 
2020; Zenetos & Galanidi, 2020; Mannino et al., 2023) which have the potentiality to modify 
benthic habitats especially in coastal areas by e.g. completion for space, predation etc. 
Katsanevakis et al., 2016, identify hot spot areas with high Cumulative Impact score on 
Posidonia habitats using the cumulative impact of invasive alien species model (CIMPAL) 
score. Some limitations of the approach were underlined that are addressed under the ALAS 
project for the Aegean region (see Katsanevakis et al., 2020). 

 
  



 

 
 

e) Indicators relative to species 
 

Marine mammals 
69. Under MSFD marine mammals are assessed under D1 Biodiversity but can be referred to in D4 

food webs, D8 contaminants, D10 marine litter and D11 underwater noise. However, Authier et 
al. (2017) indicate that several EU countries do not consider marine mammals in the GES 
description in particular of D10 and D4. 

70. In IMAP, cetaceans are assessed under EO1 and can be referred to in EO3-CI12 that corresponds 
to a MSFD-D1-C1 indicator. 

 
EO1 Biodiversity 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO1-CI3, EO1-CI4, EO1-CI5 Cetaceans  
EO1-CI3 GES: Species distributional range is maintained  

The species are present in all their natural distributional range. 
EO1-CI4 GES: Species population abundance is maintained 

The species population has abundance levels allowing qualification to Least Concern Category of 
IUCN Red List or has abundance levels that are improving and moving away from the more critical 

IUCN category.  
(Globicephala mela, Grampus griseus, Turciops truncates, Delphinus delphis, Stenella 

coeruleoalba, Physeter macrocephalus, Ziphius cavirostris, Balaenoptera physalus) 
EO1-CI5 GES: Population condition and demographic characteristics (e.g. body size or age 

class structure, sex ratio, fecundity rates, survival/mortality rates) is maintained   
Decreasing trends in human induced mortality (only for Turciops truncates, Stenella coeruleoalba, 

Balaenoptera physalus). 
Specific monitoring guidance documents available to assess and monitor cetaceans: 
 ACCOBAMS. (2020). Monitoring guidelines to assess cetaceans’ distributional range, population 

abundance and population demographic characteristics (p. 12). Link 
 ACCOBAMS. (2023). Evidence-based diagnostic assessment frameworks for cetacean 

necropsies on specific issues/threats (p. 10). Link 
  ACCOBAMS guidelines and Best practices webpage. Link 
 Some technical aspects on GES determination and how to assess can be found in CetAMBICion 

project, WP1 - Review of MSFD second cycle reports and state of the art for cetaceans 
Deliverable 1.01 published in 2022. Link  

Species distributional range and population abundance 
Arcangeli et al., 2023 have tested some model approaches and indicators (MSFD) for 
assessing range and habitat short-term trends for cetaceans (Grampus griseus, Globicephala 
melas, Ziphius cavirostris) distribution range and presents the limits, weaknesses and give 
recommendations relatively to these approaches.  

Gnone et al. (2023) have analyzed data collected by 23 different research units over a period 
of 15 years concerning cetaceans in the Mediterranean Sea and present distributional patterns 
and relative abundance of the species. It is the most complete and updated work in the 
Mediterranean on distribution and abundance. 

Karamitros et al. (2020) have modelled geographical distribution of three Delphinidae in the 
Mediterranean Sea based on surveys from the Alboran Sea to the Aegean and covering a 
central strip of the Mediterranean Sea.  

Some species such as Cuviers beaked whale (Ziphius cavironstris) have low density in the 
Mediterranean Sea and make the estimation for their distributional range and abundance 
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challenging (Cañadas et al., 2018). The authors estimate that the total abundance of this 
species in the Mediterranean is about 5800 individuals. 

Panigada et al. (2017) assessed cetacean abundance and distribution in the area covered 
(Pelagos Sanctuary, Tyrrhenian Sea, part of the Sea of Corsica and Sadrinia, Ionian Sea and 
the Gulf of Taranto) using systematic multispecies aerial surveys between 2009 and 2014. 
This data was used to create model-based estimates of density and abundance for several 
species. The results represent baseline data for the area to develop efficient, long-term, 
systematic monitoring programmes. 

Some other localized or specie specific assessments have been published such as Awbery et 
al. (2022) along part of the Turkish coast, Torreblanca et al. (2022) in the Western 
Mediterranean Sea, Cañadas and Vazquez (2017) for Delphinus delphis in the Alboran Sea, 
Galili et al. (2023) in Israel. 

Modelling species distribution and abundance of cetaceans is based on data collections and 
can be robust. But the lack of data in eastern and south Mediterranean Sea does not allow 
reasonable modelling of distribution and abundance of cetaceans (Mannocci et al., 2018), 
efforts are needed to collect and share data to cover the geographical gaps. 

Species condition and demographic characteristics 
Little is known on the species conditions and demographic characteristics, even for quite 
frequent species. Some studies have modelled niche partitioning of the different species as in 
the Alboran Sea (see Giménez et al., 2018), others studied association patterns between 
individuals of bottlenose dolphins (Pace et al. 2022). 

Effects of climate change and other cumulative pressures in GES determination 
Climate change impacts on cetaceans are little known and seem to be indirect by affecting 
their habitats and prey as in the Alboran Sea where an increase of sea surface temperature 
will potentially reduce the suitable habitat for common dolphins (Cañadas & Vázquez, 2017). 

In parallel cetaceans undergo other threats such as fishing gear entanglement and by-catch, 
underwater noise and collision with marine traffic (see Awbery et al., 2022). Increase in 
marine traffic will increase collision probability and underwater noise.  

  



 

 
 

71. Mediterranean monk seal (Monachus monachus) is strictly protected (Appendix II of the 
Bern Convention) and classified as endangered species by IUCN. An Action Plan for the 
management of the Mediterranean monk seal (Monachus monachus) has been established by 
UNEP/MAP-SPA/RAC and the Contracting Parties (Link) and a Regional Strategy for the 
conservation of Monk seals in the Mediterranean agreed on (Link).  

EO1 Biodiversity 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO1-CI3, EO1-CI4, EO1-CI5 Monk seal 

EO1-CI3 GES: Species distributional range is maintained  
EO1-CI4 GES: Species population abundance is maintained  

EO1-CI5 GES: Population condition and demographic characteristics (e.g. body size or age 
class structure, sex ratio, fecundity rates, survival/mortality rates) is maintained 

Monk seal 
(Monachus monachus) 

Documents informing on methods for assessing monk seals: 
 Pietroluongo, G., Quintana Martín-Montalvo, B., Ashok, K., Miliou, A., Fosberry, J., Antichi, 

S., … Azzolin, M. (2022). Combining Monitoring Approaches as a Tool to Assess the 
Occurrence of the Mediterranean Monk Seal in Samos Island, Greece. Hydrobiology, 1, 440–
450. doi: 10.3390/hydrobiology1040026 

 Bundone, L., Rizzo, L., Fai, S., Hernández-Milián, G., Guerzoni, S., & Molinaroli, E. (2023). 
Investigating Rare and Endangered Species: When a Single Methodology Is Not Enough-The 
Mediterranean Monk Seal Monachus monachus along the Coast of Salento (South Apulia, 
Italy). Diversity, 15(6). doi: 10.3390/d15060740 

 
Species distributional range and population abundance 

Within the upcoming MED QSR 2023, a section will be dedicated to the monk seal and its 
distribution in the Mediterranean. 

Further, the following publications inform on the Mediterranean monk seal distribution in the 
Mediterranean with a map included in the report NOAA (2017). 

Panou, A., Giannoulaki, M., Varda, D., Lazaj, L., Pojana, G., & Bundone, L. (2023). Towards 
a strategy for the recovering of the Mediterranean monk seal in the Adriatic-Ionian Basin. 
Frontiers in Marine Science, 10. Link  

Nicolaou, H., Dendrinos, P., Marcou, M., Michaelides, S., & Karamanlidis, A. A. (2021). Re-
establishment of the Mediterranean monk seal Monachus monachus in Cyprus: Priorities for 
conservation. Oryx, 55(4), 526–528. doi: 10.1017/S0030605319000759 

NOAA (2017). Mediterranean Monk Seal (Monachus monachus) 5-Year Review: Summary 
and Evaluation (p. 31). National Marine Fisheries Service Office of Protected Ressources. 

The report of the international conference on monk seal conservation (UNEP/MAP-
SPA/RAC, 2006) gives some information on the distribution of the species through the 
communications. 

Species condition and demographic characteristics 
The species is discrete, avoiding contact with humans, and its population limited (estimated 
to 700 individuals in the Mediterranean), therefor little is known on the species condition and 
characteristics. However, Karamanlidis et al. (2021) published an article on maternal 
behaviour of monk seals in Greece and Saydam & Güçlüsoy (2023) on cave preferences in 
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Türkiye and Kurt & Gücü, (2021) on demography and population structure of the NE 
Mediterranean population. 

Effects of climate change and other cumulative pressures in GES determination 
Mediterranean monk seals have a reduced population number and undergo anthropogenic 
impacts that result in: reduction of their habitat, accidental entanglements (Karamanlidis et 
al., 2008), mortality by deliberate killing from fishermen in certain areas (Androukaki et al., 
1999; Karamanlidis et al., 2015). Limited food availability have little contributed directly to 
monk seal deaths, but contribute to increase interactions between monk seals and fishermen.  

Climate change and especially warming sea temperatures impacts food webs and could reduce 
food availability for monk seals resulting in increased interactions with fishermen and fishing 
gear and consequently increased mortalities.  
Another climate change consequence that could affect the population of monk seals is the 
increase of extreme events that could increase mortality of pups in caves.   

 
 
  



 

 
 

Seabirds 
 

EO1 Biodiversity 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO1-CI3, EO1-CI4, EO1-CI5 Seabirds  

EO1-CI3 GES: The distribution of seabird species continues to occur in all their Mediterranean 
natural habitat. Biological diversity is maintained. The quality and occurrence of habitats and the 
distribution and abundance of species are in line with prevailing physiographic, geographic and 

climatic conditions. 
EO1-CI4 GES: Population size of selected species of seabirds is maintained. The species 

population has abundance levels allowing to qualify of Least Concern Category of IUCN (less than 
30% variation over a time period equivalent to 3 generation lengths. 

EO1-CI5 GES: Species populations are in good conditions: Natural levels of breeding success & 
acceptable levels of survival of young and adult birds. 

Seabirds 
Priority species 

Falco eleonorae‐ Hydrobates pelagicus‐ Larus audouinii‐ Larus genei‐ Pandion haliaetus‐ 
Phalacrocorax aristotelis‐ Calonectris diomedea‐ Puffinus yelkouan‐ Puffinus mauretanicus‐ Sterna 

bengalensis‐ Sterna sandvicensis 
Specific monitoring guidance documents available to assess and monitor seabirds 

 UNEP/MAP RAC/SPA. (2007). Guidelines for Management and Monitoring Threatened 
Population of Marine and Coastal Bird Species and their Important Areas in the 
Mediterranean. By Joe Sultana (RAC/SPA). Tunis. Link 

 UNEP/MAP-RAC/SPA. (2009). Guidelines for reducing by catch of seabirds in the 
Mediterranean region. By Carles Carboneras (RAC/SPA). Tunis. Link  

 UNEP/MAP (2017) IMAP Common Indicator Guidance Facts Sheets (Biodiversity and 
Fisheries) (UNEP(DEPI)/MED WG.444/6/REV.1). 

Identification guides 
Guide of Seabirds in the Mediterranean & adjacent Seas – CIESM Seabirds Program. Link 

Distribution of seabirds 
The majority of the scientific articles concern bycatch of seabirds. Few assess locally the distribution 
of specific seabirds: 

 Paracuellos, M., & Nevado, J. C. (2003). Nesting seabirds in SE Spain: Distribution, numbers 
and trends in the province of Almería. Scientia Marina, 67(Suppl.2), 125–128. 

 UNEP/MAP RAC/SPA. (2013). Seabirds in the Gulf of Lions shelf and slope area. By 
Carboneras, C. (RAC/SPA). Tunis. 

 UNEP/MAP. (2015). Adriatic Sea: Status and conservation of Seabirds (UNEP(DEPI)/MED 
WG.408/Inf.12). 

 UNEP/MAP RAC/SPA. (2015). Alboran Sea: Status and conservation of seabirds. By Arcos, 
J.M. (D. Cebrian & S. Requena, Eds.). Tunis. 

 UNEP/MAP RAC/SPA. (2015). Sicily Channel/Tunisian Plateau: Status and conservation 
of Seabirds. By Carboneras, C. (RAC/SPA; D. Cebrian & S. Requena Moreno, Eds.). Tunis. 

 Pettex, E., David, L., Authier, M., Blanck, A., Dorémus, G., Falchetto, H., … Ridoux, V. 
(2017). Using large scale surveys to investigate seasonal variations in seabird distribution and 
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abundance. Part I: The North Western Mediterranean Sea. Deep Sea Research Part II: Topical 
Studies in Oceanography, 141, 74–85. doi: 10.1016/j.dsr2.2016.11.008  

 Militão, T., Sanz-Aguilar, A., Rotger, A., & Ramos, R. (2022). Non-breeding distribution and 
at-sea activity patterns of the smallest European seabird, the European Storm Petrel 
(Hydrobates pelagicus). Ibis, 164(4), 1160–1179. doi: 10.1111/ibi.13068 

The most complete document on seabird distribution and abundance will be the MED QSR 
2023 currently in preparation. Moreover, GES has tentatively been assessed for the different 
species and sub-regions with the available data. 

Bycatch of seabirds 

Seabirds prey are mainly fish and therefor interactions with fishing gear is frequent. Several 
documents treat of this subject in the Mediterranean Sea: 

 Cooper, J., Baccetti, N., Belda, E. J., Borg, J. J., Oro, D., Papaconstantinou, C., & Sanchez, 
A. (2003). Seabird mortality from longline fishing in the Mediterranean Sea and 
Macaronesian waters: A review and a way forward. Scientia Marina, 67(Suppl. 2), 57–64. 

 Genovart, M., Doak, D. F., Igual, J.-M., Sponza, S., Kralj, J., & Oro, D. (2017). Varying 
demographic impacts of different fisheries on three Mediterranean seabird species. Global 
Change Biology, 23(8), 3012–3029. doi: 10.1111/gcb.13670 

 Cortés, V., Arcos, J. M., & González-Solís, J. (2017). Seabirds and demersal longliners in 
the northwestern Mediterranean: Factors driving their interactions and bycatch rates. 
Marine Ecology Progress Series, 565, 1–16. 

 Cortés, V., & González-Solís, J. (2018). Seabird bycatch mitigation trials in artisanal 
demersal longliners of the Western Mediterranean. PLOS ONE, 13(5), e0196731. doi: 
10.1371/journal.pone.0196731 

 Cianchetti-Benedetti, M., Dell’Omo, G., Russo, T., Catoni, C., & Quillfeldt, P. (2018). 
Interactions between commercial fishing vessels and a pelagic seabird in the southern 
Mediterranean Sea. BMC Ecology, 18(1), 54. doi: 10.1186/s12898-018-0212-x 

Bycatch is assessed through EO1-CI5 for seabirds and EO3-CI12 at a more general level for 
vulnerable and non-target species.  

Effects of climate change and other cumulative pressures in GES determination 
Impact of climate change has not been studied and is difficult to appreciate. However the 
main pray of seabirds is fish that will be impacted in its distribution area and abundance by 
warming sea. This could have impacts on the seabirds feeding areas and the availability of 
prey. 

Use of fossil fuel participates in increasing climate change phenomenon. Therefore, states are 
currently turning towards sources of renewable energy including offshore wind energy. Such 
developments are currently taking place for example in the Gulf of Lion (France) and the 
impact of such structures on seabirds are not well known. Several studies have worked on 
possible impacts of offshore wind farms on seabirds and risk assessment approaches on the 
subject (Christel et al., 2013; Bray et al., 2016). 

  



 

 
 

 
Marine turtles 

 
EO1 Biodiversity 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO1-CI3, EO1-CI4, EO1-CI5 Marine turtles 
EO1-CI3 GES: Species distributional range is maintained  

The species continues to occur in all its natural range in the Mediterranean, including nesting, 
mating, feeding and wintering and developmental sites from national to regional level. 

EO1-CI4 GES: Species population abundance is maintained  
The population size allows to achieve and maintain a favourable conservation status considering all 

life stages of the population 
EO1-CI5 GES: Population condition and demographic characteristics (e.g. body size or age 

class structure, sex ratio, fecundity rates, survival/mortality rates) is maintained 
Low mortality induced by incidental catch. Favourable sex ratio and no decline in hatching rates 

Marine turtles 
(Caretta caretta and Chelonia mydas) 

 
Specific monitoring guidance documents available to assess and monitor marine turtles: 
 UNEP/MAP-SPA/RAC. (2017). Guidelines for the long term Monitoring programmes for marine 

turtles nesting beaches and standardized monitoring methods for nesting beaches, feeding and 
wintering areas (UNEP(DEPI)/MED WG.431/ Inf.4) (p. 60). Tunis. Link 

 Medpan free training course on Getting started with marine turtle conservation across 
Mediterranean Marine Protected Areas Link 

 Girard, F., Girard, A., Monsinjon, J., Arcangeli, A., Belda, E., Cardona, L., … Claro, F. (2022). 
Toward a common approach for assessing the conservation status of marine turtle species within 
the European marine strategy framework directive. Frontiers in Marine Science, 9. Link  

Species distributional range 
Caretta caretta is present in all the Mediterranean Sea either for nesting or foraging whereas 
Chelonia mydas is restricted to south-eastern part of the Mediterranean especially for nesting 
(see Camiñas et al., 2020), although nesting of C. mydas seems to expand lately with 
occasional nesting more northward (Jančič et al., 2022) and westward (Ben Ismail et al., 
2022).  

A comprehensive and up-to-date map of the Mediterranean grounds, foraging, overwinter 
areas and nesting sites of both species can be found in Camiñas et al. (2020) Link. 

Past data exist for the Mediterranean Sea such as Groombridge (1990), Casale & 
Margaritoulis (2010), which should enable to define baseline values at least for nesting and 
allow assessment of GES. 

Species population abundance, condition and demographic characteristics 
Increase and expansion of nesting activity of Caretta caretta has been observed probably 
related to conservation measures and increased awareness (Casale et al., 2018; Hochscheid et 
al., 2022). This could suggest an increase in population abundance. 

Using models, estimates of abundance of Caretta caretta in the Mediterranean are given by 
Di Matteo et al. (2022) based on aerial survey and shipboard line transect survey data.  

Probably the most specific information on GES determination for CI3 to CI5 for marine 
turtles can be found in the collaborative work of Girard et al. (2022). Indicator measurements, 
data requirements, assessment approach are presented for each MSFD indicator related to 



 

 
 

EO1 Biodiversity 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO1-CI3, EO1-CI4, EO1-CI5 Marine turtles 

marine turtles (four of which are comparable to IMAP indicators) to adequately assess the 
status of marine turtles. 

EO1-CI3, EO1-CI4, EO1-CI5 for marine turtles is considered currently as meeting GES 
requirements thanks to several years of active protection in the Mediterranean Sea. 

Effects of climate change and other cumulative pressures in GES determination 
Increase and expansion of nesting activity of Caretta caretta has been observed probably 
related to conservation measures and increased awareness. But these nesting beaches undergo 
high touristic pressure (Hochscheid et al., 2022). 

Higher temperatures in nesting areas seem to increase the female-biased hatching sex ratios 
(Casale et al., 2018) which could be positive for the population but higher temperatures 
decrease hatching success for both species (Laloë et al., 2017; Bladow & Milton, 2019). 

Another climate change effect that could reduce reproduction of marine turtles and 
consequently population abundancy is Sea Level Rise (SLR). Coastal habitats and in 
particular beaches could shrink and offer less availability for turtles to nest (Dimitriadis et al., 
2022). Only one fifth of the nesting beaches studied were found to be able to offer appropriate 
nesting zone farther inland giving the possibility to marine turtles to adapt to SLR for nesting 
(Dimitriadis et al., 2022). 

Patricio et al. (2021) suggest guidance for research and research priorities consequent to a 
review on climate change impacts on marine turtle populations. They imply that strategies for 
mitigating stressors could be helpful to increase resilience in climate change context. 

Higher temperatures decrease hatching success for both species (Laloë et al., 2017; Bladow 
& Milton, 2019) but if other anthropogenic pressures are lessened and conservation actions 
are maintained, marine turtles could adapt to climate change (Patricio et al., 2021). 

Field experience in an area with tide (Cabo Verde) gives information on potential impact of 
inundation on hatching success and phenotype of C. caretta (Martin et al., 2022). Results 
show that hatching success increases with increased distance from tidal inundation risk zone.  

Nevertheless, Casale et al. (2018) consider that climate change impacts on life-history 
parameters of marine turtles are poorly known therefor the impacts of climate change in 
comparison with others threat is difficult to estimate. 

Other anthropogenic threats consist of exposure to debris ingestion (see Darmon et al., 2017), 
by-catch (to link with CI12), collision with speed boats (see Hazel et al., 2007), inaccessibility 
to nesting beaches due to tourism. 

 
 
3.3. Impediments and gaps identified in EO1 GES determination and 

assessment in a climate change context 

a) At the level of Ecological Objective 1 
72. “Biological diversity is maintained or enhanced. The quality and occurrence of coastal and 

marine habitats and the distribution and abundance of coastal and marine species are in line 
with prevailing physiographic, hydrographic, geographic and climatic conditions.” 



 

 
 

 
73. The GES definition of EO1 implies several important points: 

1. That species and habitats assessed be representative of Mediterranean Sea biodiversity 

2. That baseline values and threshold values are the same. No decrease of biodiversity is 
accepted to be or stay in GES. Current and future assessments in terms of biodiversity 
should be the same as the baseline values or enhanced. 

3. Biodiversity assessment should be in line with prevailing climatic conditions.  

74. Point 1. The current lists of habitats and species effectively assessed through IMAP, need to be 
completed to better represent Mediterranean marine biodiversity. This point is further developed 
under c) At the level of specific parameters or attributes. 

75. Point 2 and 3. These can be considered in contraction. How can biodiversity state be in line 
with already changing climatic conditions and be maintained at an initial state? Indeed, this 
needs to be clarified since due to climate change impacts, for some indicators/parameters, it will 
be very difficult or even impossible that close future assessments be the same as baseline values 
(initial assessment values) defined even only a few years back. Climatic and hydrographic 
conditions of the Mediterranean Sea have already started to change very rapidly under global 
change effects, making EO1 GES more and more difficult to attain.  
 

76. Several possibilities can be considered to maintain GES for EO1 attainable in the near future: 
 Threshold values could be regularly reconsidered and revaluated and progressively adapted (e.g. 

accepting 2 then 5, 10% of habitat loss) 

 Baseline values could be regularly reconsidered and updated to the current situation. 
Reconsidering baseline values (BVs), which is having shifting BVs, means that GES definition 
changes in time. 

 Baseline values and threshold values are defined for each assessment as the values obtained in 
the most unimpacted sites (predefined) of a sub-region and/or CP during the assessment. All 
sites undergoing climate change impacts that can be comparable in a sub-region, this method 
“neutralises” climate change direct impacts but not cumulative impacts. This method also 
implies that BV be shifting and GES definition changing. 

77. Baseline and threshold values are crucial to define GES at all levels. Compared to other EOs, 
the definition of GES for an area’s biodiversity will probably be one of the most rapidly affected 
by climate change impacts. Therefore, further clarifying the EO1 GES definition, the related 
baseline and threshold values is mandatory to enable a GES assessment in the close future.  

78. Climate change impacts on the Mediterranean Sea include an increase temperature and 
acidification, an increase of salinity (Parras-Berrocal et al., 2020), an increase in the 
frequency of floods that will affect coastal ecosystems. These changes need to be 
anticipated in a monitoring programme especially in the definition of BVs and TVs. 

b) At the level of indicators and criteria 
 

79. Impediments to GES definition for the Mediterranean Sea at this level are partly related to the 
difference between D1 Criteria and EO1 Common indicators especially concerning benthic 
habitats. Benthic habitats in MSFD are assessed under D6 seafloor integrity. This results in EU 
countries not reporting on EO1 because equivalence between criteria and indicators as well as 
attributes are not evident. There is better coherence between EO1-CI 3, 4 and 5 on species 
groups which are similar to D1C2, C3 and C4. 



 

 
 

80. Within IMAP, the factsheets and protocols for EO1-CI1 and CI2 on marine habitats would gain 
in efficiency in being simplified and more strait forward and by limiting the list of typical 
species or identifying the most pertinent. 

