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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  
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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 (*) 
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D5 

Water 

column  

Habitats 

None 

5.1.1 Nutrients concentration  

5.1.2 Nutrient ratios 

5.2.1 Chlorophyll concentration 

5.2.2 Water transparency  

5.2.3 Abundance of opportunistic 

macroalgae  

5.2.4 Species shift in floristic 

composition 

5.3.1 Abundance of peren. seaweeds 

and seagrasses  

5.3.2 Dissolved oxygen  

Chlorophyll-a (*) 

Dissolved Oxygen (*) 

Orthophosphates (PO4) (*) 

Transparency (*) 

Nitrites (NO2) (*) 

Nitrates (NO3) (*) 

Ammonium (NH4) (*) 

Silicates (SiO4) (*) 

Total Nitrogen (TN) (*) 

Total phosphorous (TP) (*) 

Total Suspended Solids (*) 

Turbidity (*) 

Temperature (*) 

Salinity (*) 

pH (*) 

NOTES:  

Note 1: Age extimations are more frequently performed by the length or weight data. Otholites determinations are scarce and 

referred to scientific researches.  

Note 2: very few data on picoplankton and in the open sea, not all seasons covered (winter), inappropriate frequency of sampling  

Note 3: Although genetic methods boost species identification the uncertainty in species number estimate is very high due to lack 

of adequate spatio-temporal resolution of sampling and difficulty of species identification under conventional microscope 

Note 4: few data on microzooplankton and in the open sea, not all seasons covered (winter), inappropriate frequency of sampling. 

 

1.3. State of the art of marine monitoring in the light of natural variability 

1.3.1 Matching current marine monitoring and MFSD needs 

The optimization of monitoring strategies in terms of spatial and temporal sampling efforts 

represents a critical point for the implementation of the MFSD. One critical aspect is represented 

by the definition of the natural variability of the indicators used to define GES for each Descriptor. 

Stakeholders, operators and scientists should focus efforts to link spatial and temporal samplings 

to the natural variability of monitored variables and indicators for improving monitoring strategies 

in the marine ecosystems, (Figure 1). 

The key role of stakeholders is to fund new monitoring and research activities aimed at fulfilling 

knowledge gaps, while scientists analyze results, improve monitoring tools and strategies and 

propose to stakeholders and operators new and better-sized management tools. 

Optimization should arise from a joint effort of the three elements: stakeholders (administrators) 

who should define precisely the goal of a given monitoring system, and then scientists together 

with operators should design a better sampling scheme, taking into account the natural variability, 

(temporal and spatial), and the adequate sampling methodologies. Pervasive and difficult cross-

scale and cross-level interactions in managing the environment are evidenced by a recent research 

(Cash et al., 2006). The complexity of these interactions and the fact that both scholarship and 

management have only recently begun to address this, represent the principal limit to develop a 

constructive dialog between issues involved during the managerial process. In particular, dynamics 

of cross-scale and cross-level interactions are affected by the interplay between institutions at 

multiple levels and scales (Cash et al., 2006).  
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In spite of difficulties, the collective interest towards the definition of natural variability is 

growing.  

To give an example, a recent study identified the following 13 different categories of stakeholders 

that have an explicit interest on seabirds biodiversity (and, indirectly, on seabirds variability since 

it is one of its attributes): National governments; regional and local governments; National Park 

or Protected Area managers; BirdLife partners; other NGOs; research institutes, groups and 

individuals; industrial fisheries; local (artisanal) fishermen; tourist businesses (tourism companies, 

hoteliers, fish restaurants, tourists); wind energy community; island inhabitants; and oil companies 

(Derh® et al., 2012).  

The correct definition of the natural variability of different ecosystem components represents the 

starting point for a well-sized monitoring program able to integrate stakeholdersô needs and give 

responses on ecosystem quality detecting human pressures and ecosystem health evolution. 

Principal aspects involving stakeholders, operators, scientists in detecting and quantifying natural 

variability and using the gained knowledge (e.g., in designing monitoring programmes as well as 

planning mitigation and recovery strategies) are synthesized in Figure 2. 

 

 

 

Figure 1. Actors and interactions involved in monitoring activities, general view. 
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Figure 2. Actors and interactions involved in monitoring activities, detailed view. 

 

1.3.2. Challenges to MFSD: filling in the gaps  

Actually, numerous and different monitoring programmes are performed in the Mediterranean and 

the Black Sea. Available data on marine monitoring are collected by different sources that are: 

national monitoring programmes, long term research schemes funded by national governments, 

long term research schemes funded by the European Community, local monitoring and research 

developed with specific purposes and funded by public or private sectors, etc. Many of the 

biological data reported in the Mediterranean and European Union Countries of the Black Sea are 

collected from national monitoring programs, developed in the implementation of Water 

Framework Directive, Habitat Directive and Common Fisheries Policy (CFP). The Habitat 

Directive applies to all the marine areas where the target habitats and species occur, whereas the 

WFD apply to coastal (<1 NM, from the shoreline). Existing monitoring programmes partially 

only answer to the MFSD needs and some important gaps exist between those and MFSD targets. 

An overview of the gaps that arise by comparing the actual marine monitoring with the MFSD 

needs, is summarized here.  
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The analysis from the inventory of the IRIS-SES project (Grant Agreement 

07.0335/659540/SUB/C) on the elements monitored by the involved to the project Mediterranean 

and Black Sea countries, highlighted some gaps (in spatial and temporal coverage) for some of the 

eleven Descriptors of the MSFD (http://iris-ses.eu/final-metadatabase-for-iris-ses/). On a general 

basis, to comply with the MSFD needs, the monitoring network has to be extended in offȤshore 

waters, taking also into account the indicators of the open sea. In fact, the principal data acquisition 

source is the monitoring programmes developed for the WFD and those focus on limited 

ecosystem components.  

The largest part of the existing monitoring programmes have data on: Biological Diversity (D1), 

Non-indigenous species (D2), Population of commercial fish & shellfish (D3), Eutrophication 

(D5), Seabed habitats integrity (D6) and Hydrographical changes (D7). Among these, 

eutrophication (D5) is the best and widely monitored descriptor. Concerning D7, a distinction for 

the objectives of the monitoring and the spatial scales of the data availability is needed, despite the 

fact that as a descriptor is basic for providing the framework to interpret the results from the rest 

of the monitoring systems. There are not many hydrographical monitoring systems that directly 

detect or estimate ñpermanent changes in hydrodynamic conditionsò, as it is the alterations in the 

water flow dynamics caused by the anthropogenic impacts (channels, large ports etc), which was 

the original aim of this descriptor. However, the ñglobalò monitoring (on a large spatial scale) of 

the hydrographical and hydrodynamic conditions, not answering directly to any descriptor, but as 

a necessary background for interpreting the results of the different monitoring systems in relation 

to each one of them, provides massive data acquisition, taken from satellite imagery, moorings, 

buoys, CTD casts carried out in most of the research surveys, or even by using gliders, radars, and 

tidal registers.  

Concerning Food webs (D4), Contaminants (D8) and Contaminants in seafood (D9) the 

ñtheoreticalò sampling scheme is not well implemented in all the countries, or at the same level, 

and that creates an additional gap. In fact, even if the monitoring systems under MEDPOL 

program, functioning several decades ago in most Mediterranean countries, should be sufficient to 

fulfil most of the MSFD requirements, even the number of analyzed samples or sampling sites is 

not a sufficient  indicator, to measure the adequacy of the monitoring intensity, as it is not 

comparable among different descriptors. Marine litter (D10) and Energy and Noise (D11) have a 

general lack of data that should be highlighted for all the countries considered in the IRIS-SES 

project. As reported also by the PERSEUS Deliverable Nr. 5.2 ñIdentified gaps on MSFD 

http://iris-ses.eu/final-metadatabase-for-iris-ses/
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assessment elementsò (2013) it is considered necessary to establish appropriate monitoring 

programs and further review and harmonize the indicators and methodologies applied for the 

assessment of the environmental status among the MSs.  

Moored and free-floating buoys can measure a large variety of physical, chemical and biological 

variables such as salinity, temperature, turbidity, dissolved oxygen, trace metals, pCO2 and other 

water constituents,  and the data are transmitted in real-time to land-based observatories 

(Zampoukas et al., 2012). All of this, is dependant on the number of instruments that the buoys 

could accomodate. Ships of opportunity, merchant fleet such as ferries, and satellite remote sensing 

analysis could be useful means for data acquisition. Figure 3 and Figure 4 summarize the data 

availability in the Mediterranean Sea and Black Sea, respectively. 

 

Figure 3. Actual total coverage in the Mediterranean Sea of the different observing systems 

platforms (highlighted by different colors). 
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Figure 4. Actual total coverage in the Black Sea of different observing systems platforms. 

 

The analysis on the spatial coverage of the operation of the autonomous mobile instruments 

(drifters, floats and gliders) showed that the southern areas of the Mediterranean Sea and the whole 

of the Black Sea are under-sampled and denser observations and implementation strategies are 

required. This gap can be partially filled by involving scientists from North African countries in 

the new observatory initiations.  For the Black Sea, more integrated observation programs are 

needed among its surrounding countries and an active collaboration with other European initiatives 

(Poulain et al., 2013).  

Currently, the remote sensing outcomes in the Mediterranean and Black Sea are limited to core 

variables (e.g. Sea Surface Temperature, Sea Surface Height, Chlorophyll, etc). The development 

of the remote sensing datasets more suitable to evaluate the ecosystem attributes relevant for the 

MSFD Descriptors (e.g. productivity, biological diversity, turbidity, etc) is required, and it is part 

of the activity planned in the EU project PERSEUS on WP4. 
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2. NATURAL VARIABILITY: DRIVERS, SPATIAL AND TEMPORAL SCALES & 

PATTERNS  

A theoretical analysis of drivers, spatial and temporal scales and patterns of variability is reported 

in this Chapter while a wider description including some practical examples concerning the natural 

variability of Descriptors D1, D5 and D6 is reported in the Annex III of this Document.  

Landres and colleagues (1999) defined natural variability as the ecological conditions and the 

spatial and temporal variation of those conditions, that are relatively unaffected by humans, within 

a period of time and a geographical area that is appropriate to an expressed goal. Natural variability 

involves the linkages of habitats, species, communities, and ecological processes at multiple 

spatial and temporal scales (Noss, 1991). It is an inherent characteristic of natural processes as it 

affects both the environmental factors and biological components of the ecosystems. The correct 

determination of natural variability could allow distinguishing effects produced by natural 

fluctuations from those induced by human-due pressures on data collected during monitoring 

programmes. One of the major aims of characterizing natural variability is to understand how 

driving processes vary from one site to another, how these processes influenced ecological systems 

in the past and how these processes might influence ecological systems today and in the future. 

Natural variability concept offers both a challenge and an opportunity for ecologists to become 

meaningfully involved with managers in defining ecologically appropriate goals and practices for 

a specific area of study or a specific region. 

Natural variability is a multidimensional concept (Purvis and Hector, 2000) and encompasses 

many scales of variation in biological organization (from genes to ecosystems). Following Gibson 

and colleagues (2000) we define ñscaleò as the spatial, temporal, quantitative, or analytical 

dimensions that are used in order to measure and study any phenomenon. One can describe the 

natural variability in terms of scale of magnitude (low, high), frequency (short, long, regular, 

irregular) and spatial patterns (small scale, large scale). Ecological processes are scale-specific in 

their effects, and create heterogeneous landscapes with scale-specific structure and pattern (Turner 

et al., 2001). On one hand, larger scale dynamics set the boundary for smaller scale dynamics. On 

the other hand, the final, large scale outcome of environmental evolution is the cumulative results 

of smaller scale processes. The common features of the marine species distribution in all 

environments is represented by patchiness, that is present in all spatial scales starting from the 

distribution of individuals of a population in their habitat to the mosaics of faunal benthic 

communities (Petersen, 1918; Thorson, 1951; Peres and Picard, 1964) or to the faunal provinces  
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and zones at a biogeographical level (Briggs, 1995). The definition of scales at which structural 

changes (i.e. species abundances) occur in a certain population could allow determining the 

ecological process affecting the patterns of distribution. This knowledge is therefore essential for 

developing and testing hypotheses about processes and essential for designing sampling strategies 

for environmental impact assessments, in which the changes produced by human activities need 

to be differentiated from the sources of natural variability (P®rez-Ruzafa et al., 2007). The scale at 

which spatial patterns of variation are observed affects our level of perception on their variability. 

Due to this , the methodological aspects related to sampling strategies in terms of spatial and 

temporal efforts (Anderson et al., 2005) and also in terms of number of sampling replicates 

(Underwood, 1997) are key aspects for marine monitorings. In fact the absence of a correct 

sampling strategy could affect the possibility to segregate, on a statistical basis, natural variability 

of the ecosystem from human pressures (Benedetti-Cecchi, 2004). The choice of the opportune 

spatial and temporal scale during monitoring is the ñconditio sine qua nonò the occurrence of 

pseudo-replicates (Hulbert, 1984; Underwood, 1997) could be prevented.  

Interactions may occur within or across scales, leading to substantial complexity in dynamics.  

Functional redundancy across scales provides reinforcement of function, increasing resilience. 

Cross-scale processes can propagate, amplify or buffer site-level actions (Cash, 2006). Ignoring 

cross-scale dynamics within spatial and temporal dimensions is common and leads to a range of 

management problems (Holling, 1986; 1995; Clark, 1987).  

Community and species responses to a single external driver can be modulated across scale levels 

by subsidiary factors (Thrush, 2005). Choosing the appropriate geographic extent is particularly 

critical where management issues extend beyond the scale of the planning area, as is commonly 

the case (Ibanez et al., 2013). A regional scope is often needed to inform planning efforts that 

address local ecological and social issues. Many bioregional assessments and conservation 

strategies deal with this, providing context for local analysis and planning. Working along 

environmental gradients is the most feasible approach for natural variability investigation. Still, it 

presents challenges. First, such approaches can require mid- to long-term datasets collected over 

intensive and extensive temporal and spatial extents (Bolker, 2009). 

Second, integration of responses across different studies is most effective if ontogenetic stages and 

spatial and temporal scales are similar. Finally, disentangling the relative contributions of multiple 

covariates, including climate, that jointly influence individual performance, is complex (Bolker, 

2009). In many cases, these challenges can be overcome by multi-investigator collaborations  
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intended to ensure uniformity of field methods and/or by the use of alternative analytical 

approaches. Data collected along environmental gradients can be analyzed by means of 

hierarchical or multilevel models that link scales (individual organisms, sites, landscapes, and 

regions) and make inferences about species performance at each scale and as a function of the 

many biotic and abiotic factors expected to affect these processes (Clark, 2005). 

Separating attributes at their population, community and ecosystem levels in the marine 

environment is important because there are conservation implications at each level of the hierarchy 

(Zacharias and Roff, 2000). Variations in biological diversity (D1), seabed habitats (D6) and 

eutrophication (D5) are strictly linked between them in the marine ecosystems. As example, 

organic matter in sediments is an important source of food for benthic fauna, but an overabundance 

can cause reductions in species richness, abundance, and biomass due to oxygen depletion and 

buildup of toxic byproducts (ammonia and sulphide) associated with the breakdown of these 

materials. Moreover, often other chemical stressors co-varying with sediment particle-size are 

associated to the increase of the organic content in sediment (Shine, 2005). Different 

environmental studies emphasize different aspects of biodiversity at different scales, e.g., 

eutrophication and habitat homogenization affecting gamma-diversity (Velland et al., 2007) vs. 

biodiversity-ecological functioning experiments focusing on alpha-diversity (Emmerson et al., 

2001; Hooper et al., 2005). Cross-scale studies demonstrate that shoot studies only partly address 

the spatial structure of seagrass landscapes and further large-scale spatially explicit research, is 

required. Macrozoobenthic responses to sediment composition can be modulated from the spatial 

scale specific factors (Thrush, 2005) like the adopted management strategy. Focusing on 

biodiversity following an unimodal, large scale-basis response to increasing stress (e.g., Connell, 

1978; Hacker and Gaines, 1997), lead to underestimate effects on beta-diversity. Hewitt (2010) 

showed that, even within a soft-sediment habitat apparently homogeneous at the 100 m scale, 

enough heterogeneity in species distributions can exist in such manner that the homogenization of 

these can still pose a threat to gamma diversity. Massive stress events should override patch 

dynamics by re-setting all patches to the same (early) successional state (Denslow, 1980), while at 

lower levels of stress; asynchronous dynamics of individual patches should produce heterogeneity 

(Connell, 1978; Huston, 1979). Relative shifts between different aspects of biodiversity at small 

spatial scales could be an early warning signal for large-scale biodiversity loss (Hewitt, 2010). 

Alteration of the relationship between the average species richness and its heterogeneity lead to 

the potential for regime shifts. The interplay observed between alpha-, beta- and gamma-diversity  
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has a major implication for resilience. Rare species have been implicated as providing insurance 

and functional resilience against change (Walker, 1992; Naeem and Li, 1997). Dornelas and 

colleagues (2006) showed that similar habitats adjacent to each other can have markedly different 

communities, thereby decreasing the scale at which we should consider heterogeneity to be 

important to biodiversity. Hewitt (2010) suggests including the response of gamma- and beta-

diversity and rare species into theoretical models predicting resilience and regime shifts and to 

empirical studies trying to understand the role of rare species in different systems. 

2.1. Drivers at different spatial and temporal scales 

Organisms and ecosystems must cope with any variability in order to stabilize their own system 

and make it as predictable as possible. This involves developing adaptive mechanisms to extreme 

conditions, to adapt their life cycles to this frequency of changes. 

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

incorporate them to their genomic background through natural selection. These adaptations can be 

physiological or behavioural (migrations and rhythms). 

To cope with variability it is necessary in monitoring programs, as usually we are interested in to 

detect changes in ecosystems produced by human impacts or to evaluate the consequences of 

management and restoration actions and hence it is essential to separate the effects of natural 

variability from the anthropogenic changes. 

In marine ecosystems, the connectivity of marine environments causes and the threats, such as 

habitat loss, climate change, pollution and introduced species, operate on what Ricklefs (1987) 

terms ñprocesses beyond the normal scale of considerationò, cannot be mitigated by means of 

traditional marine conservation measures. The inability to progress beyond species or spaces 

approaches to marine conservation can be attributed partly to a lack of understanding of the 

mechanisms structuring marine biodiversity (Zacharias and Roff, 2000). Attributes at the 

population (e.g. migration) and ecosystem levels (e.g. water movement) tend to be easier to 

observe than community attributes such as competition and ecosystem ones (Zacharias and Roff, 

2000). Processes such as productivity involve both biotic and abiotic components and could be not 

impacted by human activities (e.g. water motion, exception made for the indirect effects due to the 

global warming process) or impacted by human activity (e.g. biogeochemical cycles, events, 

productivity). To define the boundaries of natural variability of the observed descriptors is a 

fundamental step for evaluating monitoring outputs (i.e. if the observed conditions are within their 

natural state or if they have been altered by human impacts). 
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A crucial part for describing natural variability is selecting the time period and geographical extent 

used to characterize system dynamics. There is no single, widely applicable optimal period, and 

relevance is lost if a long time period is used, because conditions such as climate and species 

composition may have changed drastically.  

Both biotic and abiotic drivers contribute in generating variability at different spatial scales. Any 

chemical or physical factor in the environment is considered as an abiotic driver. Biotic drivers, 

such as predation, disease, and competition for resources such as food, water, and mates, can also 

affect how a species is distributed. A biotic factor is any behavior of an organism that affects 

another organism, such as a predator consuming its prey. Due to limited resources, populations 

may be evenly distributed to minimize competition. 

2.1.1. Abiotic drivers 

As 'abiotic drivers' of natural variability we consider all those physical factors that generate 

heterogeneity in a habitat structure. The physical habitat variability set the species niche 

boundaries (potential niche) of which the realized niche is a subset defined by ecological 

integration (Hutchinson, 1959).  

Sources of large-scale (temporal and spatial) variability are: 

¶ Geographical barriers (including distance and fronts between currents): populations 

divided (isolated) by a physical barrier can follow independent evolutionary path, 

increasing variability. 

¶ Climate, latitudinal gradient: climate is a main large scale driver of species turnover and 

affects many ecosystem functions 

¶ Main water circulation patterns: they can determine the pathways of species spreading and 

nutrients large-scale distribution. Large-scale hydrodynamics can affect sedimentation 

processes, oxygen, nutrient availability, resources availability, species movements and 

spread, pollutants diffusion, salinity. 

