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Summary  
 

This Second Deliverable of the project IRIS-SES is structured in three different parts:  

0ÁÒÔ ) ɀ 'ÕÉÄÅÌÉÎÅ ÏÎ ÓÐÁÔÉÁÌ ÁÎÄ ÔÅÍÐÏÒÁÌ ÅØÔÅÎÔ ÏÆ ÍÏÎÉÔÏÒÉÎÇ ×ÁÔÅÒ ÃÏÌÕÍÎ ÁÎÄ ÓÅÁÂÅÄ 

ÈÁÂÉÔÁÔÓ ÉÎÄÉÃÁÔÏÒÓ ÂÁÓÅÄ ÏÎ ÔÈÅÉÒ ÓÃÁÌÅÓ ÏÆ ÎÁÔÕÒÁÌ ÖÁÒÉÁÔÉÏÎ ÁÎÄ ÒÅÌÁÔÉÖÅ !ÎÎÅØÅÓȠ 

0ÁÒÔ )) ɀ 'ÁÐ ÁÎÁÌÙÓÉÓ ÁÎÄ ÒÅÌÁÔÉÖÅ !ÎÎÅØÅÓȠ 

0ÁÒÔ ))) ɀ %ȤÌÅÁÒÎÉÎÇ ÁÃÔÉÖÉÔÙȢ 

)Î 0ÁÒÔ )ȟ ÔÈÅ ÉÓÓÕÅÓ ÒÅÌÁÔÅÄ ÔÏ ÓÐÁÔÉÁÌ ÁÎÄ ÔÅÍÐÏÒÁÌ ÅØÔÅÎÔ ÏÆ ÎÁÔÕÒÁÌ ÖÁÒÉÁÂÉÌÉÔÙ ÁÒÅ ÇÅÎÅÒÁÌÌÙ 

ÄÉÓÃÕÓÓÅÄȢ )Î ÐÁÒÔÉÃÕÌÁÒȟ ÔÈÅ ÆÏÃÕÓ ÉÓ ÏÎ ÔÈÅ ÖÁÒÉÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ×ÁÔÅÒ ÃÏÌÕÍÎ ÁÎÄ ÔÈÅ ÓÅÁÂÅÄ 

ÈÁÂÉÔÁÔÓ ÉÎÄÉÃÁÔÏÒÓ ɉ$ÅÓÃÒÉÐÔÏÒÓ $ρȟ $υȟ $φɊ ÉÎ ÔÈÅ -ÅÄÉÔÅÒÒÁÎÅÁÎ ÁÎÄ ÔÈÅ "ÌÁÃË 3ÅÁȢ 4ÈÅ 

ÍÁÉÎ ÄÏÃÕÍÅÎÔ ÄÅÁÌÓ ×ÉÔÈ ÔÈÅ ÖÁÒÉÁÂÉÌÉÔÙ ÉÓÓÕÅÓ ÕÎÄÅÒ ÇÅÎÅÒÁÌȾÔÈÅÏÒÅÔÉÃÁÌ ÐÅÒÓÐÅÃÔÉÖÅÓȟ 

ÈÏ×ÅÖÅÒ ÈÁÖÉÎÇ ÓÏÍÅ ÐÒÁÃÔÉÃÁÌ ÅØÁÍÐÌÅÓ ÒÅÐÏÒÔÅÄ ÅØÔÅÎÓÉÖÅÌÙȢ  

)Î 0ÁÒÔ ))ȟ ÔÈÅÒÅ ÉÓ ÔÈÅ ÄÅÓÃÒÉÐÔÉÏÎ ÏÆ ÔÈÅ ÇÁÐȤÁÎÁÌÙÓÉÓ ÏÎ ÔÈÅ ÅØÉÓÔÉÎÇ ÉÎÓÔÉÔÕÔÉÏÎÁÌ ÄÁÔÁ ÏÎ 

ÍÁÒÉÎÅ ÅÃÏÓÙÓÔÅÍ ÍÏÎÉÔÏÒÉÎÇȢ 4ÈÉÓ ÁÎÁÌÙÓÉÓ ÔÁËÅÓ ÉÎÔÏ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÔÈÅ ÅØÉÓÔÉÎÇ ÇÁÐÓ ÁÌÏÎÇ 