81. Baseline and threshold values need to be clearly defined for benthic habitat assessment at sub-
regional level. 

82. Climate change is impacting habitats’ and species’ distribution in the Mediterranean Sea. EO1-
CI3 GES definition is “The species continues to occur in all their natural habitats or range in the 
Mediterranean”. Distributional range of several species and habitats are at high risk of shifting 
under climate change impacts and this shift can occur rapidly. Their “natural habitats” or 
“natural range” are terms that should be more specifically defined taking in consideration 
climate change impacts so that GES for this CI can be assessed. Under climate change context, 
some habitat extents and species distributional ranges could shift (e.g. to deeper waters or more 
to the north) without necessarily regressing in terms of extent. Are such changes of interest to 
monitor and if so, how should they be monitored? 

c) At the level of specific parameters or attributes 

Representation of biodiversity 
83. The species and habitats currently assessed in IMAP do not sufficiently represent Mediterranean 

marine biodiversity. Starting the IMAP implementation by limiting the habitats and groups of 
species to monitor increased comprehension of the assessment and monitoring objectives and 
allowed CPs to focus on specific attributes to integrate IMAP. But major habitats such as 
Vulnerable Marine Ecosystems, pelagic habitats and other species groups (e.g; plankton, fish, 
cephalopods) could be progressively integrated to have a panel of species and habitats that 
further represents Mediterranean marine biodiversity. Deep-sea ecosystems are not assessed 
although they are vulnerable and affected also by climate change impacts (Le Bris & Levin, 
2020). 

84. Within the marine vegetation, P. oceanica is effectively assessed but other meadows such as 
Cymodosea noltei or Zoostera marina could be considered. Further, monitoring photophilic 
algae that also undergo anthropogenic pressures and climate change impacts is suggested (see 
Badreddine et al., 2018; Bahbah et al., 2020). Therein, assessments from littoral areas under 
Water Framework Directive could be interesting (see e.g. Bevilacqua et al., 2020). 

Data acquisition and availability 
85. Data acquisition and data availability is an impediment to GES definition for all indicators of 

EO1 Biodiversity.  
86. Although international organisations exist such as ACCOBAMS dedicated to cetaceans, the 

assessment of marine mammals in the Mediterranean lacks data either because it is difficult to 
acquire or because it is little shared.  

87. Unlike marine turtles that come to littoral areas for nesting, cetaceans distribution and 
abundance as well as demographic characteristics can only be assessed at sea and often out of 
territorial waters. In a large part of the Mediterranean Sea, few CPs have declared Exclusive 
Economic Zones (EEZ) resulting in large areas under High seas regime that aren’t under 
national jurisdiction. This limits the assessment efforts of marine mammals by CPs. Several 
international structures, organisations and the ACCOMBAMS agreement acquire data on 
cetaceans in co-operation with SPA/RAC and CPs, but limited data sharing still seems a barrier 
to aggregating data to be able to define baseline values for the Mediterranean Sea cetaceans. 

88. Further, bycatch of cetaceans was tentatively assessed but practically no data is available 
whereas data on stranding incidents exists. It could be envisaged to assess stranding incidents 



 

 
 

for cetaceans and turtles instead and differentiate between incidents du to interaction with 
fisheries and other incidents (disease or other) to replace the bycatch indicator. 

89. Seabird assessment as other biodiversity assessment suffer from a lack of data especially 
concerning EO1-CI5. The upcoming MED QSR 2023 should give a new state of the art of 
available data for biodiversity indicators but further assessments are needed in the 
Mediterranean to be in a position of assessing GES in good conditions. 

Specific impediments 
90. The Mediterranean monk seal is classified as being in danger by IUCN and there number is 

limited and estimated to about 700 individuals. This species has already suffered mass 
mortalities apparently due to a virus (see Osterhaus et al., 1998). Under warming Mediterranean 
Sea favouring disease outbreaks, this could happen again. Therefore, given the population 
dynamic and the limited number of individuals, “maintaining their population” (EO1-CI4) does 
not appear sufficient to safeguard the sustainability of this species in the Mediterranean.  

3.4. Recommendations for way forward regarding EO1 

91. Terms of the EO1 GES definitions could be further clarified and defined reducing different 
interpretations. 

92. The method for defining baseline values and threshold values for EO1 should be decided. This 
could be discussed perhaps through a workshop, taking in consideration the effects that climate 
change and GES. The method selected should be coherent throughout the Mediterranean region 
and therefor comparable if not the same. 

93. The panel of species and habitats assessed in IMAP should be more representative of 
Mediterranean Sea biodiversity so that Good Environmental Status of the Mediterranean Sea 
biodiversity can be effectively assessed. 

94. For benthic habitats, it could be valuable to take in consideration the assessments of benthic 
ecosystems under Water Framework directive (e.g. Bevilacqua et al., 2020). 

95. For benthic habitats, EO1-CI2 on Condition of the habitat’s typical species and communities it 
is suggested to consider assessing a parameter on the impact of IAS (Invasive Alien Species). 
This could be envisaged with an indicator in relation with EO2 (see following chapter). Further, 
the current development of EO6 on seafloor integrity calls for an assessment of NIS impacts on 
seabed habitats which is not the case currently in IMAP. 

96. Increase data sharing on species and habitat monitoring and assessment especially concerning 
marine mammals. 

97. For EO1-CI5 relative to cetaceans and turtles, consider replacing bycatch assessment 
for which practically no data is available, by stranding incidents assessment that presents more 
data availability. 

98. Assessment of Mediterranean Sea biodiversity is a difficult task and one of the most important 
ecological objectives. Progress has been done by CPs and organisations to collect and aggregate 
quality data, however efforts are still needed in data collection. Further, data needs to be 
available in order to proceed to sub-regional and regional assessments.  

99. Basic terminology and what needs to be understood in GES definitions of EO1 needs to be better 
defined taking in consideration that environmental conditions are currently and will be changing 
under climate change context. 

  



 

 
 

3.5. Key messages 

100. Increase in sea temperature, acidification, increase of frequency and intensity of floods 
and storms are amongst the climate change impacts that will effect habitats’ and species’ spatial 
distribution but also their condition. In particular their spatial extension assessed under EO1 is 
dependant of environmental conditions which are currently affected by climate change. Spatial 
shifts of habitats and species are already occurring and expected to continue.  

101. Clarifications are needed in GES definitions at EO1 level but also at indicator level since 
there is a contradiction between the terms. Biodiversity must be “maintained or enhanced” in 
its distribution, extent and condition, but at the same time “in line with prevailing (..) climatic 
conditions” which are currently changing. Further, “natural habitats” or “natural range” should 
be more specifically defined taking in consideration climate change impacts. 

102. GES definition for EO1-CI1 and EO1-CI2 implies that baseline values and threshold 
values are the same. Habitat extent should remain the same or more extended than the baseline 
value which appears more and more difficult to attain or maintain for some benthic habitats 
under climate change conditions. There should be a consensus on which methodology to adopt 
to define baseline values taking in consideration climate change impacts on biodiversity and its 
assessment.  

103. In parallel, methodologies for defining baseline values and threshold values especially 
for benthic habitats must be clear and strait foreword to be able to define these elements that are 
essential for assessing GES. For EO1-CI1 and EO1-CI2 (habitats) methodology for defining 
baseline values is essential in a climate change context. 

104. Benthic habitats’ spatial distribution data are available for some CPs. However, efforts 
are still needed in some areas to acquire spatial distribution of habitats, identification of typical 
species at sub-regional level and their condition. Further, typical species for coralligenous 
habitats should be defined taking in account the current monitoring methods mainly based on 
images. 

105. The assessment of GES for IMAP EO1 Biodiversity is currently based on the 
assessment of the state of three main benthic habitats and several species of marine mammals, 
seabirds and marine turtles. The habitats and groups of species should be extended to better 
represent the Mediterranean Sea biodiversity. 

106. “Maintaining” certain populations of species that are in danger, with a slow population 
dynamic and few individuals left does not appear sufficient in climate change conditions which 
enhance disease outbreaks that could severely affect the population size. For some species, such 
as monk seals, GES definition could be reconsidered to favour population development in order 
to have better chances to face climate change impacts. 

107. To assess EO1 GES at Mediterranean Sea scale, data needs to be assembled from EU 
countries assessing GES under MSFD and non EU countries assessing GES under IMAP. 
However, benthic habitats are assessed under EO1 biodiversity in IMAP and D6 seafloor 
integrity in MSFD. This results in EU CPs not reporting on EO1 because analogies between 
criteria and indicators as well as attributes are not evident. Clarifying the equivalence between 
the elements of D6 and EO1 on habitats should contribute to increase reporting of EU CPs under 
IMAP and therefor increase data availability to assess GES. 

108. Taking in consideration the current development of EO6 on seafloor integrity that calls 
for an assessment of NIS impacts, EO2 on NIS and the current spatial expansion and the impacts 
of Invasive Alien Species (IAS), a parameter relative to IAS impacts within EO1CI2 Condition 
of the habitat’s typical species and communities could be developed in relation with EO2. 



 

 
 

4. Ecological Objective 2: Non Indigenous species 

109. From the EO2 factsheet2:  
110. ‘Non-indigenous species’ (NIS; synonyms: alien, exotic, non-native, allochthonous) 

are species, subspecies or lower taxa introduced outside of their natural range (past or present) 
and outside of their natural dispersal potential. This includes any part, gamete or propagule of 
such species that might survive and subsequently reproduce. Their presence in the given region 
is due to intentional or unintentional introduction resulting from human activities. Natural shifts 
in distribution ranges (e.g. due to climate change or dispersal by ocean currents) do not qualify 
a species as a NIS. 

111. “Invasive alien species” (IAS) are a subset of established NIS which have spread, are 
spreading or have demonstrated their potential to spread elsewhere, and have an effect on 
biological diversity and ecosystem functioning (by competing with and on some occasions 
replacing native species), socioeconomic values and/or human health in invaded regions. 
Species of unknown origin which cannot be ascribed as being native or alien are termed 
cryptogenic species. They also may demonstrate invasive characteristics and should be 
included in IAS assessments. 

4.1. General information on IMAP EO2 and MSFD D2 GES definition 

112. Relevant documents relative to EO2/D2 and GES determination under IMAP and 
MSFD can be found in the following Table 3. 

Table 3: Relevant documents relative to GES definition for EO2/D2.  

Non-Indigenous Species 
IMAP MSFD 

EO2 GES: “Non-indigenous species introduced 
by human activities are at levels that do not 
adversely alter the ecosystem.” 

D2 GES: “Non-indigenous species introduced by 
human activities are at levels that do not 
adversely alter the ecosystem.” 

 
Galanidi, M., Aissi, M., Ali, M., Bakalem, A., 

Bariche, M., Bartolo, A. G., … Zenetos, A. 
(2023). Validated Inventories of Non-
Indigenous Species (NIS) for the 
Mediterranean Sea as Tools for Regional 
Policy and Patterns of NIS Spread. 
Diversity, 15(9), 962. Link 

Galanidi, M., & Zenetos, A. (2022). Data-
Driven Recommendations for Establishing 
Threshold Values for the NIS Trend 
Indicator in the Mediterranean Sea. 
Diversity, 14(1), 57. Link 

UNEP/MAP. (2021). UNEP/MED Comparative 
Analysis undertaken with regard to IMAP 
and the European Commission GES 

Magliozzi, C., Van, H. N., Živana, N. G., & 
Cardoso, A.-C. (2023). Establishing 
thresholds: Workshop on the MSFD Newly 
Introduced NIS (D2C1) (JRC Conference 
and Workshop Report No. JRC132962.). 
Luxembourg: Publications Office of the 
European Union. Link 

Tsiamis, K., Boschetti, S., Palialexis, A., 
Somma, F., & De, J. C. A. (2021). Marine 
Strategy Framework Directive – Review 
and analysis of EU Member States’ 2018 
reports – Descriptor 2: Non-Indigenous 
Species. Link 

Tsiamis, K., Palialexis, A., Connor, D., 
Antoniadis, S., Bartilotti, C., Bartolo, A. 

 
2 UNEP/MAP, 2017. IMAP Common Indicator Guidance Facts Sheets (Biodiversity and Fisheries) 
(UNEP(DEPI)/MED WG.444/6/REV.1) 



 

 
 

Non-Indigenous Species 
IMAP MSFD 

Decision 2017/848/EU for Biodiversity 
(WG.502/Inf.10). Link  

UNEP/MAP - RAC/SPA. (2019). UNEP/MAP 
WG.467/16. Monitoring Protocols for 
IMAP Common Indicators related to 
Biodiversity and Non-Indigenous species. 
Link 

UNEP/MAP (2017) IMAP Common Indicator 
Guidance Facts Sheets (Biodiversity and 
Fisheries) (UNEP(DEPI)/MED 
WG.444/6/REV.1). 

 UNEP/MAP. (2017). Draft guidelines for 
the preparation of the country specific EcAp 
monitoring programme for biodiversity and 
NIS (UNEP(DEPI)/MED WG.444/Inf.14) 
(p. 41) [6th Meeting of the Ecosystem 
Approach Coordination Group]. Link 

See Annex A, EO2 for technical documents 
specifically related to CI6 

G., … De, J. C. A. (2021). Marine Strategy 
Framework Directive – Descriptor 2, Non-
Indigenous Species. Delivering solid 
recommendations for setting threshold 
values for non-indigenous species pressure 
on European seas (JRC Science for Policy 
Report No. JRC124136). Luxembourg: 
Publications Office of the European 
Union. Link 

 

 

 
113. Relations between MSFD D2 Criteria and IMAP EO2 indicators have been 

addressed in the document Comparative Analysis undertaken with regard to IMAP and the 
European Commission GES Decision 2017/848/EU for Biodiversity (UNEP/MED 
WG.502/Inf.10). 

114. IMAP Ecological Objective 2 includes currently only one indicator with the following 
GES definition and target: 

EO2-CI6 – Decreasing abundance of introduced NIS in risk areas. Abundance of NIS 
introduced by human activities reduced to levels giving no detectable impact. 

115. This indicator corresponds to D2C1 and D2C2 of the MSFD (see here after). 
116. MSFD Descriptor 2 is declined in one primary (mandatory) criterion and two 

secondary criteria with the following GES definitions: 

D2C1 – Primary: The number of non-indigenous species which are newly introduced via 
human activity into the wild, per assessment period (6 years), measured from the reference year 
as reported for the initial assessment under Article 8(1) of Directive 2008/56/EC, is minimised 
and where possible reduced to zero. Member States shall establish the threshold value for the 
number of new introductions of non-indigenous species, through regional or sub-regional 
cooperation.  
 
D2C2 – Secondary: Abundance and spatial distribution of established non-indigenous species, 
particularly of invasive species, contributing significantly to adverse effects on particular 
species groups or broad habitat types. No threshold value requested. 



 

 
 

 
D2C3 – Secondary: Proportion of the species group or spatial extent of the broad habitat type 
which is adversely altered due to non-indigenous species, particularly invasive non-indigenous 
species. Member States shall establish the threshold values for the adverse alteration to species 
groups and broad habitat types due to non-indigenous species, through regional or sub-regional 
cooperation. 

117. For MSFD it is the MS that should establish threshold values by regional and sub-
regional cooperation for D2C1 and D2C3. For D2C2, MS shall refer to the list of EU Regulation 
N° 1143/2014 and cooperate regionally and sub-regionally to update the NIS inventory 
(Vasilakopoulos et al., 2022). 

4.2. Elements for defining EO2 GES at indicator level in a climate change 
context 

EO2 Non Indigenous Species 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO2-CI6 

EO2-CI6 GES: Decreasing abundance of introduced NIS in risk areas. 
CI6: Trends in abundance, temporal occurrence, and spatial distribution of non-indigenous species, 
particularly invasive, non-indigenous species, notably in risk areas (in relation to the main vectors 

and pathways of spreading of such species) 
Each CP determines a list of Invasive Alien Species to monitor. 

Specific monitoring guidance documents available to assess and monitor NIS: 
 Galanidi, M., Aissi, M., Ali, M., Bakalem, A., Bariche, M., Bartolo, A. G., … Zenetos, A. 

(2023). Validated Inventories of Non-Indigenous Species (NIS) for the Mediterranean Sea as 
Tools for Regional Policy and Patterns of NIS Spread. Diversity, 15(9), 962. Link 

 UNEP/MAP (2017) IMAP Common Indicator Guidance Facts Sheets (Biodiversity and 
Fisheries) (UNEP(DEPI)/MED WG.444/6/REV.1). 

 Katsanevakis, S., Tempera, F., & Teixeira, H. (2016). Mapping the impact of alien species on 
marine ecosystems: The Mediterranean Sea case study. Diversity and Distributions, 22(6), 694–
707. Link  

Mediterranean NIS species guides and related information : 

 Hüseyinoğlu, M. F., Arda, Y., & Jiménez, C. (2023). Manual of invasive alien species in the 
Eastern Mediterranean (IUCN). Gland, Switerland: IUCN. Link  

 Öztürk, B. (2021). Non-indigenous species in the Mediterranean and the Black Sea. Rome, 
Italy: FAO. Link 

Abundance of introduced NIS in risk areas 
The rate of new NIS is variable throughout the Mediterranean Sea and between sub-regions 
(Galanidi & Zenetos, 2022). Even within a country, the rate varies depending on the sub-
regions (e.g. Italy, Greece see in Ragkousis et al., 2023; Galanidi & Zenetos 2022) but trends 
are always positive. Therefor Galanidi & Zenetos (2022) suggest that the appropriate scale, 
to assess GES is the sub-regional scale given that methodology of assessment and selection 
of type of sites to monitor (ports, MPAs etc.) be common. Further, the authors suggest to use 
a time span for assessment of three years and not six. 

Creating refined baseline inventories appears as a necessary first step (see Tsiamis et al., 
2019) to be able to assess a decrease in abundance of NIS in risk areas. In the Mediterranean 



 

 
 

EO2 Non Indigenous Species 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO2-CI6 

Sea this would request though to have a common approach in the assessment methods and 
the definition of types of areas to monitor (commercial ports, MPAs, already particularly 
impacted areas…). 

However, Zenetos & Galanidi (2020) published the list of the 65 new NIS reported in the 3 
year period (2017-2019) in the Mediterranean Sea with their year of introduction, country of 
introduction and whether they are considered established or not. The authors also list the 36 
species which have expanded their distribution during the period.  

More lately, Galanidi et al. (2023) have published valid updated sub-regional and regional 
NIS inventories for the Mediterranean Sea that will be used as baselines for IMAP and MED 
QSR 2023. The authors have totalised 1006 NIS in marine and brackish waters of the 
Mediterranean underlining a general increase in the yearly rate of new NIS introductions after 
the late 1990s. 

A review of NIS records in Mediterranean ports has been published by Tempesti et al. (2020) 
and represents a first baseline for Mediterranean ports and underlines gaps. 

Bartolo et al. (2021) have used the Cumulative IMPacts of invasive Alien (CIMPAL) model 
to determine priority hotspots areas of NIS impact in the Maltese islands.  

In the process of defining threshold values for the MSFD criteria, Tsiamis et al. (2021b) have 
published recommendation for setting threshold values for NIS, discussing of a TV to decide 
sub-regionally that could be a 50% reduction for a sub-region of new NIS reported during the 
last 3 reporting cycles (see Tsiamis et al., 2021a). EU has recently dedicated a MSFD 
workshop to progress on the subject (Magliozzi et al., 2023). 

e-DNA tools to monitor NIS appear as promising cost effective methods (Fonseca et al., 
2023). These still need though to be used in parallel of conventional methods to validate 
uncertainties and refine molecular identifications. Also, e-DNA will need a common 
sampling approach and common types of sites to monitor in order to be comparable in time 
and space.  

Protocols have been developed in other areas of the world for specific groups of species and 
could be tested in the Mediterranean as it has been done by Tamburini et al. (2021) that tested 
a North American standardized protocol four fouling communities that was tested in the 
Ligurian Sea. 

Finally, the mitigation strategy proposed by Rotter et al. (2020) can also be used for 
prevention of NIS introduction. These could be considered in parallel of assessment strategies 
considering the high rate of NIS introduction and the number of Invasive Aquatic Species 
(IAS) in the Mediterranean Sea.  

Effects of climate change and other cumulative pressures in GES determination 
Increase in sea temperature is an impact of climate change; in the Mediterranean Sea, it is 
20% higher than the global increase. This phenomenon has already contributed to the 
instalment, expansion and increase in number of thermophilic NIS in the Mediterranean Sea 
(Spanier & Zviely, 2023).  



 

 
 

EO2 Non Indigenous Species 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO2-CI6 

Zenetos et al. (2022a) indicate that the instalment rate of NIS has greatly increased in the last 
years, with 21.5% of the new species that arrived between 2020 and 2021 that are considered 
installed which is over twice the rate expected (Zeneteos et al., 2022a). 

Globally, new NIS introductions in the Mediterranean have a positive trend since several 
decades and vertebrates have notably increased since 2000 (Zenetos et al., 2022b).  

The Mediterranean Sea is undergoing a warming trend that will continue due to climate 
change. A large number of NIS and IAS are thermophilic species therefor GES, as defined 
for CI6 “decreasing abundance of introduced NIS in risk areas”, will be difficult to attain or 
maintain. However, if impacts of IAS on ecosystems and societies are assessed as well, 
effective mitigation and management actions can be designed to reduce adversely effects of 
NIS/IAS (Invasive Aquatic Species) that alter ecosystems and therefor act to be in capacity 
of attaining or maintaining GES for EO2. Katsanevakis et al. (2023) propose eight 
recommendations to improve the management of IAS. 

 
 
4.3. Impediments and gaps identified in EO2 GES determination and 

assessment in a climate change context 

118. IMAP defines GES for EO2 as “Non-indigenous species introduced by human activities 
are at levels that do not adversely alter the ecosystem.” 

119. Levels of introduction are being assessed at Mediterranean scale and efforts have been 
done to collect data to define baseline values at regional and sub-regional level. NIS being a 
transboundary pressure and their impact being partly related to climate change effects, the best 
scale of assessment seems to be the sub-regional level (see also Galanidi & Zenetos, 2022). 
These authors also suggest an adapted time span for assessments of 3 years due to the rapidity 
of arrival and instalment of NIS related to a warming Mediterranean Sea trend. 

120. Moreover, considering that there is currently only one indicator in this Ecological 
Objective, one needs to answer the following question: Will attaining GES for CI6 be sufficient 
to attain GES for EO2? In other words, will “decreasing abundance of introduced NIS in risk 
areas” be effective and sufficient to attain levels of NIS “that do not adversely alter the 
ecosystems”? Having in hand the abundance and trends of NIS, how can one infer the impacts 
of NIS on marine ecosystems and human societies? 

121. To be able to determine GES at the EO level, it appears essential to assess in 
parallel the impacts of NIS on ecosystems and human societies which is not currently the 
case in IMAP. Impacts of specific NIS have recently been described by several authors (e.g. 
Kleitou et al. (2021) on impact of Lionfish; Mannino et al. (2023) on Halophila stipulacea 
Mannino et al. (2018) on effects of NIS in the Egadi Island MPA), but quantifying impact of 
NIS on ecosystems remains a challenge. Further, the current development of EO6 on seafloor 
integrity calls for an assessment of NIS impacts on seabed habitats which is not the case 
currently in IMAP.  

122. Katsanevakis et al., 2016 have mapped Cumulative IMPacts of invasive Alien 
(CIMPAL) on marine ecosystems based on a conservative additive model (also used by Bartolo 
et al., 2021). Gaps, heterogeneity of data and other matters have been underlined in this work 
emphasizing the need for quality and homogeneous data. To gain in robustness, CIMPAL needs 



 

 
 

to be fed by more detailed and accurate data and knowledge on NIS and their impacts. The 
objective of the later ALAS program (see Katsanevakis et al., 2020) is precisely to acquire such 
data in the Aegean Sea to support marine policy and managers, define hotspots and prioritize 
mitigation actions. 

123. Acquiring in depth knowledge of life cycles and life traits of Invasive Aquatic Species 
(IAS) (e.g. study of the blue crab Callinectes sapidus by Marchessaux et al. (2023) is essential 
to be able to establish risk assessments and mitigate efficiently if needed the impacts of IAS. 
Indeed, mitigation strategies and actions, whether they be carried out by inciting fishing, 
consumption of IAS and related industries (as in Tunisia for the blue crab (e.g. Mili et al., 2021), 
fishing the IAS to reduce its numbers (as for the puffer fish Lagocephalus sceleratus in Cyprus 
supported by an EU funded project3) or reducing other pressures affecting the ecosystem, need 
to be envisaged in parallel of assessment. Undeniably, mitigation actions are more efficient 
when they are implemented early in the expansion process of the IAS. 

124. Climate change can also increase IAS impacts by reducing resilience of thermally 
sensitive native species, habitats and ecosystems (Birchenough et al., 2015;  Katsanevakis et al., 
2023). 