Sources of intermediate scale (temporal and spatial) variability are: 

¶ Bottom topography and elevation in the benthic realm or eddies and fronts in offshore 

pelagic habitats: these factors determine habitat complexity at intermediate scales 

¶ Exposure to local hydrodynamics, waves: it can affect hydrodynamic stress and nutrient 

distributions 

¶ Marine eutrophication 
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Sources of small-scale (temporal and spatial) variability are: 

¶ Bottom typology and structure: landscape patterns influence the ways organisms move on 

the landscape (Wiens and Milne, 1989). Topography and microclimate difference may 

create barriers to species dispersal, especially between water bodies. In isolated habitats, 

populations are more susceptible to environmental catastrophes and invasion of exotic 

species 

¶ Hydrodynamic: water turbulence  

¶ High, localized peaks of disturbance (chemical, eutrophication, physical, energy and 

noise): Paine and Levin (1981) demonstrated that natural regimes of disturbance and 

recovery, also, produce spatial and temporal variability 

¶ Water properties: temperature, salinity, light exposure, nutrient levels, oxygen 

concentration, and carbon dioxide.  

2.1.2. Biotic drivers 

Ecological interactions define the natural variability within the physical niche boundary 

(Hutchinson, 1959). Ecological and evolutionary processes produce the pattern and connectivity 

of landscapes (Landres et al., 1999).  

Sources of large-scale (temporal and spatial) variability are: 

¶ Biogeography: Organisms and biological communities vary according to a highly regular 

fashion along geographic gradients of latitude, elevation, isolation and habitat area. 

¶ Dispersion ability: species pathways of spreading. 

Sources of intermediate scale (temporal and spatial) variability are: 

¶ Population dynamics. 

¶ Recruitment. 

Sources of small-scale (temporal and spatial) variability are: 

¶ Resource distribution: Distribution patterns can change seasonally, in response to the 

availability of resources. 

¶ Community interactions: Levin (1976; 1978) showed that biotic predator-prey interactions, 

combined with spatial movement, could result in patchy spatial patterns of populations. 

¶ Ecosystem engineering: by means of ecosystem engineering, changes in the spatial 

distribution of organisms (shift in areas, invasion, local extinction) can exacerbate or 

dampen ongoing physical trends (Crooks, 2002). 
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2.2. Body size component of natural variability: a general framework with applied 

implications 

Organismsô characteristics vary predictably with their body size (e.g., Bartholomew, 1981; Peters, 

1983; Calder 1984; Schmidt-Nielsen, 1984; Niklas, 1994; Gillooly et al., 2001; 2002; Sterner and 

Elser, 2002). Theoretical advances in ecology have shown explicitly how these characteristics can 

be quantified, related to each other, and explained in terms of basic principles of biology, 

chemistry, and physics. Many features of population dynamics and community organization are 

due to effects of body size on the performance of individual organisms. Strong, positive 

relationships exist between the spatial and temporal extent of ecosystem processes and patterns as 

well as the body size of the involved organisms (Table 3). For example, at the population level, 

the number of populations, the population density and the average body size of individuals are 

related through commonly decreasing functions. The extent of individual home range and, more 

in general, individual motility, is often a positive function of organisms' size (Haskell 2002). The 

scaling of rates of ecological interactions has important implications for coexistence and species 

diversity. The qualitative empirical patterns of biodiversity would suggest that many species are 

rare and only a few of them are common; many are small and few are large; moreover, small 

species are expected to be dense and large species sparse. 

 

Table 3. Spatial elements and level of ecological organization are hierarchically structured. 

Different indicators can be used to monitor the ecological status at different levels of 

organization. 

Spatial scale Low   -------------------------------------------------------------------------------------------------------------------------Ą 
Hig

h 

Scaling 

natural 

variabilty 

with: 

Hierarchica

l level 
  individual Population community ecosystem 

Biological 

elements: 
                    

mammals         Abundance   Structure       

Birds         Abundance   Structure       

Reptiles         
Seaturtles spawning 

populations 
          

fishes 

    Sex   Relative abundance   Species richness       

    Age   Relative biomass   Shannon index       

    Maturation age               

phytobenthos         Species biomass   Species level taxonomy   
Substrate 

type 
  

  

  

  

  

  

  

  

  

        
Presence of P. oceanica 

meadow 
  Total biomass       

        Survival rate of P. oceanica   
Abundance macroalgae 

(total cov) 
      

            
Areal extent of marine 

angiosperms 
      

            Shannon-index macroalgae       

            Areal extent of P. oceanica       
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meadow 

            Abundance of seagrass       

            Biomass of seagrass       

            
Depth distribution of 

seagrass 
      

zoobenthos         Relative abundance   Species level taxonomy       

          Relative biomass   Abundance of benthic inv       

          

Depth distribution of D. 

cornea; C. barbata, C. 

crinita, D. trunculus, M. 

phaseolina, P. crispa 

  Shannon-index benthic inv       

          

Biomass of C. gallina; C. 

barbata; D. trunculus; M. 

leidyi; M. 

galloprovincialis; P. 

crispa; U. pusilla 

  BENTIX       

          

Body lenght distribution of 

C. gallina, D. cornea, M. 

lineatus, M. 

galloprovincialis, U. 

pusilla; M. 

galloprovincialis 

  
Zoobenthos diversity 

indices 
      

              

Abund. Ratio of 

cumulative proport. of size 

classes 

      

              

Depth distribution of 

typical zoobenthic 

communities 

      

zooplankton         Species biomass   Species level taxonomy       

          

Abundance ratio 

Copepods/mesozooplankto

n 

  Total abundance       

              
Abundance of 

mesozooplankton 
      

phytoplankto

n 
        Species biomass   Species level taxonomy       

          

Abundance of selected 

phytoplankton species and 

taxa groups 

  Total biomass       

          

Abundance of selected 

dinoflagellates (C-strategy 

species) 

  

 Biomass of phytoplankton 

(spring and summer: 

coastal; shelf; open-sea) 

      

              
Abundance ratio of 

diatoms/dinoflagellate 
      

              
Eveness (Sheldon) of 

phytoplankton 
      

              
Species diversity of 

plankton (Menhinick) 
      

integrative             Species richness   

Areal extent 

of maerl-type 

biogenic 

sediments 

  

              
Eveness of selected 

biological component 
      

              PREI       

              
EEI-Ecological evaluation 

index 
      

              IBI        

              Turbidity       

 

Monitoring with benthic invertebrates is often based on different sensitivities of some taxa of 

macroinvertebrates (Norris and Georges, 1993) and is used extensively. Moreover, indicator 

species have a generally low sensitivity to weak disturbances, being unsuitable for detecting early 

signs of stress (e.g. Balloch et al., 1976; Murphy, 1978; Hellawell, 1986). In the last three decades, 

theoretical and experimental studies have focused on body-sizeïabundance distributions, biomass- 
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size spectra or dimensional structures as structural community features (Damuth, 1981; McMahon 

and Bonner, 1983; Peters, 1983; Lawton, 1990; Schmid et al., 2000). It has been found that body-

sizeïabundance distributions respond to disturbance pressures through individual energetics, 

population dynamics, and interspecific interactions and species coexistence responses. Thus, they 

can provide tools for the evaluation of aquatic ecosystem health (Rasmussen, 1993). Indeed, body-

sizeïabundance distributions are expected to be at a higher hierarchical level than taxonomic 

composition of communities. Therefore, these would be independent of the taxonomic 

composition and consequently, having fewer variables. Communities are expected to be organized 

hierarchically on a body size gradient. Therefore, the width of the sizeïabundance distributions is 

expected to decrease with increasing direct, or cascade, disturbance pressure. Moreover, body size 

is generally easy to measure and amenable to intercalibration procedures, it is comparable across 

taxa, guilds and sites, and, as a community feature, it is expected to vary on disturbance gradients, 

according to energetic and ecological constraints. 

Predictions of the body size-energy constraints and the hypothesis on body-sizeïabundance 

distribution descriptors are based on the assumption that the body-sizeïabundance parameters are 

determined by interspecific more than intraspecific components. The ecological relevance of body-

sizeïabundance distributions in macroinvertebrate benthic guilds is supported by two major 

evidences: (a) body-sizeïabundance distributions that are affected by the interspecific more than 

the intraspecific component, i.e. body-sizeïabundance distributions are more than a population-

level description of a size structure of the dominant macroinvertebrate taxa, and (b) body-sizeï

abundance distributions are relatively invariant when compared with the taxonomic composition 

of guilds and communities, i.e. body-sizeïabundance distributions seem to be at a higher 

hierarchical level than the taxonomic composition of communities, according to the body-sizeï

energy constraints hypothesis (Basset et al., 2004). Some interesting features of the body size and 

the related descriptors are: (a) body-sizeïabundance distributions are consistently less variable 

than taxonomic composition; (b) the width of body-sizeïabundance distribution is mainly due to 

the interspecific component; (c) the descriptors of body-sizeïabundance distributions seem to 

respond on environmental gradients and generally covary with species density, richness and 

diversity, on which most of the monitoring programmes actually rely (Basset et al., 2004). The 

major intrinsic disadvantage of the body size related descriptors are the sample size required. A 

description of the sizeïabundance distribution requires large samples of individuals, and obtaining 

such data can be time consuming. In phytoplankton communities, literature data report sample  
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sizes as large as 300 individuals of the most abundant species being utilized to study body-size 

structure (Echevarria et al., 1990). Nevertheless, the potential advantages of body-size-related 

descriptors and the results already available indicate that they can represent a significant 

improvement to already established tools, particularly for the implementation of MFSD, which 

requires descriptors comparable across quality elements, across ecosystem types, regional areas 

and other spatial scales. 

 

3. PRESSURES & PROCESSES 

Different types of human activities could affect the natural variability of the considered descriptors 

for this document. An essay concerning the mining of the principal pressures affecting Descriptors 

D1, D4, D6 and D5 variability is following on the basis of existing literature.  

The correct determination of natural variability could allow disentangling changes in the values of 

the indicators produced by natural fluctuations from variability induced by human-due pressures 

on data collected during monitoring programmes. However, this is a difficult task, since data 

collection could be affected by significant problems that could reduce representativeness of 

obtained results of monitoring and could consequently affect the assessment of natural variability. 

First of all the absence of literature data on natural variability (spatial and temporal) of the 

considered Descriptors represents an important gap that have to be quickly filled. Available data 

are fragmented, and usually it is difficult to compare among them as they are not acquired with the 

same or similar methodological approach. Concerning data acquisition programs, the information 

on the used methods, the quality assurance and the control procedures adopted to validate the 

dataset, are difficult to obtain and not always reported, making the data processing impossible or 

lacking completely.  

Regarding the Descriptor D1, problems related to the integration process among indicators and 

variables used for the ecosystem quality evaluation are still completely unresolved. Marine habitat 

integrity could be evaluated on the basis of the species richness but, also, considering the spread 

of species across the higher taxa. Due to this, both species richness and taxonomic spread are 

important attributes of biodiversity that should be equally considered for environmental 

monitoring and conservation purposes (Warwick, 2005). A single indicator could not be sufficient 

to correctly describe the ecosystem health status. For example, the analysis of macrofauna could  
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not be sufficient to evidence signs of environmental stress (Karakassis et al., 2004) and large 

animals (such as demersal fish) with longer life spans are more likely to show response to subtle 

effects (Machias et al., 2004). Furthermore, in coarse sediments, such as those inhabited by 

Posidonia oceanica, benthic fauna could evidence high abundance; biomass and diversity although 

monitoring results regarding density of Posidonia oceanica meadows could show severe effects 

on the health of the seagrasses (Karakassis et al., 2005). Losses of seabed habitats such as 

Halimeda tuna, Palmophyllum crassum, Zanardinia typus could be a combination of human 

induced stress, low light irradiance and recruitment reduction (Piazzi et al., 2012). 

To obtain a good description of the natural spatial and temporal variability, that represents the very 

first step in the design of monitoring programs, it is necessary to develop a well-sized sampling 

strategy able to separate human-induced variability from the natural one. Furthermore, a well-sized 

sampling strategy based on the correct and exhaustive knowledge of natural variability of the 

considered descriptors could be effective to reduce sampling efforts (time consuming procedures) 

and consequently their costs, ensuring effectiveness of obtained results.  

An essay of the spatial and temporal variability of the various indicators addressed in the 

Mediterranean region for the Descriptor D1ï Biological diversity and the associated Descriptor 

D5 ï Eutrophication and D6 - Seabed Habitats Integrity, is reported in the following chapter. 

3.1. Descriptors D1, D6 ï Biodiversity & Seafloor Integrity 

Concerning seabirds, major threats are represented by habitat deterioration (Monteiro et al., 1996), 

oil spills, fisheries bycatch and over-fishing, that have an impact at all levels of marine food webs 

(P®ron et al., 2012). Fisheries bycatch could be the main cause of low adult survival probabilities 

of Yelkouan Shearwaters breeding in Port Cros (Garc²a-Barcelona et al., 2010; Oppel et al., 2011) 

as well as the endangered Balearic Shearwater Puffinus mauretanicus (Oro et al., 2004). Also 

invasive, non-native predators (i.e. black rats Rattus rattus and domestic and feral cats Felis catus) 

are important threats (Baccetti et al., 2009), which are able to produce significant population 

declines (Sultana and Borg, 2006), and the impact of introduced predators are mostly severe when 

both adults and eggs are affected by predation (Cuthbert et al., 2001). Windfarms (Derh® et al., 

2012), geological events (Fontaine et al., 2011), increasing levels of light pollution, and 

disturbance to colonies resulting from touristic and residential development are additional 

significant threats affecting the species in several countries (Rodr²guez and Rodr²guez, 2009; 

Rodr²guez et al., 2011; Fontaine et al., 2011). IUCN (2012) reported in details a list of the principal  
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pressures both for reptiles and marine mammals. Concerning turtles, principal threats are the 

capture of adult turtles, human predation of eggs and the rapid beach development (Clarke et al., 

2000), while concerning marine mammals, principal pressures are represented by bycatch, 

driftness, food resource depletion and pollution (IUCN, 2012).  

Seagrass meadows are considered the most valuable component of shallow water environments 

(Hemminga, 1998), providing important nursery habitats for a number of fish species, with 

remarkable primary and secondary productivity rates (Tomasko and Lapointe, 1991). Seagrass 

meadows grow above the top layer of sediments and contribute to its aerobic oxidation by 

transporting to the rhizosphere a great deal of oxygen produced during photosynthesis. The 

respiration of the roots via lacunae oxygen is dispersed into the layers of sediments (Pedersen et 

al., 1998). The critical environmental factors limiting the growth of seagrass meadows are still 

poorly understood, since it remains unclear which biological interactions have a direct or indirect 

influence on such ecosystems health status. A recent study performed in 12 coastal systems 

indicates a progressive decline of about 65% of phanerogams and of 48% of other submerged 

aquatic vegetation taxa that occurred during the past 150ï300 years (Lotze et al., 2006). The 

observed decrease is an incident of different factors such as chemical pollution, water 

eutrophication, physical impacts, modifications of the trophic structure, and impacts produced by 

urban settlements (Duarte, 2002; Orth et al., 2006; Short et al., 2006). Worldwide, significant 

management efforts are made for restoration purposes on the extent and the water quality of 

transitional waters aiming to recover productivity and habitat value of these important ecosystems 

(Lirman et al., 2008). Phyto-sociological dominance is a complex and not yet well-understood 

phenomenon, which depends on multifactor levels of interaction between abiotic and biological 

factors as the relative importance among each variable, is not fully  explained. Furthermore, 

fluctuations on a yearly basis produce an ecological effect, of rapid changes in the population 

settlements and in phanerogams distribution (Orfanidis et al., 2008).  

Seagrass loss results from direct human impacts, including mechanical damage (by dredging, 

fishing, and anchoring), eutrophication, aquaculture, siltation, effects of coastal constructions, and 

food web alterations; and indirect human impacts, including negative effects of climate change 

(erosion by rising sea level, increased storms, increased ultraviolet irradiance), as well as from 

natural causes, such as cyclones and floods (Duarte, 2002).  
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Certainly, as a result of eutrophication, a growth of opportunist epiphytes takes place, reducing 

dramatically the photosynthetic capacity of seagrass leaves, by covering them completely. 

Moreover, the availability of light itself is reduced as a consequence of increased phytoplankton 

biomass. Substantial quantities of nitrogen and phosphorus discharged from the effluents of the 

municipal wastewater treatment plants and of intensive aquaculture factories, especially within 

low renewal water environments, cause frequent macro/micro algal blooms, leading to a nearly 

complete screening of the sunlight needed by seagrass to survive. Under conditions of water 

eutrophication, seagrasses are also less competitive than the opportunistic macroalgae: while 

organic matter and an increase in sulphide sediment concentrations can result in the reduction of 

seagrass biomasses (Goodman and Dennison, 1995), as the opportunistic macroalgae grow up and 

displace them. Restoration work can improve sediment quality, and the removal of the 

eutrophication sources quickly leads to seagrass recovery (Ben Charrada, 1995; Plus et al., 2003). 

Thus the substratum quality is decisive for the seagrass settlement that itself contributes to modify 

the substratum.  

Concerning benthic invertebrates, a recent research evidenced as nutrients and, in particular total 

organic carbon (TOC), can affect benthic population structure and in particular species richness 

(Hurlbertôs E(Sn)). Results have shown that the risks of reduced species richness from the organic 

loading and other associated stressors in sediments, should be relatively low at TOC concentrations 

<10 mg/g, high at TOC concentrations >35 mg/g, and intermediate at concentrations in between 

(Shine, 2005). In pristine/natural marine ecosystems, the community diversity index (H') for 

benthic invertebrates (zoobenthos) is reported to be higher than 5 (Simboura and Zenetos, 2002).  

Regarding fishes, the main pressure is the obvious effect from overfishing, not only on targeted 

populations but in the case of non selective gears, to the whole fish communities. However, the 

destruction of essential habitats such as spawning or nurseries ones, by physical disappearance due 

to human constructions or related activities (ports, dredging, beaches ñregenerationòé) or 

pollution, represents an additional major threat to the Mediterranean fish populations. The impact 

of alien species, mainly Lessepsian migrants, is also a hazard for local biodiversity, as occurs in 

many other taxonomic groups. 

The major pressures and principal processes that significantly affect the biological elements for 

each indicator considered by the Descriptor D1, D4, D6 are listed in Table 4.  
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Table 4. Principal Pressures & Processes related to biological elements (D1, D4, D6). 