ÔÈÅ ÓÐÁÔÉÁÌ ÁÎÄ ÔÅÍÐÏÒÁÌ ÓÃÁÌÅÓ ÂÅÔ×ÅÅÎ ÁÖÁÉÌÁÂÌÅ ÄÁÔÁ ÁÎÄ ÔÈÅ -3&$ ÒÅÑÕÉÒÅÍÅÎÔÓ ÁÎÄ 

ÄÉÓÃÕÓÓÅÓ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÇÁÐÓ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ÎÁÔÕÒÁÌ ÖÁÒÉÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÄÅÓÃÒÉÐÔÏÒÓ ÁÎÄ ÔÈÅ 

ÐÁÒÁÍÅÔÅÒÓ ÔÈÁÔ ÁÒÅ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÅ -3&$Ȣ  

)Î 0ÁÒÔ )))ȟ ÐÁÒÔ ÏÆ ÔÈÅ ÅȤÌÅÁÒÎÉÎÇ ÁÃÔÉÖÉÔÙ ÄÅÖÅÌÏÐÅÄ ÂÙ ÔÈÅ )2)3Ȥ3%3 ÐÒÏÊÅÃÔ ÕÓÉÎÇ ÔÈÅ 

,ÉÆÅ×ÁÔÃÈ ÐÌÁÔÆÏÒÍȟ ÉÓ ÄÅÓÃÒÉÂÅÄ ÂÒÉÅÆÌÙȢ 

4ÈÉÓ ÄÅÌÉÖÅÒÁÂÌÅ ÃÁÎ ÂÅ ÁÃÃÅÓÓÅÄ ÁÌÓÏ ÔÈÒÏÕÇÈ ÔÈÅ ÐÒÏÊÅÃÔÓ ×ÅÂÓÉÔÅȡ ×××ȢÉÒÉÓȤÓÅÓȢÅÕ  
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INTRODUCTION  

 

Variability is an inherent characteristic of the natural processes. We could consider natural 

variability any change that is not induced by human intervention. Variability affects both, the 

environmental factors and the biological components of the systems (changes in abundance, 

species composition, structure, etc.) and manifest on space (heterogeneity) and on time 

(dynamics). Variability is promoted by changes in physical and chemical conditions and by 

biological activity. Additionally, different human actions could also affect the natural variability. 

Ecosystems and more particular the organisms must cope with this variability in order to stabilize 

their own system and make it as predictable as possible. This involves developing adaptive 

mechanisms to extreme conditions, to adjust its life cycles to the frequency of the changes. 

Living beings (including humans) require certain capability to anticipate the changes and 

incorporate them through natural selection, into their genomic background. These adaptations can 

be physiological, or behavioural (migrations and rhythms) or structural (species composition and 

abundance) and could take place at different time scales and organization levels. It implies 

adaptation at individual level (physiological mechanisms), populations (genetic structure), species 

(evolution) and ecosystem (ecological succession). 

To address variability in monitoring programs, it is necessary and of interest to detect changes in 

ecosystems produced by human impacts or to evaluate the consequences of management and 

restoration actions, as well as to separate the effects of natural variability from the anthropogenic 

changes. 

To the best of actual knowledge, a key point is represented by the need to align the scale of the 

assessment with the ecosystem temporal and spatial natural variability, also, prioritizing areas 

where pressures and impacts are important. In spite of that, actual knowledge on spatial and 

temporal variability of selected variables and indicators for the eleven Descriptors of the MSFD 

are not complete and the principal gap is represented by the lack of clear and rationale criteria on 

the basis of which to decide choosing opportune scales of observation to cope natural fluctuations 

in marine ecosystems.  
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This document, in generally discusses the issues related to spatial and temporal extent of natural 

variability. In particular, it focuses on the variability that water column and seabed habitats 

indicators for Descriptors D1, D5, D6, both in the Mediterranean and the Black Seas. Attached to 

this report are Annex I and Annex II, which are the Glossary and the Abbreviation list, respectively. 

The main document is dealing with the variability issues under general/theoretical perspectives, 

however some practical examples are extensively reported in Annex III.   