125. As one of climate change’s direct impact is a rapid increase of Mediterranean Sea 
temperatures, thermophilic Non-Indigenous Species (NIS), including Invasive Aquatic Species 
(IAS), of all phyla will tend to expand their geographical range and abundance. Some can have 
negative impacts on marine ecosystems but also they can impact littoral human societies. NIS 
and IAS impacts on ecosystems and societies, should be assessed to be able to be able to 
act efficiently with mitigation actions and reduce abundance of NIS. 

4.4. Recommendations for way forward regarding EO2 

126. To be able to attain and maintain GES for EO2-CI6, mitigation actions will most 
probably be necessary under climate change context. Identifying the most impacting species 
(e.g. by carrying out risk assessments such as for Golani’s round herring (see Keramidas et al., 
2023) and the most impacted areas and ecosystems would be helpful to identify the best 
mitigation actions. Further, assessing the impacts on benthic habitats would be of interest for 
EO6 on seafloor integrity (see chapter 8 on Ecological Objective 6).  
 

127. Considering these points, EO2 could be completed by: 
 An indicator that assesses the impacts of NIS on ecosystems  

 An indicator equivalent to D2C3 “Proportion of the species group or spatial extent of 
the broad habitat type which is adversely altered due to non-indigenous species, 
particularly invasive non-indigenous species” to assess NIS/IAS impacts on benthic 
habitats (EO1/EO2 indicator) 

 An indicator that assesses socio-economic impacts of NIS.  

 
3 « An EU financed-project to limit the growth of the pufferfish population was set up in Cyprus. This 
project, implemented by professional fishers, puts pressure on the breeding pufferfish population 
through intensive fishing. To cover for the lack of commercial value, a funding scheme pays the 
fishers 3€ per kilo of pufferfish caught, landed and registered. The Cypriot Department of Fisheries 
and Marine Research (DFMR) is in charge of managing the project nationwide, while 14 fishers’ 
associations are participating, each managing its own “sub-scheme”.” See Link 



 

 
 

128. Possibly, the first two could be assessed in an integrative indicator. Assessing impacts 
of NIS/IAS on ecosystems and socio-economic impacts requires an assessment scheme that can 
compare impacts across various taxa, ecosystems and socio-economic contexts (Galanidi, 
Zenetos, & Bacher, 2018). These authors used two methodologies to assessed environmental 
and socio-economic impacts of seven NIS which were classified on a five-level semi-
quantitative scale. These approach seems of interest to assess NIS impacts. 

129. Given the speed of instalment of certain NIS/IAS and the fact that mitigation actions 
are more efficient when they are implemented early in the expansion process of the IAS, it is 
recommended to have a short time span of 3 years between assessments (as proposed by 
Galanidi & Zenetos 2022).  

130. The most appropriate scale of assessment for EO2-CI6 appears to be the sub-regional 
scale. 

131. New methods such as e-DNA could be investigated and perhaps considered for NIS 
assessment in a near future. 

132. Finally, integrating NIS in EO3-CI8 “Total landings” could be envisaged to inform on 
abundance of fished NIS.  



 

 
 

4.5. Key messages 

133. Data for abundance and expansion of NIS is available throughout the Mediterranean 
Sea and updates of species lists are regularly published which contribute to define baseline 
values for EO2-CI6. Assessment though needs to be continued because rapid expansion of these 
species is observed under climate change related sea temperature rise. 

134. Methods of assessment and monitoring site selection need still to be harmonised. 

135. Given that methodology of assessment and selection of type of sites to monitor (ports, 
MPAs etc.) be common, the most appropriate scale of EO2 GES assessment is the sub-regional 
scale. 

136. Taking in consideration the rapid expansion of NIS, it has been suggested that the 
appropriate time span for EO2-CI6 assessment is three years. 

137. Increase in sea temperatures clearly triggers the introduction, expansion, instalment and 
abundance of thermophilic Non-Indigenous Species (NIS) and Invasive Alien Species (IAS) in 
the Mediterranean Sea. This situation makes EO2-CI6 GES definition “decreasing abundance 
of introduced NIS in risk areas” very difficult or impossible to attain. 

138. There is currently only one indicator in EO2 on NIS. Assessing EO2-CI6 “Trends in 
abundance, temporal occurrence, and spatial distribution of non-indigenous species, 
particularly invasive, non-indigenous species, notably in risk areas” alone is not sufficient to 
assess GES at ecological objective level “Non-indigenous species introduced by human 
activities are at levels that do not adversely alter the ecosystem”. This is because the impacts 
of NIS are not assessed therefor it is not possible to evaluate if NIS effects, adversely alter the 
ecosystems. To be able to determine GES at the EO level, it appears essential to assess in parallel 
the impacts of NIS on ecosystems and human societies which is not currently the case in IMAP. 
Further mitigation actions are difficult to put in place when little is known on the most 
threatening NIS and which ecosystems are threatened and in which way. 

 

 



 

 
 

5. Ecological Objective 3: Fisheries 

5.1. General information on IMAP EO3 and MSFD D3 GES definition 

139. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO3/D3 and GES determination under IMAP and MSFD can be 
found in Table 4. 

 
Table 4: Relevant documents relative to GES definition for EO3/D3.  

Fisheries 
IMAP MSFD 

EO3 GES: “Populations of selected 
commercially exploited fish and shellfish are 
within biologically safe limits, exhibiting a 
population age and size distribution that is 
indicative of a healthy stock”  

D3 GES: “Populations of all commercially-
exploited fish and shellfish are within safe 
biological limits, exhibiting a population age and 
size distribution that is indicative of a healthy 
stock.” 

UNEP/MAP (2017) IMAP Common Indicator 
Guidance Facts Sheets (Biodiversity and 
Fisheries) (UNEP(DEPI)/MED 
WG.444/6/REV.1). Link 

 

Probst, W. N., Kempf, A., Taylor, M., Martinez, 
I., & Miller, D. (2021). Six steps to produce 
stock assessments for the Marine Strategy 
Framework Directive compliant with 
Descriptor 3. ICES Journal of Marine 
Science, 78(4), 1229–1240.  

ICES. (2017). Report of the Workshop on 
guidance on development of operational 
methods for the evaluation of the MSFD 
criterion D3.3 (WKIND3.3ii), 1–4 
November 2016, ICES HQ, Copenhagen, 
Denmark, ICES CM 2016/ ACOM: 44; p. 
155. 

Vasilakopoulos, P., Konrad, C., Palialexis, A., 
& Boschetti, S. (2021). Marine Strategy 
Framework Directive - Review and 
analysis of EU Member States’ 2018 
reports - Descriptor 3: Commercial 
species. Link 

Simmonds, J., Bitetto, I., Cikes Kec, V., 
Guijarro, B., Isajlovic, I., Ligas, A., … 
Tsikliras, A. (2021). Methods for 
supporting stock assessment in the 
Mediterranean (STECF-21-02). [Report]. 
Publications Office of the European 
Union. Link  

ICES. (2014). Report of the Workshop to draft 
recommendations for the assessment of 
Descriptor D3 (WKD3R), 13-17 January 



 

 
 

Fisheries 
IMAP MSFD 

2014 (No. ICES CM 2014/ACOM:50.; p. 
153). Copenhagen, Denmark: ICES. Link 

ICES. (2015). Report of the Workshop on 
guidance for the review of MSFD decision 
descriptor 3 – commercial fish and 
shellfish II (WKGMSFDD3-II) 10-12 
February 2015. ICES Headquarters, 
Denmark (No. ICES CM 2015\ACOM:48; 
p. 36). ICES. Link 

 
140. At the Mediterranean scale, it is the General Fisheries Commission for the 

Mediterranean (FAO-GFCM) that developed and assesses the Ecological Objective’s 3 
indicators in coordination with UNEP/MAP and feeds results in the MED QSRs.  

141. IMAP Ecological Objective 3, is declined in six indicators. The GES definition of the 
three first indicators are: 

EO3-CI7 –: Spawning stock biomass. Achieving or maintaining good environmental status 
requires that Spawning Stock Biomass (SSB) values are equal to or above SSBMSY, the level 
capable of producing maximum sustainable yield (MSY). 

EO3-CI8 –: Total landings. Populations of selected commercially exploited fish and shellfish 
are within biologically safe limits, exhibiting a population age and size distribution that is 
indicative of a healthy stock. 

EO3-CI9 –: Fishing mortality. Populations of selected commercially exploited fish and 
shellfish are within biologically safe limits, exhibiting a population age and size distribution 
that is indicative of a healthy stock. 

142. The following indicators do not have TVs and GES definition but include 
operational objectives: 

EO3-CI10 –: Fishing effort. Fishing effort should be reduced by means of a multi-annual 
management plan until there is an evidence for stock recovery. 

EO3-CI11 –: Catch per unit of effort (CPUE) or Landing per unit of effort (LPUE) as a proxy. 
Population condition of selected species is maintained. Stable or positive trend in CPUE. 
Declines in CPUE may mean that the fish population cannot support the level of harvesting. 
Increases in CPUE may mean that a fish stock is recovering and more fishing effort can be 
applied. 

EO3-CI12 –: Bycatch of vulnerable and non-target species. Incidental catch of vulnerable 
species (i.e. sharks, marine mammals, seabirds and turtles) are minimized. 

143. In MED QSR 2017, EO3-CI7 to CI9 were assessed. EO3-CI12 is comparable to MSFD 
D1C1 “The mortality rate per species from incidental by-catch is below levels which threaten 
the species, such that its longterm viability is ensured” without being equivalent. 

 



 

 
 

144. MSFD Descriptor 3 on fisheries, includes 3 criteria with the following GES definitions: 

D3C1 – Primary: The Fishing mortality rate of populations of commercially-exploited 
species is at or below levels which can produce the maximum sustainable yield (MSY). 
Appropriate scientific bodies shall be consulted in accordance with Article 26 of Regulation 
(EU) No 1380/2013.  

D3C2 – Primary: The Spawning Stock Biomass of populations of commercially-exploited 
species are above biomass levels capable of producing maximum sustainable yield. 
Appropriate scientific bodies shall be consulted in accordance with Article 26 of Regulation 
(EU) No 1380/2013.  

D3C3 – Primary: The age and size distribution of individuals in the populations of 
commercially-exploited species is indicative of a healthy population. This shall include a high 
proportion of old/large individuals and limited adverse effects of exploitation on genetic 
diversity. Member States shall establish threshold values through regional or subregional 
cooperation for each population of species in accordance with scientific advice obtained 
pursuant to Article 26 of Regulation (EU) No 1380/2013. Following the Commission Decision 
(EU) 2017/848, the threshold values for D3 shall be established by MS through regional or 
sub-regional cooperation for each population of species in accordance with scientific advice 
obtained pursuant to Article 26 of Regulation (EU° N° 1380/2013). The list of commercially 
exploited species for application of the criteria in each assessment area shall be established by 
Member States through regional or sub-regional cooperation and updated for each 6-year 
assessment period, taking into account Council Regulation (EC) No 199/2008 plus some other 
specified points. 

146. IMAP Indicators and MSFD Criteria both assess the impact of fisheries with the 
objective of attaining and maintaining sustainable fisheries but the parallel between indicators 
and criteria is not obvious. The hereafter table presents analogies between IMAP indicators and 
MSFD criteria. 

IMAP EO3 Fisheries indicators MSFD criteria 

EO3-CI7 Spawning stock Biomass D3C2  
EO3-CI8 Total landings Not assessed through MSFD 
EO3-CI9 Fishing mortality of main populations D3C1 
EO3-CI10 Fishing effort (currently not assessed 
in IMAP) 

Not assessed through MSFD 

EO3-CI11 Catch per unit effort (CPUE) or 
Landing per unit of effort (LPUE) (currently not 
assessed in IMAP) 

Not assessed through MSFD 

EO3-CI12 Bycatch of vulnerable and non-target 
species (currently not assessed within EO3) 

Not assessed within D3 but through D1-C1 on 
mortality rate per species from incidental by-
catch 

Not assessed through IMAP D3C3 on age and size distribution of individuals 
in the populations of commercially-exploited 
species 

 

  



 

 
 

5.2. Elements for defining EO3 GES at indicator level in a climate change 
context 

a) Indicators relative to targeted species 

EO3 Fisheries 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO3-CI7, EO3-CI8, EO3-CI9, EO3-CI10, EO3-CI11 

EO3-CI7 GES: Spawning stock Biomass. Achieving or maintaining good environmental status 
requires that Spawning Stock Biomass (SSB) values are equal to or above SSBMSY, the level 

capable of producing maximum sustainable yield (MSY). (Operational objective: The Spawning 
Stock Biomass is at a level at which reproduction capacity is not impaired) 

pelagic and demersal species  

EO3-CI8 GES: Total landings. Populations of selected commercially exploited fish and shellfish 
are within biologically safe limits, exhibiting a population age and size distribution that is indicative 
of a healthy stock. (Operational objective: Total landing and/or catch of commercial species does 

not exceed the Maximum Sustainable Yield (MSY) and the by-catch is reduced.) 
pelagic and demersal species  

EO3-CI9 GES: Fishing Mortality. Populations of selected commercially exploited fish and 
shellfish are within biologically safe limits, exhibiting a population age and size distribution that is 
indicative of a healthy stock. (Operational objective: Fishing mortality in the stock does not exceed 

the level that allows MSY (F≤FMSY). 
pelagic and demersal species  

EO3-CI10 Operational objective: Fishing effort should be reduced by means of a multi-annual 
management plan until there is an evidence for stock recovery. 

EO3-CI11 Operational objective: Population condition of selected species is maintained: Stable or 
positive trend in CPUE. 

Specific monitoring guidance documents available to assess and monitor indicators for EO3 and 
D3 

 Probst, W. N. (2023). An approach to assess exploited fish stocks compliant to the requirements 
of the Marine Strategy Framework Directive (MSFD) including criterion D3C3. Ecological 
Indicators, 146, 109899.  

 Carpentieri, P., Bonanno, A., & Scarcella, G. (2020). Technical guidelines for scientific surveys 
in the Mediterranean and the Black Sea Procedures and sampling for demersal (bottom and 
beam) trawl surveys and pelagic acoustic surveys (FAO Fisheries and Aquaculture Technical 
Papers N No. N°641; p. 108). Rome: FAO. Link  

 Tsikliras, A., & Froese, R. (2018). Maximum Sustainable Yield. In Reference Module in Earth 
Systems and Environmental Sciences.  

 Standardized stock assessments on Mediterranean fisheries have been performed by the Scientific 
Technical Economic Committee for Fisheries (STECF) since 2009. All the reports can be found 
here as well as technical reports on methodology used. 

 
Commercial fish stock assessment 

Based on ICES stock assessment database, the state of European commercial fish and 
shellfish stocks (for which stock assessments were conducted between 2016-2020), in relation 
to the GES criteria for fishing mortality and reproductive capacity by marine region have been 



 

 
 

EO3 Fisheries 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO3-CI7, EO3-CI8, EO3-CI9, EO3-CI10, EO3-CI11 

mapped by the European Environmental Agency and available here. The great majority of 
Mediterranean European central and western stocks assessed, do not meet GES. 

The report FAO (2022) The State of Mediterranean and Black Sea Fisheries 2022 (Link) 
informs on the state of priority species stocks and compares them to previous assessments. 
Efforts are still required to extend assessment coverage but results on best available data show 
that since 2012 the average fishery exploitation ratio in the Mediterranean Sea has 
consistently decreased. Improvements in the exploitation ratios over the recent years in 
several priority species has been observed, though exploitation of others show an increasing 
trend. This document presents the most complete and up-to-date situation relatively to fishing 
pressure in the Mediterranean Sea.  

It is worth noting that according to European Environmental Agency (2019), 93.9% of 
the Mediterranean Sea assessed stocks do not meet any of the two MSFD GES criteria 
D3C1 and D3C2. 

GFCM estimates at 75% of the Mediterranean fish stock remain overexploited in 2020 
FAO. (2022). 

Effects of climate change and other cumulative pressures in GES determination 
: “Temperature has a major direct impact on the physiology, growth, reproduction, 
recruitment and behavior of marine organisms such as fish. Warming associated with climate 
change already affect the Mediterranean ecosystem for some benthic and pelagic species 
(Marbà et al. 2015). Warming combined with a decline in oxygen and resource availability 
reduces fish body size, with the average maximum body weight of fish expected to shrink by 
4% to 49% from 2000 to 2050 (Cheung et al. 2013). Also, fish tend to adapt to local 
environmental temperatures. Therefore, among the most perceptible largescale consequences 
of climate change is the shift in spatial distribution range of marine organisms, which will 
make some Mediterranean sub-basins more vulnerable to drivers than the others. Seawater 
warming will induce a loss of climatically suitable habitats for various organisms, causing 
distribution shifts, as well as species extinction. The diversity of fish assemblages is predicted 
to be severely affected due to their loss of suitable climatic niches » excerpt from MedECC, 
2020 p.346 

Climate change impacts on fisheries have been extensively studied at global level in Barange, 
M., Bahri, T., Beveridge, M. C. M., Cochrane, K. L., Funge-Smith, S., & Poulain, F. (Eds.). 
(2018). Impacts of climate change on fisheries and aquaculture. Synthesis of current 
knowledge, adaptation and mitigation options. Rome: FAO. Link  

In the Mediterranean Sea, it is expected that climate change will reduce fishery productivity 
in temperate regions including decreased fish stocks and a reduction of the average maximum 
body weight of fish (Gomei et al., 2021). 

Further, geographical range distribution of exploited species are expected to be modified by 
climate change impacts and consequently lead to a redistribution of stocks (Farahmand et al., 
2023). These authors also conclude that the southern Mediterranean countries would be the 
most vulnerable to climate-induced effects on marine fisheries. Higher climate risk level had 
also been identified for the south-eastern Mediterranean by the study of Hidalgo et al. (2022). 

Changes in Mediterranean fisheries Maximum Catch Potential (MCP) by target fishing gears, 
under different climate scenarios throughout the 21st century were modelled by Ben Lamine 



 

 
 

EO3 Fisheries 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO3-CI7, EO3-CI8, EO3-CI9, EO3-CI10, EO3-CI11 

et al. (2023). The authors estimate that MCP could decrease by the end of the century mainly 
in south eastern Mediterranean countries at various degrees depending on the emission 
scenario considered and the type of fishery.  

Moullec et al. (2023) investigated the possible effects of changes in fishing pressure on marine 
resources and ecosystem structure and functioning, under a worst-case climate change 
scenario (RCP8.5). The authors found that improvements in fishing management (decrease 
in fishing mortality, improving fishing selectivity) could increase the total biomass and catch 
but probably not compensate for the loss due to climate change. However, climate change 
could offer opportunities for some eastern Mediterranean countries to increase catches of 
thermophilic and exotic species. 

Cramer et al. (2018) underline the urgent need of a pan-Mediterranean integrated risk 
assessment since direct impacts on fisheries and other fields are amplified by the 
consequences of biodiversity loss on ecosystem services. 

Finally, Ramírez et al. (2018) have studied the convergence of climate change and human 
stressors that cumulate but also be synergetic to reduce Mediterranean Sea’s resilience to 
climate change. To enhance resilience to climate change impacts, creation of Safe Operational 
Spaces (SOS) are discussed especially for the Adriatic region. 

 
 

b) Indicator relative to bycatch of species 

EO3 Fisheries 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO3-CI12 

EO3-CI12 Operational objective: Incidental catch of vulnerable species (i.e. sharks, marine 
mammals, seabirds and turtles) are minimized. 

Specific monitoring guidance documents available to assess and monitor EO3-CI12: 
 FAO. (2019). Monitoring the incidental catch of vulnerable species in Mediterranean and 

Black Sea fisheries. Methodology for data collection (FAO Fisheries and Aquaculture 
Technical Papers N No. N°640). Rome. Link 

 Otero, M. del M., Serena, F., & Gerovasileiou, V. (2019). Identification guide of vulnerable 
species incidentally caught in Mediterranean fisheries. IUCN. Link  

 UNEP/MAP-RAC/SPA. (2009). Guidelines for reducing by catch of seabirds in the 
Mediterranean region. By Carles Carboneras (p. 49). Tunis: RAC/SPA. Link 

 UNEP-MAP RAC/SPA. (2006). Guidelines for reducing the presence of sensitive 
chondrichthyan species within by-catch. By Melendez, M.J. & D. Macias, IEO (p. 21). 
Tunis: RAC/SPA. 

Incidental catch of vulnerable species 
The recent review of Carpentieri et al. (2021) Incidental catch of vulnerable species in 
Mediterranean and Black Sea fisheries – A review. (Link) is probably the most complete 
assessment document on the subject for the Mediterranean Sea. 

Within IMAP assessment of this indicator is considered in the MED QSRs through EO1 
assessment of species in particular cetaceans and turtles and not through EO3. 

 



 

 
 

 
5.3. Impediments and gaps identified in GES determination and assessment 

in a climate change context, and recommendations for way forward 

147. IMAP defines GES for EO3 as “Populations of selected commercially exploited fish 
and shellfish are within biologically safe limits, exhibiting a population age and size distribution 
that is indicative of a healthy stock” 

148. Indicators EO3-CI10 and EO3-CI11 are currently not assessed within IMAP. It should 
be decided whether there should be efforts done to assess these indicators or whether they should 
be taken out of EO3. Assessing whether EO3 is in GES or not includes an assessment of all its 
indicators if these indicators are not to be assessed, it is advised not to include them in EO3. 
However, assessing total landings (CI8) alone without fishing effort (CI10) associated, is of 
much less interest to inform on the state of the commercially exploited fish and shellfish. It is 
recommended to discuss these points with GFCM to determine the best way forward. 

149. Methods for defining reference points that discriminate GES from non GES for EO3-
CI7, EO3-CI8 and EO3-CI9 are quite well described. However, data to define these reference 
points is often lacking. Increased effort is needed by CPs to assess and share the assessment of 
these indicators. 

150. Indicator EO3-CI12 hasn’t been assessed in EO3, but has been partially and 
independently assessed in EO1-CI4 for cetaceans and marine turtles. Data need to be aggregated 
to be able to eventually assess this indicator. However data on bycatches are very difficult to 
acquire which could condemn the assessment of this indicator. Still, whereas bycatch data for 
cetaceans are indeed very poor, data on stranding incidents seem to be more abundant. 

151. In the Identification guide of vulnerable species incidentally caught in Mediterranean 
fisheries Otero et al. (2019), the authors also include sponges and corals in addition to marine 
mammals, seabirds, sea turtles and chondrichtyans. If vulnerable marine ecosystems (VMEs) 
are to be assessed in EO1-CI1 and CI2, it would be of interest to consider sponges and corals as 
well in bycatch assessment (CI12). 

152. EO3 indicators CI7 to CI9 are assessed against Maximum Sustainable Yield (MSY) and 
associated mortality rate FMSY which play the role of reference points or benchmarks between 
GES and non GES. However, these are both sensitive not only to stock characteristics, but also 
environmental conditions. In parallel, fish stocks are being affected by climate change. Travers-
Trolet et al. (2020) studied MSY variations in the English Channel area and concluded that 
anticipation of climate change impacts on fish community would need to target a smaller fishing 
mortality than FMSY to ensure the sustainability of marine stocks. This means that this 
reference point should be reconsidered regularly taking the environmental climatic conditions 
in consideration. 

153. Spatial and species aggregation rules to assess GES (i) for a stock at sub-regional or 
regional scale, or to (ii) assess fishing mortality of several stocks in an area, have not yet been 
defined. This is a barrier for assessing GES in an integrative way. 

154. Combined effects of sea warming and fishing pressure could decrease the prey 
availability of certain groups of species such as mammals which in turn could increase 
interactions with fisheries and consequently bycatch. A threshold value for particularly 
vulnerable species could perhaps be studied with GFCM. 

155. Including NIS species in EO3-CI9 would be of interest to assess abundance of certain 
NIS but also the degree of integration of new species in societies. Further exchanges and 
discussions with GFCM on the assessment of NIS landings could also be fruitful since several 
NIS species are already assessed in fisheries by GFCM.  



 

 
 

 

5.4. Key messages 

156. Indicators EO3-CI10 Fishing effort and EO3-CI11 on CPUE are currently not assessed 
within IMAP. Although CI10 is of high importance to better understand CI8 Total landings’ 
variations, the pertinence of keeping CI10 and CI11 in EO3, should be reconsidered. It is 
recommended to discussions with GFCM on this point. 

157. An important point concerning EO3 assessments in comparison with other EOs, is the 
fact that assessment is performed for all the Mediterranean Sea independently of the dichotomy 
EU/non EU states. EO3 is a spatially integrative ecological objective. 

158. The appropriate scale of assessment for EO3 indicators is sub-regional or regional, 
therefor CP data need to be aggregated and aggregation rules defined. 