Indicator Habitat Major source of pressure Processes 

Number of Individuals 

Biocenosis 

Fishing  

Dredging 

Overfishing 

Pollution 

Eutrophication 

Climate changes 

Hydrodynamic changes 

River inputs changes 

Submarine volcanic activity 

Violent sea storms 

Alloctone/Autochthone 

competition 

Invasive species 

Competition 

Migration/Adaptation processes 

Birds 

Habitat loss 

Damages to nesting 

Pollution 

Climate changes 

Competition/predation 

Changes in feeding resources 

Reptiles  

Bycatch 

Nesting disruption 

Photopollution 

Litter and plastic bags 

Disturbance of nesting areas 

Tourism 

Habitat loss 

Sea level rising 

Ocean acidification 

Catching 

Coastal development 

Noise pollution 

Vessel collisions 

Climate changes 

Hydrodynamic changes 

Feeding availability 

Predation 

Disease and pathogens 

Marine 

mammals 

Energy 

Pollution 

Bycatch 

Driftness 

Catching 

Underwater noise pollution 

Vessel collisions 

Sonar 

Unregulated whale 

watchingactivities 

Invasive species 

Coastal development 

Prey depletion 

Agricoltural pesticides 

Antifouling paints 

Food resource depletion 

Climate changes 

Hydrodynamic changes 

Structure Biocenosis 

Habitat loss 

Pollution 

Physical damages 

Dredging 

Turbidity 

Eutrophication 

Climate changes 

Hydrodynamic changes 

River inputs changes 

Submarine volcanic activity 

Violent sea storms 

Alloctone/Autochthone 

competition 

Invasive species 

Competition 

Migration/Adaptation processes 

Number of nesting pairs Birds Habitat loss Climate changes 
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Damages to nesting 

Pollution 

Competition/predation 

Availability of feeding resources 

Reproductive success Birds 

Habitat loss 

Damages to nesting 

Pollution 

Climate changes 

Competition/predation 

Availability of feeding resources 

Age 

Fish 

Pelagic and 

Benthic Fish 

Overfishing 

Pollution 

Habitat loss 

Protection of Nursery areas 

Climate changes 

Competition/predation 

Availability of feeding resources 

Length 

Fish 

Pelagic and 

Benthic Fish 

Overfishing 

Pollution 

Habitat loss 

Eutrophication 

Protection of Nursery areas 

Climate changes 

Competition/predation 

Availability of feeding resources 

Benthic 

decapods 

(macro-

invertebrates) 

Overfishing 

 

Protection of nursery areas 

Climate change 

Connectivity 

Relative Abundance 

Fish 

Pelagic and 

Benthic Fish 

Overfishing 

Pollution 

Habitat loss 

Eutrophication 

Alloctone/Autochthone 

competition 

Invasive species 

Benthic  

macro-

invertebrates 

Overfishing 

Habitat loss 

Protection of nursery areas 

Climate change 

Connectivity 

Phytoplankton 
Eutrophication 

Temperature 

Climate changes 

River inputs 

Sea storm 

Zoobenthos 

Eutrophication 

Temperature 

Habitat loss 

Overfishing 

Pollution 

Climate changes 

River inputs 

Invasive species 

Connectivity 

Zooplankton 

Temperature 

Habitat loss 

 

Climate changes 

Invasive species 

Relative or Total Biomass 

Fish 

Pelagic and 

Benthic Fish 

Overfishing 

Pollution 

Habitat loss 

Eutrophication 

Alloctone/Autochthone 

competition 

Invasive species 

Benthic 

decapods 

(macro-

invertebrates) 

Overfishing 

Habitat loss 

Protection of nursery areas 

Climate change 

Connectivity 

Phytoplankton 
Eutrophication 

Temperature 

Climate changes 

River inputs 

Sea storm 

Zoobenthos 

Eutrophication 

Temperature 

Habitat loss 

Overfishing 

Pollution 

Climate changes 

River inputs 

Invasive species 

Connectivity 

Zooplankton 
Temperature 

Habitat loss 

Climate changes 

Food availability/predation 

Sex 

Fish 

Pelagic and 

Benthic Fish 

Pollution 

Habitat loss 

Overfishing 

 

Species level taxonomy Fish 

Overfishing 

Pollution 

Habitat loss 

Alloctone/Autochthone 

competition/predation 

Invasive species 
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Climate changes 

Availability of feeding resources 

Phytobenthos 

Turbidity 

Hydrodynamic changes 

Eutrophication 

Mechanic disruption 

Alloctone/Autochthone 

competition 

Invasive species 

River inputs 

Climate changes 

Phytoplankton 
Eutrophication 

Temperature 

Climate changes 

River inputs 

Sea storm 

Zoobenthos 

Eutrophication 

Temperature 

Habitat loss 

Overfishing 

Pollution 

Alloctone/Autochthone 

competition 

Invasive species 

Zooplankton 
Temperature 

Habitat loss 

Climate changes 

Invasive species 

Maturation Age 

Pelagic and 

Benthic Fish 

Overfishing 

Pollution 

Habitat loss 

 

Benthic 

decapods 

(macro-

invertebrates) 

 

Overfishing  

Species biomass 

Substrate type 

Total Biomass 

Total Coverage 

Phytobenthos 

Turbidity 

Hydrodynamic changes 

Eutrophication 

Mechanic disruption 

Alloctone/Autochthone 

competition 

Invasive species 

River inputs 

Climate changes 
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3.2. Descriptor D5 ï Eutrophication 

In this section, the knowledge on natural variability in terms of both spatial and temporal scales is 

detailed for each of the indicators considered for the Descriptor D5.  

Variability of the environmental factors (nutrients, dissolved oxygen, transparency) and the related 

physical parameters (temperature, salinity, hydrological parameters, riversô discharges, currents, 

waves and winds) and biological components of the systems (chlorophyll-a, changes in abundance, 

population structures, species composition ï shift in species dominance, structure, etc.) represent 

a natural process that could significantly affect the data collected during monitoring of the marine 

ecosystems in relation to the indicators used for the Descriptor D5. Major sources of pressure and 

principal processes that could significantly affect the environmental factors for each indicator 

considered by the Descriptor D5, are listed in Table 5.  

Table 5. Principal Pressures & Processes related to Environmental factors (D5). 

Variable/Indicator Major source of pressure Processes 

Dissolved Inorganic 

Phosphorous, orthophosphates 

Rivers (freshwater input) 

Surface run-off (agriculture) 

Dumping of dredged material  

Consumption and regeneration 

Sedimentation 

Release from sediments 

Total Phosphorous, TP WWTP Regeneration 

Oxidized Nitrogen 

concentrations, TNOx 

Rivers 

Surface run-off (agriculture) 

Atmospheric deposition  

Nitrogen fixation 

Denitrification and nitrification processes 

Volcanic emissions  

Ammonium (NH4) 

WWTP 

Direct discharge 

Tourism 

Regeneration 

Consumption  

Redox processes 

Total Nitrogen (TN) 

Rivers  

WWTP 

Aquaculture 

Regeneration  

Silicates (SiO4) Decreasing input from rivers 

Consumption 

Regeneration 

Sedimentation  

Dissolved oxygen  

WWTP 

Industry 

(eg Desalination  

Temperature 

and Salinity) 

Production and consumption 

Climate changes? 

Transparency Total Suspended Solids (TSS) 
Cloudiness  

Light penetration  

Colour 

Nutrient enrichments 

Industry 

Pollution (i.e. oil spills) 

Primary producers proliferations 

H2S production (rare) 

Turbidity 

WWTP 

Industry 

Dredging or sediment 

resuspension 

River inputs 

Sea storms  

Sedimentation 

Temperature 
WWTP 

Industry 

Global Warming Processes 

Seasonal alternations 
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Energy Production Processes Underwater volcanic emissions  

Salinity 

Temperature alteration  

Desalination plants 

Rivers discharge 

Global Warm Processes 

Season alternation 

Underwater volcanic emissions 

Global water circulation process 

Evaporation/condensation processes 

Freshwater inputs 

pH 

WWTP 

Industry 

Increased atmospheric CO2 

concentrations 

Carbonate/Bicarbonates equilibrium 

Primary producers 

Alcalinity 
WWTP 

Industry 

Carbonate/Bicarbonates equilibrium 

Primary producers 

Note: For DO and Transparency two different components of pressure have been identifed: direct pressure ï discharges 

(organic matter, total suspended solids, etc.) and indirect pressure due to nutrient enrichment and phytoplankton 

proliferation (meaning also total suspended solids), etc.  

 

In Table 6, indicators considered for the Descriptor D5, are linked to indicators considered 

forDescriptors D1 (Biological Diversity) and D6 (Seabed habitat integrity). In this case also, major 

sources of pressure and principal processes that could significantly affect indicators variability are 

listed concerning biological elements.  

Table 6. Biological elements to be considered for the Descriptor D5. 

Parameters 
Major source of pressure 

 
Process 

Chlorophyll 

Nutrients enrichment 

and changes in N/P, Si/N, Si/P 

ratios 

Photosynthesis 

Abundance of opportunistic macroalgae 

Direct discharges (TSS) and 

human activities ï dredging 

Tourism 

Natural selection 

Species shifts in floristic composition 

(Diatoms/Flegellates, Benthic/Pelagic) 

Changes in N/P, Si/N, Si/P 

ratios 

Temperature  

Competition 

Natural selection 

Harmful algal blooms 

Nutrients enrichment 

and Temperature 

Human activities? 

Reproductive strategy 

Abundance of seagrasses and seaweeds 

Direct discharges (TSS) and 

human activities ï dredging 

Tourism 

Competition 

Habitat changes 

 

4. SCALING MONITORING TO NATURAL VARIABILITY  

Coastal ecosystem dynamics are structured across different scale levels. On one hand, the realized 

habitat state represents a subset of the natural variability on large scale. On the other hand, large, 

long term trends are the cumulative result of smaller, faster changes happening at a finer scale. 

While some relevant factors of influence/stressors/pressures are scale-specific, others have cross-

scale effect. Emergent scale-level properties contribute in adding complexity to the general frame.  
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Many evidence from the past few decades indicate that neither completely local-level management 

nor fully higher-level management works well by itself. The partitioning of the natural variability 

across and within scales determines a need to design and support management institutions at more 

than one level, with attention to interactions across scale from the local level up (Berkes, 2002). 

Environmental governance structures are also nested. Local/regional governance usually focuses 

on local interests and short-medium term objectives, while national or communitarian politics must 

integrate different needs and can operate on medium-long-term perspectives. Local institutions 

generally have a different way to collect and use knowledge with respect to centralized ones. 

Additionally, the former tend to use their own folk knowledge whereas centralized management 

agencies tend to use internationally accepted scientific practice and often assume away local 

knowledge and practice. There is a need for tools to enable common strategies for researchers to 

deal both with the people and the environment as an integrated system. A general feature that has 

to be faced to choose the opportune spatial and temporal scales is that all of them must be 

considered for interpreting results as well as the sampling efforts and data collection has to be able 

to reduce cost and optimize results. The parallelism between the hierarchical organization of 

jurisdictional units (city-district-region-state-UE)-institutional arrangements (regional, national, 

EU directives) and hierarchical organization of ecosystem processes can be a fruitful path for the 

implementation of an efficient cross-scale monitoring. In fact, the selection of the optimal spatial 

and temporal scale to perform monitoring has to fit with the need to optimize cost and benefits, 

minimizing sampling efforts that are time consuming and of economic loss. However, 

jurisdictional boundaries rarely coincide with ecosystem boundaries. Thus, cross-scale institutions 

are also needed. The fact that there is often a mismatch in scale between institutions and 

ecosystems is considered part of the reason for resource mismanagement (Folke et al., 1998). 

Cross-scale institutional linkages are needed to provide integration. Self-organization and adaptive 

capacity in monitoring plans (Berkes, 2002) should be considered. Due to the fact that the Marine 

borderline is usually in the order of several hundreds of kilometres and the temporal horizon for 

evaluation is every 6 years, the optimal spatial scale for evaluating the GES and for the definition 

of the basic reference scales for MSFD would be the meso-scale, having the temporal scales being 

annual. Obviously, regarding time scales, for monitoring design and a proper interpretation of 

result, smaller and larger time scales must be specially considered, mainly intra-annual seasonal 

variations and multi-decadal oscillations. In relation to the spatial aspects, the high habitat 

heterogeneity in  Mediterranean Sea oblige us to adapt the sampling to the scale of the main target 

habitats, which is much smaller than that of the marine demarcations, going down at least to the 
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coarse-scale (1-10 km) and from there integrate results for a global evaluation at meso-large scale. 

Concerning Descriptor D5, spatial scales of natural variability for indicators are summarized in 

Table 7. For each indicator principal processes and drivers responsible of variability are listed. 

Both horizontal and vertical scales of variations were analyzed. In Table 8 temporal scales of 

natural variability for indicators related to the Descriptor D5 are summarized. For each indicatorsô 

the principal process responsible for variability, is listed. Both horizontal and vertical scales of 

variations were analyzed. Horizontal variability is defined concerning three different temporal 

variability levels: small (months), intermediate (seasons) and large scales (decades) while vertical 

variability is analyzed concerning shelf and offshore water. The effect of each process and driver 

is defined for different scales in three classes of intensity: Low (L), Medium (M), and High (H).  

 

Table 7. Natural variability, spatial scales for D5 indicators. 

Parameter Processes Driver 

Spatial scale 

Horizontal Vertical 

Small 
Intermediate 

scale 
Large scale 

Shelf Off-shore 
(water body, 

<101 km) 

(subregional, 

101-102 km) 

(Biogeographic 

region, 102-103 

km) 

Nutrients 

Consumption and 

regeneration 

Biological activity 

intensity 
H H L H M  

Sedimentation 

Temperature, winds 

and currents regime 

(Stratified waters) 

H H L H  M 

Release from 

sediments 

Oxygen deficiency 
H  M  M  M H  

Mixing phenomena 

Redox processes 
Dissolved Oxygen 

content 
H M L  H  M  

Dissolved 

oxygen 

Production and 

consumption 
Light availability M  H  L  H H 

Climate changes Temperature changes H H H H H 

Transparency 

Cloudiness, Light 

penetration 
Climate H M M H H 

Turbidity Sedimentary inputs H M L H M 

Color 

Primary producers 

proliferations 
Nutrients enrichment H H M H M 

Suspended solids Sedimentary inputs H H M H M 

Turbidity 

River inputs 
Sedimentary inputs H H M H M 

Sedimentation 

Sea storms Climate H H H H H 

Temperature 

Global Warm 

Processes 

Climate 

H H H H M Sea/fresh water 

influence 

Season alternation Seasonal weather H H M H H 

Underwater 

volcanic emissions 
Geology H  L L  H H  

Salinity 

Global Warm 

Processes 
Geomorphology 

H H M H H 

Season alternation Hydrodynamics 

Underwater 

volcanic emissions 
Seasonal weather 

Global water 

circulation process 
  

Evaporation/conden

sation processes 
  

Freshwater inputs   

pH 
Carbonate/Bicarbon

ates equilibrium 
Biological activity M H H H H 
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Primary producers Climate changes 

Alkalinity 

Carbonate/Bicarbon

ates equilibrium 
Biological activity 

M H H H H 

Primary producers Climate changes 

 

Table 8. Natural variability, temporal scales for D5 indicators. 

Parameter Process Driver 

Temporal scale 

Horizontal Vertical 

Small 
Intermediate 

scale 
Large scale 

Shelf 

Off- 

(Months, 

10-2-10-1 

years) 

(Season, 10-1-

100 years) 

(Decades, 101-

102 years) 
shore 

Nutrients 

Consumption and 

regeneration 

Biological 

activity 

intensity 

H H H H M  

Sedimentation 

Temperature, 

winds and 

currents regime 

(Stratified 

waters) 

L  L  H  H  M 

Release from 

sediments 

Oxygen 

deficiency 
L  M H M H  

Mixing 

phenomena 

Redox processes 
Dissolved 

Oxygen content 
M  H  L H  M  

Dissolved 

oxygen 

Production and 

consumption 

Light 

availability 
M  H  L  H H 

Climate changes 
Temperature 

changes 
H H  H H  H 

Transparency 

Cloudiness, Light 

penetration 
Climate M H H H H 

Turbidity 
Sedimentary 

inputs 
H L L H M 

Color 

Primary producers 

proliferations 

Nutrients 

enrichment 
H H M H M 

Suspended solids 
Sedimentary 

inputs 
H H M H M 

Turbidity 

River inputs Sedimentary 

inputs 
H H M H M 

Sedimentation 

Sea storms Climate H H H H H 

Temperature 

Global Warming 

Processes 

Climate 

H H M H M Sea/fresh water 

influence 

Season alternation 
Seasonal 

weather 
H H M H H 

Underwater volcanic 

emissions 
Geology M L H 

H H 

Salinity 

Global Warming 

Processes 
Geomorphology 

H H M H H 

Season alternation Hydrodynamics 

Underwater volcanic 

emissions 

Seasonal 

weather 

Global water 

circulation process 
  

Evaporation/condensat

ion processes 
  

Freshwater inputs   

pH 

Carbonate/Bicarbonate

s equilibrium 

Biological 

activity 
M M H H H 

Primary producers 
Climate 

changes 

Alkalinity 

Carbonate/Bicarbonate

s equilibrium 

Biological 

activity 
M M H H H 

Primary producers 
Climate 

changes 
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Concerning monitoring of the benthic communities at littoral areas, sampling in most cases 

concerning effect on species needs to integrate natural variability along with several factors such 

as habitat type, depth, season, light attenuation, temperature, and nutrient uploads. Many 

environmental and anthropogenic stressors are affecting Mediterranean coastal communities and 

ecosystems. Several studies have demonstrated high inter-annual variability associated with 

invasive species (Box et al. 2010a,b; Vazquez-Luis et al., 2014a) and  coastal fishes associated to 

seagrass beds (Deudero et al., 2008). Not only changes at biodiversity level should be considered, 

but also shifts in functional aspects of the ecosystems. In this matter, examples of functional 

changes at food webs induced by invasive macroalgae have been demonstrated (Deudero et al., 

2011; 2014). Key-sessile species are especially vulnerable to those human impacts, and therefore, 

monitoring should address pressures associated to species survival and conditioning spatial 

distribution (Vazquez-Luis et al., 2014b). 

Concerning water masses and the planktonic communities, an attempt to scale a variety of ocean 

processes along with rough coverage domains of various oceanographic platforms in spatial and 

temporal scales of concern, was performed by Dickey and Bidigare (2005) as shown in Figure 5. 

 
 

Figure 5. Time and horizontal space plot indicating a variety of ocean processes (top) along 

with rough coverage domains of various oceanographic platforms (bottom). The arrows on 

the figure are intended to draw attention to the cascade of energy and information. 
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5. INTEGRATION OF DESCRIPTORS 

A technical guidance on integration across descriptors, indicators and variables including examples 

and direct experiences from other European projects such as PERSEUS FP7 is given in this 

Chapter. 

Two different practical examples to highlight how different elements of biodiversity could be 

integrated is reported. The first example is referred to the construction of the biological evaluation 

maps, and the second one refers to a method of integrative assessment of biodiversity based on 

spatial scale rating approach.  

5.1. Phytoplankton blooms assessment based on remotely sensed ocean color data 

Phytoplankton blooms play a central role as ecological/environmental status assessment traits of 

high policy importance sensus those of the Water Framework Directive and Marine Strategy 

Framework Directive. One of the main challenges in their practical application however is the 

need of data with frequency corresponding to the natural spatial and temporal scales of 

phytoplankton variability.  

The majority of in situ observations that are commonly used for ecological monitoring of the Black 

Sea, as an examble, are generally based on near-shore monitoring programmes or irregular 

oceanographic cruises that provide either non-synoptic, coarse resolution realizations of large scale 

processes or detailed, but time and site specific snapshots of local features. Sixteen years (1998-

2013) of remotely sensed ocean color data were used to assess the interannual dynamics of spring 

and summer phytoplankton blooms (PBs) in two distinct regions (shelf < 200 m and open sea > 

200 m) off the Bulgarian Black Sea waters (Slabakova et al., 2014), based on the constant threshold 

method (Kim et al., 2009) to estimate the intensity, spatial extend and frequency of major and 

minor blooms in the spring and in the summer. The satellite data reveal an overall decreasing trend 

of chlorophyll-a concentrations, in conformity to in situ data (Figure 6).  

A pronounced general trend of decreasing values chlorophyll-a was observed in the coastal and 

shelf habitats. However a sustained annual maximum  as well as  seasonal variability of values 

around or above the thresholds was recorded in coastal and shelf areas, while at the open sea, in 

the majority of the measurements, concentrations were above the threshold (MISIS SoE Report, 

2014).  
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Figure 6. Long-term (1990-2012) variation of chlorophyll-a [mg/m3] along the BG coastal, 

shelf and open sea habitats (Galata transect). 

 

As expected, the in situ data sampled in different summer months and at different frequencies 

during the period 1990-2013 could not adequately capture the oscillations observed by the much 

higher frequency remote data (Figure 7 & Figure 8). The time evolution of PBs in the shelf was 

similar to that in the open sea with low intensity in summer and high in spring. The spring PBs in 

the two regions were featured as strong and long lived, with a steady increasing trend of major 

blooms magnitude, while the summer blooms were weak and widespread (Figure 9 & Figure 10). 
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Figure 7. Monthly averaged spring PBs 

magnitude (mg/m3) in the shelf by years 

(Bulgarian Black Sea area, Slabakova et 

al., 2014). 

 
Figure 8. Monthly averaged spring PBs 

magnitude (mg/m3) at open sea by years 

(Bulgarian Black Sea area, Slabakova et 

al., 2014). 