Rational on the selection of D1, D5, and D6 Descriptors 

The selection of these descriptors (D1, D5 and D6) was mainly based on the existing literature and 

the fact that there is a better knowledge and data collection on the spatial and temporal extent of 

their natural variability, with a focus in the water column and the seabed habitat indicators, in the 

Mediterranean and Black Sea.  

1. KEY ELEMENTS ON THE MSFD FOR THE MONITORING OF MARINE 

ENVIRONMENTAL STATUS 

1.1. Introduction to MSFD 

The Marine Strategy Framework Directive (MSFD, 2008/56/EC) of the European Parliament and 

of the Council (17th June 2008) established a framework for community action in the field of 

marine environmental policy. This policy was first realized on the 15th of July 2008. It established 

that EU Member States have to define Good Environmental Status, GES (Article 9), to set 

environmental target (Article 10), to develop operative monitoring programmes (Article 11) and 

to assess every six years the environmental status of their marine water (Article 8; Article 17(2)). 

GES defines the environmental status of the marine waters, as these should provide ecologically 

diverse and dynamic oceans and seas which are clean, healthy and productive within their intrinsic 

conditions, as well as sustainable, thus safeguarding the potential for uses and activities by current 

and future generations (Article 3(5)). Defined GES has to be achieved by the year 2020. On an 

operative point of view, monitoring programmes have to be sized and set by 2016 following a six-

year cycle for a new evaluation (Claussen et al., 2011).  

The MSFD follows a óholistic approachô, taking into account the structure, function and ecological 

processes of the ecosystem, imposing to define GES using the set of eleven Descriptors that are 

numbered from D1 to D11 and that cover very distinct fields, from Biodiversity (D1) to Energy  
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and noise (D11), and that together, summarize the way in which the whole system function. 

In this context, the choice of indicator aggregation rules is essential, as the final outcome of the 

assessment may be very sensitive to this (Prins et al., 2012).  

The Commission Decision 2010/477/EU (1st September, 2010) on criteria and methodological 

standards of good environmental status of the marine waters, decided that of the eleven Descriptors 

defined by the MSFD (2008/56/EC), 56 indicators could be used for their evaluation and these are 

obtained by the EU Commission through the analysis of recent scientific literature (Cochrane et 

al., 2010; Olenin et al., 2010; Piet et al., 2010; Rogers et al., 2010; Ferreira et al., 2010; Rice et al., 

2010; Law et al., 2010; Swartenbroux et al., 2010; Galgani et al., 2010; Tasker et al., 2010). 

Article 3(5) of the MSFD (2008/56/EC) requires that GES could be determined at the level of the 

marine region or sub-region as referred to in Article 4, however the geographical scale that could 

be used for the assessment, is not well defined by the Directive. In the first cycle of the 

implementation the geographic scales and frequencies applied by Member States (MSs) for the 

assessments varied between descriptors and there were large differences among MSs. 

The Regional Seas Conventions (RSCs) have developed approaches to define assessment areas for 

specific aims (e.g. Ecosystem Approach for some biodiversity aspects, fisheries, eutrophication, 

contaminants), while the main aspects such as chemistry and biology are monitored in the Black 

Sea according to the Final ÌDiagnostic Report on the state of the Black Sea environmentò.  

The Ecosystem Approach (EcAp) goes beyond examining single issues, species, or ecosystem 

functions in isolation. Instead, it recognizes ecological systems for what they are: rich mixes of 

elements that interact constantly with each other. This understanding is particularly important for 

coasts and seas, where the nature of water keeps systems and functions connected (COP, 2002).  

Natural variability is strongly related to physiographic, climatic and geographic conditions. 

Variability is a common trait of marine ecosystems worldwide and it could affect habitat type, 

spatial and temporal distribution and abundance of the species living in a specific habitat. The 

concept of habitat includes aspects related to the quality, the occurrence, the distribution and the 

abundance of the species and communities that are living within (Cochrane et al., 2010). It is 

recognized that natural variability of intrinsic environmental conditions does not necessary means 

something negative but that stimulates biodiversity. 
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The conservation of biodiversity represents the principal target to be achieved to guarantee 

ecosystem functioning, resource conservation, and future exploitation of them, including services 

(i.e. food supply, recovery, recycling, purification processes, renewal of resources etc.) that nature 

provides for humans (Costanza et al., 1997). 