159. Spatial and species aggregation rules to assess GES (i) for a stock at sub-regional or 
regional scale, or to (ii) assess fishing mortality of several stocks in an area, have not yet been 
defined. This is a barrier for assessing EO3 GES in an integrative way. 

160. Methods for defining reference points (that discriminate GES from non GES) are well 
described. However, data needed for defining these reference points lack. 

161. Data relative to EO3-CI12 are partially assessed through EO1 (cetaceans and turtles) 
and needs to be aggregated to inform EO3-CI12. Further, data on stranding incidents are much 
more reported than bycatch, therefor it could be considered to assess an indicators on stranding 
incidents rather than bycatch for marine mammals and turtles. 

162. Increasing sea temperature is affecting the distribution but also the fitness of 
commercially exploited species. It will affect also Maximum Sustainable Yield (MSY) used to 
calculate reference points. To ensure the sustainability of marine stocks it appears important to 
anticipate climate change impacts on fish community and perhaps target a smaller fishing 
mortality than FMSY. This means that this reference point should be reconsidered regularly taking 
the environmental conditions in consideration. Modelled projections on future status of fisheries 
in projected environmental conditions and main threats would be useful to anticipate how and 
when MSY needs to be reconsidered. 

163. The increasing sea temperature triggers expansion and instalment of NIS in the 
Mediterranean Sea. Integrating their assessment within EO3-CI9 could bring precious 
information on their instalment but also regarding the acceptance of such species in sub-regional 
seafood especially since some species are already assessed by GFCM.



 

 
 

6. Ecological Objective 4: food webs 

6.1. General information on IMAP EO4 and MSFD D4 GES definition 

164. This ecological objective focuses on interactions between predators and preys and their 
functional aspects. It has not yet been developed in indicators under IMAP, and although criteria 
have been defined under MSFD, food webs are still little assessed at a regional and sub-regional 
scale within EU MS.  

165. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO4/D4 and GES determination under IMAP and MSFD can be 
found in Table 5. 

Table 5: Relevant documents relative to GES definition for EO4/D4 and climate change effects on 
GES definition. 

Marine food webs 
IMAP MSFD 

EO4 GES: “Alterations to components of marine 
food webs caused by resource extraction or 
human-induced environmental changes do not 
have long-term adverse effects on food web 
dynamics and related viability.”  

D4 GES: “All elements of the marine food webs, 
to the extent that they are known, occur at normal 
abundance and diversity and levels capable of 
ensuring the long-term abundance of the species 
and the retention of their full 
reproductive capacity.” 

Several documents refer to food webs as defined in MSFD: 

ICES 2014. Report of the Workshop to develop recommendations for potentially useful Food Web 
Indicators (WKFooWI), 31 March–3 April 2014, ICES Headquarters, Copenhagen, Denmark. 
ICES CM 2014\ACOM:48. 75 pp. 

ICES 2015. Report of the Workshop on guidance for the review of MSFD decision descriptor 4 – 
foodwebs II (WKGMSFDD4‐II), 24‐25 February 2015, ICES Headquarters, Denmark. ICES 
CM 2015\ACOM:49. 52 pp 

Tam, J. C., Link, J. S., Rossberg, A. G., Rogers, S. I., Levin, P. S., Rochet, Marie-Jo€el., Bundy, 
A., Belgrano, A., Libralato, S., Tomczak, M., van de Wolfshaar, K., Pranovi, F., Gorokhova, 
E., Large, S. I., Niquil, N., Greenstreet, S. P. R., Druon, Jean-N., Lesutiene, J., Johansen, M., 
Preciado, I., Patricio, J., Palialexis, A., Tett, P., Johansen, G. O., Houle, J., and Rindorf, A., 
2017. Towards ecosystem-based management: identifying operational food-web indicators for 
marine ecosystems. – ICES Journal of Marine Science, 74: 2040–2052 

European Academies’ Science Advisory Council (EASAC) & and the Joint Research Centre (JRC) 
of the European Commission. (2016). Marine sustainability in an age of changing oceans and 
seas (EASAC Policy Report No. 28; p. 60). Link 

Piroddi, C., Teixeira, H., Lynam, C. P., Smith, C., Alvarez, M. C., Mazik, K., … Uyarra, M. C. 
(2015). Using ecological models to assess ecosystem status in support of the European Marine 
Strategy Framework Directive. Ecological Indicators, 58, 175–191. doi: 
10.1016/j.ecolind.2015.05.037 

This last document shows that several models can be considered to assess D4 Criteria 1 to 3. 

Effects of climate change and other cumulative pressures in GES determination 



 

 
 

Marine food webs 
MedECC, 2020 p. 346 states: “It is expected that the ocean’s primary production will, in 
general, be reduced with environmental change. As a result, production zones may be 
redistributed and the natural habitat of commercially valuable species of fish may change 
(Izrael 1991). On the other hand, climate change can also lead to changes in the 
composition of the bottom of marine food webs. The rise in water temperature has already 
increased jellyfish population outbreaks in the Mediterranean Sea, such as Pelagia 
noctiluca, a planktonic predator of fish larvae and of their zooplankton prey. The outbreaks 
of this species, along with other jellyfish species, may become more frequent in the 
Mediterranean Basin in the future and extend over a longer period of the year than 
previously, causing changes to the pelagic food web and thereby reducing fishery 
production (Licandro et al. 2010).” 

Moreover, the increase and expansion of NIS in relation with warming Mediterranean Sea 
impacts natively ecosystems by disturbing their equilibriums and food webs (e.g. Mannino 
et al., 2018). 

Several pollutants enter marine food webs and accumulate through food chains. Castro-
Jiménez et al. (2021) show that the characterised food web could be used as a biodinidcator 
of chemical pollutions Further, the toxicity of these pollutants may also be impacted by 
climate change and impact indirectly food webs. 

 
166. IMAP defines GES for EO4 as: “Alterations to components of marine food webs caused 

by resource extraction or human-induced environmental changes do not have long-term adverse 
effects on food web dynamics and related viability.” No indicators have been defined yet but a 
desk review is currently undertaken which will support the development of EO4 food web 
indicators. 

167. MSFD defines GES for D4 as: “All elements of the marine food webs, to the extent that 
they are known, occur at normal abundance and diversity and levels capable of ensuring the 
long-term abundance of the species and the retention of their full reproductive capacity.” 

168. MSFD D4 is closely linked to Descriptors 1 and 6 as marine food webs can only be in 
a good state if marine species and habitats are healthy and in a good condition. 

169. MSFD Descriptor 4 is based on four criteria: 

D4C1 – Primary: The diversity (species composition and their relative abundance) of the 
trophic guild is not adversely affected due to anthropogenic pressures.  

D4C2 – Primary: The balance of total abundance between the trophic guilds is not adversely 
affected due to anthropogenic pressures.  

D4C3 – Secondary: The size distribution of individuals across the trophic guild is not 
adversely affected due to anthropogenic pressures.  

D4C4 – Secondary (to be used in support of criterion D4C2, where necessary): Productivity 
of the trophic guild is not adversely affected due to anthropogenic pressures.  

170. The assessment should include at least three trophic guilds, two shall be non-fish trophic 
guilds, and at least one shall be a primary producer trophic guild. The selected trophic guilds 
should represent at least the top, middle, and bottom of the food chain (see Commission 
Directive (EU) 2017/845 and Boschetti et al., 2021). 



 

 
 

171. For each criteria, Member States shall establish threshold values through regional or 
sub-regional cooperation as requested by the Commission Directive (EU) 2017/845. 

172. However, no TVs or methods have yet been agreed on or discussed through regional or 
sub-regional cooperation between EU MS (Vassilakopoulos et al., 2022). Only a few threshold 
values have been reported by MS in 2018 (Boschetti et al., 2021) but not from the Mediterranean 
MS. 

6.2. Impediments and gaps identified in GES determination and assessment 
in a climate change context, and recommendations for way forward 

173. IMAP defines GES for EO4 as “Alterations to components of marine food webs caused 
by resource extraction or human-induced environmental changes do not have long-term 
adverse effects on food web dynamics and related viability.” 

174. Indicators for EO4 food webs have not yet been defined therefor impediments and gaps 
cannot be identified. However, the ecosystem approach calls for an integrated assessment of the 
Mediterranean Sea and further links between Ecological Objectives should be searched for. EO4 
on food webs could play a major role in linking several aspects of IMAP. Indeed, food webs are 
linked to biodiversity (habitats and species), fisheries and undergo several anthropogenic 
pressures such as climate change impacts, NIS, plastic and eutrophication enrichment etc. EO4 
could be designed to integrate and synthesize these aspects and perhaps link more the EOs 
between them as well as the spatial scales (see European Academies‘ Science Advisory Council 
(EASAC) & and the Joint Research Centre (JRC) of the European Commission, 2016).  

175. Modelling approaches seems to be of interest to understand and identify indicators for 
food webs (e.g. Piroddi et al., 2015; Tam et al., 2017), therefor investigating this domain to 
define indicators seems essential. The importance of fish in marine food webs also calls for 
close cooperation with GFCM for these aspects. 

 

6.3. Key messages 

176. Within IMAP, indicators have not yet been defined to be able to assess GES 

177. Work is currently ongoing to define indicators for this Ecological Objective. 

178. Although Criteria have been defined within MSFD for Descriptor 4 on marine food 
webs, methods and threshold values have not yet been agreed on at regional or sub-regional 
level and no Mediterranean European country has reported national threshold values. 

179. Modelling approaches seem to be useful to identify indicators for food webs therefor it 
is advised to consider such approaches for defining the pertinent indicators for this Ecological 
Objective. 

180. EO4 food webs could play a major role in connecting several EOs and therefor 
reinforcing the ecosystem approach of IMAP. EO4 is linked to several EOs and should be 
developed in close relation with several EOs as well as with GFCM. 

181. Impacts of climate change on food webs is unclear yet, but as climate change impacts 
biodiversity it will also impact food webs starting from impacting primary production. 



 

 
 

7. Ecological Objective 5: Eutrophication 

7.1. General information on IMAP EO5 and MSFD D5 GES definition 

182. Marine eutrophication is an increased development of primary production, algal and 
plant growth, stimulated by an enrichment of nutrients (mainly nitrogen and phosphorus) under 
favourable physico-chemical conditions. It is dependent of many variables and environmental 
conditions that can be monitored. Marine eutrophication with impacts on ecosystems, species 
and human health occur generally in coastal, rather localized areas in the Mediterranean Sea as 
revealed by the EEA map on eutrophication although insufficient data is available for many 
areas.  

183. In the Mediterranean Sea waters are generally oligotrophic (low in nutrients) with 
decreasing levels from Gibraltar to the Levantine Sea (MedECC, 2020). Several coastal hotspots 
of human induced nutrient inputs have nevertheless been identified such as for example the 
lagoons of Venice and Bizerte, the Gulf of Lions and Gabès, northern Aegean Sea, eastern 
Adriatic and western Tyrrhenian Sea, North Lake of Tunis, Algerian-Provençal Basin and the 
Gibraltar Strait (MedECC, 2020; Tsikoti & Genitsaris, 2021). Coastal areas such as ports, 
lagoons and enclosed bays are the most impacted by eutrophication impacts in the 
Mediterranean. 

184. Nutrient enrichment may also contribute to the outbreak of harmful and toxic algal 
blooms that can cause negative impacts on ecosystems, represent economic threats for fisheries, 
aquaculture and tourism and harm human health when toxins are produced (MedECC, 2020). 

185. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO5/D5 and GES determination under IMAP and MSFD can be 
found in Table 4. 

Table 6: Relevant documents relative to GES definition for EO5/D5.  

Eutrophication 
IMAP MSFD 

EO5 GES: “Human-induced eutrophication is 
prevented, especially adverse effects thereof, 
such as losses in biodiversity, ecosystem 
degradation, harmful algal blooms and oxygen 
deficiency in bottom waters.” 

D5 GES: “Human-induced eutrophication is 
minimized, especially adverse effects thereof, 
such as losses in biodiversity, ecosystem 
degradation, harmful algae blooms and oxygen 
deficiency in bottom waters.” 

UNEP/MAP-MED POL. (2021a). Monitoring 
Guideline for Reporting Monitoring Data 
for IMAP Common Indicators 13, 14, 17, 
18 and 20 (Meeting Report No. 
UNEP/MED WG.509/33; p. 77). Link 

UNEP/MAP-MED POL. (2021b). Monitoring 
Guidelines/Protocols for Analytical 
Quality Assurance for IMAP Common 
Indicators 13, 14, 17, 18 and 20 (Meeting 
Report No. UNEP/MED WG.509/32; p. 
21). Link 

UNEP/MAP-MED POL. (2021c). Assessment 
Criteria Methodology for IMAP Common 

Dos Santos Fernandes De Araujo, R., & 
Boschetti, S. (2021). Marine Strategy 
Framework Directive Review and 
analysis of EU Member States’ 2018 
reports - Descriptor 5: Eutrophication 
(JRC Technical Report No. JRC124915). 
Luxembourg: Publications Office of the 
European Union. Link 

Salas Herrero . M. F., Dos, S. F. D. A. R., 
Claussen, U., Leujak, W., Boughaba, J., 
Dellsae, J., … Poikane, S. (2020). Physico-
chemical supporting elements in coastal 
waters: Links between Water and Marine 
Framework Directives and Regional Sea 



 

 
 

Eutrophication 
IMAP MSFD 

Indicator 13: Pilot Application in Adriatic 
Sub-region (Meeting Report No. 
UNEP/MED WG.509/13; p. 21). Link 

UNEP/MAP-MED POL. (2019). IMAP 
Guidance Factsheets: Update for Common 
Indicators 13, 14, 17, 18, 20 and 21; New 
proposal for Candidate Indicators 26 and 
27 (Meeting Report No. UNEP/MED 
WG.473/7; p. 62). Link 

 

Conventions (JRC Technical Report No. 
JRC121759). Luxembourg: Publications 
Office of the European Union.  

Phillips, G., Kelly, M., Teixeira, H., Salas, H. M. 
F., Free, G., Leujak, W., … Poikane, S. 
(2018). Best practice for establishing 
nutrient concentrations to support good 
ecological status. Link 

Stips, A., Macias, M. D., Garcia, G. E., & 
Miladinova-Marinova, S. (2016). 
Alternative assessments of large scale 
Eutrophication using ecosystem 
simulations: Hind-casting and scenario 
modelling (JRC Technical Reports No. 
EUR 27904). Luxembourg. Link 

 
186. IMAP Ecological Objective 5 is declined in two indicators. The GES definition of 

these indicators are: 

EO5-CI13 – Concentrations of nutrients in the euphotic layer are in line with prevailing 
physiographic, geographic and climate conditions  

EO5-CI14 – Natural levels of algal biomass in line with prevailing physiographic, geographic 
and weather conditions 

 
187. MSFD Descriptor 5 is declined in eight criteria with the following GES definitions: 

D5C1 – Primary: Nutrient concentrations are not at levels that indicate adverse eutrophication 
effects.  

D5C2 – Primary: Chlorophyll a concentrations are not at levels that indicate adverse effects of 
nutrient enrichment.  

D5C3 – Secondary: The number, spatial extent and duration of harmful algal bloom events are 
not at levels that indicate adverse effects of nutrient enrichment. 

D5C4 – Secondary: The photic limit (transparency) of the water column is not reduced, due to 
increases in suspended algae, to a level that indicates adverse effects of nutrient enrichment.  

D5C5 – Primary (may be substituted by D5C8): The concentration of dissolved oxygen is not 
reduced, due to nutrient enrichment, to levels that indicate adverse effects on benthic habitats 
(including on associated biota and mobile species) or other eutrophication effects.  

D5C6 – Secondary: The abundance of opportunistic macroalgae is not at levels that indicate 
adverse effects of nutrient enrichment.  



 

 
 

D5C7 – Secondary: The species composition and relative abundance or depth distribution of 
macrophyte communities achieve values that indicate there is no adverse effect due to nutrient 
enrichment including via a decrease in water transparency. 

D5C8 – Secondary (except when used as a substitute for D5C5): The species composition and 
relative abundance of macrofaunal communities, achieve values that indicate that there is no 
adverse effect due to nutrient and organic enrichment. 

188. For all indicators except D5C3, the threshold values (TVs) are: (i) in coastal waters, the 
values set in accordance with Directive 2000/60/EC; (ii) should this criterion be relevant for 
waters beyond coastal waters, values consistent with those for coastal waters under Directive 
2000/60/EC. For all these indicators it is requested that Member States establish values through 
regional or sub-regional cooperation. 

The hereafter table presents analogies between IMAP indicators and MSFD criteria concerning 
eutrophication. 

IMAP EO5 Eutrophication MSFD criteria 

EO5-CI13 Concentration of key nutrients in 
water column 

D5C1  

EO5-CI14 Chlorophyll-a concentration in water 
column 

D5C2 

Not assessed through IMAP D5C3 on harmful algal blooms 
Assessed within EO5-CI14 D5C4 transparency 
Assessed within EO5-CI14 D5C5 on dissolved oxygen 
Not assessed through IMAP D5C6 on opportunistic macroalgae 
Not assessed through IMAP D5C7 on macrophyte communities 
Not assessed through IMAP D5C8 on macrofaunal communauties 

  



 

 
 

 

7.2. Elements for defining GES at indicator level in a climate change context 

189. Monitoring eutrophication in the Mediterranean started under MED POL and was 
framed by the Eutrophication Monitoring Strategy (see UNEP(DEPI)/MED WG.231/14). 

190. Several types of coastal waters in the Mediterranean have been defined characterized 
by their density and salinity (see UNEP/MAP, 2016a). Reference conditions and boundaries 
have been defined for each type of water (see UNEP/MAP, 2016a). 

 

EO5 Eutrophication 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO5-CI13, EO5-CI14 

EO5-CI13 GES: Concentrations of nutrients in the euphotic layer are in line with prevailing 
physiographic, geographic and climate conditions 

(Nitrate, nitrite, ammonium, total phosphorus, orthophosphate, total nitrogen, silicate) 
EO5-CI14 GES: Natural levels of algal biomass (chlorophyll-a) in line with prevailing 

physiographic, geographic and weather conditions 
(Water temperature, salinity, conductivity, dissolved oxygen, pH, Secchi disk (transparency), 

Chlorophyll-a) 
Specific monitoring guidance documents available to assess and monitor nutrients and 
chlorophyll-a 
 UNEP/MAP-MED POL. (2021b). Monitoring Guidelines/Protocols for Analytical Quality 

Assurance for IMAP Common Indicators 13, 14, 17, 18 and 20 (Meeting Report No. 
UNEP/MED WG.509/32; p. 21). 

 UNEP/MAP-MED POL. (2019). IMAP Guidance Factsheets: Update for Common Indicators 
13, 14, 17, 18, 20 and 21; New proposal for Candidate Indicators 26 and 27 (Meeting Report 
No. UNEP/MED WG.473/7; p. 62). Link 

 Dos Santos Fernandes De Araujo, R., Somma, F., Aigars, J., Axe, P., Bartolo, A., De, C. K., … 
Wilkes, R. (2019). Eutrophication in marine waters: Harmonization of MSFD methodological 
standards at EU level (JRC Technical Report No. JRC117109). Publications Office of the 
European Union. Link 

 A toolkit for determining phosphorus and nitrogen boundaries: Phillips, G., Kelly, M., Teixeira, 
H., Salas, H. M. F., Free, G., Leujak, W., … Poikane, S. (2018). Best practice for establishing 
nutrient concentrations to support good ecological status (JRC Science for Policy Report No. 
JRC112667). Publications Office of the European Union. Link 

 Salas Herrero, M. F., Dos Santos Fernandes De Araujo, R., Leujak, W., & Poikane, S. (2022). 
Physico-chemical supporting elements in coastal waters: WFD-MSFD-RSC Links (JRC 
Technical Report No. JRC128107). Publications Office of the European Union. Link 

 Salas, H. M. F., Dos, S. F. D. A. R., Claussen, U., Leujak, W., Boughaba, J., Dellsae, J., … 
Poikane, S. (2020). Physico-chemical supporting elements in coastal waters: Links between 
Water and Marine Framework Directives and Regional Sea Conventions (JRC Technical 
Report No. JRC121759). Luxembourg: Publications Office of the European Union. Link 



 

 
 

EO5 Eutrophication 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO5-CI13, EO5-CI14 

 Mapping: Giorgetti, A., Partescano, E., Barth, A., Buga, L., Gatti, J., Giorgi, G., … Wenzer, M. 
(2018). EMODnet Chemistry Spatial Data Infrastructure for marine observations and related 
information. Ocean & Coastal Management, 166, 9–17. doi: 10.1016/j.ocecoaman.2018.03.016 

 Stips, A., Macias, M. D., Garcia, G. E., & Miladinova-Marinova, S. (2016). Alternative 
assessments of large scale Eutrophication using ecosystem simulations: Hind-casting and 
scenario modelling (JRC Technical Reports No. EUR 27904). Luxembourg. Link  

Concentration of nutrients and chlorophyll-a 
Modelled spatial distribution of waterbody silicate, phosphate, dissolved oxygen 
concentration, dissolved inorganic nitrogen and chlorophyll-a for the Mediterranean Sea are 
available on EMODnet (see here) and time series of observation reprocessing are available 
through Copernicus (see here). 

Several observatory systems to assess essential ocean variables including nutrients and 
chlorophyll-a, exist in the Mediterranean Sea (see Coppola et al;, 2019). 

The European Environment Agency (EEA) published in 2020 a map of eutrophication 
“problem” and “non-problem” areas in European seas (available here) with a 20x20 km grid 
in coastal areas, though many Mediterranean areas lack of data. 

At sub-regional level, assessment criteria have been developed for the Adriatic sub-region 
through a pilot application (see UNEP/MAP (2021c), Assessment Criteria Methodology for 
IMAP Common Indicator 13: Pilot Application in Adriatic Sub-region, (UNEP/MED 
WG.509/13) Link. Boundaries for Chlorophyll-a and total phosphorus (TP) for the Adriatic 
sub-region are also indicated relative to the type of coastal waters encountered in the sub-
region. 

Within IMAP, several methodologies are currently tested to assess CI 13 and 14 (see 
UNEP/MED WG.550/10 documents for MED QSR2023), the Ecological Quality Ratio 
(EQR) methodology when data quality permitted and simplified methodology based on G/M 
comparison (using threshold values defined for the Adriatic sub-region) based on satellite 
derived Chlorophyll-a. 

Preparation documents for MED QSR 2023 relative to CI 13 and 14 indicate that few data 
have been submitted by the CPs and the overall sub-regional and Mediterranean assessment 
was mainly based on satellite derived data on Chlorophyll-a.  

In the analysis of satellite derived data from different sensors, mainly negative trends of 
surface chlorophyll-a concentration from 1998 to 2019 have been reported for the Spanish 
Mediterranean Sea by Gómez-Jakobsen et al. (2022) with some localized exceptions. In this 
work seasonal trends have also been investigated. 

France has published an assessment for Descriptor 5 on eutrophication for the French Western 
Mediterranean Sea where 99% of surface area of the French seas in the area have been 
assessed and are considered in GES (Lefebvre & Devreker, 2020). The authors indicate the 
threshold used (e.g. WFD threshold for coastal waters when existing) and based the 
assessment on D5C1 (nutrients in the water column), D5C2 (Chlorophyll-a in the water 
column), D5C5 (dissolved oxygen in the bottom of the water column).  



 

 
 

EO5 Eutrophication 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO5-CI13, EO5-CI14 

Based on in situ collection of nutrient data (including temperature and salinity) from 24 
cruises and 870 stations throughout the NW Mediterranean, Belgacem et al. (2020) analyze 
the dissolved inorganic nutrients. Data were made available through Pangae but no relation 
with related policies has been made. 

Eutrophication in Italian transitional waters was assessed using a multi-index method by 
Bonometto et al. (2022), were 35% of the investigated sites appear as eutrophic. This 
highlights the importance of considering assessment of eutrophication in river estuaries and 
lagoons that connect directly with coastal waters, within an ICZM approach (see Ferreira et 
al., 2011) and to consider basin-coastal approach in an integrated way. This has been done at 
the Mediterranean scale by Malagó et al., (2019), who investigate also different scenarios of 
basin nutrients loads and the correspondent reduction of inputs in coastal waters. Friedland et 
al. (2021) have shown, based on models, how a reduction of riverine nutrient inputs contribute 
to reduce marine nutrients as well. 

Basin wide model based analysis of offshore anthropogenic nutrient concentration trends 
between 1950 and 2030 (Powley et al., 2018) are made difficult because of inter-annual 
variations creating a noise. The model though estimates that in the Eastern Mediterranean 
Sea, annual primary production should be more sensitive to changes of nutrient inputs by the 
surrounding land than the Western Mediterranean Sea. 