 

 
Figure 9. Monthly averaged summer 

PBs magnitude (mg/m3) in the shelf (A) 

and open sea (B) by years (Bulgarian 

Black Sea area, Slabakova et al., 2014) 

 
Figure 10. Monthly averaged summer PBS 

magnitude (mg/m3) in the shelf (A) and open 

sea (B) by years (Bulgarian Black Sea area, 

Slabakova et al., 2014) 

 

5.2. Biological evaluation maps 

Derous et al.  (2007, referred in Prins et al., 2013) describe a method for constructing Biological 

evaluation maps that compile and summarize all available biological and ecological information  
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for a study area, and which allocate an overall biological value to subzones. This tool can be 

used to develop management strategies for sustainability and conservation of the marine 

environment, as well as baseline maps for future spatial planning at sea. However, integrated 

ecological information is needed. The marine biological evaluation is based on a literature 

review of existing evaluation criteria and the consensus reached by a discussion group of 

experts. Selected criteria include: a) first order criteria: aggregation, rarity and fitness 

consequences; b) modifying criteria: naturalness and proportional importance.  

This methodology, apart from being a geographical scaling method, provides information for 

each of the components and their integrative evaluation, together with the reliability of the 

result, taking into account spatial and temporal data availability (Derous et al., 2007). 

Biodiversity evaluation maps aim to the compilation of all available biological and ecological 

information for a selected study area and allocate an integrated intrinsic biological value to the 

subzones (Derous et al., 2007). Thus it is also a method of indicators aggregation. Borja and 

colleagues (2011) acknowledge that this approach appears to have a conflict with the findings 

of the task group, which counseled against an integrated single assessment for this descriptor 

(Cochrane et al., 2010). However, they consider that the valuation approach can be a practical 

solution integrating large amounts of biodiversity information. 

This is a scaling method of rating the results of each assessment unit according to the percentage 

or the length of the surface they cover in relation to the whole area. Then the results of each 

assessment unit are summed up in order to derivean assessment for the whole area. 
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5.3. Integrative assessment of biodiversity 

Based on the Derous et al (2007) methodology Borja et al. (2011) developed a method of spatial 

scale rating presented for biodiversity (D1) in the Basque country, as reported in Figure 11.  

 

Figure 11. Graph from Borja et al. (2011) showing the method of integrative assessment 

of biodiversity for the Basque country. 

For the Basque Country, data on zooplankton, macroalgae, macroinvertebrates, demersal fishes, 

sea mammals and seabirds, for the period 2003ï2009, and over the whole of the Basque 

continental shelf, were collated. Details on valuation methodology can be found in Derous and 

colleagues (2007). As a result a map (Figure 11) was constructed illustrating the spatial 

distribution of biodiversity quality classes in the study area. Then the percentages of each area 

that is classified to a certain equivalence value of ecological quality class were calculated. The 

percentages were then standardized to a scale from 0 to 1 and subsequently multiplied by the 

equivalence values of ecological quality. Results were summed up for all quality classes and 

the total sum converted to an EQR value for the whole assessment area. 
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5.4. Biodiversity & Seafloor integrity 

In this paragraph an example of spatial variability according to the habitat types is reported, 

that focuses on the integration of macroinvertebrates indicators taking into account the spatial 

variance of the habitat types. Criterion 6.2 of the condition of benthic community under the 

Seafloor Integrity Descriptor D6 combines: biotic and diversity indices namely diversity and 

species richness. 

The work of Simboura et al. (2012) highlights the spatial and temporal variance of diversity 

indices and their role in environmental status assessment. 

According to Rice et al. (2012), communities with GES are those with a few abundant species 

and many rare ones. Such communities have high resilience potential to moderate pressures, 

simply because biodiversity buffers ecosystem processes and through them the ecosystem 

services that can be used sustainably. 

The Shannon-Wiener diversity index, developed from the information theory, is one among the 

most widely used and tested in various environments.  

However, except from disturbance, which affects diversity, the values of community diversity 

are influenced by the sample size, the sampling methodologies and the species identification 

procedures. Also seasonal natural variability, and habitat type influence diversity and species 

richness, which are therefore generally recommended to be used with caution as an ecological 

classification tool (Reiss and Krºncke, 2005; Salas et al., 2006). 

The Shannon diversity index tested in the Mediterranean Ecoregion has been proved to respond 

not monotonically to pressure gradients (Subida et al., 2012).  

The number of species in a benthic community also varies greatly with depth and sediment 

type. A typical trend exhibited within the Mediterranean is a significant decrease in species 

number with depth and with the relevant food availability, which may also play an important 

role on biodiversity levels.  

Substratum type is the second most significant factor, after disturbance, influencing the species 

variety in a given biotope. Different communities (benthic assemblages in certain sediment 

type/depth) hold different species numbers and it is well established in benthic ecology that the 

sediment composition and mainly the relative contribution of finer or coarser particles related 

to homogeneity/heterogeneity of substratum, diversity of microhabitats, retirement of food  
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resources etc. play an important role in benthic community composition and structure 

(Simboura et al., 2012).  

The work of Simboura et al. (2005) gives a categorization of the habitat or community types, 

that correspond with the water body typology initially adopted by the WFD for the coastal 

waters (EC, 2003). This typology was later abandoned as during the inter-calibration exercise 

it was proved that biotic indices were not type specific (GIG, 2013). However, this typology is 

useful for assessing the spatial variability of these indices.  

To assess the environmental status of the benthic communities and specifically the indicator 

6.2.2. (multimetric indices), which combines biotic and diversity indices, the methodology 

described in Simboura et al. (2012) was followed. It was proposed also as a method for setting 

the targets and standards of indicator 6.2.2 in the initial assessment of Greece for the 

Determination of GES, submitted to EC by the Hellenic Ministry of the Environment. 

This methodology was based on a biostatistical analysis of 625 benthic samples, taken 

throughout the Hellenic territory, and the relationship of benthic communities with 

environmental factors such as depth and type of substratum, which were statistically proved to 

account for the variance of Shannon diversity and species richness indices.  

To test the significance and variation of factors other than disturbance in shaping the values of 

diversity and species richness, depth and substratum type at each sample data were categorized 

in pre-defined classes according to the basic benthic bionomic principles for the Mediterranean 

Sea (P®r¯s and Picard, 1964; Bellan Santini et al., 1994).  

To investigate the variance of these indices in relation to the ecological status of the studied 

sites, benthic communities were classified into specific 'ecotypes' according to the combination 

of the type of substratum and depth. Four ecotypes (A, B, C, D) were statistically distinguished 

combining discrete environmental factor categories. Depth categories distinguished among 

coastal areas (shallower than 90 m or infralittoral and upper circalittoral zones) and shelf areas 

(deeper than 90 m, or lower circalittoral) and substrata categories distinguished among 

heterogeneous and homogeneous sediments.  

 

Phase 1: Setting of reference values or threshold values for diversity indices 

A methodology for defining threshold values for diversity indices for GES was applied in 

Simboura et al. (2012).  A box-plot analysis of variance was run for each ecotype, in order to 
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test the significance of the variance of diversity and species richness among different ecological 

status classes. In cases of statistically significant differences among the classes of good and 

moderate, the critical class boundary values were identified as the indicatorôs (Shannon 

diversity and species richness) threshold values (Table 9).  

Furthermore, as shown on a subsequent elaboration on the issue of setting threshold and 

reference values for diversity indices and using them for GES assessment, the variance of the 

diversity indices canbe expressed as Ecological Quality Ratios (EQR) values after setting 

reference values for each ecotype (Simboura et al., 2014).  

For the calculation EQRs for H and S, the reference values for each ecotype were set as:  

¶ ecotype A (coastal muddy) and C (deeper than 90m, muddy): S=40 and H=5,  

¶ ecotype B (coastal, mixed): S=100, H=6.  

These values refer to the standard sampling surface for benthos (0.1m2) (UNEP/MAP, 2004). 

These reference values were derived from maximum values encountered over the Hellenic seas 

(Simboura et al., 2012; UNEP/MAP, 2004). Shannon index reference values correspond to the 

maximum possible diversity for the maximum richness found in certain ecotype data calculated 

as:  Hmax=log2(Smax). 

 

 

Table 9. Reference values and GES thresholds for Diversity and Species Richness for the 

Mediterranean communities-ecotypes. 

  
H reference 

value 

H GES 

Threshold 

S reference 

value 
S GES Threshold 

ECOTYPE B Infra, 

upper circa mixed 
6 4.5 100 40 

ECOTYPE C Lower 

circa, muds 
5 More data needed 40 More data needed 

BATHYAL 4.4   30   

 

 

 

Phase 2: Integration of indicators 

After setting the thresholds or reference values and Ecological Quality Ratios (EQRs) for 

diversity indices, an integrative assessment of the condition of benthic communities according  
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to the MSFD including biotic and diversity indices, is possible. The integration may follow 

different rules as assessed in Prins et al. (2012). 

One of these rules is the Conditional rule followed in Simboura et al. (2012). According to this 

study, the Bentix index results corresponding to indicators 6.2.1 and 6.2.2 and the diversity and 

species richness indicators of 6.2.2. were integrated by following a conditional rule of óat least 

two indicators meet the standardô or 'pass the threshold'.  

Other methods of integration have been applied later by Simboura et al. (2014), integrating 

indicators for Seafloor Integrity after proposing reference values and boundaries for Diversity 

indices for the Eastern Mediterranean. It is noted that following this approach, threshold values 

for GES may be different from the previous approach followed in Simboura et al. (2012), but 

this approach offers the advantage of a full-scale classification based on Diversity indices. 

This method of integration of indicators (within a descriptor) is an adaptation of a similar 

method applied across MSFD descriptors in the Basque country (Borja et al., 2011).  

Borja and colleagues (2011) developed this method for a cross-descriptor aggregation; 

combining the 11 Descriptors of MSFD based on the WFD, HELCOM and OSPAR experiences. 

An EQR was calculated for each indicator of the various MSFD Descriptors, with the EQR for 

the whole descriptor being the average value of the EQR of the indicators. Then, by multiplying 

the EQR with the percent weight assigned to each descriptor (and summing up to 100), an 

overall environmental status value was derived.  

This scheme is included among the integration schemes suggested in the context of the MSFD 

assessment and compiled in Prins et al. (2013) and in Borja et al. (in press) (Figure 13). 
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Figure 12. Example of an assessment of the environmental status, within the Marine 

Strategy Framework Directive, in the Basque Country offshore waters (Bay of Biscay) 

(modified from Borja et al., 2011 from Prins et al., 2013) 

Notes: EQS: Environmental Quality Standards; EQR: Ecological Quality Ratio, both based on the Water 

Framework Directive (WFD); NA: not available. Trends: red color, negative; green color, positive (in both cases 

can be increasing/decreasing, depending on the indicator). 
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The scheme proposed here follows a similar approach, since it is based on a modular formula 

assigning weighting scores to each one of the components: one ñbioticò component, two 

ñdiversityò components and one ñsizeò component if available, corresponding to the indicators 

6.2.3 and 6.2.4. Each component in the formula is expressed by EQR, weighted accordingly, 

and the sum of all weighted values correspond to the final Environmental Status. 

The weighting scores were selected taking into account: a) that the Ecological Quality Status 

(EQS) within the WFD and the Environmental Status (ES) within the MSFD should be 

harmonized and the two Directives should be fully and seamlessly integrated (Borja et al., 

2010); b) the conclusion that at least in the Mediterranean Sea the Shannon diversity shows a 

non monotonic response to pressure gradients and that the biotic indices are more efficient to 

assess the EQS (Subida et al., 2012); c) the species richness is a highly variable indicator and 

shows a less significant correlation with EQS than the Shannon index (Simboura et al., 2012). 

The derived formula is:  

EQR = (0,6)*BIOTIC+0,2*SHANNON+0,1*SPECIES+(0,1)*SIZE 

The final Environmental status (ES) is expressed as an EQR value and classified according to 

a standard scale:  

1=high; 0.8=good; 0.6=moderate; 0.4=poor; 0-bad. 

This method has been developed under PERSEUS FP7 project. In this study the above formula 

has been applied in two study areas in the Aegean Sea (Saronikos gulf and Limnos offshore 

area) to assess benthic community condition. The benthic indices applied as components in the 

EQR formula included the species richness index (S) calculated as average per standard surface 

unit (0.1 m2), the Shannon-Wiener diversity index Hô (Shannon and Weaver, 1963), the Bentix 

index (Simboura and Zenetos, 2002) (http://www.hcmr.gr) and the size spectra index ISD 

(Reizopoulou and Nicolaidou, 2007). 

The ISD index represents the indicators 6.2.3 and 6.2.4 for the size spectra and size proportions 

of benthic communities. It is an index tested in transitional waters and now is applied also in 

marine waters. For the determination of the ISD the individual body size was expressed as body 

weight (mg). Individual body weight of the animals was obtained after drying at 60 ÁC for 48 

h and weighing at the 0.0001 g level. The polychaetes were removed from their tubes and 

mollusc shells were dissolved with dilute hydrochloric acid prior to biomass determination. To  

http://www.hcmr.gr/en/articlepage.php?id=141
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examine the distribution of individuals per geometric size classes (class I = 0.1 mg, class II = 

0.2ï0.3 mg, class III = 0.4ï0.7 mg, ... class XII = 204.8ï409.5 mg), histograms were plotted 

presenting the percentage of individuals belonging to each geometric size class for each station. 

For every size-distribution set, a skewness value was calculated and the ISD classification 

scheme was produced, by plotting the whole series of the obtained skewness values 

(Reizopoulou and Nicolaidou, 2007). 

Results from the cross-descriptor aggregation formula in the coastal area (Saronikos gulf) 

showed a very good agreement with the biotic index results, but it seems that in the bathyal and 

naturally stressed area (Limnos isl.) the size indicator ISD index has a special advantage. 

Bathymetric gradients are associated with increasing pressure and decreasing food availability 

in the deeper sediments, and thus benthic populations develop adaptive mechanisms to extreme 

conditions. Adaptations may occur at physiological and structural organization levels, thus 

further investigation is needed in order to incorporate the effect of natural variability in 

functional indices based on body-size spectra such as ISD. 

Results showed that the integrated index succeed in detecting the natural stress. The ISD index 

appeared not to be affected much by natural stress as seen by the fact that it renders good status 

in most naturally stressed sites, and only in excessive stress (deepest bathyal station) it renders 

a borderline moderate status.  However it must be taken in account that is an index developed 

and applied in transitional water systems, where a strong natural stress is the governing factor. 

In these systems the strong natural (temporal and spatial) variability often overlap the 

anthropogenic disturbance and indices are expected to demonstrate human disturbance and not 

natural stress. A slight modification (reduction) of its good to moderate boundary could also 

incorporate extreme cases of natural stress. On the other hand, the biotic index Bentix is affected 

by natural stress and has lower values than the typical border between good and moderate 

classes, normally classifying naturally stressed stations in moderate status. To accommodate 

these cases of natural stress, the method is providing a modified adapted boundary (3 instead 

of 3.5). Regarding other biotic indices tested in the area, AMBI and its multivariate M-AMBI  

are similar to ISD and do not seem to be affected much by natural stress, not changing status in 

naturally stressed stations. 

 Another option for integrating different elements, is the decision tree of Borja et al. (2004) 

(further updated in Borja et al., 2009), where it integrates biological elements are integrated 
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together with hydromorphological and physico-chemical elements (including pollutants) into a 

unique quality assessment within the Basque Country using only WFD elements (Figure 13). 

This decision tree (Borja et al., 2004; 2009) was applied with some modifications for integrating 

biological and physicochemical elements combining various WFD and MSFD biological and 

eutrophication indicators based on the results of the WFD monitoring in Hellenic coastal waters 

(Simboura et al., accepted). In this paper, data were also classified into ecotypes taking into 

account the variance of some indicators according to the habitat characteristics. 

 

 

 

 

Figure 13. Decision tree to integrate ecological status from Borja et al., 2004. 

  



 

 

 
 Funded by the European Commission ï DG Environment  55 

 

5.5. Eutrophication & Seafloor integrity 

This section presents an example of a case-study (based on the Romanian IA) on the 

eutrophication in the Black Sea. Black Sea has special natural features and a hydrographical 

basin six times higher than its surface. Therefore, it has been subjective to anthropogenic 

pressures and pollution sources (BSC, 2008). Until the 60s, the Black Sea was known like one 

of the most productive seas, with luxuriant pelagic fauna, being an example of natural eutrophic 

ecosystem due to permanent Danubeôs nutrients input. Unluckily, with anthropogenic activities 

enhancement, increased use of fertilizers, wastewater discharges, detergents, etc, nutrients 

regime has undergone significant changes. These changes were observed into the nutrients river 

input, which significantly increased (Cociaĸu et al., 2008) and led to alterations in the North-

Western Black Sea ecosystem. Thus, at the beginning of the 80s, phytoplankton has been 

developed excessively resulting into annual intense blooms having extended duration and 

frequency. During 1983-1988 more than 20 blooms took place due to 8 species, of which 5 

(Prorocentrum minimum, Skeletonema costatum, Skeletonema subsalsum, Eutreptia lanowii, 

Emiliania huxleyi) presented the highest densities known until then at the Romanian coastal 

area. Mean phytoplanktonic biomass was 4,777 mg/m3, 10 times more than that of 1959-1963. 

The algae species with more than 100,000 cells/L abundance increased to54 in the period of 

1983-1988 from 34 in the 1960-1970. Since then, the effects of eutrophication had appeard such 

as decreased transparency, organic matter decomposition, oxygen depletion with a seasonal 

hypoxic or even anoxic bottom. This effects have transformed the North Western part of the 

Black Sea into a highly eutrophic one. In the early 90s decreased nutrients inputs were found 

indicating the first recovery signs (decreased phytoplankton blooms, improvement of bottom 

oxygen regime, increased benthic macro fauna). Thereby, in 2005, the North Western part of 

the Black Sea seemed to be a highly disturbed ecosystem, but relatively functional. Malfunction 

symptoms, like incapacity of recycling high riverine atter input or biological activity or 

dominant monospecific phytoplankton blooms, were still evident. Black Sea coastal and shelf 

waters were still predominantly eutrophic (BSC, 2008). Recently, based on the IA (Lazar et al., 

2013) the emphasized spatial and seasonal variability and the extreme phenomena inthe NW 

Black Sea coast makes the current eutrophication state definable as a moderate - good 

equivalent of a eutrophic - mesotrophic state, which under the action of climatic factors and a 

more pronounced human impact in the coastal zone, can easily convert to extreme states, 

unsatisfactory (hypertrophic) or very good (oligotrophic) conditions occasionally encountered  
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in the waters of the NW Black Sea, often seasonally.  

Step 1: Determination of eutrophication causes: the spatial and temporal distribution of 

nutrients  

Nutrients are chemical components involved in the photosynthetic production of the organic 

matter. Traditionally, the word was attributed to the inorganic phosphorus, nitrogen and silica 

compounds, but a great number of seawater major constituents and oligoelements are also 

nutrients. The actual assessment is based on phosphorus and nitrogen inventories, elements 

efficiently extracted from seawater which are included in the cellsô composition, tissues and 

extracellular structures of the marine organisms. Some of them are several times regenerated in 

the water column, while some of them are settled. The nutrients flux is generally less efficient 

than gravity, thus their concentrations increase with depth. Data used for this step have been 

previously reported in section 3.3.2. of this Guideline. 

Step 2: Direct effects of eutrophication 

The distribution and dynamics of phytoplankton abundances show significant temporal and 

spatial variations, under the influence of natural and anthropogenic conditions (Figure 14). The 

dominant factors of these variations are represented by the Danube influence on the river mouth 

area or the effects of various anthropogenic pressures exerted on the shallow areas from the 

southern littoral. 

In terms of numerical abundances, the northern coastal waters were the richest found under the 

direct influence of the Danube followed by the central zone. During almost all of the study 

period, the phytoplankton communities from the southern area were quantitatively much more 

reduced. Only in September, when the second abundancet peak was identified, the southern 

waters had communities as rich as those in the northern and central waters. 

The pattern of temporal and spatial variation differs in such a way that spring is characterized 

by the poorest communities (generally mean abundances lower than 106 cells/L), excluding the 

years 1999, 2006 and 2007, with important blooms of diatoms Skeletonema costatum. The 

summer period is characterized by mean densities higher than those found in other seasons, 

recorded mainly in the northern zone but also in the central one, with outstanding changes in 

1997, due to the diatoms with high mass growth potential such as Cyclotella caspia and 

Chaetoceros socialis. The autumn is characterized by numbers close to those of spring, with 

the lowest values of mean densities registered in 2000 (lower than 300Ŀ103 cells/L) in all sectors. 
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Figure 14. The distribution of mean monthly phytoplankton densities (thousands cells/L) 

from the Romanian littoral waters, during 1996-2007 period. 