As an examble of the importance of the key resources given to us by the marine ecosystems for 

the human-life itself, consider that the atmospheric oxygen is principally due to photosynthesizing 

primary producers as phytoplankton and phytobenthos (i.e. Posidonia oceanica meadows). 

Phytoplankton photosynthesis fixes up to 50 Gt of carbon per year, contributing nearly half of the 

global primary production, on average 140 g C mī2 yrī1 and half of the total amount of O2 produced 

by all plant life (Falkowski et al., 1998). 

Relationships among marine ecosystems and humans are as old as the humanity itself. Marine 

waters represent the principal exploited resource for feeding, transports, oil-pumps, energy 

production, commerce and leisure, contributing in this way to even the cultural development of 

our existence. The negative side of this relationship is the strong exploitation of the marine 

ecosystem, which is represented by severe human pressure that it is mainly concentrated in the 

coastal areas and that produces important impacts on the near-shore and off-shore zones. It was 

estimated that, at the turn of the last century, about 136 million people, which live in the 

Mediterranean coastal areas, directly and indirectly impact on the marine ecosystem (Clark, 1997). 

Even if deep-sea ecosystems represent the largest biome of the global biosphere, the importance 

of the near-shore and off-shore zone to the global biodiversity of marine ecosystems is a relatively 

recent discovery (Danovaro et al., 2010) contrasting with the current use of some European 

Countries to discharge dredged sediments in off-shore disposal sites. To achieve the full economic 

potential of oceans and seas, protection and restoration actions would be performed mainly for 

reducing eutrophication, water and sediment pollution and biodiversity losses. Marine ecosystems 

represent the principal route via which pollutants are transferred from the abiotic compartments 

towards the organisms that accumulate along the trophic web. As the direct spillage of crude 

petroleum and refined petroleum products, especially relevant for the Mediterranean basin due to 

the high boat traffic and the increasing number of occasional accidents and marine oil-spill 

occurrence. As a characteristic example it can be referred that in 1979 the levels of total 

hydrocarbons of 16 ÕgL-1 were reported in the water (Neff, 1979), associated to 148 ngL-1 of the 

total PAHs and in the Mediterranean Sea these concentrations are expected to grow with increasing  



 

 

 
 Funded by the European Commission ï DG Environment  6 

 

human exploitation of the resources. Hydrocarbon pollution is not a problem confined in harbours 

(Renzi et al., 2009) and coastal marine areas (Lipiatou et al., 1997; Baumard, et al., 1998a; 

Baumard, et al., 1998b; Rogers, 2002), but also impact offshore habitats (Danovaro et al., 2010) 

and marine protected areas (Renzi et al., 2010). 

The European Union by recognizing the importance of marine ecosystems and the severe threats 

to its integrity, has launched the MSFD as a key part of the Integrated European Maritime Policy.  

The principal aims of the MSFD are:  

I) To protect and to preserve the marine environment, preventing its deterioration or, where 

possible, restoring ecosystems that are adversely affected by human activities;  

II)  To prevent and to reduce inputs from pollutants, ensuring that the impacts on or the risks 

to marine biodiversity, marine ecosystems, human health and legitimate use of the marine 

resources, could be considered insignificant (Article 1(2)).  

The viewpoint of the MSFD imposes on the Member States, an ecosystem-based approach to the 

management of human activities; in fact, the collective pressure due to human activities should be 

controlled to achieve GES (Article 1(3)). Some overlaps between MSFD and Water Framework 

Directive (WFD) exist and are explicitly recognized by the MSFD itself, which makes it clear that 

in coastal waters the latter Directive only intends to tackle aspects, which are not covered by the 

WFD (e.g. litter, noise, biodiversity). Furthermore, the MSFD requires a coordinated approach to 

the European MSs towards coherent implementations and the development of common actions to 

prevent pollution and to protect the marine resources.  

The MSFD requires MSs to develop strategies for their marine waters (within European Marine 

Regions and sub-regions), detailing the state of the environment (e.g. the current condition of 

habitats and species and pressures impacting upon them), defining GES and establishing 

environmental targets and indicators, monitoring programmes and measures designed to achieve 

or maintain a good status . 