Polimene at al. (2023) question whether the current traditional way of assessing 
eutrophication should be reconsidered. The authors remind that “increased biomass, nutrient 
concentrations and oxygen demand do not lead to undesirable environmental effects if the 
flow of carbon/energy from primary producers toward high trophic levels is consistently 
preserved”. They suggest in consequence to evaluate eutrophication by using a new index 
based on plankton trophic fluxes instead.  

Effects of climate change and other cumulative pressures in GES determination 
Eutrophication is a complex process depending on multiple variables including nutrient inputs 
and environmental parameters such as sea temperature, water movements etc. Possible 
impacts of climate change on eutrophication could occur at different levels of the process and 
may cumulate or not. Climate change impacts on eutrophication appears unclear.  

Recent research on the Po river, suggests that although temperature of water increases, 
nitrogen loads decreases (Gervasio et al., 2022) having an unexpected negative feedback 
between climate change and eutrophication. Similar results were obtained by models for the 
NW Mediterranean region based on regional climatic projections (Temino-Boes et al., 2021). 
Gervasio et al. (2022) underline that the resulting effects of climate change on ecosystem 
functioning remain unclear and highlight that there is a lack of research forecasting global 
warming effects on nitrogen cycling in rivers and nitrogen loads.  

Gómez-Jakobsen et al. (2022) that studied a time series of more than 20 years of chlorophyll-
a concentrations along the Spanish Mediterranean marine waters, suggest that climate change 
may impact phytoplankton phenology. 

Harmful Algal Blooms (HAB) that cause ecosystem damage, economic losses and healthcare 
issues, occur in localized eutrophic areas (Marampouti et al., 2021; Tsikoti et al., 2021). 
Climate change appears to increase HABs by changing environmental conditions in coastal 
areas (Marampouti et al., 2021). 



 

 
 

EO5 Eutrophication 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO5-CI13, EO5-CI14 

Several publications propose management approaches and mitigation strategies for HABs as 
mentioned in the review article by Nwankwegu et al., 2019. Although the effects of climate-
driven changes on the intensification of HABs are becoming increasingly clear, further 
understanding and prediction of HABs is needed (Gobler, 2020). 

Ocean circulation impacts eutrophication in coastal areas (e.g. Androulidakis et al., 2021 in 
the Northern Thermaikos Gulf, Greece). Climate change is susceptible of impacting ocean 
circulation (see De la Vara et al., 2022) but also atmospheric circulations which both could 
have effects on coastal eutrophication. 

 
7.3. Impediments and gaps identified in GES determination and assessment 

in a climate change context, and recommendations for way forward 

191. IMAP defines GES for EO5 as “Human-induced eutrophication is prevented, especially 
adverse effects thereof, such as losses in biodiversity, ecosystem degradation, harmful algal 
blooms and oxygen deficiency in bottom waters.” 

192. Better data access and threshold values are an issue underlined for the Mediterranean 
Sea by European Environmental Agency (2019) although it is believed that data exists at 
national level. However, few data have been submitted for MED QSR 2023. Lack of harmonised 
data and coherence of data acquisition protocols have also been identified as key issues limiting 
a common assessment of GES at regional and sub-regional scale by Giorgetti et al. (2018). 

193. IMAP indicators and MSFD criteria on eutrophication present differences. 
194. Variability of data acquisition methods, sensors, correction methods and data treatment 

are important in nutrient assessment (see Ferreira et al., 2011; Daniel et al., 2020; Salas Herrero 
et al., 2022) and efforts must be done to standardize protocols at least at sub-regional level.  

195. Assessment of EO5 Eutrophication in marine and coastal waters, highlights the need to 
increase linkage between marine and terrestrial coastal areas which include transitional waters. 
Within the ICZM Protocol framework and MSP, increased linkage with other policies 
concerned could perhaps result in a better management of coastal marine eutrophication. 

196. Frequency and spatial extension of Harmful Algal Blooms (HAB) (see e.g. Tsikoti & 
Genitsaris 2020) that can be linked to eutrophication, could possibly be an indicator of interest 
for IMAP. Such an indicator is followed in the MSFD under D5C3 for which GES is “The 
number, spatial extent and duration of harmful algal bloom events are not at levels that indicate 
adverse effects of nutrient enrichment.” Monitoring networks already exist and could be used 
as a basis (e.g. see REPHYTOX for France). 

197. The GES definition of CI13 “Concentrations of nutrients in the euphotic layer are in 
line with prevailing physiographic, geographic and climate conditions” would mean that under 
changing climatic conditions, TV and BV will have to be updated and adapted. Increasing 
temperature is probably one of the climate change factors that will have the most effect on 
eutrophication. Semi-closed areas, which are already more vulnerable to eutrophication (gulfs, 
ports, estuaries), could also undergo further increase in water temperature as well as less 
freshwater inputs and therefor further affect the relation between nutrient enrichment and 
eutrophication. 



 

 
 

7.4. Key messages 

198. In the Mediterranean Sea, a rather oligotrophic sea, eutrophication is a generally a 
localised, coastal threat. 

199. The approach of “problem” and “non problem” areas adopted by EEA for European 
countries could be informative to apply at the entire Mediterranean Sea. 

200. Although assessment criteria, baseline values, rules of integration and aggregation etc. 
have been agreed on for IMAP, there is still a lack of harmonised data, protocols and methods 
for EO5 eutrophication assessment limiting the possibilities of assessing GES at regional and 
sub-regional scale. Available data is an impediment to GES assessment. 

201. Further integration between IMAP indicators on eutrophication and MSFD criteria 
could contribute to more reporting of European CPs to IMAP and better quality data. The 
analogy between indicators and criteria could be further developed. 

202. Within IMAP, it could be considered to assess Harmful Algal Blooms (HAB) that can 
be in relation with eutrophication. Extent, duration and frequency of HABs could inform on 
vulnerable areas. 

203. Climate change impacts sea temperature which increases and fresh water inputs will be 
decreasing. Therefore, semi-enclosed areas (e.g. lagoons, ports, gulfs) already vulnerable to 
eutrophication will be most probably further affected in climate change context. But GES 
definition of CI13 is relative to “prevailing climate conditions”. As for other indicators this 
means that either threshold values or baseline values or both will have to be reconsidered 
regularly for GES to be attainable. 

 

 



 

 
 

8. Ecological Objective 6: Seafloor integrity 

8.1. General information on IMAP EO6 and MSFD D6 GES definition 

204. This ecological objective focuses on seafloor. Indicators have not yet been developed 
under IMAP but work is ongoing and propositions have been done to be considered. Under 
MSFD the Descriptor 6 seafloor integrity has been defined through several criteria.  

205. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO6/D6 and GES determination under IMAP and MSFD can be 
found in Table 7. These are mostly based on MSFD D6. 

 
Table 7: Relevant documents relative to GES definition for EO6/D6 and climate change effects on 
GES definition. 

Seafloor 
IMAP MSFD 

EO6 GES: “Seafloor integrity is maintained, 
especially in priority benthic habitats.” 

D6 GES: “Sea-floor integrity is at a level that 
ensures that the structure and functions of the 
ecosystems are safeguarded and benthic 
ecosystems, in particular, are not adversely 
affected.” 

Indicators of seafloor integrity 

 Guérin, L., & Lizińska, A. (2022). Analysis of the main elements of the ‘Good Environmental 
Status’ from the 1st and 2nd MSFD cycles, reported by the European Member States for the 
Descriptor 6 (sea floor integrity)—Links with Regional Seas’ Conventions and D4 (food webs 
integrity) and D5 (eutrophication) (p. 53 pages + 26 pages d'annexes) [Report]. PatriNat (OFB-
CNRS-MNHN). Link 

 Boschetti, S., Palialexis, A., & Connor, D. (2021). Marine Strategy Framework Directive – 
Review and analysis of EU Member States’ 2018 reports – Descriptor 6: Sea-floor integrity 
and Descriptor 1: Benthic habitats. Link 

 ICES. (2019a). EU request to advise on a seafloor assessment process for physical loss (D6C1, 
D6C4) and physical disturbance (D6C2) on benthic habitats. Link  

 ICES Advisory Committee. (2019b). Workshop on scoping for benthic pressure layers. 
D6C2—From methods to operational data product (WKBEDPRES1), 24-26 October 2018 (No. 
ICES CM 2018/ACOM:59; p. 69). ICES HQ, Copenhagen, Denmark. Link  

 ICES. (2019c). Workshop on scoping of physical pressure layers causing loss of benthic 
habitats D6C1– methods to operational data products (WKBEDLOSS). (ICES Scientific 
Reports No. 1:15; p. 37). Link 

 IDEM Project. (2019). Deliverable 3.3: IDEM Report 3.3. Report on the indicators and 
thresholds to identify the GES and the key areas for design monitoring programs in the 
Mediterranean deep sea (p. 77) [IDEM (Implementation of the MSFD to the Deep 
Mediterranean Sea) Project]. UNIVPM, CNR, CSIC, DFMR, ENEA, TAU, UB, UM. Link 

 Rice, J., Arvanitidis, C., Borja, A., Frid, C., Hiddink, J. G., Krause, J., … Norkko, A. (2012). 
Indicators for Sea-floor Integrity under the European Marine Strategy Framework Directive. 
Ecological Indicators, 12(1), 174–184. doi: 10.1016/j.ecolind.2011.03.021 

 ICES. (2014b). Introduction and general advice. EU request to ICES for review of the Marine 
Strategy Framework Directive: Descriptor 6_Seafloor integrity. Link 

Methodology for assessing impacts on benthic habitats 



 

 
 

Seafloor 
IMAP MSFD 

 Armelloni, E. N., Tassetti, A. N., Ferrà, C., Galdelli, A., Scanu, M., Mancini, A., … Scarcella, 
G. (2021). AIS data, a mine of information on trawling fleet mobility in the Mediterranean Sea. 
Marine Policy, 129, 104571. doi: 10.1016/j.marpol.2021.104571 

 Jac, C., Desroy, N., Certain, G., Foveau, A., Labrune, C., & Vaz, S. (2020a). Detecting adverse 
effect on seabed integrity. Part 1: Generic sensitivity indices to measure the effect of trawling 
on benthic mega-epifauna. Ecological Indicators, 117. doi: 10.1016/j.ecolind.2020.106631 

 Jac, C., Desroy, N., Certain, G., Foveau, A., Labrune, C., & Vaz, S. (2020b). Detecting adverse 
effect on seabed integrity. Part 2: How much of seabed habitats are left in good environmental 
status by fisheries? Ecological Indicators, 117, 106617. doi: 10.1016/j.ecolind.2020.106617 

 Quemmerais-Amice, F., Barrere, J., La Rivière, M., Contin, G., & Bailly, D. (2020). A 
Methodology and Tool for Mapping the Risk of Cumulative Effects on Benthic Habitats. 
Frontiers in Marine Science, 7. Link  

See also section EO1 on benthic habitats 

Effects of climate change and other cumulative pressures in GES determination 
Since indicators have not yet been defined for EO6, it is here considered that EO6 GES 
“Seafloor integrity is maintained, especially in priority benthic habitats” will be based on 
assessment of seafloor disturbance by anthropogenic pressures and seafloor loss. The elements 
considered in EO1 on benthic habitats (chapter 3.) are pertinent also for EO6. Further, they are 
direct relations with other EOs especially with EO3 fisheries, EO7 hydrography and EO8 
Coastal ecosystems and landscapes. 

Climate change impacts will primarily impact benthic habitats GES assessed under EO1. This 
point has been discussed in chapter 3. for the habitats assessed. However, few benthic habitats 
are assessed under EO1. The list of habitats assessed should be extended to further assess 
seafloor integrity by including habitats undergoing severe disturbances (e.g. habitats under 
trawling pressure etc.). 

Relatively to the loss of seafloor, relations can be made with EO8 to include artificialized 
coastline (see document on EO6 working document UNEP/MED WG.567/Inf.17 submitted to 
EcAp CG, 11th of September 2023) but will not be sufficient since e.g. marine platforms and 
sand extraction impacts are not assessed under EO8.  

It is in the coastal areas that climate change impacts the most the seafloor, either directly (e.g. 
habitat degradation and loss) or indirectly (e.g. increase of coastal artificial structures on the 
littoral to protect from sea level rise and storms), but less known deep-sea habitats seem also 
to undergo climate change impacts (Sweetman et al., 2017).  

 
206. IMAP defines GES for EO6 as: “Seafloor integrity is maintained, especially in priority 

benthic habitats.” No indicators have been defined yet but a document developing indicators is 
under process of validation by CORMONs to be submitted to UNEP/MAP CPs (see document 
UNEP/MED WG.567/Inf.17 submitted to EcAp CG, 11th of September 2023). 

207. MSFD defines GES for D6 as: “Sea-floor integrity is at a level that ensures that the 
structure and functions of the ecosystems are safeguarded and benthic ecosystems, in 
particular, are not adversely affected.” 

208. MSFD D6 is closely linked to Descriptors 1. 
209. MSFD Descriptor 6 is based on five criteria: 



 

 
 

D6C1 – Primary: Spatial extent and distribution of physical loss (permanent change) of the 
natural seabed.  

D6C2 – Primary: Spatial extent and distribution of physical disturbance pressures on the 
seabed. 

D6C3 – Primary: Spatial extent of each habitat type which is adversely affected, through 
change in its biotic and abiotic structure and its functions (e.g. through changes in species 
composition and their relative abundance, absence of particularly sensitive or fragile species or 
species providing a key function, size structure of species), by physical disturbance. Member 
States shall establish threshold values for the adverse effects of physical disturbance, through 
regional or sub-regional cooperation. 

D6C4 – Primary: The extent of loss of the habitat type, resulting from anthropogenic pressures, 
does not exceed a specified proportion of the natural extent of the habitat type in the assessment 
area. 

D6C5 – Primary: The extent of adverse effects from anthropogenic pressures on the condition 
of the habitat type, including alteration to its biotic and abiotic structure and its functions (e.g. 
its typical species composition and their relative abundance, absence of particularly sensitive or 
fragile species or species providing a key function, size structure of species), does not exceed a 
specified proportion of the natural extent of the habitat type in the assessment area. 

210. At EU level, it is required to define threshold values for D6C4 and D6C5 on the extent 
of adverse effects or loss and the level of adverse effects. They are currently being defined with 
propositions that have been made and are discussed. 

8.2. Impediments and gaps identified in GES determination and assessment 
in a climate change context including recommendations for way forward 

211. IMAP defines GES for EO6 as “Seafloor integrity is maintained, especially in priority 
benthic habitats.” 

212. In the current situation GES for seafloor integrity is assessed only by EO1-C1 and EO2-
C2 on few benthic habitats and partly through EO8-CI16 on physical disturbance and loss on 
coastal areas. Assessing GES for seafloor needs to be completed and work is ongoing to define 
indicators.  

213. Difficulties encountered in MSFD with GES definition and threshold values should be 
taken in consideration for further defining the assessment of EO6. 

214. It is suggested to develop EO6 in close relation with EO1-CI1 and EO1-CI2 as well as 
an eventual indicator on NIS/AIS impacts on benthic habitats, with EO3-CI10, EO4, EO5, 
EO8, EO9 and EO10 to contribute to cohesion between EOs and further reflect the integrative 
ecosystem approach within IMAP. 

8.3. Key messages 

215. Indicators to assess IMAP EO6 seafloor integrity are currently discussed but not yet 
agreed on. 

216. Within MSFD, D6 seafloor integrity is defined by 5 criteria and thresholds are being 
defined currently for D6C4 and D6C5.  



 

 
 

217. IMAP assesses benthic habitats through EO1 and includes indicators on distributional 
range and extent of habitat (that can be somewhat compared to D6C4) as well as condition of 
the habitat’s typical species (that can be somewhat compared to D6C5). However, 
correspondence between IMAP and MSFD indicators/descriptors on habitats and seafloor 
integrity is unclear. 

218. Climate change impacts benthic habitats and species and therefor will impact the 
condition of the habitats which can also result in a loss of habitat extent. 

219. It is unclear if “anthropogenic pressures” referred to in MSFD criteria, include or not 
climate change. In IMAP EO6, depending on how indicators will be defined, such precisions 
would be of interest. 

 
 



 

 
 

9. Ecological Objective 7: Hydrography 

220. Human constructions along the coastline but also offshore impact the environment and 
change hydrological conditions at various scales. Such construction can create a loss of habitat 
but also an alteration due to changes in currents, turbidity, salinity, sea temperature and wave 
dynamics. Ecological Objective 7 on Hydrography is currently defined by one indicator (EO7-
CI15) within IMAP that assesses the Location and extent of habitats impacted directly by 
hydrographic alterations. 

 
9.1. General information on IMAP EO7 and MSFD D7 GES definition 

221. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO7/D7 and GES determination under IMAP and MSFD can be 
found in Table 8.  

Table 8: Relevant documents relative to GES definition for EO7 and D7.  

Hydrography 
IMAP MSFD 

EO7 GES: “Alteration of hydrographic 
conditions does not adversely affect coastal and 
marine ecosystems.” 

D7 GES: “Permanent alteration of 
hydrographical conditions does not adversely 
affect marine ecosystems.” 

 
Spiteri, C. (2015). Guidance document on how 

to reflect changes in hydrographical 
conditions in relevant assessments (p. 38). 
UNEP/MAP PAP/RAC. 

PAP/RAC. (2023). 2023 Quality Status Report 
(QSR) Content on IMAP Ecological 
Objectives (EO) 7 and 8. Contribution to the 
2023 Med QSR for the cluster on Coast and 
Hydrography (p. 37). Split: PAP/RAC. Link 

See Annex A, EO7 for technical documents 
specifically related to parameters 

 

González, D., Coughlan, C., Stips, A., Stolk, C., 
González Pola, C., Moreno Aranda, I. M., 
… Krzyminski, W. (2015). Review of the 
Commission Decision 2010/477/EU 
concerning MSFD criteria for assessing 
Good Environmental Status. Descriptor 7 
Permanent alteration of hydrographical 
conditions does not adversely affect 
marine ecosystems (JRC Technical 
Reports No. JRC97721; p. 32). Link  

 

 
222. IMAP Ecological Objective 7 is defined by one indicator: Location and extent of 

habitats impacted directly by hydrographic alterations. The GES definition of this indicator is: 

EO7-CI15 – Negative impacts due to new structure are minimal with no influence on the larger 
scale coastal and marine system. 

223. MSFD Descriptor 7 is declined in two secondary criteria with the following GES 
definitions: 



 

 
 

D7C1 – Secondary: Spatial extent and distribution of permanent alteration of hydrographical 
conditions (e.g. changes in wave action, currents, salinity, temperature) to the seabed and water 
column, associated in particular with physical loss of the natural seabed. 

D7C2 – Secondary: Spatial extent of each benthic habitat type adversely affected (physical and 
hydrographical characteristics and associated biological communities) due to permanent 
alteration of hydrographical conditions. Member States shall establish threshold values for the 
adverse effects of permanent alterations of hydrographical conditions, through regional or sub-
regional cooperation. 

224. MSFD D7 is comparable to IMAP EO7 together with EO8, although detailed 
impact by habitat is not requested in IMAP. 

9.2. Elements for defining EO7 GES at indicator level in a climate change 
context 

 
EO7 Hydrography 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO7-CI15 
EO7-CI15 GES : Negative impacts due to new structure are minimal with no influence on the 

larger scale coastal and marine system. 
Specific monitoring guidance documents available to assess and monitor negative impacts due 
to new structure 
 Spiteri, C. (2015). Guidance document on how to reflect changes in hydrographical conditions 

in relevant assessments (p. 38). UNEP/MAP PAP/RAC. Link 

Assessment of negative impacts due to new structures 
Littoral habitats such as marine vegetation habitats can be affected by changes in hydrological 
conditions due to littoral constructions. 

Offshore platforms such as wind farms could potential change hydrological conditions 
sufficiently to impact the ecosystems but information is lacking (Galparsoro Iza et al., 2022). 
However, EO7-CI15 has been recently endorsed by the Offshore Oil and Gas Group (OFOG) 
to be assessed and monitored for offshore activities. 

A localised baseline assessment of EO7 in Montenegro throughout the GEF Adriatic 
Programme was done and the report is available here (PAP/RAC, UNEP/MAP, SPA/RAC, 
2021). 

Effects of climate change and other cumulative pressures in GES determination 
Under climate change conditions, the number and strength of storms is expected to increase.  
The tropical-like medicanes create hydrographic alterations that can be strong but short-scale 
(Kassis & Varlas, 2021). 

Hydrological conditions are already changing under climate change impacts with an increase 
in sea temperature which in turn could impact thermohaline and surface circulations and 
further alter hydrographic conditions (Somot et al., 2018).  



 

 
 

EO7 Hydrography 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO7-CI15 

PAP-RAC (2023), outlines the hydrographic alterations caused by climate change in the 
Mediterranean Sea. 

To face the increase of sea level and increased storm events due to climate change, it is 
probable that littoral constructions to protect populations and constructions will be done 
leading to an increase in manmade structure on the coastline (CI16) and changes in 
hydrography. 

Adverse effects on hydrography is expected due to climate change (Stein et al., 2019). 

Further development of coastal regions and development of blue economy will also contribute 
to increase coastal and offshore constructions and create hydrological alterations (European 
Commission, Directorate-General for Maritime Affairs and Fisheries (European 
Commission), & Joint Research Centre (European Commission), 2019). 

  



 

 
 

 
9.3. Impediments and gaps identified in EO7 GES determination and 

assessment in a climate change context including recommendations for 
way forward 

225. IMAP defines GES for EO7 as “Alteration of hydrographic conditions does not 
adversely affect coastal and marine ecosystems.” 

226. Although guidelines have been published to assess EO7, reporting is insufficient or even 
inexistent. Therefor GES cannot be assessed. 

227. Baseline values have not yet been defined by non-EU Mediterranean countries, neither 
have threshold values even in EU MS. Without a baseline situation this indicator cannot be 
assessed. 

228. Taking in consideration the insufficient reporting, the lack of baseline values and 
common monitoring strategies, the definition of this unique indicator in EO7 could be 
reconsidered or reformulated and perhaps simplified. 

9.4. Key messages 

229. Data reported are not sufficient to define baseline values and therefor assess GES. 

230. Assessment of human induced hydrographic alterations and their impacts on ecosystems 
appears as inconsistent even in Mediterranean EU countries. Implementation of this EO7-CI15 
indicator at national level and integration in coastal and marine plan as well as environmental 
assessment studies is needed. 

231. Climate change impacts already alters hydrographical conditions by increasing 
Mediterranean Sea temperature which could also affect thermohaline and surface circulations 
in the Mediterranean Sea. Impacts of climate change on hydrographic alterations are important. 

232. The overlap of EO7 assessment with Environmental Impact Assessment (EIA), Water 
Framework Directive, Strategic Environmental Assessment (SEA), MSP and ICZM brings 
perhaps confusion and could be redundant. Further integration and clearer interrelations could 
help support the assessment of EO7-CI15 indicator. 

233. EO7-CI15 could perhaps be reconsidered and simplified or integrated in other 
Ecological Objectives such as EO1 on habitats and EO6 on seafloor integrity.  

 
 



 

 
 

10. Ecological Objective 8: Coastal ecosystems and landscapes 

 
 
10.1. General information on IMAP EO8 and MSFD D8 GES definition 

234. Construction of structures (e.g. ports, break walls, jetties, structures to reduce erosion) 
along the coastline cause irreversible damage to landscape, loss of habitats and biodiversity and 
change shoreline configuration impacting natural dynamics of coastal zones. Therefore, 
monitoring the rate and spatial distribution of coastline artificialisation in the Mediterranean is 
of high importance. This will also contribute to better understand the impact of structures on the 
shoreline dynamics and hydrography (UNEP/MED WG.550/11).  

235. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO8/D8 and GES determination under IMAP and MSFD can be 
found in Table 9.  

Table 9: Relevant documents relative to GES definition for EO8 and D7.  

Coastal ecosystems and landscapes 
IMAP MSFD 

EO8 GES: “The natural dynamics of coastal 
areas are maintained and coastal ecosystems and 
landscapes are preserved.” 

D7 GES: “Permanent alteration of 
hydrographical conditions does not adversely 
affect marine ecosystems.” 

 
UNEP/MAP - PAP/RAC. (2019). Indicator 

guidance factsheets for EO7 and EO8 Coast 
and Hydrography Common Indicators 15, 
16 and 25 (UNEP/MED WG.467/6) (p. 32) 
[7th Meeting of the Ecosystem Approach 
Coordination Group]. Link 

 

See Annex A, EO8 for technical documents 
specifically related to CIs 

 

González, D., Coughlan, C., Stips, A., Stolk, C., 
González Pola, C., Moreno Aranda, I. M., 
… Krzyminski, W. (2015). Review of the 
Commission Decision 2010/477/EU 
concerning MSFD criteria for assessing 
Good Environmental Status. Descriptor 7 
Permanent alteration of hydrographical 
conditions does not adversely affect 
marine ecosystems (JRC Technical 
Reports No. JRC97721; p. 32). Link  

 

 
236. IMAP Ecological Objective 8 is defined by one indicator common indicator: Length 

of coastline subject to physical disturbance due to the influence of man-made structure, and a 
candidate indicator on land use change. GES definition of this indicator is: 

EO8-CI16 – Physical disturbance to coastal areas induced by human activities should be 
minimized. 