 

The vertical distribution recorded during the noted for 1996-2007 period confirmed the previous 

results. Generally, the largest abundances of phytoplankton were located in the sub-surface 

layer, up to a maximum depth of 20m; both the abundances and also the number of species were 

decreasing towards the deeper layers. Due to water masses movements, some exceptions from 

this pattern were found, for instance, at 30m depth abundances were found seven times higher 

than the mean values from the upper layers. 

i) Phytoplankton blooms 

For the Romanian waters, it was assumed that a bloom is an agglomeration of more than 1 

million cells per liter. During the 1960-2007, when the observations on the evolution of bloom 

events in the Romanian Black Sea coast were performed, 73 species produced densities higher 

than 1 million cells per liter, with the highest number of blooming species belonging to 

Bacillariophytes (31), followed by Dinoflagellates and Cyanobacteria, having 12 and 13 

species, respectively. On the other hand, six species out of the 73 specieshave produced such 

densities in each of the five decades (Cyclotella caspia, Pseudonitzschia delicatissima, 

Nitzschia seriata, Skeletonema costatum, Leptocylindrus danicus, Prorocentrum minimum), six 

occurred in four decades (Skeletonema subsalsum, Chaetoceros socialis, Cerataulina pelagica,  
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Heterocapsa triquetra, Emiliana huxleyi, Eutreptia lanowii), eight in three decades, 12 in two 

decades, and 43 in only one decade. 

Only six species (Cyclotella caspia, Skeletonema costatum, Prorocentrum minimum, Emiliana 

huxleyi, Eutreptia lanowii, Chromulina sp.) achieved extremely high abundances, higher than 

100 million cells per liter, all of them among 1981 and 1990, and thus this period considered as 

the most intense period of eutrophication. An exceptional situation represented by the small-

sized species Microcystis orae, which produced two bursting blooms, higher than 200 million 

cells per liter, after 1991, recording the period when the pressure exerted by eutrophication 

began to decrease (Table 10). 

Table 10. List of the phytoplankton species producing densities of more than 100 million 

cells /liter in the Black Sea Romanian coastal waters, during 1960-2007. Data are 

expressed as concentrations *106 cells/L. 

SPECIES 1960-

1970 

1971-1980 1981-1990 1991-

2000 

2001-2007 

Bacillariophyta      

Cyclotella caspia  28.072 26.490 300.000 10.460 78.600 

Skeletonema costatum  18.080 97.360 141.400 34.170 37.280 

Dinoflagellata      

Prorocentrum 

minimum  

50.814 

196.970 807.600 93.720 8.930 

Cyanobacteria      

Microcystis orae     204.750 271.950 

Chrysophyta      

Emiliania huxleyi   1.230 291.200 6.650 1.080 

Chromulina sp.   1.000.000   

Euglenophyta      

Eutreptia lanowii   34.950 108.000 29.700 7.450 

 

The bulk of the species responsible for the blooms appearances are those producing a high 

abundance only one season, with maximum populations during the summer months, even 

though some of them (Cerataulina pelagica, Prorocentrum minimum, Nitzschia closterium) are 

encountered throughout the year. 

During spring, the cells of Skeletonema costatum, Nitzschia seriata, Pseudonitzschia 

delicatissima, Heterocapsa triquetra and Dinobryon sp. are abundant, but during autumn 

abundant are the species of Cerataulina pelagica, Leptocylindrus minimus, Thalassionema 

nitzschioides. 
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A number of species burst in two seasons: the freshwater diatoms Skeletonema subsalsum, 

Stephanodiscus hantzschii and the marine water species Thallasiosira parva and Thallasiosira 

subsalina, two forms of Chaetoceros ï C. socialis f. vernalis and f. autumnalis, the 

cyanobacteria Oscillatoria sp. and the Euglenophyte Eutreptia lanowii. 

Blooms of harmful algae (HABs) represent a particular case, which is also an indicator 

forMSFD. At the Black Sea Romanian littoral, most of the species causing harmful algal blooms 

(i.e. Prorocentrum minimum, Cerataulina pelagica, Emiliana huxleyi and Pseudonitzschia 

delicatissima) generate physical damages to the ecosystem, by reducing the oxygen 

concentration up to hypoxic or anoxic conditions, leading to mass mortality of benthic or 

nectonic organisms. 

Another category of HABs involves species that produce toxins, such as domoic and okadaic 

acids, yessotoxin or azaspiracids, with toxic effects on marine organisms, as well as on humans 

through the consumption of contaminated organisms. In fact, in a list of toxin producing species 

prepared by IOC/IPHAB, a number of those exist in Romanian coastal waters too, like, 

Amphora coffeaeformis, Pseudonitzschia delicatissima, Nitzschia pungens var. atlantica and N. 

seriata (that are domoic acid producers), Dinophysis acuminata, D. acuta (okadaic acid 

producers), D. caudata, Protoceratium reticulatum (yessotoxin producers), and Peridinium 

crassipes (azaspiracid producers). 

The Cyanobacteria produce two forms of toxins, namely neurotoxins and peptide hepatotoxins. 

The three genera of freshwater Cyanobacteria, reaching the Black Sea via the Danube waters, 

among them the Microcystis, Anabaena and Oscillatoria, produce toxins called microcystins. 

The species Microcystis orae is a benthic species that sometimes, after severe storms, can reach 

plankton, where, under favorable conditions (high temperatures, calm atmosphere), multiply up 

to huge abundances. It happened in the summer of 2001, in the waters off Constanta, when their 

density reached to 264Ā106 cells/L.  

Some blooming microalgae species are harmful due to the production of large amounts of 

dimethyl-sulfoniopropionat, a metabolite that is found mainly in marine phytoplankton 

(Emiliana huxleyi, Prorocentrum minimum, Scrippsiella trochoidea etc.), but also in 

macrophytes, and in some species of terrestrial and aquatic vascular plants (Charlson, 1987, 

quoted by Moncheva and Krastev, 1997). 

The fact that at the Black Sea Romanian coast, cases of poisoning of marine organisms or 

humans, resulting from algae toxins, have not yet being identified, is due to the reduced research  
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on this issue, and because post-mortem analysis of marine organisms is never carried out, while 

dead organisms  thrown on Romanian beaches. 

ii) Blooms produced by Prorocentrum minimum 

P. minimum is one of the dominant forms in the Romanian littoral waters during the summer 

season, for 7 decades of the last century, resulting in remarkable blooms from 1962 to 1969. 

The ample increases of this species, in three consecutive years during the summer months 

(1974-1976), exceeded far beyond production of any other species, up to date. 

In the decade 1980-1990, due to higher concentrations of nutrients and the organic matter 

quantity in the northwestern waters of the Black Sea, an increase in the frequency and 

magnitude of algal blooms, took place. Thus, 15 microalgae were involved in 46 monospecific 

blooms, having a variable magnitude and duration. One of the species reaching the exceptional 

densities recorded at the Romanian littoral till then (Bodeanu, 1992; 1993) was P. minimum, 

whose density attained 807.6Ā106 cells/L, on July 1987, and remains the highest value ever 

recorded by a species at the Romanian shore (Table 10). 

After 1991, some species that bloomed in the past decade, are not found any longer in the list 

of the blooming species. A number of species that produce densities higher than 7Ā106 cells/L 

is reduced to seven, but five of them, among which P. minimum, had densities much lower than 

in the previous decade (Figure 15). The highest density of P. minimum reached only 93.7Ā106 

cells/L, much below the productive potential demonstrated by these species until 1991 

(Boicenco, 2010). 
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Figure 15. Multi-yearly evolution of maximum values recorded by Prorocentrum 

minimum, during 1960-2007. Data expressed as x106 cells/L. 

 

 

In the period of 1996-2007, the P. minimumôs blooms did not exceed 10X106 cells/L, neither in 

the waters of Mamaia Bay or shelf waters. In each time, the species participated in mixed 

blooms, as dominant species or as companion species, unlike the monospecific blooms 

characteristic for the intense eutrophication period (Boicenco, 2010). The changes occurred in 

the phytoplankton community, in the years after 1994, and continued until today, were: reduced 

total phytoplankton abundances, decrease in the appearance of monospecific and mixed bloom 

events, and increase in the proportion of Diatoms in the phytoplankton communities. 

Comparatively with the earlier periods, the share of Dinoflagellates decreased, but can still 

reach up to 40% of total phytoplankton in the summer months. Compared with other sectors of 

the Black Sea, at the Romanian littoral, the Dinoflagellates reveal the highest developments, 

yet. These improvements appear to be fragile, since the exploitation of environmental resources 

(agriculture, fishing and sailing) increases with economic development in the post-soviet 

countries. 
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Step 3: Macroalgae and seagrass 

 

i) Qualitative structure of macroalgal community 

 

Algal vegetation is subject to human impact and is sensitive to unfavorable environment, which 

led to major changes over time in terms of macrophyte communities. Eutrophication deeply 

affects phytobenthos qualitative structure, since the substrate that remained unpopulated 

following the disappearance of perennial species, was later populated by opportunistic species 

with fast development cycle and with a wide ecological plasticity (genus Ulva, Cladophora, 

Ceramium).  

Currently the number of macroalgae species identified at Romanian seaside is much lower than 

in the 60ôs (Figure 16), a decrease due to the synergistic action of natural factors (freezing, light 

deficiency, high levels of turbidity) and anthropogenic influence (cliffs arrangements, building 

dams, harbour excavations) (Bologa and Sava, 2006).  

In recent years, however, there is a slight increase in the species number and a recovery of key 

species for the marine ecosystem (Cystoseira barbata, Zostera noltii, Lomentaria clavellosa), 

but both qualitatively and quantitatively dominants remain the opportunistic species. 

 

 

Figure 16. Phytobenthos qualitative evolution at the Romanian Black Sea coast over 

decades. Data are reported as number of species per year. 
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Currently, no one can refer on agglomerations of perennial algae of the genus Phyllophora, 

which formed considerable stocks in the past, but only few specimens scattered in the northern 

part of the Romanian seaside. 

Also, perennial brown algae Cystoseira does not form fresh biomass estimated at several tons 

such as in the 60s, but is in the process of regeneration, currently being identified along the 

coastal strip Mangalia Vama Veche having high specimens forming well-developed fields with 

epiphyte flora and associated fauna, with high wet biomass developed by this species at depths 

of up to 3 m. In the 60s, Cystoseira was frequently reported in southern Romanian seaside 

points at depths up to 6 m (Bavaru, 1978). Species decline was largely due to sea freezing in 

the years 1971-1972, 1984-1985, when much of the population of Cystoseira (C. barbata and 

C. bosphorica) was affected (studies showed a destruction in 80% of the stock) (Figure 17). 

 

Figure 17. Decline of biomass of Cystoseira population due to sea freezing in the years 

1971 ï 1972. 

Along the coastal strip Mangalia - Vama Veche there is a high productivity, mostly due to 

perennial species, good water oxygenation and higher specific diversity. 

After applying the index EI-EQR (Ecological Quality Ratio) for Romanian seaside (index 

calculated for the Water Framework Directive), which aims to characterize the ecologically 

state of each station analyzed, it can be seen that the highest value of the index is at station 2 

Mai, where it is considered to be at very good ecological status, followed by Mangalia and  
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Vama Veche, with a good ecological status. Restoration of the 2 key perennial species 

(Cystoseira barbata and Zostera noltii) for the marine ecosystem within these locations vs the 

lack of them from Eforie South and Costineĸti determined that these areas have lower ecological 

status. In this area during summer only opportunistic species of the genus Cladophora are being 

present (Figure 18). 

 

Figure 18. EI- EQR index value for the stations from the southern Romanian coast. 

 

ii) Distribution of macroalgae - seasonal and annual variation 

In the winter, brown algae are regularly present including the: genus Ectocarpus (E. siliculosus 

and E. confervoides), Scytosiphon lomentaria and Punctaria latifolia, Porphyra leucosticta 

(Rhodophyta) and Ulothrix and Urospora penicillifomis species (Chlorophyta). These species 

dominate the shallow hard substrate until early May, after some species as from genus 

Scytosiphon, Ectocarpus retreating to deeper waters where there are still favorable conditions 

for their development, namely a lower water temperature. During the warm season, green algae 

of the genus Ulva and Cladophora and Chaetomorpha aerea grows abundantly, and due to the 

waves and the storms they are separated from the substrate, and remain floating in the water. 

They periodically form thanatocoenosis - generating discomfort on the beach. Among red algae, 

the species that develop significant biomasses are Ceramium (C. elegans, C. rubrum, C. 

diaphanum), Callithamnion corymbosum, due to their ability to reproduce rapidly and their 

opportunistic character (Figure 19). 
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Figure 19. Dominance of opportunistic species in summer. 

 

Drastic reduction of Cystoseira fields entailed the extinction of epiphytic species that used 

elastic substrate for their own development ï genus Kylinia, Sphacellaria cirrhosa, Feldmannia 

irregularis, Stilophora rhizoides, Corynophlaea umbellata, Cladostephus verticillatus, 

Dermatolithon cystoseirae - which resulted in a higher degree of complexity of algal substrate, 

essential for fixing of diatoms epibionts and for harboring vagile, climbing or fixed fauna 

(M¿ller et al., 1969). Progressive impoverishment of Cystoseira fields resulted in fauna 

depletion, including ichthyofauna. 

iii) Macroalgae and other cryptogame communities  

The development of macroflora algal was affected by hydro technical works and construction 

of the new port of Constanta, where much of the stone surfaces were clogged, which reduced 

the area of perennial macrophytes Cystoseira, Laurencia and Zostera, especially in the south 

part of Constanta. Due to clogging and reduced water transparency (through phytoplankton 

blooms and increased suspension quantities), several species of macrophytae algae disappeared 

gradually from northern to southern coast (Dasya pedicellata, Chondria tenuissima, Chondria 

dasyphylla, Phyllophora nervosa) from rocky substrate, genus Laurencia (L. pinnatifida, L. 

coronopus, L. obtusa, L. paniculata) and a series of species of genus Polysiphonia. Hard  
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substrate clogging reduces populations of perennial species but eutrophication favored the rapid 

development of seasonal species and those with short life cycle. Lomentaria clavellosa 

considered extinct until it recently reappeared at the Romanian seaside at 2 Mai and Costineĸti. 

In the past, this red algae had large dimensions and formed Lomentaria clavellosa ï 

Antithamnion cruciatum association, which marked, at the Romanian coastal waters, a limit of 

development for fixed algal macrophyte vegetation and was enriched with seasonal elements, 

increasing specific diversity (Bavaru, 1978). Marine phanerogam Zostera noltii was reported 

in the early 2000 only as stranded species after storms in Mamaia resort, Eforie South and 

Agigea. Today it forms large meadows in Mangalia and northern coast at NŁvodari. Zostera 

noltii is an important species for the marine ecosystems as it serves as a biotope for many 

species of invertebrates and fish, which find a place for feeding, reproduction and defense that 

also helps in fixing the substrate and improving the water quality. Perennial species Corallina 

officinalis, potentially used in the pharmaceutical industry due to its vermifuge properties, can 

be identified in Vama Veche attached to the hard substrate, where it is considered that the water 

is of high quality and allowed its restoration. Also perennial algae Hildenbrandtia prototypus 

was reported on the shallow rocks and shells of Rapana. Although the number of macroalgal 

species currently existing on the Romanian seaside does not compare to the quality before the 

onset of eutrophication, the restoration of certain species is a positive sign for the marine 

ecosystem and with time could lead to the recovery of the species that formed epiphytic flora 

associated to these key species. 

Step 4: Indirect effects of eutrophication 

Extreme phenomena signaled over the study period  

During 2006-2011, the DO extreme values found in the marine waters, were the most stratified. 

Thus, the minimum, 69.2 ɛM, was determined at the end of the warm season at the station of 

Mangalia at 30m (depth 20m, September 2010). Following this hypoxic event fish mortalities 

were not reported. The maximum, of 732.9 ɛM, was found at Sulina at 10 m (surface, April 

2007) due to the magnitude of the blooms and the low temperatures. In the same time, the 

hypoxic events were recurrent. Thus, on Est ConstanŞa transect, very low DO concentrations in 

2009 and 2010, were found which have not being reported since 2001 (Figure 20). 
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Figure 20. DO minimun concentrations, 1964-2011, Est ConstanŞa. 

 

One of the lowest DO value that of 75.9ÕM, was observed during the cruise on July 2010, at 

10 m depths. The phenomenon that was observed nearby the coast was a consequence of the 

water column DO consumption in the oxidation of organic matter. The significant organic 

matter quantity resulted from the algal blooms recorded in early July, which led also to high 

ammonia concentrations in the same station. At the same time, an upwelling favored by the 

winds regime was observed at the end of July. Thus, the water masses near shore moved 

offshore by being replaced by the masses from the inferior layers of the shallow area (10-20 

m), that are colder, more saline with an oxygen deficit, leding to a strong, but episodic hypoxic 

event. On long term, a decrease trend of the variability, both in the warm and cold season, was 

outlined. The concentrations were high in the surface layer, 0-10m, with the stratification being 

more pronounced during spring and autumn. The hypoxic events, which are frequent in the 

intense eutrophication period, recurred exclusively in the warm season, under the combined 

influence of the oxidative consumption and the climatic factors. The water temperature, the 

balanced photosynthesis production ï respiration and mixing phenomena, influences the DO 

content of the Romanian Black Sea waters. The Danubeôs input influences episodically the DO 

levels during the phytoplankton development. Seasonally, the DO concentrations vary distinctly 

between 200.0 ï 405.0 ÕM on a long term, outlining the decreasing trend of this variability due 

to increased temperatures in both warm and cold seasons. In the water column, concentrations 

are high in the surface layer, at 0-10 m, the stratification being more pronounced during spring 

and autumn. The hypoxia, extreme phenomenon in the study period, is found exclusively in the  
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warm season and has an episodic character. Thus, permanent hypoxic areas are not found, the 

phenomenon being more influenced by climatic factors than biological ones.  

 

6. QUALITY ASSURANCE, QUALITY CONTROL & GOOD PRACTICES 

The definition of clear and applicable Quality Assurance (QA) and Quality control (QC) 

procedures represent the starting point in monitoring in order to ensure the quality of the 

collected data and to give to the stakeholders the chance to produce real and solid predictions, 

as well as models on the actual environmental status of the Marine Ecosystems and its spatial 

and temporal evolution. The level of accuracy for each variable and indicator have to be well 

defined considering all the steps of the data acquisition process from the sampling to the data 

analysis and restitution.  

While global monitoring plans, aimed to collect information for long-term, large-scale forecasts 

may constitute a baseline, flexibility and decentralization is necessary to adapt monitoring plans 

on local/specific pressures and needs. However, the fragmentation of the monitoring operations 

between different local agencies generates difficulties in a global analysis. A central 

organization, able to provide common principles and standards, is needed to 'frame' local 

strategies in a larger design. Only to give an example, the protocols of the CFP acoustic and 

demersal surveys are already standardized among countries, even those of the non-EU 

members. 

On a general basis, performing samplings following well recognised and widely approved 

criteria on an international basis, have to be preferred to self-defined approaches as well as for 

the followed analytical method. High quality procedures as well as ñChain of Custodyò of the 

collected samples from the sampling site to the laboratory of analysis, should be developed.  

The use of standardized and international recognized methods for in situ and laboratory 

analyses  published by the scientific literature or laboratory-adapted protocols have to be 

considered to be used within each state, to reduce errors and to get comparable results among 

states. Laboratory should be able to prove that could adopt QA/QC protocols and also prove 

their efficiency by participating frequently to both national and international intercalibration 

exercises that could represent a key element to reduce errors. Intercalibrations should be 

performed for each considered indicator.  
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Integrated environmental monitoring involves the cross-scale cooperation and communication 

between different subjects. Monitoring plans should at the same time be: 1) focused at the local 

scale, at which management decisions are made and remedial action are taken, 2) able to 

provide insights for a long term, large scale forecast. It is important to investigate the possibility 

for (cross-scale) synergies between monitoring on different purposes. Also different MSFD 

Descriptors require the same or similar data, allowing a considerable reduction in the effort 

through integration. Member States, particularly the ones sharing the same marine area, could 

possibly arrange joint monitoring surveys, in order to share and minimize the costs and ensure 

common data acquisition done in a comparable manner thus allowing them to come to a 

comparable assessment and classification of their waters. The dynamic evaluation of the 

ecosystem health must consider scale dependences. While local observations offer an accurate 

but partial (i.e. referred to a specific context) representation of the ecosystem responses, 

forecasts focused on large scale tend to overcome peak events that, even if confined to a limited 

amount of space/time, could still be relevant for local human communities (e.g. relationships 

between global eutrophication of the sea and local anoxic crisis).    