To achieve these goals, monitoring programmes had to be established by European MS within July 

2014, with the aim to evaluate if GES is achieved and to evaluate environmental status evolution 

during that time. Furthermore, monitoring programmes have to be adequate, coherent, coordinated,  
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and integrated across Regions and Sub-regions, as well as having specified the size of existing 

pressures and impacts, including trans-boundary features and impacts. Moreover, monitoring 

programmes have to be consistent, coherent, compatible and complementary with requirements 

imposed by other EU legislations and by the RSCs. In fact, previous European legislation as WFD 

(WFD, 2000/60/EC), Habitats Directive (HD, 1992), Birds Directive (BD, 2009) and international 

agreements, such as the Regional Seas Conventions (RSCs), are partially superimposed in terms 

of geographical competences, descriptors and frequencies of monitoring to the MSFD. 

Summing up, the MSFD imposes: i) the determination of GES; ii) the development of harmonized 

monitoring programs on the basis of methods that ensure consistency and allow comparison 

between marine sub-regions to the extent of which GES is being achieved by the Member States 

(Art. 9.3); iii) the development of national and international based strategies to reduce human 

pressures; iv) the restoration of critical sites.  

To achieve these goals ñthe structure, functions and processes of the constituent marine 

ecosystems, together with the associated physiographic, geographic, geological and climatic 

factors, allow those ecosystems to function fully and to maintain their resilience to humanȤinduced 

environmental change. Marine species and habitats are protected; humanȤinduced decline of 

biodiversity is prevented and diverse biological component function in balance. HydroȤ

morphological, physical and chemical properties of the ecosystems, including those properties, 

which result from human activities in the area concerned, support the ecosystems as described 

above. Anthropogenic inputs of substances and energy, including noise, into the marine 

environment do not cause pollution effectsò (Art. 3.5.).  

Pressures able to affect diversity within species, between species and of ecosystems, reduce 

biodiversity sensus CBD (1992) and these different levels of complexity in terms of ecological 

organization have to be considered during monitoring and biodiversity assessments (Cochrane et 

al., 2010). The relevance of biodiversity to the marine environments is widely defined by Cochrane 

and colleagues (2010). According to this study and citations therein, biodiversity could be intended 

as follows:  

i) ñWithin speciesò variation is expressed by the occurrence of discrete subȤspecies and 

populations and by genetic diversity. Such intraȤspecific variability is important, for 

example, in the survival of a species when facing a new or multiple natural and  
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anthropogenic pressures, and also for evolutionary change. At the intraȤspecific level, 

ecological and phenotypic traits (e.g. geographical range and size distribution within 

a population) and genetic traits (e.g. genetic structure and diversity) are important 

features of the overall state of a species 

ii)  ñBetween speciesò variation is expressed by the wide range of marine animal and plant 

species in many taxonomic classes. Maintenance of species diversity is a major goal 

for international biodiversity policies, in view of the accelerating rate of extinction of 

species in some ecosystems and the increasing numbers of species being listed for 

protection (e.g. by IUCN). 

iii)  ñOf ecosystemsò variation within and between ecosystems represents levels of ecological 

organization above the species level, and provides both wide regional variation and 

represents aspects that are vital to the overall functioning of ecosystems. Although the 

term Ecosystems can be applied at many different scales, they are often considered to 

be very large marine systems (termed Large Marine Ecosystems), similar in scale to 

the regions and sub-regions provided in the Directive. These large systems (ndr. are 

divided) into marine landscape and habitat/community types, representing two 

different ways of characterizing the marine environment at organizational scales 

between large marine ecosystems and species. Habitats and their associated 

communities of species ï on either the seabed (benthic species living on the seabed, 

attached to it as epibiota or living in the sediment as infauna) or in the water column 

(plankton). Habitats are defined on the basis of their physical, hydrological and 

chemical characteristics (e.g. substrate, temperature, salinity, water movement, 

nutrient and oxygen levels). Communities of species are associated with particular 

types of habitat. This combination of abiotic and biotic elements is technically termed 

a biotope. Landscapes ï topographicallyȤdefined features, generally large in scale, 

(e.g. estuaries, fjords, seamounts, deepȤsea canyons) which comprise combinations of 

particular (seabed) habitats/communities and also often certain mobile species (e.g. 