EO8-CCI25 – Linear coastal development minimised, with perpendicular development being 
in balance with integrity and diversity of coastal ecosystems and landscapes. Mixed land-use 
structure achieved in predominantly man-made coastal landscapes. 
 



 

 
 

237. For EO8-CI16, GES, targets and measures cannot be expressed quantitatively (as a 
threshold value) but due to country specific circumstances (socio-economic, cultural, and 
historical) should be defined by the countries themselves (UNEP/MED WG.467/6). 

 
238. MSFD Descriptor 7 is declined in two secondary criteria with the following GES 

definitions: 

D7C1 – Secondary: Spatial extent and distribution of permanent alteration of hydrographical 
conditions (e.g. changes in wave action, currents, salinity, temperature) to the seabed and water 
column, associated in particular with physical loss of the natural seabed. 

D7C2 – Secondary: Spatial extent of each benthic habitat type adversely affected (physical and 
hydrographical characteristics and associated biological communities) due to permanent 
alteration of hydrographical conditions. Member States shall establish threshold values for the 
adverse effects of permanent alterations of hydrographical conditions, through regional or sub-
regional cooperation. 

 
239. There is no direct analogy of EO8 with MSFD, but EO8-CI16 can be considered as 

included in D7C1. 
240. In MSFD, no criteria corresponds to EO8-CCI25. 

 
10.2. Elements for defining EO8 GES at indicator level in a climate change 

context 
 

EO8 Coastal ecosystems and landscapes 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO8-CI16 

EO8-CCI25 
EO8-CI16 GES: Physical disturbance to coastal areas induced by human activities should be 

minimized with the operational objective that natural dynamics of coastal areas is maintained and 
coastal ecosystems and landscapes are preserved. 

(km of artificial coastline and % of total length of coastline, percentage (%) of natural coastline in 
the total coastline length) 

EO8-CCI25 GES: Linear coastal development minimised, with perpendicular development being 
in balance with integrity and diversity of coastal ecosystems and landscapes. Mixed land-use 

structure achieved in predominantly man-made coastal landscapes 

Specific monitoring guidance documents available to assess and monitor  
 UNEP/MAP - PAP/RAC. (2023). Definition of GES for the CI 16 “Length of coastline subject to 

physical disturbance due to the influence of human-made structures”. Assessment criteria and 
the Guiding document for application of assessment criteria for the IMAP Common Indicator 16 
(UNEP/MAP WG.549/6) (p. 27) [Meeting of the Ecosystem Approach Correspondence Group on 
Monitoring (CORMON) Coast and Hydrography]. Link 

 UNEP/MAP - PAP/RAC. (2023). Upgraded Guidance Factsheet for Candidate Common 
Indicator 25 “Land cover change” – Rationale and background (UNEP/MAP WG.549/Inf.3) (p. 
34) [Meeting of the Ecosystem Approach Correspondence Group on Monitoring (CORMON) 
Coast and Hydrography]. Split: UNEP/MAP PAP/RAC. 



 

 
 

EO8 Coastal ecosystems and landscapes 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO8-CI16 

EO8-CCI25 
 UNEP/MAP-PAP/RAC (2015) Pilot project in the Adriatic on testing the candidate common 

indicator « Land use change in the Mediterranean; Link 
 
Physical disturbance to coastal areas 

MED QSR 2017 revealed that Italy has implemented the monitoring of this indicator at 
national level whereas France and Montenegro had assessed artificialisation of their coast but 
does not fully resemble CI16.  

For CI16, definition of GES requires two sets of monitoring data (for comparison), it is 
country specific, but hasn’t yet been defined by CPs (UNEP/MED WG.550/11). However, 
progress is ongoing with baseline data provided by 17 CPs for MED QSR 2023, which 
represents 57% of the total Mediterranean coastline (see UNEP/MED WG.550/11 and 
UNEP/MAP-PAP/RAC, 2023). 

The approach used by Smiraglia et al., 2023 to assess coastal urbanisation in Italy is of great 
interest. The authors have evaluated land consumption at national, regional and municipal 
level which reveals an intense process of urbanisation in the first 1000 m, especially at less 
than 300 m from the coastline. Such an approach brings elements also for CCI25. 

Land use change 
A pilot assessment of EO8-CCI25 was done for the Adriatic sub-region including Low 
Elevation Coastal Zone (LECZ) assessment (see UNEP/MAP-PAP/RAC, 2023 and 
UNEP/MAP-PAP/RAC, 2015). 

Effects of climate change and other cumulative pressures in GES determination 
Two climate change effects will impact coastal areas in general including artificial coastline: 
sea level rising and extreme climatic events especially floods and storms. 

These climatic risks might lead to additional artificialisation of the coastal rime to protect 
urbanised areas that are farther inland.  

Sea level rising projections in the Mediterranean varies depending on the climate change 
scenario and will be variable across the Mediterranean. The NASA Sea level projection tool 
allows to visualise and download sea level projection data from IPCC Assessment Report for 
a given period and following selected warming scenario for over 50 points in the 
Mediterranean. 

Such data could be of interest in the development of a coastal risk or vulnerability assessment 
for the Mediterranean coast taking also in consideration EO8-CCI25 on land use change.  

 
  



 

 
 

10.3. Impediments and gaps identified in EO8 GES determination and 
assessment in a climate change context including recommendations for 
way forward 

241. IMAP defines GES for EO8 as “The natural dynamics of coastal areas are maintained 
and coastal ecosystems and landscapes are preserved.” 

 
242. GES cannot be assessed currently for this ecological objective because of lack of data. 

However, baseline data has considerably increased for EO8-CI16 which should allow to 
evaluate GES for this indicator for the next assessment. CPs that have not submitted data on 
coastal artificialisation baseline data should be urged to do so. Further, it is the CPs that should 
define threshold values and if they are in GES for EO8. In consequence, it seems difficult to 
assess whether GES is attained or not at sub-regional and regional scale unless threshold values 
are decided at sub-regional and regional scale. 

243. Climate change will impact Mediterranean coastline by rising sea level and increasing 
storms and floods which will probably lead to increasing man-made structures to protect 
infrastructure and societies along the coast but also farther inland. In such climate context, 
planning strategies and modelling future scenarios is important to anticipate impacts. Further 
integration of EO8 indicators CI16 but also CCI25 is needed with spatial planning and impact 
assessment. 

244. CCI25 appears mature enough to be proposed as an indicator. 
245. Several Indexes have been used relative to coastal risk or vulnerability in the 

Mediterranean basin (e.g., Vandarakis et al., 2021 and Komi et al., 2022 in Greece; Agharroud 
et al., 2023 in Mororcco). What could be of interest is to apply an index which identifies 
vulnerable/risk areas that evaluates potential effects of climate change with physical, 
environmental and socio-economic features. As suggested by Agharroud et al., 2023, such a 
tool could be easily integrated in ICZM and contribute to coastal community and biodiversity 
protection. This would also farther link IMAP with MSP and ICZM. 

246. A parameter on the number and location of coastal foods could be interesting to consider 
in the context of climate change. 

10.4. Key messages 

247. Data reported are not sufficient to define baseline values for EO8-CI16 but progress is 
ongoing. Given the importance of EO8 with regard to increasing touristic interest of the 
Mediterranean area and the impacts of climate change that will affect coastal areas, CPs which 
have not submitted data are advised to do so. 

248. GES for EO8 at sub-regional and regional scale cannot be assessed for the moment due 
to the lack of data, but also because threshold values and GES should be defined by each CP. 
Therefor to assess GES at sub-regional and regional scale, threshold values will have to be 
defined at sub-regional and regional and data aggregated. 

249. Climate change impacts will result in important changes along the Mediterranean 
coastline either by direct impacts (erosion, sea level rise etc.), or by the increase in protective 
constructions to shelter from these impacts (e.g. dams, docks, boulders). These climate change 
impacts on coastal ecosystems are currently not assessed within IMAP. Identifying such 
vulnerable areas by defining a parameter within EO8 related to climate change impacts could 
be discussed. 



 

 
 

11. Ecological Objective 9: Pollution 

11.1. General information on IMAP EO9 and MSFD D8 and D9 GES 
definitions 

250. IMAP Ecological Objective 9 corresponds to MSFD Descriptor 8 Contaminants and 
Descriptor 9 Contaminants in seafood. 

251. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO9/D8 and D9 and GES determination under IMAP and MSFD 
can be found in Table 10.  

 
Table 10: Relevant documents relative to GES definition for EO9, D8 and D9.  

Pollution 
IMAP MSFD 

EO9 GES: “Contaminants cause no significant 
impact on coastal and marine ecosystems and 
human health.” 

D8 GES: “Concentrations of contaminants are at 
levels not giving rise to pollution effects.” 
D9 GES: “Contaminants in fish and other 
seafood for human consumption do not exceed 
levels established by Union legislation or other 
relevant standards.” 

UNEP/MAP. (2017a). IMAP Common Indicator 
Guidance Facts Sheets (Pollution and 
Marine Litter) (UNEP(DEPI)/MED 
WG.439/12) (p. 75) [Meeting of the MED 
POL Focal Points]. Link 

UNEP/MAP. (2017b). Pollution Assessment 
Criteria and Thresholds 
(UNEP(DEPI)/MED WG.444/12) (p. 22) 
[6th Meeting of the Ecosystem Approach 
Coordination Group]. UNEP/MAP. Link 

 

 

Tornero Alvarez, M. V., Boschetti, S., & Hanke, 
G. (2021). Marine Strategy Framework 
Directive - Review and analysis of EU 
Member States’ 2018 reports - Descriptor 
8: Contaminants in the environment - 
Descriptor 9: Contaminants in seafood 
(JRC Technical Report No. JRC124588). 
Luxembourg: Publications Office of the 
European Union. Link 

Tornero Alvarez, M. V., Hanke, G., Haber, A., 
Kuenitzer, A., Mauffret, A., Munch, C. A., 
… Leon, V. (2021). Guidance on potential 
exclusion of certain WFD priority 
substances from MSFD monitoring beyond 
coastal and territorial waters (JRC 
Technical Report No. JRC124593). 
Luxembourg: Publications Office of the 
European Union. Link 

Mauffret, A., Bajt, O., Bellas, J., Chalkiadaki, 
O., Dassenakis, M., Giannoudi, L., … 
Zeri, C. (2019). Report on the approaches 
implemented in the Mediterranean 
countries for GES descriptor 8 Proposition 
of a road map for a better harmonization 
(p. 72). MEDCIS project (Support 
Mediterranean Member States towards 



 

 
 

Pollution 
IMAP MSFD 

coherent and Coordinated Implementation 
of the second phase of the MSFD). Link  

 
252. IMAP Ecological Objective 9 is declined in five indicators. The GES definitions, 

Operational objectives of these indicators have been agreed on (see latest update UNEP/MED 
WG.473/7 and UNEP/MED WG.482/21) and are as follows: 

EO9-CI17 – Level of pollution is below a determined threshold defined for the area and species. 
Operational Objective: Concentration of priority contaminants is kept within acceptable limits 
and does not increase. 

EO9-CI18 – Concentrations of contaminants are not giving rise to acute pollution events. 
Operational Objective: Effects of released contaminants are minimized. 

EO9-CI19 – Occurrence of acute pollution events is reduced to the minimum. Operational 
Objective: Acute pollution events are prevented and their impacts are minimized. 

EO9-CI20 – Concentrations of contaminants are within the regulatory limits for consumption 
by humans. Operational Objective: Levels of known harmful contaminants in major types of 
seafood do not exceed established standards.  

EO9-CI21 – Concentrations of intestinal enterococci are within established standards. 
Operational Objective: Water quality in bathing waters and other recreational areas does not 
undermine human health. 

253. MSFD Descriptor D8 on contaminants includes two primary and two secondary 
criteria as follows: 

D8C1 – Primary: Within coastal and territorial waters, the concentrations of contaminants do 
not exceed the following threshold values:  

(a) for contaminants set out under point 1(a) of criteria elements, the values set in 
accordance with Directive 2000/60/EC; 
(b) when contaminants under point (a) are measured in a matrix for which no value is 
set under Directive 2000/60/EC, the concentration of those contaminants in that matrix 
established by Member States through regional or sub-regional cooperation;  
(c) for additional contaminants selected under point 1(b) of criteria elements, the 
concentrations for a specified matrix (water, sediment or biota) which may give rise to 
pollution effects. Member States shall establish these concentrations through regional 
or sub-regional cooperation, considering their application within and beyond coastal 
and territorial waters.  

254. Beyond territorial waters, the concentrations of contaminants do not exceed the 
following threshold values:  

(a) for contaminants selected under point 2(a) of criteria elements, the values as 
applicable within coastal and territorial waters;  
(b) for contaminants selected under point 2(b) of criteria elements, the concentrations 
for a specified matrix (water, sediment or biota) which may give rise to pollution 



 

 
 

effects. Member States shall establish these concentrations through regional or sub-
regional cooperation.  

D8C2 – Secondary: The health of species and the condition of habitats (such as their species 
composition and relative abundance at locations of chronic pollution) are not adversely 
affected due to contaminants including cumulative and synergetic effects. Member States shall 
establish those adverse effects and their threshold values through regional or sub-regional 
cooperation. 

D8C3 – Primary: The spatial extent and duration of significant acute pollution events are 
minimized. 

D8C4 – Secondary (to be used when a significant acute pollution event has occurred): The 
adverse effects of significant acute pollution events on the health of species and on the condition 
of habitats (such as their species composition and relative abundance) are minimized and, where 
possible, eliminated.  

255. Guidance for threshold methods for D9C1 are available from the Water Framework 
Directive, no guidance is available for D8C2 and D8C3 and C4, no threshold value is requested. 

256. MSFD D9 on contaminants in seafood which corresponds to EO9-CI20 is defined by 
one criterion as follows: 

D9C1 – Primary: The level of contaminants in edible tissues (muscle, liver, roe, flesh or 
other soft parts, as appropriate) of seafood (including fish, crustaceans, molluscs, 
echinoderms, seaweed and other marine plants) caught or harvested in the wild (excluding fin-
fish from mariculture) does not exceed:  

(a) for contaminants listed in Regulation (EC) No 1881/2006, the maximum levels laid 
down in that Regulation, which are the threshold values for the purposes of this 
Decision;  
(b) for additional contaminants, not listed in Regulation (EC) No 1881/2006, threshold 
values, which Member States shall establish through regional or sub-regional 
cooperation. 

257. Guidance for methods and threshold values are available in Food Regulation 1881/2006. 

The following table presents the analogies between IMAP indicators, MSFD criteria and other EU 
regulations 

IMAP Indicators MSFD criteria/Other EU 
regulation 

Assessment objective 

EO8-CI17 D8C1 
Water Framework Directive 

Assessment of contaminants in 
seawater, sediment and biota 

EO8-CI18 D8C2 Assessment of adverse effects of 
contaminants on species 

EO8-CI19 D8C3 Assessment of acute pollution 
events 

EO8-CI20 D9C1 
Food Regulation 1881/2006 

Assessment of contaminants in 
seafood 

EO8-CI21 Bathing Water Directive 
(2006/7/EC) 

Assess water quality in bathing 
waters 

  



 

 
 

11.2. Elements for defining EO9 GES at indicator level in a climate change 
context 

258. Common Indicator 17, CI18 and CI20 concern contaminants either by assessing their 
concentration directly in different matrixes, or by assessing their effects on biota (CI18).  

259. Common Indicator 19 concerns acute pollution events and CI21 water quality in bathing 
waters. 

 
a) Contaminant and contaminant effects assessment 

 
EO9 Pollution 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO9-CI17 in sediment, water column and biota 
EO9-CI18 in biota 

EO9-CI20 in crustaceans, bivalves, fish 
EO9-CI17 GES: Level of pollution is below a determined threshold defined for the area and 
species. 

Marine biota: Trace/Heavy Metals (TM): Total mercury (HgT), Cadmium (Cd) and Lead (Pb) 
Organochlorinated compounds (PCBs, Hexachlorobenzene, Lindane and ΣDDTs) Polycyclic 

Aromatic Hydrocarbons (PAHs) 
Marine sediments: In coastal and marine areas, continental platform and offshore, sediments 
should be collected by mechanical means and processed at the laboratory (< 2 mm particle size 
fraction). Further the following hazardous substances should be measured:Trace/Heavy Metals: 
Total mercury (HgT), Cadmium (Cd) and Lead (Pb), Organochlorinated compounds (PCBs (at least, 
congeners 28, 52, 101, 118, 138, 153, 180, 105 and 156) , aldrin, dieldrin, Hexachlorobenzene, 
Lindane and ΣDDTs)Polycyclic Aromatic Hydrocarbons (PAHs) 
Seawater: The monitoring and assessment of contaminants in seawater samples collected in coastal, 
marine and open-sea areas presents specific challenges and higher costs. For the mid/longterm 
monitoring programmes, such as IMAP, these are recommended to be carried out on a country 
decision basis. 

EO9-CI18 GES: Concentrations of contaminants are not giving rise to acute pollution events.  
Assessment of biomarkers namely, Acetylcholinesterase activity (AChE), Lysosomal 
membrane stability (LMS) and Micronuclei frequencies (MN) on first instance 

EO9-CI20 GES: Concentrations of contaminants are within the regulatory limits for 
consumption by humans. 
Specific monitoring guidance documents available to assess and monitor pollution by heavy 
metals, organochlorinated compounds and Polycyclic Aromatic Hydrocarbons (PAHs): 

 UNEP/MAP-MED POL. (2021a). Monitoring Guideline for Reporting Monitoring Data for 
IMAP Common Indicators 13, 14, 17, 18 and 20 (Meeting Report No. UNEP/MED WG.509/33; 
p. 77). Link 

 UNEP/MAP-MED POL. (2019). IMAP Guidance Factsheets: Update for Common Indicators 
13, 14, 17, 18, 20 and 21; New proposal for Candidate Indicators 26 and 27 (Meeting Report 
No. UNEP/MED WG.473/7; p. 62). Link 



 

 
 

EO9 Pollution 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO9-CI17 in sediment, water column and biota 

EO9-CI18 in biota 
EO9-CI20 in crustaceans, bivalves, fish 

 EU 1881/2006. Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting 
maximum levels for certain contaminants in foodstuffs. European Commission. Link 

Assessment of contaminants 
Chemical contamination mainly originates from land-based sources consequently they are more 
important in coastal waters and near industrialised and urbanised areas which represent contaminant 
hot spots.  

EMODnet has mapped and modelled several pollutants relevant to CI17 in biota, water body 
and sediments in the Mediterranean. Data and maps are available here: Link. See also 
Giorgetti et al. (2018). 

The European Environment Agency, (22/08/2022) has published a series of maps with 
hazardous substances in marine organisms in European seas including the Mediterranean 
underlining the high concentrations of certain polychlorinated biphenyls (PCBs) and other 
hazardous substances in the assessed areas of the Mediterranean Sea. Link.  

The report EEA (2018) presents maps of problem/non-problem areas relative to concentration 
of contaminant in seawater, sediments and biota for European countries of the Mediterranean 
Sea. Problem areas are above politically agreed threshold values and represent 87.3%4 of the 
assessed areas in the Mediterranean Sea (EEA, 2019)).  

Through the GEF Adriatic Project, EO9 (excluding CI18 on toxicological effects) has been 
assessed at national level and constitutes an example of how EO9 can be assessed at national 
level (see GEF Adriatic Project. (2021). Towards a Marine Good Environmental Status (GES) 
in Montenegro. Assessment of Contaminants (EO9) (p. 40). UNEP/MAP, PAP/RAC, 
SPA/RAC, Ministry of Ecology, Spatial Planning and Urbanism of Montenegro. Link). 

Several publications have studied local pollution in seawater ( e.g. Sakellari et al., 2021 in the 
Saronik Gulf), in sediments (e.g. Pitacco et al., 2021; Bonamano et al., 2021 both in the 
Tyrrhenian Sea) and in biota and pelagic food webs(e.g. Castro-Jiménez et al., 2021 in the 
NW Mediterranean pelagic food web; Impellitteri et al., 2023 on fish and invertebrate 
physiology) and overviews of sediment pollution in the Mediterranean Sea have been 
conducted by Merhaby et al. (2019) and Gómez-Gutiérrez et al. (2007). 

Assessment of contaminant effects on biota through biomarkers 
High or long term exposure of biota to contaminants are toxic and will create a reaction in the 
organisms. Assessing biomarkers informs on the impacts of contaminants on species. Several 
biomarkers exist and will inform on different toxic elements. 
Bivalves are often used as sentinel organisms to assess biomarkers being filter feeders and 
frequently available organisms. Biomarker assessment in mussels have been carried out by 
e.g. Zorita et al., 2007 in the NW Mediterranean, Mitrić & Ramšak 2021 in the Adriatic. 
An overview and state of the art in terms of pollution biomarkers used within the framework 
of MSFD is presented by Lionetto et al. (2021). The authors underline the interest of such 

 
4 The NEAT tool used to classify the areas uses the precautionary approach based on the “one out, all out” principle 
when integrating indicators. 



 

 
 

EO9 Pollution 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO9-CI17 in sediment, water column and biota 

EO9-CI18 in biota 
EO9-CI20 in crustaceans, bivalves, fish 

tools for environmental assessment monitoring but also the assessment of health status of 
species at risk. They also emphasise the need for further research in this field. 

Assessment of contaminants in seafood 
Fliedner et al. (2018) have assessed seafood contamination of the German environmental 
specimen bank and have found that over 30 years, contaminants were well below the 
maximum levels allowed for human consumption. Although these did not come from 
Mediterranean Sea, using such sample banks retrospectively could be of interest for assessing 
contaminants in seafood and eventually identifying areas of risk and for retrospective analysis 
of currently unknown or unassessed compounds (see e.g. Chaplow et al., 2021). 

Several studies have been led in localised areas (e.g. Ramon et al., 2021 for the south-eastern 
Mediterranean Sea; Kuplulu et al., 2018 in the Black, Marmara and Aegean Seas; Sala et al., 
2022 in the north-western Mediterranean) and concentrations of contaminants were, in the 
great majority, under the maximum levels allowed. 

Where data exists and studies have been led in the Mediterranean Sea, results show that levels 
of known harmful contaminants in seafood, do not exceed established standards. 

Effects of climate change and other cumulative pressures in GES determination 
The release, degradation, transport and evolution of pollutants could be enhanced by climate 
change impacts such as increased temperatures and extreme events (Kibria et al., 2021). 
Further, the toxicity of several pollutants may increase with increasing levels of climate 
change stressors (Kibria et al., 2021), the effects of contaminants on biota could change under 
future climate scenarios. A review on the effects of temperature rise due to climate change on 
the toxicity of metals for freshwater organisms reveals that in 80% of the studies analysed, a 
temperature rise was responsible for increasing toxicity of metals for the aquatic organisms 
(Nin & Rodgher, 2021). 

Pollution by plastic seems to play a role in the transport of different elements including 
contaminants. It is able to concentrate metal at much higher levels than in surrounding waters 
and could therefor exerting the toxicity for marine biota (Squadrone et al., 2022). 

Pathogen contamination of filter feeders represents a biological risk but also a public health 
concern when affecting consumed bivalves. Concentration of microbial pathogens in 
consumed marine bivalves show a positive correlation with increase of sea temperature 
(Zgouridou et al., 2021). Currently, microbial loads are not included in the IMAP assessment 
of contaminants in seafood and could represent a new parameter of interest to assess in 
warming sea temperatures context. 

 
b) Acute pollution events 

 
EO9 Pollution 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO9-CI19  
EO9-CI19 GES: Occurrence of acute pollution events is reduced to the minimum. 



 

 
 

Oil and Hazardous and Noxious Substances (HNS) 

Specific monitoring guidance documents available 

 UNEP/MAP, REMPEC, & IMO. (2021). IMAP Guidance Fact Sheets: Common Indicators 
6 and 19 (REMPEC/WG.51/9/1) (p. 26) [Fourteenth Meeting of the Focal Points of the 
Regional Marine Pollution Emergency Response Centre for the Mediterranean Sea 
(REMPEC)]. 

 At European level there is currently no consistent spill reporting framework (REMPEC, 
2020). 

 Interpol. (2007). Interpol illegal oil discharges from vessels investigative manual. 
Assessment methods in this manual are of interest. 