Data availability and its collection constitute a potential major obstacle to the marine 

environmental assessment, setting targets and trends for monitoring. Currently, most of the 

methods in use require gathering of detailed information by using direct observations or 

sampling methods. Such approaches often provide adequate information for coastal areas but 

offshore detailed information is usually scarse or absent. The costs and scales required to 

provide detailed information throughout our seas severely constrain the approaches that require 

detailed evidenceȤbased information. New broadȤscale methods and methods that use surrogate 

information about the resource, are needed.  

Quality assurance and quality controls and good laboratory practices concerning data 

acquisition on the biogeochemistry are widely treated in the following sites: 

http://www.go-ship.org/ 

http://www.jcomm.info/index.php?option=com_oe&task=viewGroupRecord&groupID=295 

http://www.pmel.noaa.gov/pubs/PDF/hood3609/hood3609.pdf 

Concerning samples collections, samples treatments, laboratory procedures, quality assurance 

and controls and data processing for nutrients and chlorophyll determinations, vast details are 

available at the following web site: http://www.epa.org 

Concerning taxonomic data (Descriptor D1), methodological problems are principally referred  

http://webmail.ba.ieo.es/exchweb/bin/redir.asp?URL=http://www.go-ship.org/
http://webmail.ba.ieo.es/exchweb/bin/redir.asp?URL=http://www.jcomm.info/index.php?option=com_oe%26task=viewGroupRecord%26groupID=295
http://webmail.ba.ieo.es/exchweb/bin/redir.asp?URL=http://www.pmel.noaa.gov/pubs/PDF/hood3609/hood3609.pdf
http://www.epa.org/
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to the species that is the object of interest. Monitoring of marine mammals species, reptiles, 

seabirds, phytoplankton, phytobenthos, fishes or macrozoobenthos requires very different 

approaches due to the species themselves. Furthermore, for obtaining the same results, different 

methods or technologies are often available (i.e. satellites, ships, visual-census, samplings etc.) 

that are associated to the different methodological problems and errors. 

 

 

7. CONCLUDING REMARKS  

This Guideline is developed on the basis of the recent literature collected concerning sampling 

cruises, models and European Project outputs.  

The general conclusion is that the actual knowledge on spatial and temporal assessment and 

distributions of variables and indicators for the considered Descriptors is not fully described 

yet. Mammals, Birds, Reptiles (D1, D4, D6) are poorly represented and there is a general lack 

of homogeneous and complete information on their actual assessment. Descriptors D1, D4, D6 

ï Phytobenthos and D5 ï Eutrophication show, on a general basis, the highest sampling efforts 

and spatial coverage in the Mediterranean Sea and Black Sea regions.  

Actually a large heterogeneity on the variables and indicators measured for each Descriptor, on 

the density of sampling stations and on the frequency of sampling, is reported.  

Neither the density of stations in the different habitats or water masses to be monitored and 

variables measured in each one, nor the sampling frequencies, are equivalent among 

Mediterranean countries. This is the case even among EU member states, evidenced by the low 

correlations among variables and indices used to define the actual assessment. Percentages of 

overlap among Descriptors vary among Countries ranging from a very low to a good overlap. 

D1, D4, D6 ï Fish has no overlap with other Descriptors. Fortunately this actual gap is quickly 

going to change. For example in Spain, large Common Fisheries Policy funded survey started 

being used for answering not only Descriptor D3, but also Descriptor D4 and Descriptor D1, 

and even to carry out hydrographical sampling and sampling for contaminants in biota and 

sediments, and marine litter, that have been used a long time now for monitoring seabirds.  

The sampling effort (number of sampling stations per square km) used by each Country is 

notably different and it is frequently very low for distances from the coastline higher than 1  
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NM. In particular, on a general basis, sampling effort tends to be reduced by an order of 

magnitude of 10 from 1 NM to 12 NM and of another order of magnitude of 10 from 10 NM to 

>12 NM. Variables and indicators used by each Country for each Descriptor are also notably 

different with some specific frequencies.  

As a consequence, due to the gaps evidenced in this Guideline, the assessment of spatial and 

temporal variability for the variables and indicators considered is incomplete. The actual 

knowledge on spatial and temporal natural variability will be notably improved by the increase 

of sampling efforts and spatial overlaps that will be performed in the next six years from the 

commencement of the Countries MFSD monitoring.  

Furthermore, an increase of overlap among variables and indicators used for the same 

Descriptor by all the EU Countries, is also expected, with the improvement of intercalibrations 

among countries.  

A key aspect concerning the Descriptor D5 is represented by the necessity and difficulties to 

incorporate and control spatial and temporal variability in the Environmental Impact 

Assessment, in the Ecological Quality Assessment and in the establishment of reference 

conditions. Design of the monitoring programmes should cope with natural variability of the 

considered variables and indicators. 

Regarding physical oceanographic variability, there are still too many open questions. In fact, 

the steady state of the system is unknown, and to the best of actual knowledge and technology, 

it is not yet possible to select better analytical tools able to differentiate or excluding natural 

variability from anthropogenic changes and to select adequate indicators to detect and 

differentiate natural vs. human induced changes. To give a practical example only the definition 

of riverine inputs means the employment of many researchers for several years.  

The major problem in phytoplankton monitoring is the implementation of relevant 

methodological and advanced technological, cost efficient approaches for proper biodiversity 

assessment to cope with the high temporal-spatial variability. The naturally inherent 

dependency on multidimensional environmental factors makes the efforts for an integrated 

monitoring, crucial especially those of relevant physical, chemical and biological parameters 

that are complementary to phytoplankton monitoring. Under the global climatic changes a 

proper definition of baseline state (conditions) is critically important. Even if the Member states  
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could succesfully implement the measures for eutrophication reduction, an expansion of species 

due to temperature changes (areal expansion) not present earlier in the basin (xenodiversity) 

could represent a threat for increased frequency of toxic blooms events to occur.  

Lowered scales, both spatial and temporal, must be taken into account to try to minimize their 

effect through sampling methods standardization (i.e. at the same month, hour of the day etc.). 

Incidentally, this is also one of the crucial problems, how to integrate evaluations of GES at the 

Demarcation macro scale based on a monitoring adapted to detect problems at lower spatial 

scales, at which in many cases the anthropogenic pressures occur. 

On a general basis, the development of well-sized monitoring plans able to cope with natural 

variability aims to reach the following targets: 

¶ To select better analytical tools to differentiate or exctracting natural variability from 

anthropogenic changes; 

¶ To clearly define scales of interest: Administrative versus process scales; 

¶ To advantageously consider spatial and temporal scales of variability of variables and 

indicators of interest and to adapt from the observation scales to the processes ones. 

Scales are quite different related to the marine zone of interest: for example pelagic and 

benthic processes occur at very different spatial and temporal scales; 

¶ To consider that processes occur at multi-scale levels; 

¶ To select adequate indicators for detecting and differentiate natural versus human 

induced changes and demonstrating clear response to pressures; 

¶ To select proper indicators implementing Biodiversity Ecosystem Function (BEF) and 

Biological Trait Analysis (BAT) concepts, reporting confidence and uncertainty of the 

assessment; 

¶ To include multiple approaches. To perform monitoring using a multi-layer approach 

could allow reducing mistakes arising from the sampling and methodological limits and 

furthermore allow the problems reduction within the comprehension of mechanisms to 

the anticipation of the consequences; 
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¶ To improve, encourage, support and ask for a coordination of the monitoring actions at 

both European and National levels. This is a key aspect to build a knowledge 

background, to develop predicting models and to increase our capability of anticipation. 

Additional recommendations 

Rec. 

numb. 

Descripto

r 
Parameter 

Recommendatio

n Type 
Notes 

1 General All Political  

The advent of co-management structures and conscious 

boundary management that includes knowledge co-

production, mediation, translation, and negotiation across 

scale-related boundaries may facilitate solutions to complex 

problems that decision makers have historically been unable 

to solve.  

2 D5 Chlorophyll-a Methodological 

Integrate monitoring programmes with new technologies 

suitable for surface waters as well as remote sensing analysis 

to evaluate critical areas to be monitored in detail. 

Select methods that allow to ensure a good reproducibility of 

data. The use of field-probe sensors should be preferred 

compared to the laboratory analysis. 

3 D5 
TN, TP, 

TNOx, PO4 

Methodological Manage samples following the Good Laboratory practices 

(i.e. ISO or US-EPA Guidelines) regarding their collection 

and storage. 

Perform laboratory analyses as soon as possible and before 

the maximum time indicated in GLP for these indicators 

4 D5 NH4+ 

Methodological Collect samples in a dark glass bottle ensuring to fill it 

completely to avoid gaseous phase losses. Close the bottle 

mouth with a pressure seal. Perform analyses immediately 

after sampling. The use of field-probe sensors should be 

preferred compared to laboratory analysis. 

5 D5 SiO4 Methodological 
Silicates could be released by glass bottles, use appropriate 

bottles for sampling. 

6 D5 
Dissolved 

oxygen 

Methodological Select methods that ensure good reproducibility of data. The 

use of field-probe sensors should be preferred comparede to 

the laboratory analysis. 

7 D5 
Color 

Transparency 

Methodological Inter-calibration exercises are needed to standardize 

quantification methods for these indicators that are highly 

affected by the operatorôs errors.  

8 D5 Turbidity 

Methodological Select methods that allow ensuring a good reproducibility of 

data. The use of field-probe sensors should be preferred 

compared to the laboratory analysis. 

9 D5 
Temperature, 

Salinity, pH 

Methodological Select methods that allow ensuring a good reproducibility of 

data. The use of field-probe sensors should be preferred 

compared to the laboratory analysis. 

10 D1 
Phytoplankto

n  
Methodological 

Further develop and implement operational advanced 

technological approached for phytoplankton biodiversity 

assessment and adequate monitoring of the high natural time-

spatial community variability (remote sensing, in situ sensors 

and genetic methods)  

11 D1 
Phytoplankto

n  
Methodological 

Develop relevant methods for the detection of potentially 

toxic and non-native species and assessment of the ecosystem 

effects. 
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ANNEX I -  GLOSSARY 

A list of terms and definitions used in this guideline are reported here.  

Term Definition Reference 

Biocenosis Interacting organisms living together in a habitat (biotope) Mºbius,1877 

Biodiversity or 

Biological diversity 

The variability among living organisms from all sources 

including, inter alia, [terrestrial,] marine [and other aquatic 

ecosystems] and the ecological complexes of which they are 

part; this includes diversity within species, between species 

and of ecosystemsò. Convention on Biological Diversity. Loss 

of Biodiversity is defined as any human-induced deterioration 

that could significantly reduce diversity in ecosystem acting 

at different levels of the hyerarchical scale (i.e. genetic, 

species, communities, habitat, ecotones, ecotypes, ecosystem 

losses). 

CBD, 1992 

Coastline 

A coastline or seashore is the area where land meets the sea or 

ocean. The coastline determination is affected by the 

Coastline paradox.  

Burke et al., 

2001 

 

Coherence 

Monitoring programmes established for the national part of a 

marine (sub)region are compared to those within the whole 

marine (sub-)region or across the EU. 

Art 5.2; 

11.2; 12; 

13.4; 16 

Compatibility 

Monitoring programmes established for the national part of a 

marine (sub-) region within areas with the assessments and 

monitoring of other Community legislation 

Art. 11.1 

Consistency 

Monitoring and assessment methods to be designed so as to 

facilitate comparability of monitoring results, hence providing 

data fit for aggregation across Member States sharing the 

same marine (sub)region and across different scales 

Art. 8; 9.3 

Ecosystem 

"means a dynamic complex of plant, animal and micro-

organism communities and their non-living environment 

interacting as a functional unit".  

Art. 2 

Convention 

on 

Biological 

Diversity 

(United 

Nations, 

1992) 

Ecosystem Approach 

The ecosystem approach is a strategy for the integrated 

management of land, water and living resources that promotes 

conservation and sustainable use in an equitable way. Thus, 

the application of the ecosystem approach will help to reach a 

balance of the three objectives of the Convention: 

conservation; sustainable use; and the fair and equitable 

sharing of the benefits arising out of the utilization of genetic 

resources. An ecosystem approach is based on the application 

of appropriate scientific methodologies focused on levels of 

biological organization, which encompass the essential 

structure, processes, functions and interactions among 

organisms and their environment. It recognizes that humans, 

with their cultural diversity, are an integral component of 

Sixth 

Meeting of 

the 

Conference 

of the Parties 

to the 

Convention 

on 

Biological 

Diversity the 

Hague, 

Netherlands. 

7 - 19 April 

http://en.wikipedia.org/wiki/Sea
http://en.wikipedia.org/wiki/Ocean
http://en.wikipedia.org/wiki/Coastline_paradox
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many ecosystems. 2002, COP 

VI Decision, 

VI/12 

Environmental factor 
 Any factor measurable in the environment that could induce 

variability.  

Tables 1 

Annex III 

(Art. 9.1) 

Eutrophycation 

Eutrophication is the result of importïdriven enrichment by 

nutrients ï primarily N and/ or Pï in a water body which 

modifies ópristineô seasonal cycle, allowing a greater annual 
primary production with potential algal blooms 

Ferreira et 

al., 2011   

Good environmental 

status (GES) 

Environmental status of marine waters where these provide 

ecologically diverse and dynamic oceans and seas which are 

clean, healthy and productive within their intrinsic conditions, 

and the use of the marine environment is at a level that is 

sustainable, thus safeguarding the potential for uses and 

activities by current and future generations. Concerning 

Descriptor D1, GES is acheived if ñBiological 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 

conditionsò; Concerning Descriptor D5, GES is acheived if 

ñHuman-induced eutrophication is minimised, especially 

adverse effects thereof, such as losses in biodiversity, 

ecosystem degradation, harmful algae blooms and oxygen 

deficiency in bottom watersò; Concerning Descriptor D6, 

GES is acheived if ñSea 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 affectedò. 

MFSD (Art. 

3.5); 

Cochrane et 

al., 2010 

Human exploitation 

Human exploitation human uses of environmental 

resourcesare considered possible if shall not compromise 

maintenance of biological diversity. 

(Art. 3.5) 

Indicator 
An indicator provides a measure in relation to a particular 

component or multiple components.  
  

Legitimal uses 
Allowed uses by the National and International Laws and 

Directives 
  

Level 
The units of analysis that are located at different positions on 

a scale. 

Gibson et al. 

(2000) 

Marine Zones 

Spatial zones in marine ecosystems. The definition of 

Geographical limits in marine ecosystems represents itself a 

strong approximation. In fact boundary in sea are not so 

marked as in terrestrial ecosystems. Otherwise, MFSD defines 

three principal zones for marine ecosystems: Coastal area < 1 

nM from the coastline; Nearshore area 25<X<1 nM zone; Off-

shore area >25 nM from the coastline.   

Natural level 

The value of a variable or indicator at a specific point in time 

that it is within the natural (not directly or indirectly due to 

human activities) range of variation. This range of fluctuation 

in space or time could be considered as a baseline level.  

  

Patchiness 
Spatial distribution characterized by relatively uniform and 

homogenous area separated by gaps 
  

Pressure 
Contamination by hazardous substances; underwater noise; 

Removal of target species (e.g. fishing), introduction of 
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pathogens (e.g. from sewage); Nutrient enrichment, 

introduction of nonȤ indigenous species; Physical 

disturbance of seabed (e.g. trawling); Land claim; placement 

of structures on seabed; dumping of dredge spoil 

Pressure 

As pressure we mean and human-due activity that throughout 

different mechanism (physical, chemical or biological) 

induces significant effect on any part of the ecosystem.  

Robinson et 

al. 2008b 

Human 

pressures are 

detailed in 

MSFD 

Tables 2 

Annex III 

(Art. 9.1) 

Process 

Sequence of interdependent and linked procedures which, at 

every stage, consume one or more resources (employee time, 

energy, machines, money) to convert inputs (data, material, 

parts, etc.) into outputs. These outputs then serve as inputs for 

the next stage until a known goal or end result is reached. 

  

Scale 
Spatial, temporal, quantitative, or analytical dimensions used 

to measure and study any phenomenon 

Gibson et al. 

(2000) 

Spatial variability 

Variation of a considered indicator or Descriptor in space. 

Spatial variability could be intended as vertical variability 

(water column) and/or horizontal variability (along 

bidimensional space)  

  

Temporal variability 

Variation of a considered indicator or Descriptor during time. 

On a conceptual basis, temporal variability ranges within 

fraction of seconds and infinite. Nevertheless, in this 

Guideline only temporal variability that are of some concern 

to the MSFD (day-decades) are considered.  
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ANNEX II -  ABBREVIATION LIST 

 

The abbreviation used for the terms is reported in an appearence order. 

 

Term Definition 

MSFD Marine Strategy Framework Directive 

GES Good Environmental Status 

MS Member States 

RSCs Regional Seas Conventions 

EcAp Ecosystem Approach 

NM Nautical Miles 

WFD Water Framework Directive 

PoMs Programme of Measures 

CFP Common Fisheries Policy 

EE Ecosystem engineers 

UNEP United Nations Environment Programme 

IUCN International Union for Conservation of Nature 

BEF Biodiversity Ecosystem Functioning 

HAB Harmful Algal Blooms  

STX Saxitoxin  

CIL Cold Intermediate Layer 

ES100 Expected Species number per 100 speciements 

OTU Operational Taxonomic Units 

DO Dissolved Oxygen 

EMED Eastern Mediterranean  

WMED Western Mediterranean 

MTHC Mediterranean Thermohaline Current 

LIW Levantine Intermediate Water  

DIP Dissolved Inorganic Phosphorous 

n Number of samples to which results are referred to 

TOC Total Organic Carbon 

PBs Phytoplankton Blooms 

EQR Ecological Quality Ratio 

EI-EQR Evalution Index - Ecological Quality Ratio 
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ANNEX III ς SOME PRACTICAL EXAMPLES ON NATURAL VARIABILITY OF D1, D5, 

D6 

This annex collect some practical examples on natural variability of some of the indicators and 

variables used for Descriptors D1, D5, D6, in the light of the MSFD. Reported data or images 

are collected by literature or public sources that are extensively cited in the text.  

III.1. Descriptors D1ï Biological diversity 

III.1.1. Seabirds  

Seabirds are the most threatened group of bird species (Cecere et al., 2012; Croxall et al., 2012) 

and are protected under the Barcelona Convention (2009/147/EC). Among associations 

working to protect seabirds, BirdLife International, that aims to identify key areas for the 

conservation of bird species, has collected throughout standardized methods, using on vessel-

based survey and data tracking (BirdLife International, 2010a), several data concerning the 

network of such marine environments essential for them (BirdLife International, 2010b). 

In the Mediterranean, a general consensus has been accepted for the conservation of this 

relatively sensitive and heavily influenced sea region. According to Appendix II of the 

Barcelona Convention, an action plan has been prepared for 15 threatened marine bird species 

(UNEP MAP RAC/SPA, 2003). Recent researches have been performed to estimate, on the 

basis of harmonized monitoring protocols, the number of individuals, breeding pairs and the 

extension of feeding areas and migration routes. Even if some recent data are available on 

temporal variability, significant differences concerning monitoring protocols during this time, 

are reported. Thus, within the observed temporal variability from the results it is very difficult 

to separate natural fluctuations from human induced ones. 

Concerning the number of individuals, the seabird Scopoli's Shearwater (Calonectris 

diomedea) community was composed in 2009 by 10,000 breeding pairs in the Mediterranean 

(Baccetti et al., 2009). However, the largest population of C. diomedea was previously 

estimated on Zembra Island (Tunisia) at 15,000-25,000 pairs. Moreover, a distance-sampling 

survey conducted in 2009 and 2010 resulted in a new estimate of 141,780 (95 % CI: 113,720-

176,750) breeding pairs (Defos et al., 2012). Actually a recent estimation of breeding population 

for the Mediterranean is from 57,000-76,000 to 179,000-193,000 breeding pairs. For this 

species, incubation occurs in June and chick rearing occurs from July to August (Cecere et al., 
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2012). One of the biggest breeding colony (about 400 breeding pairs) is reported to be settled 

in the Adriatic Sea, Tremiti Archipelago (Baccetti et al., 2012).  