anadromous fish in estuaries, benthoȤpelagic fish on seamounts), due to the physical 

and hydrological characteristics of the feature. Ecosystems Ȥ The habitat/community 

level (seabed and plankton) and species level (for large/highly mobile species) are 

expected to be the main units of assessment for Descriptor 1. However, for an  
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ecosystemȤorientated assessment, as required by the Directive, species and 

habitats/communities should not be considered in isolation from each other, but as part 

of the wider ecosystem. This can in part be addressed by considering broader aspects 

of habitat diversity and their spatial pattern and the overall composition and 

community structure of pelagic/mobile species.  

In spite of the need to quickly achieve the development of monitoring programmes, a general lack 

of knowledge affects the opportunity to reach the proposed goals. In fact, actual gaps concerning 

natural spatial and temporal variability of elements listed in Annex III and Annex V of the MSFD 

affect the chance to define well sized monitoring programmes in term of an optimum balance 

between the sampling efforts and the significance of obtaining results.  

Descriptors considered by MSFD ( MSFD Appendix 1) with their associated meaning of GES are 

detailed in Table 1. 

Table 1. Descriptors used in MSFD and their associated meaning of GES 

Descriptor 
Descriptor 

Acronym 
Definition of GES 

Biological diversity 
Descriptor 1 

D1 

The quality and the occurrence of habitats and the 

distribution and abundance of species are in line with 

prevailing physiographic, geographic and climatic 

conditions. 

Non-indigenous 

species 

Descriptor 2 

D2 

Non-indigenous species introduced by human activities 

are at levels that do not adversely alter the ecosystems 

Commercial fish 

shellfish 

Descriptor 3 

D3 

Populations of all commercially exploited fish and 

shellfish are within safe biological limits, exhibiting a 

population age and size distribution that is indicative of 

healthy stock 

Food webs 
Descriptor 4 

D4 

All the elements of 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 

Eutrophication 
Descriptor 5 

D5 

Human-induced eutrophication is minimized, especially 

adverse effects thereof, such as losses of biodiversity, 

ecosystem degradation, harmful algae blooms and 

oxygen deficiency in bottom waters  

Seabed habitats 

integrity 

Descriptor 6 

D6 

Seabed habitat 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 

Hydrographical Descriptor 7 Permanent alteration of hydrographical conditions does 
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changes D7 not adversely affect marine ecosystems  

Contaminants 
Descriptor 8 

D8 

Concentration of contaminants are at levels not giving 

rise to pollution effects 

Contaminants in 

seafood 

Descriptor 9 

D9 

Contaminants in fish and other seafood for human 

consumption do not exceed levels established by 

Community legislation or other relevant standards 

Marine litter 

Descriptor 

10 

D10 

Properties and quantities of marine litter do not cause 

harm to the coastal and marine environment 

Energy and Noise 

Descriptor 

11 

D11 

Introduction of energy, including underwater noise, is at 

levels that do not adversely affect the marine 

environment 

 

In accordance to Article 9, it is imperative for the Member States to determine the characteristics 

of GES and therefore define the precise specifications of this main MSFD objective. By the 15th 

of July 2012, the Member States had to provide information on the initial assessment (Article 8), 

on the determination of GES (Article 9) and on the establishment of environmental targets and 

associated indicators (Article 10). The European Environment Agency press release on the 14th of 

February 2014 ñEurope's seas: A valuable asset that must be used sustainablyò concludes that 

ñThe current way we use the sea risks irreversibly degrading many of the ecosystemsò, ñSpecies 

surveys have found that 'good environmental status' can be applied to less than a fifth of species 

and a similar proportion of habitatsò. To witness real improvements in our marine environment, 

the briefing recommends a two-fold approach:  

I) MSs need to implement the MSFD in a more consistent and coherent manner that allows 

progress towards good environmental status to be monitored across regions. 

II)  Reducing environmental pressures will require us to shift our economies and our values to a 

more sustainable way of living, including producing and consuming, in order to comply with 

the vision of 'living well within the limits of our planet' contained in the 7th Environmental 

Action Programme which sets out Europe's environmental policy priorities. 