Acute pollution events assessment 
The assessment of acute pollution events is mainly based on the reports under Prevention and 
Emergency Protocol and the International Maritime Organization (IMO) coordinated by 
REMPEC. Data is accessible through MEDGIS-MAR. 

The document REMPEC (2022) dresses a parallel between EO9-CI19 and MSFD criteria. It 
discusses elements and thresholds to define “acute pollution events” and gives 
recommendations regarding the definition and the elements that should be considered when 
declaring these events. 

Polinov et al. (2021) have aggregated data on oil spills in the Mediterranean Sea and present 
spatial and temporal assessment. The authors conclude that an open-access database of oil 
spills that could be based on reporting but also on remote sensing acquisition methods is 
needed. 

Accidental pollution by ships in the Mediterranean shows a downward trend (Regional 
Marine Pollution Emergency Response Centre for the Mediterranean Sea, 2021). No 
threshold value can be defined for CI19 but the decreasing trend observed in the occurrence 
of accidental pollution by ships, could be considered as an important element to consider that 
the Mediterranean Sea is in GES for CI19. 

However, illicit discharges from ships are much more difficult to assess and consequently are 
little reported (see REMPEC/WG.52/8. This source of pollution represents a long term threat 
to marine biodiversity (Topouzelis et al., 2006). Current methods of surveillance include 
Remotely Piloted Aircraft Systems (RPAS), manned aerial means, Automatic Identification 
System (AIS), Maritime Traffic Live Ships Map but also satellite mapping (Topouzelis et al., 
2006) and semi-automatic detection systems based on Earth Observation data (e.g. Blondeau-
Patissier et al., 2023). 

 

Effects of climate change and other cumulative pressures in GES determination 
Acute pollution events are mainly in relation with the maritime traffic increase and the 
number of coastal industries, less of climate change impacts. However, the increasing 
frequency of extreme climatic events in the Mediterranean Sea could contribute to some 
extent to an increase in accidental pollution events either from vessels, platforms or industries 
implemented along the coast or along main rivers that can undergo recurrent flooding events. 



 

 
 

Kibria et al. (2021) suggest that toxicity of several high-risk pollutants may increase with 
increasing levels of climate stressors. 

On the other hand, the toxicity of the chemical products discharged in the sea may vary under 
changing climate change conditions. This is a additional reason to consider assessing the 
effects of acute pollution on biota in areas impacted by such pollutions. 

  



 

 
 

 
c) Water quality in bathing waters 

 
EO9 Pollution 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO9-CI21 
EO9-CI21 GES: Concentrations of intestinal enterococci are within established standards. 

Intestinal enterococci 
Specific monitoring guidance documents available 

 World Health Organization, 2021 Guidelines on recreational water quality. Volume 1: 
Coastal and fresh waters. Geneva. Link 

 Criteria and Standards for bathing waters quality in the framework of the implementation of 
Article 7 of the LBS Protocol (IG 20/9), 2012 Link 

 Directive 2006/7/EC concerning the management of bathing water quality and repealing 
Directive 76/160/EEC. (2006). Link 

Water quality in bathing areas 
European bathing water quality for 2022 can be found in a brief publication of EEA here. 
Bathing water quality in Europe in 2022 more than 85.6% of bathing water sites were of 
excellent quality. 

A hydrodynamic model was applied to the Adriatic Sea to better understand the transport and 
diffusion dynamic of Escherichia coli (Ferrarin et al., 2021). 

At Mediterranean Sea level, no document was found integrating water quality assessments of 
all the Mediterranean countries on water quality. The water quality of several non-European 
countries can be found by searching journals but data is scattered (e.g. Tunisia where 71% of 
the Tunisian beaches have good quality for swimming in 2022, Israel were 92.4% of the 
beaches were rated clean in June 2023 according to local journals). 

Ecolabels such as the blue flag for European beaches seems to be a good indicator of water 
quality and enhances efforts for maintaining good water quality (see Merino et Prats, 2022 
for NW Mediterranean). 

Tselemponis et al. (2023) resorted to modelling and machine learning to assess the quality of 
coastal waters concerning Escherichia coli concentration in NE Greece taking in 
consideration several variable including meteorological parameters. Although further 
research is need and the use of multiple methods recommended, the results of this study were 
considered satisfactory. 

Foreseeing the limitation of typical indicators for bathing water quality assessment, 
Rodrigues & Cunha (2017) present a critical literature review of the traditional and innovative 
methodologies for the analysis of faecal indicators in recreational waters. 

 
Effects of climate change and other cumulative pressures in GES determination 

Changing environmental conditions under climate change context is affecting microbial 
contamination of coastal waters. This will likely require to develop water quality indicators 



 

 
 

beyond the current ones used, to guarantee water quality of bathing areas (Rodrigues & 
Cunha, 2017; Brandão et al., 2022). 

Climate change has intensified the frequency and the intensity of storms leading to more 
frequent water runoffs which are a source of water quality degradation in coastal waters 
(Manini et al., 2022). Such events contribute to spatially localised increase in intestinal 
enterococci concentration. 

Increase of water temperatures triggers the development of microbial concentration and their 
diversity in bathing waters, therefor it is important to make sure that the indicator used 
(intestinal enterococci) is sufficient to assess bathing water quality.  

Further, the increase of storm intensity and frequency under climate change context affects 
the frequency of acute microbial pollution events leading to closing the access to beaches. 

 
 
11.3. Impediments and gaps identified in EO9 GES determination and 

assessment in a climate change context, including recommendations for 
way forward 

260. IMAP defines GES for EO9 as “Contaminants cause no significant impact on coastal 
and marine ecosystems and human health.” 

Relatively to EO9-CI17, CI18, CI20 

261. Improvement in monitoring activities in the Mediterranean Sea regarding EO9-CI17 
and CI18 is needed also regarding offshore coverage. Little data is available for non-European 
countries making GES difficult to assess for EO9 at regional and sub-regional level. 
Enforcement and compliance of policies relative to the assessment of contaminants and 
contaminant sources is needed. A review and reduction of the number of elements to assess, or 
a classification in terms of importance, could perhaps be considered. 

262. Little is known on the cumulated effects of climate change and pollutants, research is 
needed to understand and foresee the interactions of these anthropogenic threats and their 
cumulated impacts on marine ecosystems and seafood. This will contribute to better define GES 
for EO9. 

263. MedECC (2020) informs that emerging contaminants (related to recently discovered 
chemicals or materials) are enhanced by increasing flow of untreated wastewater in the 
Mediterranean which may cause physiological disorders. It is therefore important to regularly 
update the list of contaminants assessed within CI17, CI19 and CI20. 

264. Concerning seafood (EO9-CI20), microbial loads of consumed marine bivalves seem to 
be in correlation with sea temperature (Zgouridou et al., 2022). Pathogen contamination of filter 
feeders represents a biological risk but also a public health concern when affecting consumed 
bivalves. Currently, microbial loads are not assessed through IMAP CI20 on contaminants in 
seafood and could represent a new parameter of interest to assess in warming sea temperatures 
context. 

Relatively to EO9-CI19 



 

 
 

265. Monitoring of EO9-CI19 on acute pollution events is relatively feasable and available 
at national level but there is little reporting. Perhaps reporting can be simplified.  

266. The impacts of acute events on biota is not assessed within IMAP. This could be an 
indicator to consider adding, so as to better assess EO9 GES “Contaminants cause no significant 
impact on coastal and marine ecosystems and human health”. It could be considered also to 
assess CI18 specifically in areas with high risk of acute pollution events in addition of regular 
sampling areas. Assessing CI17 in biota could also be considered in the same conditions. 

Relatively to EO9-CI21 

267. Increased measurements of CI21 is needed to assess GES (see MED QSR, 2017). Data 
for European countries are available through European Environmental Agency but no 
publication was found collating data of the Mediterranean Sea countries. 

  



 

 
 

11.4. Key messages 

268. Awareness on pollution of the Mediterranean Sea has clearly increased and 
efforts have been made by all countries to better control the sources which results in a 
decrease of some contaminants but not all (see EEA, 2020). Several contaminants show 
high concentrations values (e.g. PCBs) in the assessed areas of the Mediterranean Sea 
(EEA, 2020). Overall, problem areas which include at least on parameter above 
politically agreed threshold values, represent over 87% of the assessed areas in the 
Mediterranean Sea (EEA (2019). 

269. Important efforts are still needed in monitoring contaminants and their effects in 
coastal and offshore areas to be in the capacity of assessing GES at sub-regional and 
regional scale.  

270. Persisting efforts to integrate marine contaminant assessment with LBS 
Protocol, ICZM and MPS will contribute to better understand relations between drivers, 
activities, pressures, sources and impacts on marine environment and acquire data. 

271. Background Assessment Criteria, Environmental Assessment Criteria and 
methodology for GES assessment of EO9 Pollution are clearly defined in most cases, 
but Background Concentration are in majority not yet agreed on at sub-regional level 
for CI17. 

272. Little data is available on combined effects of climate change stressors and 
pollutants. 

273. Little data is available concerning effects of contaminants on biota (CI18). With 
the increase of sea temperature, it is foreseen that the toxicity of contaminants will 
increase. 

274. Elements to assess GES on Pollution are quite similar between IMAP and MSFD 
although partitioned differently. However, impacts of acute pollution events on biota 
are not assessed in IMAP whereas they are in MSFD. Such an assessment could be 
consider for IMAP.  

275. Where data exists and studies have been led in the Mediterranean Sea, results 
show that levels of assessed harmful contaminants (chemical contaminants) in seafood, 
do not exceed established standards. 

276. Currently, microbial loads are not included in the IMAP assessment of 
contaminants in seafood (CI20) and could represent a new parameter of interest to assess 
in warming sea temperatures context and associated probability of increased pathogen 
development in concentration and diversity. 

277. Bathing water quality (CI21) has improved (see EEA publication of 9/06/2023 
Link and Jozić et al., 2021) with nearly 89% of EU coastal bathing sites classified as 
excellent. There is a lack of available data from the southern part of the Mediterranean 
Sea which hinders GES assessment for this indicator at regional level. 

278. For CI21, the number and frequency of closed beaches for microbial 
contamination could also be considered as an indicator which would be easy to assess. 



 

 
 

279. Given the positive trend of seawater temperatures, monitored contaminants for 
CI21 (and CI20 if pathogens are included) should be regularly reviewed and updated 
with the research findings on the subject. 

 
 



 

 
 

12. Ecological Objective 10: Marine litter 

12.1. General information on IMAP EO10 and MSFD D10 GES definitions 

280. IMAP Ecological Objective 10 as MSFD Descriptor 10, concerns the assessment of 
marine litter. 

281. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO10/D10 and GES determination under IMAP and MSFD can 
be found in Table 11.  

 
Table 11: Relevant documents relative to GES definition for EO10 and D10.  

Marine litter 
IMAP MSFD 

EO10 GES: “Marine and coastal litter do not 
adversely affect coastal and marine 
environment.” 
 

D10 GES: “Properties and quantities of marine 
litter do not cause harm to the coastal and marine 
environment” 

UNEP/MAP. (2017a). IMAP Common Indicator 
Guidance Facts Sheets (Pollution and 
Marine Litter) (UNEP(DEPI)/MED 
WG.439/12) (p. 75) [Meeting of the MED 
POL Focal Points]. Link 

Fleet, D., Vlachogianni, T., & Hanke, G. (2021). 
A Joint List of Litter Categories for Marine 
Macrolitter Monitoring (JRC Scientific and 
Technical Reports No. EUR 30348; p. 55). 
Luxembourg: Publications Office of the 
European Union. Link 

Ruiz, O. S. P. L., Tornero, A. M. V., Boschetti, 
S., & Hanke, G. (2021). Marine Strategy 
Framework Directive - Review and 
analysis of EU Member States’ 2018 
reports - Descriptor 10: Marine litter. 
Link 

Werner, S., Fischer, E., Fleet, D., Galgani, F., 
Hanke, G., Kinsey, S., & Mattidi, M. 
(2020). Threshold values for marine litter. 
General discussion paper on defining 
threshold values for marine litter (JRC 
Technical Reports No. EUR 30018 EN; p. 
27). Luxembourg. Link  

Hanke, G., Galgani, F., Werner, S., Oosterbaan, 
L., Nilsson, P., Fleet, D., … Liebezeit, G. 
(2014). Guidance on Monitoring of Marine 
Litter in European Seas. Link 

MSFD Technical Group on Marine Litter. 
(2013). Guidance on Monitoring of Marine 
Litter in European Seas. A guidance 
document within the Common 
Implementation Strategy for the Marine 



 

 
 

Marine litter 
IMAP MSFD 

Strategy Framework Directive (JRC 
Scientific and Policy Reports No. EUR 
26113 EN; p. 128). Luxembourg: 
European Commission. Link 

 
282. IMAP Ecological Objective 10 is declined in two common indicators and one 

candidate indicator. The GES definitions and operational objectives of these indicators have 
been agreed on and are as follows: 

EO10-CI22 – Number/amount of marine litter items on the coastline do not have negative 
impact on human health, marine life and ecosystem services. Operational Objective: The 
impacts related to properties and quantities of marine litter in the marine and coastal 
environment are minimised. 

EO10-CI23 – Number/amount of marine litter items in the water surface and the seafloor do 
not have negative impacts on human health, marine life, ecosystem services and do not create 
risk to navigation. Operational Objective: The impacts related to priorities and quantities of 
marine litter in the marine and coastal environment are minimized. 

EO10-CCI24 – Trends in the amount of litter ingested by or entangling marine organisms, 
especially mammals, marine birds and turtles are minimised. Operational Objective: Impacts of 
litter on marine life are controlled to the maximum extent practicable 

283. MSFD Descriptor D10 on marine pollution includes two primary and two secondary 
criteria as follows: 

D10C1 – Primary: The composition, amount and spatial distribution of litter on the 
coastline, in the surface layer of the water column, and on the seabed, are at levels that do not 
cause harm to the coastal and marine environment.  
 
D10C2 – Primary: The composition, amount and spatial distribution of micro-litter on the 
coastline, in the surface layer of the water column, and in seabed sediment, are at levels that 
do not cause harm to the coastal and marine environment  
 
D10C3 – Secondary: The amount of litter and micro-litter ingested by marine animals is at a 
level that does not adversely affect the health of the species concerned.  
 
D10C4 – Secondary: The number of individuals of each species which are adversely affected 
due to litter, such as by entanglement, other types of injury or mortality, or health effects.  

284. For all indicators, Member States shall establish threshold values for these levels 
through cooperation at Union level, taking into account regional or sub-regional specificities. 

 
285. Concerning marine litter assessment, equivalence between IMAP indicators and MSFD 

criteria is difficult in the case of EO10CI22 and EO10CI23 since the distinction between IMAP 



 

 
 

indicators is based on where the litter is found (ashore/sea an seafloor), whereas the MSFD 
criteria D10C1 and D10C2 differ by the size of the litter (litter/micro-litter). 

286. However, it can be considered that as MSFD D10C1 and C2 comprise the 3 
compartments coastline, surface layer of the water column and seabed, the assessment for 
coastline compartment of D10C1 and C2 corresponds to EO10-CI22 and the compartments 
surface layer of the water column and seabed to EO10-CI23. 

287. EO10CCI24 can be compared to D10C3 and D10C4 together. 

12.2. Elements for defining EO10 GES at indicator level in a climate change 
context 

a) Marine litter on coastline, floating and seafloor 
 

EO10 Marine litter 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO10-CI22 
EO10-CI23 

EO10-CI22 GES: Number/amount of marine litter items on the coastline do not have negative 
impact on human health, marine life and ecosystem services.  
EO10-CI23 GES: Number/amount of marine litter items in the water surface and the seafloor do 
not have negative impacts on human health, marine life, ecosystem services and do not create risk to 
navigation. 

(A) Seafloor marine litter (B) Floating marine Litter 
 
Specific monitoring guidance documents available to assess and monitor marine litter: 

 UNEP/MAP. (2021). Updated Baseline Values and Proposal for Threshold Values for IMAP 
Common Indicator 22 (UNEP/MED WG.514/7) (p. 29) [8th Meeting of the Ecosystem 
Approach Coordination Group]. Link 

 UNEP/MAP. (2023). Updated Baseline Values (BV) and Threshold Values (TV) for IMAP 
Common Indicator 23 (Seafloor macro-litter, Floating microplastics) (UNEP/MED 
WG.555/3) [Meeting of the Ecosystem Approach Correspondence Group on Marine Litter 
Monitoring]. UNEP/MAP-MED POL. Link 

 Van Loon, W., Hanke, G., Fleet, D., Werner, S., Barry, J., Strand, J., … Walvoort, D. (2020). 
A European threshold value and assessment method for macro litter on the coastlines: 
Guidance developed within the Common Implementation strategy for the Marine Strategy 
Framework Directive MSFD Technical Group on Marine Litter [JRC Technical Reports]. 
LU: Publications Office of the European Union. Link 

 Fleet, D., Vlachogianni, T., & Hanke, G. (2021). A Joint List of Litter Categories for Marine 
Macrolitter Monitoring (JRC Scientific and Technical Reports No. EUR 30348; p. 55). 
Luxembourg: Publications Office of the European Union. Link 

 Vighi, M., Ruiz-Orejón, L. F., Hanke, G., & MSFD Technical Group on Marine Litter. 
(2022). Monitoring of Floating Marine Macro Litter. State of the art and literature overview 



 

 
 

EO10 Marine litter 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO10-CI22 
EO10-CI23 

(JRC Technical Reports No. JRC129261). Luxembourg: Publications Office of the European 
Union. Link 

 Vlachogianni, Th., & Kalampokis, V. (2014). Methodology for Monitoring Marine Litter on 
the Seafloor (Shallow coastal waters (0–20m) Visual surveys with SCUBA/snorkeling (p. 10) 
[DeFishGear]. MIO-ECSDE. 

 Cheshire, A. C., Adler, E., Barbière, J., Cohen, Y., Evans, E., Jarayabhand, S., … Westphalen, 
G. (2009). UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter (UNEP 
Regional Seas Reports and Studies No. No. 186; p. 120). Link 

Assessment of amount of litter washed ashore and/or deposited on coastline 
Assessment of litter washed ashore or on coastline is well defined in MSFD framework (Van 
Loon et al., 2020) but also in the framework of IMAP (UNEP/MAP, 2017a, UNEP/MAP, 
2021).  

According to the Mediterranean Information Office for Environment, Culture and Sustainable 
Development (MIO-ECSDE), in 2015 and 2016 the average beach litter quantity for 
European beaches was 150 items (over 2.5 cm long) per 100m with the Mediterranean Sea 
region presenting the highest average of 274 items/100 m (see here). 

UNEP/MAP updated baseline value proposed for marine litter on coastline in 2021 is 369 
items/100m. Decreasing trends in the assessments are required to attain the threshold value 
of 130 items/100m (UNEP/MAP, 2021). The threshold value will be difficult to attain in 
certain areas and will need much effort and time as in Southern Adriatic that presents high 
average litter abundance (Fortibuoni et al., 2021; GEF Adriatic Project, 2021; Mandić et al., 
2022). 

A model was defined by Walvoort et al. (2021) to predict when the threshold value could be 
reached for Germany and Netherlands; threshold should be respectively reached in 2026 and 
2047. The model presents and interest for evaluating if current reduction rate of litter on 
beaches is sufficient or if further measures of reduction should be taken. 

Marine litter on beaches presents seasonal and geographic important variations due to 
recreational activities which should be taken in account in assessment plans (Grelaud & 
Ziveri, 2020; Orthodoxou et al., 2022). 

To contribute to fill data gaps, Vlachogianni (2019) proposes to consider completing 
assessments with participatory science policy initiatives for which methodology is given in 
the documents.  

Although progress is ongoing to reduce litter on coastline and increase assessments at 
Mediterranean Sea regional scale, it can be considered that there is a lack of data but that 
available data show that GES for EO10-CI22 has not been attained yet.  

Assessment of amount of litter floating including microplastics 



 

 
 

EO10 Marine litter 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO10-CI22 
EO10-CI23 

Assessment of floating macro litter is well defined in MSFD (see Vighi et al., 2022) and 
IMAP (UNEP/MAP, 2017a, UNEP/MAP, 2023). 

The Mediterranean Sea is considered as one of the most affected by floating plastic litter. It 
is estimated that 650 billion plastic particles are floating on the surface of the Mediterranean 
(Pedrotti et al., 2022). Floating mega debris (>30 cm) have been estimated at 2.9 million items 
(Lamber et al., 2020). The mega-debris presence probability map produced by these authors 
show that central and north-western Mediterranean and Adriatic Seas are the most impacted 
areas. 

New technics, such as Unmanned Aerial Survey coupled with machine learning, could be 
promising for assessing floating macro litter although for the moment manual counting 
remains more precise (Almeida et al., 2022). 

Macias et al. (2019) show through a model approach that there are seasonal patterns and 
hotspots of floating litter in the Mediterranean Sea which should be considered in assessment 
campaigns. 

Dispersion of micro-plastics in the Mediterranean has been modelled underlining the need 
also to couple dynamics of microplastics with the chemical exchange occurring through them 
(see Guerrini et al., 2021).  

Studies and assessments of micro-plastics in the water column are few and in specific 
locations (see e.g. Galli et al., 2023 for macro and microplastics assessed around the Pelagos 
Sanctuary).  

Cross-road regions of plastic debris in the Mediterranean Sea were studied by Baudena et al. 
(2022) and reveal that about 20% of the plastics released pass by only 1% of the basin surface. 
Understanding plastic transport is important to develop efficient mitigation strategies. 

Correlation has been made between marine litter distribution in the Mediterranean Sea and 
marine maritime routes but no specific estimation of litter origination from ships is available 
(Regional Marine Pollution Emergency Response Centre for the Mediterranean Sea, 2021).  

Assessment of amount of litter on the seafloor  
Assessment of litter on seafloor has been quite well studied in different areas of the 
Mediterranean (e.g. Spedicato et al., 2019 by bottom trawling in the northern Mediterranean 
Sea; Garofalo et al., 2020 in the central Mediterranean; Saladié & Bustamante, 2021 in the 
western Mediterranean; Constatino et al., 2018 in the eastern Mediterranean). 

Further the presence of litter on specific habitats, such as coralligenous habitats that present 
often a high abundance of fishing gear, have been studied using images from Remotely 
Operated Vehicles (ROVs) (e.g. Angiolillo et al., 2021, 2023; Costanzo et al., 2020; 
Angiolillo & Fortibuoni, 2020). 

Litter on the seafloor can be assessed by different methods depending on the depth and 
substrate. These methods are quite different either direct counts in small depths using diving 



 

 
 

EO10 Marine litter 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO10-CI22 
EO10-CI23 

equipment, assessment on ROV videos or assessment using benthic trawling methods. 
Therefor the operation guidelines and data to be acquired need to be well defined. 

Effects of climate change and other cumulative pressures in GES determination 
Climate change impact on marine litter has been little studied. However Ford et al. (2022) 
and Lincoln et al. (2022) studied the fundamental links that exist between litter and climate 
change and underline the role of marine litter in decreasing ecosystem resilience to climate 
change and the impact of climate change on the breakdown of marine litter. 
Seasonality of marine litter on beaches has been underlined with summer months with an 
increase of coastal litter during peak frequentation periods (summer). when frequentation of 
coastal areas  

 
b) Marine litter ingested by marine species 

 
EO10 Marine litter 

Available information useful for defining GES at indicator and parameter level and climate change 
effects on GES definition 

EO10-CCI24 
EO10-CCI24 GES: Trends in the amount of litter ingested by or entangling marine organisms, 
especially mammals, marine birds and turtles are minimised. 
Specific monitoring guidance documents available to assess and monitor ingestion of litter and 
entangling of organisms: 

 UNEP/MAP. (2017c). Defining the Most Representative Species for IMAP Candidate 
Indicator 24 (UNEP(DEPI)/MED WG.444/Inf.11) (p. 38) [6th Meeting of the Ecosystem 
Approach Coordination Group]. Link 

 Indicit II. (2021). Standard protocol to monitor entanglement of sea turtles and biota in 
marine litter. Link 

Work is currently ongoing on the development of the assessment elements of candidate indicator 24 
including defining baseline and threshold values. 

Assessment of litter ingested by marine organisms (mammals, seabirds, marine turtles) 
Macro-litter ingestion by organisms in the Mediterranean Sea concerns a variety of species, 
even deep-sea sharks (Valente et al., 2020), but has been more thoroughly studied for 
marine turtles (e.g. Duncan et al., 2019 on green turtles in eastern Mediterranean; Digka et 
al., 2020 in Greece; . Duncan et al., 2021 on juveniles; Camedda et al., 2022 in western 
Mediterranean). 