C. diomedea revealed inter-individual variability in migratory behavior (P®ron et al., 2012). At 

large and meso-scales, seabirds can move directly from the breeding site to the foraging areas 

that could better improve their fitness (Weimerskirch, 2007). It has been proved that the used 

area could vary in its extension with the reproductive period and the colony geographical 

position. A recent research evidenced that during chick-rearing, birds from Linosa used larger 

areas than those used during incubation and by birds owing to the same species, from Tuscany 

Archipelago or Tremiti Islands (Cecere et al., 2012) and that during the reproduction C. 

diomedea can alternate short trips for chick provisioning with longer trips for self-provisioning 

(Magalhaes et al., 2008). The use of smaller feeding area seems to be related to the opportunity 

to find easier needed feeding resources (Cecere et al., 2012). Obviously all of these genetic or 

feeding migration patterns should be considered when designing monitoring surveys for 

estimations of population abundance. 

Concerning body mass, this species is colonial and characterized by a high reproductive 

investment (up to eight months), including a long incubation period (54 days) and a long phase 

of chick rearing (90 days). The energetic demands might vary largely during the breeding 

season and can be different between females and males (Navarro et al., 2007). A recent study 

performed on this species evidenced that body mass ranged on average between 711 g (May) ï 

640 g (June) for males and between 560 g (May) ï 600 g (June) for females (Becciu et al., 

2012). Furthermore, the sharing of the parental care resulted in a similar energetic expenditure 

in both parents during the whole breeding period, except for the period around the onset of the 

incubation. The marked decrease in body mass observed in males during this phase could be 

related to higher costs encountered, thus supporting the hypothesis of reproductive stress 

(Becciu et al., 2012) proposed by Moe and colleagues (2002). 

The species Yelkouan Shearwater (Puffinus yelkouan) is endemic to the Mediterranean too. The 

global population was estimated at 15,337-30,519 breeding pairs and 46,000-92,000 individuals 

(Derh®, 2012) and the largest world colony of this species is breeding at Tavolara (Sardinia, 

Italy). Even more recent results evidence a number of individuals ranging between 9,991-

13,424 breeding pairs (Zenatello et al., 2012). However, very high non-breeding season 

numbers reported in the Bosporus suggest that it is likely to be a large percentage of non-

breeding birds in the population and estimates of breeding numbers at colonies may be 
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underestimated. The same study reports that feeding areas of breeding adults stretch for some 

hundred kilometres and are mostly located at coastal gulfs of N and W Sardinia and SW Corsica, 

between Oristano, Ajaccio and the Maddalena archipelago. Feeding routes were evaluated in a 

recent research (even if data have no statistical significance) proving that individual birds do 

not follow set routes in subsequent years (Borg et al., 2012). 

The life cycle and dynamics of fish species are explaining the abundance of P. yelkouan in the 

Black Sea (Nankinov, 2001) and hence the timing of their passage through the Bosphorus, that 

includes a significant proportion of the world population (ķahin et al., 2012). 

Studies on Mediterranean Shag (Phalacrocorax aristotelis desmarestii) evidence that there is a 

large aggregation (individual numbers) of forages settling in the Trieste Gulf in late summer 

and autumn, with a counted number of 2,000ī4,000 birds, which is more than half the entire 

breeding population in the Adriatic (Ġkornik et al., 2012).  

A recent study reported for the species of Audouinôs Gull Larus audouiniii show a notably 

decrease in Greece. This species droped from 700-900 breeding pairs (1995) to 350-500 

breeding pairs in 2010 (Saravia Mullin et al., 2012). In this case, an estimation of predation 

rates evidenced that rats are predating up to 14% (potentially up to 23%) of eggs and chicks. 

Gulls are predating up to 9% of eggs and chicks. Raptors can locally predate up to 100% chicks 

and even adult birds. 

In Table 11 , recent data on spatial and temporal variability are summarized for the species that 

are discussed here.  
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Table 11. Recent available data on spatial and temporal variability for 

seabirdsôindicators 

Calonectris diomedea (Scopoli's Shearwater, Common name) 

 Spatial variability Temporal variability References 

N. individuals n.a. n.a. 10,000 (2009) n.a. n.a. Baccetti et al., 2009 

N. breeding-pairs n.a. n.a. n.a. 
14,780  

(2010) 

193,000 

(2012) 

Defos et al., 2012; 

Cecere et al., 2012 

Areal extension 

(ha) 

26,600 

173,000 

(High 

feeding 

resource 

areas) 

432,000 

4,720,000 

(Low feeding 

resource areas) 

173,000 

(incubation) 

26,600  

(chick-rearing) 

3,529,000 

(incubation) 

4,720,200 

(chick-

rearing) 

 Cecere et al., 2012 

Body size (g)   
640 (male) 

560 (female) 

711 (male) 

600(female) 
 Becciu et al., 2012 

Puffinus yelkouan (Yelkouan Shearwater, Common name) 

N. individuals 46,000 92,000 n.a.   Derh®, 2012 

N. breeding-pairs 15,340 30,500 n.a.   Derh®, 2012 

Areal extension 

(ha) 

High spatial 

variability of 

routes 

n.a. 

High temporal 

variability of 

routes 

  Borg et al., 2012 

Body size (g) n.a. n.a. n.a.    

Phalacrocorax aristotelisdesmarestii (Mediterranean Shags, Common name) 

N. individuals 
2,000  

(Adriatic) 

4,000 

(Adriatic) 
n.a.   Ġkornik et al., 2012 

N. breeding-pairs n.a. n.a. n.a.    

Areal extension 

(ha) 
n.a. n.a. n.a.    

Body size (g) n.a. n.a. n.a.    

Larus audouiniii (Audouinôs Gull, Common name) 

N. individuals n.a. n.a. n.a. n.a.   

N. breeding-pairs n.a. n.a. 
700-900 

(1995) 

300-500 

(2010) 
 

Saravia Mullin, 

2012 

Areal extension 

(ha) 
n.a. n.a. n.a. n.a.   

Body size (g) n.a. n.a. n.a. n.a.   

Notes: n.a. = not available.  
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III.1.2. Reptiles & Marine Mammals 

Reptiles and Marine mammals have been observed in Mediterranean Sea since time 

immemorial. Nevertheless, an organized data collection on their distribution and location of 

nesting areas (for reptiles) is not yet completely available and a general condition of ñdata 

deficientò for the definition of the Mediterranean status is reported by the International Union 

for Conservation of Nature (IUCN, 2012).  

The principal problem that must be addressed to monitor these species is related to the fact that 

they are great migrators (as well as birds) and monitoring strategies able to reconstruct their 

spatial and temporal migrations became available only in recent times, with the introduction of 

the telemetry approach. Due to a general lack of data, the reconstruction of their natural 

variability is quite difficult to perform, since actual available data on their distribution are for 

sure the result of both natural and human induced pressures.  

Reptiles 

Available data on reptiles, as number of individuals, breeding areas and number of eggs per 

nest, are in a considerable amount obtained by voluntary work (Casale and Margaritoulis, 2010; 

IUCN, 2012). Some available data on genetic of the reptile populations and body size are 

reported in the present annex.  

The presence of a small number of individues of Caretta caretta and Chelonia mydas nesting 

on the Mediterranean coast of the Sinai Peninsula, was reported, primarily to the east in the 

region surrounding the resort town of El Arish (Clarke et al., 2000). For this species, a 

population substructure with reduced gene flow among groups of rookeries, such as Greece, 

Cyprus, Turkey and Israel, was evidenced (Casale and Margaritoulis, 2010 and citations 

therein).  

Major concentration of C. caretta nesting areas are settled along beaches from Greece, Turkey, 

Cyprus and Libya, while for C. mydas the great concentration of nesting sites are recorded in 

Turkey and Cyprus (Figure 21 from http://www.euroturtle.org/index.htm).  

No nesting sites are documented for Dermochelys coriacea even if this species has been seen 

in the Mediterranean all year-round (MEDASSET, www.medasset.org). In Figure 22recent and 

former distributions are represented (Coll et al., 2010).  

http://www.euroturtle.org/index.htm
http://www.medasset.org/
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Figure 21. Seaturtle distribution in the Mediterranean Sea. Occasional records are not 

reported in this figure. 

 

Figure 22. Seaturtle distribution in the Mediterranean Sea and temporal evolution by Coll 

et al., 2010. Nesting sites for loggerhead turtle and green turtle. Green and red triangles, 

respectively, are the former nesting sites for loggerhead turtle and green turtle. 
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In Table 12, a summary related to the abundance and the number of nesting sites is reported 

for the three species of reptiles, present in Mediterranean Sea and/or Black Sea (IUCN, 2012).  

 

Table 12. Abundance of individuals and nesting sites for Reptiles. 

Species Abundance 

Nesting sites in 

Mediterranean 

Sea 

Nesting sites 

in 

Black Sea 

IUCN Concern 

(IUCN, 2012) 

C. caretta Common 7,200 /y (2010) No nesting area Endangered 

C. mydas In decline 1,500 /y (2010) No nesting area Endangered 

D. coriacea Rare No nesting area No nesting area 
Critically 

Endangered 

 

In Figure 23, Trends of abundance of specimens in sea and of nests per year are reported for C. 

caretta and C. Mydas (extracted by Casale and Margaritoulis, 2010).  

Some interesting data on seasonal frequency and size class frequency have been reported for C. 

caretta (adapted by Casale and Margaritoulis, 2010).  Thus, in Albania during 2002-2006 about 

100 speciements per month were recorded from May to July, 80 specimens per month from 

August to September and <20 specimens per months from December to April.  These seasonal 

differences must be taken into account for a proper interpretation of the monitoring programs 

results. Concerning body size, the size classes with the highest frequency were 50-59 cm and 

60-69 cm of curved carapace length (Casale and Margaritoulis, 2010).  
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Figure 23. Temporal trends of abundance (Sea and number of nests). Sea = S, Nest = N. 

  

Sea turtles in the Mediterranean: distribution, threats and conservation priorities 

 

 

Table 3. Summary of insights on Long term (decades) and Recent (years) sea turtle trends as 

abundance at sea (S) or number of nests (N) in the Mediterranean (see specific chapters for 

details). This information should be regarded with caution since it is often based on anecdotic 

data.  

 

Caretta caretta Chelonia mydas  

 Long term Recent Long term Recent 

Albania Increased (S) Increasing (S)   

Algeria*      

Bosnia and Herzegovina*      

Croatia  Decreasing (S)   

Cyprus     

Region A  Stable (N)  Stable (N) 

Region B Decreased (N,S) Increasing (N) Decreased (N,S) Stable (N) 

Egypt Decreased (N,S) Decreasing (S,N)  Decreasing (S) 

France     

Greece Decreased (N,S) Stable (N)   

Israel Decreased (N) Increasing (N) Decreased (N,S) Stable (N) 

Italy Decreased (N) Decreasing (S)   

Lebanon     

Libya     

Malta Decreased (N,S)    

Monaco*     

Montenegro*      

Morocco     

Slovenia     

Spain     

Syria  Decreased (N) (a) Increasing (S) (a) 

Tunisia     

Turkey     
*Countries without a dedicated chapter. Blank spaces: data not available; (a) it is uncertain which species 

the information refers to. 

12 
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Marine Mammals 

Concerning cetaceans, 23 species of cetaceans (whales and dolphins) have been recorded in the 

Mediterranean and Black Seas. Data here reported are from IUCN (2012).  

Regarding dolphins, the species Tursiops truncatus is commonly found along many parts of 

the mediterranean coasts, even if there is no overall estimate of the Mediterranean population 

that is estimated to be as low as 10,000 specimens. The species Ziphius cavirostris is regularly 

found in the eastern Ligurian Sea, the eastern Alboran Sea and the Hellenic Trench, preferring 

deep water, offshore areas and canyons. The species Grampus griseus is widely distributed in 

the Mediterranean Sea, although most frequently sighted in the western basin, Ligurian-Corso-

Proven­al basin, northern Alboran Sea, southern Tyrrhenian Sea and occasionally the Balearic 

Sea. The species Delphinus delphis is considered ñendangeredò by the IUCN (2012) due to the 

notably reduction observed (more than 50% in the past 30ï45 years). The most common species 

in the Mediterranean Sea is Stenella coeruleoalba. The species is particularly common in the 

Ligurian Sea, Gulf of Lion, the Alboran Sea and in the waters between the Balearic Islands and 

the Iberian Peninsula. The Western Mediterranean subpopulation of Striped Dolphins, 

excluding that of the Tyrrhenian Sea, was estimated at 117,880 specimens in 1991. 

Concerning whales, the species Balaenoptera physalus occurs mostly in deep offshore waters 

from Northeast of the Balearic Islands to the Ionian Sea. It is particularly abundant in the Corso-

Ligurian Basin and Gulf of Lion. Its current population in the Mediterranean is believed to be 

close to 5,000 adults. The species Globicephala melas is principally spread in the western 

Mediterranean Sea (Strait of Gibraltar, Alboran Sea). The species Physeter macrocephalus is 

widely distributed in the Mediterranean Sea, even if a notably decline is reported in the last 20 

years.  

Concerning seals, sea lions and walruses (Pinnipeds), the Mediterranean Monk Seal 

(Monachus monachus) is the only pinniped species inhabiting the Mediterranean region.This 

species was once widely and continuously distributed in the Mediterranean, Black and adjacent 

seas, and in the Eastern Atlantic from Morocco to Cape Blanc. Today it is extinct in the Black 

Sea and only a few subpopulations survive along some coastal stretches of the Mediterranean. 

The entire Mediterranean Monk Seal population numbers are less than 600 individuals divided 

into very small colonies that are probably isolated from each other. The largest subpopulation, 

comprising of 250ï300 individuals, inhabits the eastern Mediterranean (Greece and Turkey), 

and a few seals still seem to use the waters of Algeria and Cyprus. Sporadic sightings of some 
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individuals have been reported from other Mediterranean coasts.  

Sampling strategies and sampling design should be well sized on the type of migratory routes 

(coastal; offshore) used by the animals to avoid underestimations. Furthermore, a faster 

adaptation of monitoring design to cope with changes of migratory routes and abundances 

should be performed to avoid underestimations, also.  

Resident species in Black Sea are represented by Tursiops truncatus ponticus, Delphinus 

delphis ponticus, Phocoena phocoena relicta (Dolphins). A summary concerning abundances 

of Marine Mammals in Mediterranean and Black Sea is reported in Table 13. 

 

Table 13. Abundances of Marine Mammals in Mediterranean and Black Seas (data from 

IUCN, 2012). 

Group Species 
Abundance in 

Mediterranean 

Abundance in 

Black Sea 

IUCN Concern in 

Mediterranean 

(IUCN, 2012) 

IUCN Concern 

in Black Sea 

(IUCN, 2012) 

D
o
l
p
h
i
n

 

Tursiops truncatus 10,000 Absent Vulnerable X 

Ziphius cavirostris Common Absent Data Deficient X 

Grampus griseus Common Absent Data Deficient X 

Delphinus delphis Common Absent Endangered X 

Stenella coeruleoalba. 117,880 (1991) Absent Vulnerable X 

Tursiops truncatus ponticus Occasional <1,000 X Endangered 

Delphinus delphis ponticus Occasional Unknown X Vulnerable 

Phocoena phocoena relicta Occasional <10,000 X Endangered 

W
h
a
l
e
s

 

Balaenoptera physalus 5,000 Absent Vulnerable X 

Globicephala melas 260-270 Absent Data Deficient X 

Physeter macrocephalus Common Absent Endangered X 

P
i
n
n
i
p
e
d
s

 

Monachus monachus 600 Extinct 
Critically 

Endangered 
Extint 
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III.1.3. Pelagic and benthic fish 

Changes in some exploited fish populations abundance and structure, both seasonal and 

interannual, can be driven by anthropogenic pressure, especially direct impact of fishing 

activities or through more indirect impacts derived from anthropogenic climate change, 

pollution or essential habitats destruction. However, most of them are attributable to natural 

causes. Firstly, in addition to the diverse environmental factors determining the geographical 

distribution of the species (depth, type of habitat, temperature, salinity, chlorophyll, etc.), which 

must be taken into account for a proper populations monitoring design through a right 

stratification of the study area, other factors as the timing of the reproductive cycle, the 

ontogenic variations in spatial distribution or seasonal migrations must be also considered, since 

they will condition the biomass and structure of fish populations in a given place and time. To 

describe these intraannual variations is not the goal of the MSFD, but obviously they must be 

analyzed in order to reveal their causes and hence designing standardized monitoring systems 

able not only to detect interannual variations but also interpret them properly. In fact, the main 

ongoing programs directed to fish monitoring in the Mediterranean Sea already take into 

account some of these aspects, being realized always in the same season and areas throughout 

the whole region. Unfortunately, this is not enough to totally eliminate the effect of seasonal 

variability when comparing areas or years, because small changes in the phenology, as temporal 

variations in spawning peaks or optimal environmental windows for larval survival, or changes 

in the hydrodynamic scenario leading to variations in the location of settlement areas, can affect 

largely the obtained results.  However, the aforementioned large scale surveys carried out under 

Common Fisheries Policy in the Mediterranean, as acoustic surveys targeting small pelagic, 

such as sardine (Sardina pilchardus) or anchovy (Engraulis encrasicolus), in neritic areas, or 

bottom trawl surveys focused on the main demersal exploited species, such as hake (Merluccius 

merluccius) or mullets (Mullus spp.), covering continental shelves and slopes, allow to 

minimize the potential biases caused by smaller scale variations. These surveys are not only 

carried out by EU member states, but also have been realized in some southern Mediterranean 

countries (i.e. Morocco, Tunise, etc.). This, besides other port sampling or on board observer 

programs, combined with official landings statistics, allow to fulfil most of the monitoring 

requirements associated to Descriptor 3, but it is obviously also useful to respond partially to 

D1 requirements in relation to fishes. Moreover, during the last years the field scientific surveys, 

both directed to demersal and pelagic resources, have broadened their objectives, analysing the  
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whole biological communities captured by the sampling gears, even using new sampling 

devices for complementing the data on the studied communities (plankton and micronecton 

gears for pelagic, epibenthic sledges for demersal communities. etc.), which make them a good 

platform for providing information directly applicable to the fulfilment of D1 and D4 

monitoring needs.  Regrettably, the spatial coverage of these sampling schemes is still not 

enough to monitor the whole fish communities at marine demarcation scale, since coastal hard 

bottoms communities, deep benthic communities and, over all, mesopelagic populations 

occupying the water column in offshore areas, crucial for the whole ecosystem functioning, are 

only occasionally sampled. 

In any case, both the results of routine scientific surveys and landing statistics show that 

important fluctuations occur in most of the fish exploited populations, are not only attributed to 

fishing pressure, since in many cases fishing effort have remained almost constant, or varied 

much less than the fish populations biomass. It is suggested that the main problem for defining 

the GES in relation to fish populations are not only the insufficiency of monitoring systems and 

the resulting lack of data, or the possible biases derived from insufficient standardization of 

sampling methods or interannual phonological variations. To interpret correctly the results of 

the monitoring, it should be able to disentangle the interannual real fluctuations caused by 

natural causes from those induced by anthropogenic pressures. This is a difficult and 

challenging task, because of the heterogeneity and inherent complexity of the processes causing 

these interannual variations. For example, at spatial scales smaller than the distribution of the 

monitored whole population, variations detected in a given area can derive from natural changes 

in the geographical distribution of the species. This effect can be important in these 

demarcations in which a given species is in the limit of its distributional range. As a case study, 

in the Mediterranean Sea the changes in the latitudinal distribution along the Spanish coast of 

the thermophilic Sardinella aurita and that of relict boreal species Spratus spratus, can be cited. 