The key tool for the achievement of the MSFD goals is the Programme of Measures (PoMs) 

(Article 13) which must be established by 2015 following two preparatory steps: the initial 

assessments, GES and targets, and secondly the preparation of the monitoring programmes (Article 

11). All these elements form part of the marine strategies (Article 5). As a result, MSFD 

implementation is a step-by-step process in which each one builds upon the previous one. 

The correct definition of both GES and monitoring efforts for each Descriptor and indicator needs 

to reach a well-defined knowledge on the actual assessment of each ñobjectò that has to be 

monitored including ranges of natural variability in terms of spatial and temporal natural  
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fluctuations. Unluckily natural fluctuations are not yet well defined in the marine environments 

and to achieve MSFD goals could be strictly affected by the lack of knowledge.  

 

1.2. Variables and indicators considered for the D1, D5 and D6 Descriptors 

A synthetic view on indicators described in this Guideline for Descriptors D1, D5, and D6 is 

reported in Table 2. The existent link among the MSFD Descriptors (2008/56/EC) and indicators 

listed in the Decision 2010/477/EU4 (EC, 2010) is also highlighted. Additionally, the variables 

that need to be measured to obtain the parameters necessary for a given indicator to be applied, are 

reported in the same table. In some cases, a single variable can be considered as an indicator, for 

example, the total abundance of a given species. On the other hand, the mean age of a given 

population, or the age range of such population could be considered an indicator, but the age itself 

is listed as a variable. 

In this Guideline some of the variables and indicators listed in Table 2(see asterisk) are extensively 

discussed in terms of actual knowledge on their natural variability and some examples are given 

(see Annex III of this Document) on spatial and temporal scales and in terms of optimization of 

their monitoring frequencies. This Table is organized starting from Descriptors and then linking 

habitats, taxonomic groups, indicators listed in Decision 2010/477/EU4 (EC, 2010), indicators 

considered by other Projects (e.g. PERSEUS), variables to be determined to assess indicators or 

used as indicators themselves.  

Concerning Descriptor D1, Annex III of the Directive, lists the main groups of the marine species 

that should be considered. The biological components of the MSFD are: microbes, phytoplankton, 

zooplankton, angiosperms, algal macrophytes, invertebrates, fishes, mammals (cetaceans and 

seals), reptiles (turtles) and seabirds. 

Some important aspects have to be here underlined:  

i) Areal extent of migratory species should be considered beyond the jurisdictional limits of 

the Directive (as defined by the Art. 3.1.); 

ii)  Microbes, jellyfishes, pelagic cephalopods and the range of marine habitat types that occur 

within the jurisdiction area of the Directive are, also considered to fall within the scope 

of the MSFD and they are grouped under the Descriptor of Biological Diversity (D1). 

In spite of that, homogeneous and structured data are not actually available concerning 

these taxa. These aspects are actually neglected by most national monitoring 
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programmes and data on microbes, pelagic cephalopods as well as data concerning 

other key taxa of the marine ecosystems including Cnidaria (i.e. jellyfish) and 

Ctenophora, are available from research programmes often based on private 

segnalations and other sources.  

An example is given by the CIESM JellyWatch Program, a research program developed 

on the basis of temporary funds (http://www.ciesm.org/marine/ 

programs/jellywatch.htm). Several projects in the Mediterranean have developed a 

Jellyfish watch and/or measures including: PERSEUS, Projecte Medusa, ACRI, MED-

JellyRisk, Spot the Jellyfish and Cote dôAzur.  

iii)  Some of the listed indicators are included because of their increased importance arising 

from their evaluation on better understanding ecological dynamics of the marine 

ecosystems. As example, the importance of taxonomic variation (or distinctness) has 

recently attracted attention in the marine environment (e.g. Clarke and Warwick, 2001) 

where the value of maintaining variety at higher taxonomic levels (e.g. at phylum or 

class levels) is advocated.  