Increasing number of studies concern the ingestion of microplastics by various organisms 
and there effects (e.g. McIvor et al., 2023 concerning monk seals; Anastasopoulou et al., 
2018 concerning fish in the Adriatic; El-Sayed et al., 2022 in commercial fish in Egypt).  
 



 

 
 

EO10 Marine litter 
Available information useful for defining GES at indicator and parameter level and climate change 

effects on GES definition 
EO10-CCI24 

Although plastic ingestion appears as an important threat to seabirds (Clark et al., 2023), it 
has been little studied in the Mediterranean Sea. Codina-García et al. (2013) identified 
though seabird species that could be the most appropriate to monitor. 

Assessment of entangling by marine organisms (mammals, seabirds, marine turtles) with litter 
and derelict fishing gear 
 

Entangling of species in derelict fishing gear or other litter leads to injury or death of the 
individual. Many marine species are concerned including fish but also benthic species. 
However, sea turtles that are among the most threatened species (see Duncan et al., 2017) and 
entangling could participate in the Mediterranean Sea to impact populations. Together with 
plastic ingestion and by-catch, entanglement represent the most important threats for sea 
turtles in the Mediterranean. 

Perroca et al. (2022) present an overview assessment of negative impacts of ghost nets in the 
Mediterranean Sea and report the number of ghost fishing events recorded by Mediterranean 
country. 

Effects of climate change and other cumulative pressures in GES determination 
Climate change impact on litter entanglement and ingestion are not direct and impacts on 
GES determination for this indicator do not appear prominent. 

It is mainly increase in frequentation of costal Mediterranean areas and of the Mediterranean 
Sea in general that is the main threat for this indicator. 

 
 
12.3. Impediments and gaps identified in EO10 GES determination and 

assessment in a climate change context, including recommendations for 
way forward 

288. EO10 GES: “Marine and coastal litter do not adversely affect coastal and marine 
environment.” 

289. Indicators defined including the candidate indicator 24 appear as sufficient to determine 
adverse effects of marine and coastal letter. Framework for assessment appears as well defined 
however methods currently used still need to be harmonised.  

290. Harmonisation in litter categories is needed. The Joint List of Litter Categories (Fleet et 
al., 2021) should be increase harmonisation in categorisation of litter assessed. 

291. Valid and comparable data is lacking in particular to be able to assess temporal and 
spatial trends. 

292. Further integration of IMAP and MSFD methodology and clarification would contribute 
to data availability and harmonisation, especially given the difficult correspondence between 
EO10-CI22 and CI23 with D10C1 and D10C2 (see comparison in part 12.1).  

293. Also limits of litter size in assessment of litter on coastlines should be clearer between 
MSFD limit of 2.5 cm long and IMAP (UNEP(DEPI)/MED IG.22/Inf.7) that suggests 0.5 cm. 



 

 
 

294. Seasonality and spatial variability of marine litter on coastline has been underlined, 
therefor the sampling designs should take in consideration these elements. This is important for 
EO10-CI22 relative to coastline litter and EO10-CI23 relative to floating litter. 

295. Extending litter ingestion to other species (than marine mammals, sea turtles and 
seabirds) such as fish could be considered. Trends in micro plastic ingestion by certain fish 
could contribute to better understand contamination of food webs by micro plastics. 

  



 

 
 

 

12.4. Key messages 

296. Given that the Mediterranean Sea is one of the most impacted areas by marine litter, its 
quantification and impacts on the environment should be a priority for CPs. 

297. Assessment methods, guidelines baseline and threshold values are quite well defined 
for EO10 indicators but need to be applied and used to produce harmonised and comparable 
data. 

298. Differences between IMAP EO10 indicators and MSFDF D10 Criteria may represent 
an impediment for EU Mediterranean countries reporting. Clear relations between 
parameters/features/elements relative to marine litter in IMAP and MSFD would probably 
contribute to increase reporting by EU CPs. 

299. There has been much progress to frame the data acquisition and methodology for 
assessing amount of litter ingested by or entangling marine organisms (candidate indicator 24). 
However, distinction between bycatch of vulnerable species (CI12) and entanglement of marine 
organisms by derelict fishing gear must be clear to avoid overlap. 

300. Candidate indicator 24 appears as well defined in terms of assessment methods and 
elements defining GES with clear propositions of representative groups to follow. This indicator 
could be integrated as a common indicator especially since impact of marine litter on ecosystems 
and environment is needed to be able to assess EO10 GES.  

301. Climate change impacts on marine litter are unclear but relate to litter degradation and 
spatial distribution of marine litter. 

 
 



 

 
 

13. Ecological Objective 11: Energy including underwater noise 

 
13.1. General information on IMAP EO11 and MSFD D11 GES definitions 

302. IMAP Ecological Objective 11 and MSFD Descriptor 11 concern energy and 
underwater noise assessment. 

303. Adding to the general documents on MSFD and IMAP referred to in section 2.7, 
relevant documents relative to EO11/D11 and GES determination under IMAP and MSFD can 
be found in Table 12.  

 
Table 12: Relevant documents relative to GES definition for EO11 and D11.  

Energy including underwater noise 
IMAP MSFD 

EO11 GES: “Noise from human activities cause 
no significant impact on marine and coastal 
ecosystems.” 
 

D11 GES: “Introduction of energy, including 
underwater noise, is at levels that do not 
adversely affect the marine environment” 

Several guidance documents refer to energy and underwater noise 

Sigray, P., Andersson, M., Andre, M., Azzellino, A., Borsani, J. F., Bou, M., … Weilgart, L. 
(2023). Setting EU Threshold Values for impulsive underwater sound (No. JRC133477). 
Luxembourg: Publications Office of the European Union. Link 

Borsani, J. F., Andersson, M., Andre, M., Azzellino, A., Bou, M., Castellote, M., … Weilgart, L. 
(2023). Setting EU Threshold Values for continuous underwater sound (No. JRC133476). 
Luxembourg: Publications Office of the European Union. Link 

UNEP/MAP-MED POL. (2019). IMAP Guidance Factsheets: Update for Common Indicators 13, 
14, 17, 18, 20 and 21; New proposal for Candidate Indicators 26 and 27 (Meeting Report 
No. UNEP/MED WG.473/7; p. 62). Link 

Dekeling, R., Tasker, M., Van, D. G. S., Ainslie, M., Andersson, M., André, M., … Young, J. 
(2014). Monitoring Guidance for Underwater Noise in European Seas- Part II: Monitoring 
Guidance Specifications [JRC Scientific and policy reports]. Luxembourg: Publications 
Office of the European Union. Link  

Assessment of energy including underwater noise 

Vighi, Boschetti, & Hanke, (2021) indicated that few EU MS have reported on D11 and there was a 
lack of common thresholds and targets in the reported. Since then, progress has been done in better 
defining these elements (Sigray et al., 2023). Nonetheless, under the impulsion of this policy, some 
progress has been made concerning knowledge on underwater noise and energy and how to monitor 
this pressure (see Merchant et al., 2022). 

At IMAP level, there was no reporting concerning this EO11 since the two indicators are still 
candidate indicators but progress is ongoing to further define this EO. 



 

 
 

Energy including underwater noise 
IMAP MSFD 

The document (ACCOBAMS & CMS, 2019) an assessment of the EO11 and D11 implementation 
level and how this can be improved. Further, the report on noise hotspots (ACCOBAMS, 2021) 
presents and maps available data at Mediterranean scale, as well as overlap with important cetacean 
habitats. 

Impacts of climate change on underwater energy and noise have not been studied yet. It is the increase 
of Mediterranean Sea frequentation by ships that currently threatens marine animals.  

 
304. IMAP Ecological Objective 11 is declined in two candidate indicators. The GES 

definitions, Operational objectives of these indicators have been agreed on and are as follows: 

EO11-CCI26 – Proportion of days and geographical distribution where loud, low and mid-
frequency impulsive sounds exceed levels that are likely to entail significant impact on marine 
animals. GES: Noise from human activities causes no significant impact on marine and coastal 
ecosystems Operational Objective: Energy inputs into the marine environment, especially noise 
from human activities, are minimized. 

EO10-CCI27 – Levels of continuous low frequency sound with the use of models as 
appropriate. GES: Noise from human activities causes no significant impact on marine and 
coastal ecosystems. Operational Objective: Energy inputs into the marine environment, 
especially noise from human activities, are minimized. 

305. MSFD Descriptor D11 on Energy and noise includes two primary criteria as follows: 

D11C1 – Primary: The spatial distribution, temporal extent, and levels of anthropogenic 
impulsive sound sources do not exceed levels that adversely affect populations of marine 
animals.  
 
D11C2 – Primary: The spatial distribution, temporal extent and levels of anthropogenic 
continuous low-frequency sound do not exceed levels that adversely affect populations of 
marine animals.  

306. Member States shall establish threshold values for these levels through cooperation at 
Union level, taking into account regional or sub-regional specificities. 

307. EO11 is quite comparable to D11. 

13.2. Impediments and gaps identified in EO11 GES determination and 
assessment in a climate change context, including recommendations for 
way forward 

308. E011 GES: “Noise from human activities cause no significant impact on marine and 
coastal ecosystems.” 
 

309. The two indicators of EO11 are still candidate indicators and therefor have not yet been 
implemented at national level. 



 

 
 

310. Current assessment of energy including underwater noise in the Mediterranean Sea is 
not sufficient to assess GES.  

311. Continuously measuring underwater sounds to be in capacity of assessing Candidate 
indicator 26 appears as a difficult operation even in EU countries. This indicator will have to be 
based on models 

13.3. Key messages 

312. Work has progressed in defining the elements and methods for assessing underwater 
energy within IMAP but also MSFD. 

313. Some data is available at Mediterranean level which allowed to map noise hotspots in 
the Mediterranean. 

314. Further knowledge seems to be needed in particular concerning operational 
implementation of such assessment. 

 
 
14. Impact of climate change on integrated GES assessment 

315. When currently assessing GES in an integrated way through the 11 Ecological 
Objectives, although anthropogenic climate change will affect the majority of the Mediterranean 
marine ecosystems, this pressure is not assessed as such. There is no Ecological Objective 
assessing climate change impacts. The development of an EO on climate change could be 
considered based on already existing parameters assessed through IMAP that could be perhaps 
adapted in different ways to assess the climate change pressures on biodiversity and ecosystems. 
It would contribute in a better understanding of cumulative effects including climate change on 
marine biodiversity, as well as help identify particular sensitive areas or ecosystems. 

316. EcAp Roadmap is in the process of being renewed which gives the opportunity to 
consider, with climate change specialists, the interest of integrating climate change impacts in 
IMAP and how this can be done to be efficient but without adding new indicators to an already 
important monitoring programme. 
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Annex A: Data Dictionaries/Data Standards, Assessment Criteria, Threshold Values, Baseline Values, Guidance Factsheets, Guidelines and 
Monitoring Protocols available or in progress for each IMAP Common Indicator (CI) or Candidate Common Indicator (CCI). 
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rs and 
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Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

E
O

 1
 

  

1 UNEP/MED 
WG.467/9 

    UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16; 
UNEP/MED 

WG.482/20 (updated 
for marine veg. And 

other calcareous 
bioconstructions); 

 UNEP/MED 
WG.500/3 (benthic 

habitats review);  
UNEP/MED 
WG.502/Inf.4 

(Interpretation Manual 
of Marine Habitat 

Types in the 
Mediterranean Sea) 

2 UNEP/MED 
WG.467/9 

    UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16;  
UNEP/MED 

WG.500/3 (benthic 
habitats review); 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

UNEP/MED 
WG.502/Inf.3 

(Guidelines for the 
assessment of 

environmental impact 
on coralligenous and 
maërl assemblages);  

UNEP/MED 
WG.502/Inf.4 

(Interpretation Manual 
of Marine Habitat 

Types in the 
Mediterranean Sea) 

3 
marine 

mammal
s 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/6 
(updated) 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.514/Inf.1 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.514/Inf.1 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.514/Inf.1 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.514/Inf.

1 

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 

3 
marine 
birds 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/8 
(updated) 

UNEP/MED 
WG.521/Inf.7 

UNEP/MED 
WG.521/Inf.7 

UNEP/MED 
WG.521/Inf.7 

 
UNEP/MED 
WG.521/Inf.

7  

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 
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Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

3 
marine 
reptiles 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/7 
(updated) 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.514/Inf.12 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.514/Inf.12 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.514/Inf.12 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.514/Inf.

12 

UNEP(DEPI)/MED 
WG.444/6/Rev.1  

UNEP/MED 
WG.467/16  

E
O

 1
 

4 
marine 

mammal
s 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/6 
(updated) 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 

4 
marine 
birds 

UNEP/MED 
WG.482/22;  
UNEP/MED 
WG.520/8 
(updated) 

UNEP/MED 
WG.467/16; 
UNEP/MED 
WG.520/4 

UNEP/MED 
WG.520/4 

UNEP/MED 
WG.520/4 

UNEP/MED 
WG.520/4 

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 

4 
marine 
reptiles 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/7 
(updated) 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.502/16 

Rev.1.Appendi
x C. Rev.1 

(Refinement) 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.502/16 

Rev.1.Appendix 
C. Rev.1 

(Refinement) 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.502/16 

Rev.1.Appendi
x C. Rev.1 

(Refinement) 

UNEP/MED 
WG.500/5; 

UNEP/MED 
WG.502/16 
Rev.1.Appe

ndix C. 
Rev.1 

(Refinement
) 

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

5 
marine 

mammal
s 

UNEP/MED 
WG.482/22 
(DD/DS); 

UNEP/MED 
WG.520/6 
(updated) 

UNEP/MED 
WG.467/16; 
UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP/MED 
WG.500/4; 

UNEP/MED 
WG.502/16 
Appendix B 

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 

5 
marine 
birds 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/8 
(updated) 

UNEP/MED 
WG.520/4 

UNEP/MED 
WG.520/4 

UNEP/MED 
WG.520/4 

UNEP/MED 
WG.520/4 

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 

5 
marine 
reptiles 

UNEP/MED 
WG.482/22; 
UNEP/MED 
WG.520/7 
(updated) 

UNEP/MED 
WG.500/5 

(Refinement); 
UNEP/MED 
WG.502/16 

Rev.1.Appendi
x C. Rev.1 

(Refinement) 

UNEP/MED 
WG.500/5 

(Refinement); 
UNEP/MED 
WG.502/16 

Rev.1.Appendix 
C. Rev.1 

(Refinement) 

UNEP/MED 
WG.500/5 

(Refinement); 
UNEP/MED 
WG.502/16 

Rev.1.Appendi
x C. Rev.1 

(Refinement) 

UNEP/MED 
WG.500/5 

(Refinement
); 

UNEP/MED 
WG.502/16 
Rev.1.Appe

ndix C. 
Rev.1 

(Refinement
)  

UNEP(DEPI)/MED 
WG.444/6/Rev.1 

UNEP/MED 
WG.467/16 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

E
O

 2
 

6 UNEP/MED 
WG.467/9 

UNEP/MED 
WG.500/7; 

UNEP/MED 
WG.502/16.Ap

pendix E; 
UNEP/MED 
WG.520/Inf.3 

UNEP/MED 
WG.500/7; 

UNEP/MED 
WG.502/16.App

endix E; 
UNEP/MED 
WG.520/Inf.3 

UNEP/MED 
WG.500/7; 

UNEP/MED 
WG.502/16.Ap

pendix E;  
UNEP/MED 
WG.520/Inf.3 

UNEP/MED 
WG.500/8; 

UNEP/MED 
WG.520/6; 

UNEP/MED 
WG.520/Inf.

3 
Also see 

Baseline for 
the IMAP 

CI 6 
UNEP/MED 
WG.521/Inf.

8  

UNEP(DEPI)/MED 
WG.444/6/Rev.1 ; 

UNEP/MED 
WG.482/21; 
UNEP/MED 

WG.500/6 (revised); 
UNEP/MED WG. 

514/10 

UNEP/MED 
WG.467/16 

E
O

 3
 

 

7      UNEP(DEPI)/MED 
WG.444/6/Rev.1 

 

8      UNEP(DEPI)/MED 
WG.444/6/Rev.1 

 

9      UNEP(DEPI)/MED 
WG.444/6/Rev.1 

 

10      UNEP(DEPI)/MED 
WG.444/6/Rev.1 

 

11      UNEP(DEPI)/MED 
WG.444/6/Rev.1 

 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

12      UNEP(DEPI)/MED 
WG.444/6/Rev.1 

 

E
O

 4
 

                

E
O

 5
 

13 

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8 

 

UNEP/MED 
WG.492/Inf.9 ; 

UNEP/MED 
WG.533/4 (for 
Adriatic sub-

region)  

UNEP/MED 
WG.533/4 

(for Adriatic 
sub-region) 

 

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 
WG.467/5;  

UNEP/MED 
WG.473/07 
(updated); 

UNEP/MED 
WG.463/6; 

UNEP/MED 
WG.482/06 (physical); 

UNEP/MED 
WG.482/07 
(chemical); 

UNEP/MED 
WG.482/05 
(sampling);  

UNEP/MED 
WG.482/08 (key 

nutrients in seawater-
Nitrogen compounds); 

UNEP/MED 
WG.482/09 

(Phosphorus and silica 
compounds); 
UNEP/MED 

WG.509/32 and 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

UNEP/MED 
WG.509/33 

14 

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8 

 UNEP/MED 
WG.492/Inf.9 

  

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 
WG.467/5;    

UNEP/MED 
WG.473/07 (updated) 

UNEP/MED 
WG.463/6;  

UNEP/MED 
WG.482/05 
(sampling); 

UNEP/MED 
WG.482/10 

(Chlorophyll a in 
seawater); 

UNEP/MED 
WG.509/32 and 

UNEP/MED 
WG.509/33 

E
O

 6
 

                



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

E
O

 7
 

15 UNEP/MED 
WG.467/10 

 

Guidance 
document on 
how to reflect 

changes in 
hydrographical 
conditions in 

relevant 
assessments 

  
UNEP(DEPI)/MED 

WG.444/07; 
UNEP/MED 
WG.467/6 

Guidance document on 
how to reflect changes 

in hydrographical 
conditions in relevant 

assessments 

E
O

 8
 

16 UNEP/MED 
WG.467/10 

 

Assessment 
Criteria and 

Guiding 
document for 
application of 

assessment 
criteria for the 

IMAP Common 
Indicator 16 on 

coastline 

  
UNEP(DEPI)/MED 

WG.444/07; 
UNEP/MED 
WG.467/6 

Assessment Criteria 
and Guiding document 

for application of 
assessment criteria for 
the IMAP Common 

Indicator 16 on 
coastline 

E
O

 9
 

 

17 
sedimen

t 

UNEP/MED 
WG.467/8;  

UNEP/MED 
WG.473/8 

 

UNEP/MED 
WG.492/Inf.9, 
UNEP/MED 
WG.533/3 

(BC/BAC/EAC) 

UNEP/MED 
WG.533/5 

(proposition for 
Adriatic 

subregion and 
use of NEAT 

approach); 
UNEP/MED 
WG.533/6 

 

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 
WG.467/5;   

UNEP/MED 
WG.463/6;  

UNEP/MED 
WG.482/11 
(sampling); 

UNEP/MED 
WG.482/12 (sample 
prep. and analysis); 

UNEP/MED 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

(proposition for 
Levantine basin 
using CHASE+ 
and traffic light 

approach) 

UNEP/MED 
WG.473/07 (updated) 

WG.509/32 and 
UNEP/MED 
WG.509/33 

17 
marine 
biota 

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8 

 

UNEP/MED 
WG.492/Inf.9, 
UNEP/MED 
WG.533/3 

(BC/BAC/EAC) 

UNEP/MED 
WG.533/5 

(proposition for 
Adriatic 

subregion and 
use of NEAT 

approach); 
UNEP/MED 
WG.533/6 

(proposition for 
Levantine basin 
using CHASE+ 
and traffic light 

approach) 

 

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 
WG.467/5;    

UNEP/MED 
WG.473/07 (updated) 

UNEP/MED 
WG.482/13 
(sampling); 

UNEP/MED 
WG.482/14 (sample 
prep. and analysis); 

UNEP/MED 
WG.509/32 and 

UNEP/MED 
WG.509/33 

17 
seawater 

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8 

 

UNEP/MED 
WG.492/Inf.9, 
UNEP/MED 
WG.533/3 

(BC/BAC/EAC) 

  

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 

UNEP/MED 
WG.463/6;  

UNEP/MED 
WG.482/15 
(sampling); 

UNEP/MED 
WG.482/16 (sampling 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

WG.467/5;    
UNEP/MED 

WG.473/07 (updated) 

prep. and analysis); 
UNEP/MED 

WG.509/32 and 
UNEP/MED 
WG.509/33 

18 UNEP/MED 
WG.533/7 

 

UNEP/MED 
WG.492/Inf.9, 
UNEP/MED 
WG.533/3 

(EAC) 

  

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 
WG.467/5;    

UNEP/MED 
WG.473/07 (updated) 

UNEP/MED 
WG.463/6, 

UNEP/MED WG. 
492/6 

(Biomonitoring) ; 
UNEP/MED 

WG.509/28 and 
UNEP/MED 

WG.509/29 (for 
biomarkers); 
UNEP/MED 

WG.509/32 and 
UNEP/MED 
WG.509/33 

19   UNEP/MED 
WG.492/Inf.9 

  

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5;  

UNEP/MED 
WG.482/21 (revision) 

UNEP/MED 
WG.463/6 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

E
O

 9
 

20 UNEP/MED 
WG.533/7 

 

UNEP/MED 
WG.492/Inf.9, 
UNEP/MED 
WG.533/3 

(EAC) 

  

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04; 
UNEP/MED 
WG.467/5;   

UNEP/MED 
WG.473/07 (updated) 

UNEP/MED 
WG.463/6; 

UNEP/MED 
WG.482/17 
(sampling); 

UNEP/MED 
WG.482/18 (analysis); 

UNEP/MED 
WG.509/30 and 

UNEP/MED 
WG.509/31 for 

sampling and sampling 
analysis; UNEP/MED 

WG.509/32 and 
UNEP/MED 
WG.509/33 

21 

UNEP/MED 
WG.467/8, 

UNEP/MED 
WG.473/8 

 UNEP/MED 
WG.492/Inf.9 

  

UNEP(DEPI)/MED 
WG.439/12; 

UNEP(DEPI)/MED 
WG.444/5; 

UNEP/MED 
WG.463/04;  
UNEP/MED 
WG.467/5;  

UNEP/MED 
WG.473/07 (updated) 

UNEP/MED 
WG.463/6 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

E
O

 1
0 

22 

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8 

 UNEP/MED 
WG.492/Inf.9 

UNEP/MED 
WG.482/23 
(proposals), 
UNEP/MED 

IG. 25/27 
Annex IV, 

UNEP/MED 
WG.514/7 
(proposal) 

UNEP/MED 
WG.482/23 
(updated), 

UNEP/MED 
IG. 25/27 
Annex IV, 

UNEP/MED 
WG.514/7 
(updated) 

UNEP(DEPI)/MED 
WG.444/5 

 

23 A. 
seafloor 
Marine 
litter 

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8 

 UNEP/MED 
WG.492/Inf.9 

  UNEP(DEPI)/MED 
WG.444/5 

 

23 B. 
Floating 
Marine 
litter  

UNEP/MED 
WG.467/8; 

UNEP/MED 
WG.473/8,  

UNEP/MED 
WG.490/6 

(Addendum) 

 UNEP/MED 
WG.492/Inf.9 

  UNEP(DEPI)/MED 
WG.444/5 

UNEP/MED 
WG.482/19 

(microplastics); 
UNEP/MED 
WG.509/34 

CCI 24      UNEP(DEPI)/MED 
WG.444/5 

UNEP/MED 
WG.461/8 



 

 
 

EO 

Commo
n 

Indicato
rs and 
CCIs 

Data Dictionaries/ 
Data standards 

Monitoring and 
Assessment 

Scales 

Assessment 
Criteria 

Thresholds 
Values 

Baseline 
Values Guidance Factsheets Guidelines and 

Monitoring Protocols 

E
O

 8
 

CCI 25  

Monitoring and 
Assessment 

Methodological 
Guidance on 

Land Use 
Change 

   
UNEP(DEPI)/MED 

WG.444/07; 
UNEP/MED 
WG.467/6 

Pilot project tested 
Pilot project in the 

Adriatic on testing the 
candidate common 
indicator “Land use 

change” in the 
Mediterranean 

E
O

 1
1 

CCI 26      

UNEP/MED 
WG.463/04 
(proposal); 

UNEP/MED 
WG.467/5 (proposal),  

UNEP/MED 
WG.473/07 
(proposal) 

 

CCI 27      

UNEP/MED 
WG.463/04 
(proposal);  

UNEP/MED 
WG.467/5 (proposal),   

UNEP/MED 
WG.473/07 
(proposal) 

 

 
 
 
 