 

Table 2. List of considered indicators and variables for the D1, D5 and D6 Descriptors 

Descriptor 
Habita

t 
Group 

Indicator Annex I 

Directive 2008/56/EC 
Variable or Indicator 

D1, D4, D6 

Water 

column 

& 

Terrestia

l habitats  

Reptiles 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.2.1 Population abundance 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (*) 

Structure (adults vs juvenile) 

Sex ratio 

Fecundity rates 

Survival/ mortality rates (*) 

Number and distribution of nests (*) 

Mammals 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.2.1 Population abundance 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (*) 

Structure (adults vs juvenile) 

Sex ratio  

Fecundity rates 

Survival/ mortality rates  

Birds 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.2.1 Population abundance 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (*) 

Structure (adults vs juvenile) 

Sex ratio (*) 

Body size (*) 

Fecundity rates 

Survival/ mortality rates  

Water 

column 

habitats 

Fish 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.2.1 Population abundance and 

biomass 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (*) 

Structure (adults vs juvenile) 

Sex ratio (*) 

Body size (*) 

Fecundity rates 

Survival/ mortality rates  

Species richness of fish 

Age (1) 

Length 

Seabed 

habitats 
Phytobenthos 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.1.3 Area covered by the species  

1.2.1 Population abundance and 

Abundance (*) 

Number of species (*) 

Total biomass (*) 

Biomass of seagrass 

http://www.ciesm.org/marine/%20programs/jellywatch.htm
http://www.ciesm.org/marine/%20programs/jellywatch.htm
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biomass 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Species richness (*) 

Abundance of seagrass (*) 

Depth distribution of seagrass  

Areal extent of marine angiosperms(*) 

Substrate type (*) 

Areal extent of P. oceanica meadow (*) 

Presence/Absence of P. oceanica meadow (*) 

Survival rate of P. oceanica 

Presence of sensitive and/or tolerant species  

Surf. area/biomass ratio of macroalgae species 

Abund. of shade-adapt, slow grow. calc. sp. (*) 

Zoobenthos 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.1.3 Area covered by the species  

1.2.1 Population abundance and 

biomass 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (*) 

Number of species (*) 

Total biomass 

Relative biomass 

Species richness 

BENTIX (*) 

Depth distribution of communities 

Diversity Indices 

Shannon Index 

Abundance ratio above specified length 

Biomass ratio above specified length 

Presence of sensitive and/or tolerant species 

AMBI-AZTI 

M-AMBI 

Water 

column 

habitats 

Phytoplankto

n 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.2.1 Population abundance and 

biomass 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (2) 

Number of species (3) 

Relative biomass 

Species richness Evenness (Sheldon) of phyt. 

Biomass ratio of diatoms/dinoflagellate 

(spring) 

Abundance of dinoflagellates (C-strategy) 

Genetic diversity 

Zooplankton 

1.1.1 Distributional range 

1.1.2 Distributional pattern 

1.2.1 Population abundance and 

biomass 

1.3.1 Population demographic 

characteristics 

1.3.2 Population genetic structure 

Abundance (4) 

Number of species 

Relative biomass 

Biomass of mesozooplankton 

Biomass ratio Copepods/mesozooplankton 

Common for all habitats 

and groups for the D1, 

D4, D6 Descriptors 

1.4.1 Distributional range  

1.4.2 Distributional pattern  

1.5.1 Habitat area  

1.5.2 Habitat volume 

1.6.1 Condition of the typical 

communities  

1.6.2 Relative abundance and/or biomass  

1.6.3 Physical, hydrol., chemical 

conditions 

EEI-Ecological evaluation index (*) 

Areal extent of maerl-type biogenic sediments 

Evenness of selected biological component  

PREI  

IBI 

Sea-floor integrity 

6.1.1 Type, abundance, biomass and 

areal extent of relevant biogenic 

substrate 
6.1.2 Extent of the seabed significantly 

affected by human activities for the 

different substrate types 

6.2.1. Presence of particularly sensitive 

and/or tolerant species 

6.2.2 Multi-metric indexes assessing 

benthic community condition and 

functionality, such as species diversity 

and richness, proportion of 

opportunistic to sensitive species  

6.2.3 Proportion of biomass or number of 

individuals in the macrobenthos above 

some specified length/size  

6.2.4 Parameters describing the 

characteristics (shape, slope and 

intercept) of the size spectrum of the 

benthic community 

Species level taxonomy (*) 

Areal coverage (*) 

Presence/Absence (*) 

Species diversity, richness and ratios (*) 

Length 

Body-size (*) 


































































































































































































































































































































































































































































