Thus, a few years ago a northern progression of S. aurita, reaching Catalonian coasts was 

detected that was previously not found, and this was attributed to global warming, whereas the 

S. spratus populations were declining in the area, becoming more and more restricted to 

northern parts of Gulf of Lions (Sabates et al., 2006). However, during the last years, a 

regression of S. aurita in northern areas and a recovery and expansion to the south of S. spratus 

populations has been observed (Iglesias 2011, 2012, 2013). 
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However, the more relevant fluctuations, affecting directly the interpretation of MSFD 

monitoring and hence GES evaluation, are not these variations in the geographical distribution, 

but those important changes in populations biomass derived from variations in recruitment 

strength produced by natural environmental changes affecting larval survival. This is a well-

known worldwide phenomena (Cushing et al., 1996 and references therein). Many cases can be 

cited for the Mediterranean Sea. As an example of a long term change directly attributed to the 

climatic variations can be cited in the sharp decline of bluefin tuna between the XVI and XVIII 

centuries, reflected in the captures carried out by fixed traps (almadrabas) (Ravier and 

Fromentin, 2004; L·pez Gonz§lez and Ruiz Acevedo, 2012). 

Interannual fluctuations in the total abundance and relative proportions of different small 

pelagic species such as sardine and anchovy have also been recorded throughout the 

Mediterranean, and in relation to the environmental factors (Mart²n et al., 2012). In spite the 

fact that the environmentally driven fluctuations have been better documented for pelagic 

species, they also occur in demersal stocks, and climatic influence on such variations have also 

been detected and analyzed in the Mediterranean (Quetglas et al., 2013). 

It must be pointed out that a good knowledge of trophic webs (D4) and other biological 

interactions is also a key element to understand the fluctuations in species abundance or 

variations in their distribution.  

In conclusion, fish populations monitoring programs in the Mediterranean Sea should be 

primarily designed to cope, through a proper stratification of sampling methods, with the large 

heterogeneity of habitats and hence the spatial distribution of the diverse fish communities, 

trying to cover not only neritic areas but also offshore pelagic and deep bottoms domains, using 

in each case the most adequate sampling techniques. Secondly, to get reliable and coherent time 

series of data, sampling protocols should be standardized as much as possible, optimizing them 

through cost/benefit analysis. Finally, the results from these monitoring programs should be 

always interpreted considering the whole time series and all the available knowledge about 

natural fluctuations and their causes. It implies that for environmental conditions, monitoring 

is crucial, and that basic ecological studies directed to unveil the complex relationships between 

environmental changes, including biological interactions, and population abundance or 

biomass, should be promoted. 
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III.1.4. Phyto and Zooplankton 

Marine phytoplankton are photosynthetic microorganisms, adapted to live partly or 

continuously in the water column, where they constitute part or most of the organic carbon 

available to the pelagic food webs (Reynolds, 2006). Marine plankton are the base of ocean 

food web, as organic matter producers and an integral part of the biogeochemical cycles, 

providing an essential ecological function for all aquatic life. Phytoplankton diversity in the 

ocean may influence the functioning of marine ecosystems through primary productivity, 

nutrient cycling, and carbon export. 

Cloern, and Dufford (2005) conceive phytoplankton diversity as hyperdimensional domain, 

whereby communities are assembled by selective forces operating on variation in algal size, 

motility, behavior, life cycles, biochemical specializations, nutritional mode, chemical and 

physiological tolerances, and dispersal processes. They identified 7 principles in shaping 

phytoplankton diversity and ecosystem interaction: (1) habitat heterogeneity at all scales 

relevant to plankton population dynamics, (2) community shifts in response to global climatic 

cycles, (3) fast and selective predation as a powerful topïdown force, (4) turbulent mixing as a 

physical process that selects species on the basis of their size and form, (5) mixotrophy that 

allows some algal species to tap organic nutrient pools and function at multiple trophic levels, 

(6) taxon-specific life cycles including alternating vegetative and resting stages, and (7) the 

pelagic as an open system where communities are continually reshaped by species immigration. 

Availability of light and mineral nutrients (nitrate, phosphate and silicic acid) are the building 

blocks for new growth and play crucial roles in regulating primary production in the ocean and 

along with physical processes precondition different patterns of spatial and temporal variability 

- biogeographic, seasonal, vertical etc. (Falkowski et al., 1998; Barton et al., 2010). 

Even if contributing to almost half of the total production, oceanic autotrophs only account for 

about 0.2% of the total biomass (Field et al., 1998). Phytoplankton biomass (standing stock) is 

structured by taxonomic, functional and genetic factors, resulting in differences in the 

distribution over space and time. Biomass does not reflect necessarily the production, because 

the majority of phytoplankters can be removed by a variety of disturbances, as intense 

herbivory, or transported away from production sites by currents (Cebrian, 2002). Production 

and biomass are thus in some way separate ecosystem functions, with production measuring 

energy and material fluxes and biomass measuring habitat characteristics, thus might not show  
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the same relationship with diversity (Cerme¶o et al., 2013). Top-down processes acting through 

the food web (óverticalô diversity) have important controlling influences on biomass, 

productivity, and composition of pelagic communities (Verity and Smetacek, 1996; Verity et 

al., 2002) but complementary use of resources and responses to environmental change, as well 

as interspecific facilitation by species within trophic levels (i.e. horizontal diversity) can 

enhance the consistency and stability of such basic ecosystem processes as primary production 

and nutrient cycling. 

Phytoplankton community composition play a key role in the pathways and efficiencies of 

primary producers and energy transfer and the direction of oceanïatmosphere CO2 fluxes 

exchange through a number of traits: taxonomy, size, life cycles, energetic value and chemical 

composition (palatability to the consumers, toxicity) and as such determine the quality of 

pelagic/benthic habitat conditions (sensu MSFD, D1).  

Although phytoplankton diversity is extremely important for the stability and functioning of 

the marine ecosystem and biogeochemical cycles (Ptacnik et al., 2008) the indicator role bear 

a number of constrains. On one hand our knowledge of marine phytoplankton biodiversity is 

limited due to both methodological constrains of species identification techniques (Venter et 

al., 2004), the effort and expense of gaining appropriate data sets by traditional microscopic 

methods (Irigoien et al., 2004; Cerme¶o et al., 2013) and mismatches between sampling and 

the scales of phytoplankton natural variability, for which species identity concepts within 

Biodiversity Ecosystem Functioning (BEF) concept, are rather vague. On the other hand, 

mechanisms regulating patterns of phytoplankton biodiversity still remain debated and largely 

unexplored (Garmendia et al., 2012; Cerme¶o et al., 2013). Albeit the great effort to explain the 

factors that determine the distribution, community assembly, blooms, and succession of species 

the macroecological and morphospecies approaches are not properly scaled to the 

ecophysiology and niche requirements of the phytoplankton phylogenetic groups and species 

present (Smayda, 2011); there are no species (the occurrence or abundance of which) that can 

be used as universal indicators and there is no unique fixed assemblage of species each with its 

own abundance that is representative enough of a given ecological state of the environment. 

The insights into the speciation, genetic diversity, and ecophysiology being gained through 

molecular studies (Rynearson et al., 2006; Hªrnstrºm et al., 2011) indicate the need to redefine 

the species behavior of classic interest and apply a deeper conceptual and applied level of  
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inquiryða microecological approach. 

Litchman and colleagues (2010) proposed trait-based approach as an effective way to link 

species diversity and community structure in phytoplankton, by providing mechanistic 

explanations of why certain species are found under given environmental conditions. However 

how traits evolve in response to different selective pressures (because traits may evolve rapidly 

owing to short generation times and large population numbers), making microevolutionary 

processes likely to affect community dynamics, is still poorly resolved (Hairston et al., 2005; 

Litchman and Klausmeier, 2008). Harmful algae blooms (HABs) are known to have a 

pronounced impact not only on water quality, but on species diversity, community structure and 

ecosystem functioning by their traits (best expressed in the toxic species) or by their abundance 

(hypoxia conditions and associated benthic species mass mortality), impairment of reproduction 

(chemical biomediation) and many ecosystem functions (GEOHAB, 2001; Paerl and Huisman, 

2009). Ecophysiological flexibility in HAB species favours their success in different 

environments and may help maintain high fitness in a wide range of environmental conditions. 

For example, de Tezanos Pinto and Litchman (2010) showed that heterocystous nitrogen fixers 

grown in low N and high light gained dominance because of nitrogen fixation. However, when 

grown in low light, the traits providing higher fitness were related to light acquisition (low Ik 

and high relative growth rates at low light) and behaviour (gas vesicles that enable positioning 

in better illuminated zones). Zimmer and Ferrer (2007) linked chemical defenses, chemical 

signals, and the keystone species hypothesis stating that the impacts of signal/defense 

compounds play keystone roles within natural community organization. The presence of 

saxitoxin (STX) in phytoplankton (genus Alexandrium) is known to determine the habitat and 

prey choices of higher order consumers, significantly impacting species compositions of coastal 

ocean communities (Kvitek and Bretz, 2004; 2005). Large, episodic die-offs of predatory fish 

and mammals also modify primary plant-herbivore relationships, and thus regulate trophic 

cascades in both benthic and pelagic environments (Myers and Worm, 2003; Bruno and 

OôConnor, 2005). 

However genetic shifts in trait values of a given species can easily occur over relatively short 

timescales (within a single growing season), often because of clonal selection, as pointed out 

by Kardinaal et al. (2007). Predation, competition, or changing environmental conditions can 

exert sufficient selective pressures to cause such shifts. Kardinaal et al. (2007) observed a rapid  
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decrease (within 30 days) in toxicity of the cyanobacterium Microcystis due to a competitive 

displacement of toxic strains by nontoxic strains with better competitive abilities for light.  

Long-term temperature change in ocean waters associated with climatic trends has been shown 

to affect phytoplankton abundance (Richardson and Schoeman, 2004), phenology (Edwards 

and Richardson, 2004) and shifts in taxonomic composition (Leterme et al., 2005). Beaugrand 

et al. (2010) document that global warming has been accompanied by an increase in the 

taxonomic biodiversity of phytoplankton and zooplankton in the North Atlantic Ocean on the 

expense of average size reduction, e.g. these structural modification could result in lowering 

the total phytoplankton biomass already observed in the Black Sea (Nesterova et al., 2008; 

Moncheva et al., 2012). Assessment of in situ chlorophyll observations since 1899 showed that 

interannual to decadal phytoplankton biomass fluctuations superimposed on long-term trends, 

strongly correlated with basin-scale climate indices, whereas long-term declining trends were 

related to increasing sea surface temperatures (Boyce et al., 2010), suggesting that the global 

phytoplankton concentration decline need to be considered in future studies of marine 

ecosystems, geochemical cycling, ocean circulation and fisheries. 

Field cruise results indicate clear effects of UV-B and UV-A on the photosynthetic carbon 

fixation of phytoplankton communities with spatial differences between coastal and open-ocean 

waters suggesting increasing temperatures and ocean acidification due to global climate change 

that may exacerbate the detrimental effects of solar UV-B radiation (Hªder, 2011). 

Microalgae exhibit considerable physiological plasticity of C:N:P in response to nutrient and 

light conditions (Geider and La Roche, 2002). The ñNon-Redfield behaviourò of phytoplankton 

is based on the unique stoichiometric properties of the different cellular components e.g. the 

resource (light or nutrients) acquisition machinery such as proteins and chlorophyll, is high in 

N but low in P, whereas growth machinery, such as ribosomal RNA, is high in both N and P 

(Falkowski, 2000) that result in three different phytoplankton strategies (Klausmeier et al., 

2004): ósurvivalistô (high N:P ratio (>30) can sustain growth when resources are low; óbloomerô 

(low N:P ratio (<10) adapted for exponential growth) and ógeneralistô (N:P ratio near the 

Redfield ratio). As environmental conditions change, the global mean phytoplankton nutrient 

stoichiometry could vary over time, potentially modifying current nutrient inventories. N2 

fixation by phytoplankton was estimated to be equivalent to 50ï180% of the flux of NO3 into 

the euphotic zone (Karl et al., 1997; Capone et al., 2005), demonstrating that a large fraction of  
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the new production is fuelled by N2 fixation, while anammox (anaerobic ammonium oxidation), 

accounted for 24ï67% of the total N2 production in the continental shelf sediments (Thamdrup 

and Dalsgaard, 2002). 

A multi-decadal analysis of Baltic Sea phytoplankton point to median increase of algal biomass 

per unit TP and TN by a factor of 1.4 and 1.2, respectively, implying that management decisions 

and associated recovery scenarios should take such shifting baselines into account when 

assessing the effects of pressureïresponse relationships (Olli et al., 2014). 

In addition phytoplankton biodiversity, abundance and distribution as a multiparametric 

function of both top-down and bottom up controls (such as hydrodynamics and circulation, 

light, nutrient availability and stoicheometry, temperature and salinity, and biotic interactions) 

to which the responses are non-linear (McQuatters-Gollop et al., 2008) underline the 

complexity in definition and application of robust phytoplankton related indicators (Garmendia 

et al., 2012) and the ultimate need for filling in the gaps of knowledge on natural scales and 

mechanisms of phytoplankton variability. 

The anomalies in the Danube flow, land-based human induced pressures are considered the 

main drivers of the inter-annual and seasonal phytoplankton species composition and biomass 

variations in the coastal area of the NW and coastal-shelf W Black Sea (Vasiliu et al., 2010; 

Yunev et al., 2005; Yunev et al., 2007; Moncheva et al., 2012), but as suggested by the threshold 

generalized additive model results (Llope et al., 2010) the combination of climatic influences 

(indexed by NAO), and grazing pressure could have a strong control on phytoplankton growth 

(Moncheva et al., 2001). There is evidence that in the open Black Sea the long-term trends in 

the phytoplankton biomass, chlorophyll-a and primary producers correlate closely with the 

warm/cold phases of the winter temperature that influence the position and temperature of the 

Cold Intermediate layer (CIL), the intensity of the circulation and the nutrients transport (Yunev 

et al., 2005; Yunev et al., 2007; Shapiro et al., 2010; Mikaelyan et al., 2013).  

Along with the changes in phytoplankton dominant species since mid 90-ies and bloom 

reduction in the Black Sea (Bodeanu et al., 1998; Nesterova et al., 2008), after the year 2000, 

Emiliania huxleyi blooms emerge as a robust signature of the annual phytoplankton structure 

each spring-summer, but the reported underlying conditions that favour its proliferarion are 

rather contradicting. According to model simulations the species flourish after a diatom-

dominated bloom in March and dinoflagellate-dominated bloom in April under nitrogen  
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depleted conditions wheares the top-down grazing pressure impose the control on timing and 

intensity of E. huxleyi bloom (Cokaca et al, 2001; 2004; Oguz and Merico, 2006). Based on a 

40 years long-term data set Mikaelyan and colleagues (2011) found a close correlation between 

the phosphate content and the size of the coccolithophorids fraction in the total phytoplankton 

biomass, while Churilova et al., 2014) based on data collected from 1999-2013, reported 

different pattern of spatio-temporal distribution in the coastal-shelf versus open sea habitats, 

the latter related to the thickness of upper mixed layer in May-June that depends on the winter 

conditions of the previous year.   

The spatial and temporal structures in plankton ecosystems span many orders of magnitude, but 

the spaceïtime windows of observation are much narrower; thus, multiscale analysis is needed 

to reveal macroscopic patterns. Organizing principles of trophic levels, body size, functional 

attributes, phylogenetic diversity, and elemental stoichiometry should be used to discern 

patterns of natural variability (Li, 2014). 

Summarizing, the variability of the planktonic community is determined by diverse factors 

(abiotic and biotic). The abiotic factors affect at different scales (Dickey and Bidigare, 2005): 

from the global scale, where climatic variability originates the physical forcing, to mesoscale 

structures like eddies and fronts that concentrate biomass and enhance the metabolism and the 

zooplanktonôs vertical migration to deep waters; at the microscale the turbulence affects the 

predator-prey encounter rates. The chemical properties of water masses (i.e. salinity, nutrients, 

oxygen and CO2 concentrations), as well as temperature and light, directly affect the planktonic 

community. In addition, the biomass of the planktonic community is also affected by biotic 

factors such as food distribution and abundance, by determining their growth rates, and 

predation that modulates mortality rates. All these, are factors that drive the plankton population 

dynamics and the communitiesô structure. 

 

III.1.5. Phyto and Zoobenthos 

Concerning phytobenthos, natural fluctuations are significantly affected by latitude 

(temperature and communities), water depth (light availability) and nutrients.  

Seagrasses cover about 0.1ï0.2% of the global ocean, and develop highly productive 

ecosystems which fulfil a key role in the coastal ecosystem (Duarte, 2002). As reported by  
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Duarte (2002) and detailed described in citations therein, ñseagrass meadows generally occupy 

0ï30 m depth littoral fringes off all of the continents except Antarctica. The global extent of 

seagrasses, although rather inadequately defined, is believed to be about 0.6-106 km2, and their 

net production is about 0.6-1015 gC yr-1, 15ï50% of which is allocated to the growth of 

belowground organs. Because of the large below-ground allocation of production, the generally 

low use of seagrass production by herbivores, and the low decomposition rates of seagrass 

carbon, seagrasses store a large fraction of their substantial production, being responsible for 

about 15% of the carbon storage in the ocean. In addition, seagrasses also on average export 

24.3% of their net production to adjacent ecosystems, both to the land and seaward, acting as 

important trophic links with other ecosystems. In addition to their high primary production, 

seagrasses perform many other functions in the ecosystem: 

¶ Provision of food for coastal food webs, 

¶ Provision of oxygen to waters and sediments, 

¶ Carbon sequestration from the atmosphere, 

¶ Organic carbon export to adjacent ecosystems, 

¶ Sediment stabilization, 

¶ Prevention of sediment resuspension, 

¶ Improvement of water transparency, 

¶ Wave attenuation, 

¶ Shoreline protection, 

¶ Habitat for microbes, invertebrates and vertebrates, often endangered or 
commercially important,  

¶ Trapping and cycling of nutrientsò. 

Excessive increases in the nutrient loads, both from natural and/or human origin, determine the 

occurrence of eutrophication consequences in water ecosystems  (Morand and Briand, 1996), 

which produce changes in abiotic matrices such as the water column and surface sediments 

(Chessa et al., 2005), zoological, and phytosociological assemblages or communities (Orfanidis 

et al., 2008; Viaroli et al., 2008). Relationships among sediment characteristics (i.e. pH, 

oxidation-reduction potential, grainïsize, nutrients, sulphide) and phanerogams distribution 

were observed in many studies (Giusti et al, 2010; Renzi et al., 2007; Short, 2007; Van Katwijk 

and Wijgergangs, 2004; Chau, 2002; Azzoni et al., 2001; Miller and Sluka, 1999; Viaroli et al., 

1996; Goodman et al., 1995; Ferrari et al., 1972) evidencing sediment as a key element for the 

plants establishment, presence and recolonization after the occurrence of environmental crises 

(Plus et al., 2003). Furthermore, phanerogams actively contribute to the regulation of the  
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oxidation level in sediments by spreading the oxygen produced by photosynthesis from the 

rhizosphere (Sand-Jensen et al., 1982; Pedersen et al., 1998) and to the reduction of the system 

turbidity (Mannino and Sar¨, 2006). 

A strong relationship among the depth of the lower limit of the P. oceanica meadow and the 

water transparency (also related to water turbidity) is reported in the literature (Pergent et al., 

1995). With the exclusion to the erosive limit that is strongly conditioned by bottom 

hydrodynamic, relationships between transparency and the depth of lower limit are: 

¶ between 0 m and -15 m of depth for very low transparency water; 

¶ between -15 m and -25 m of depth for low transparency water; 

¶ between -25 m and -35 m of depth for transparency water; 

¶ lower than -35 m of depth for very transparency water. 

Abundance (density as number of shoots/m2) of P. oceanica meadow is strictly related to the 

water depth in the sampling site, light intensity, and substratum type. Giraud (1977) classified 

meadows according to density of shoots as follow: 

Class 1   Very dense meadow        > 700 shoot/m2; 

Class 2   Dense meadow       400 ï 700 

shoot/m2; 

Class 3   Rade meadow       300 ï 400 

shoot/m2; 

Class 4   Very Rade meadow       150 ï 300 

shoot/m2; 

Class 5   Semi-meadow       50 ï 150 shoot/m2; 

 

More recently Pergent-Martini and Pergent (1994) and Pergent (1995) proposed a new 

classification taking into account both water depth and the number of shoot/m2 that allow to 

identify three types of meadows: undisturbed (shoot density is normal or exceptional), disturbed 

(low shoot density) and very disturbed (abnormal shoot density).  

As example, for undisturbed meadows, the number of shoot/m2 is between 173-397 at 20 m 

depth (normal meadow) and >397 shoot/m2 for exceptional dense meadows. On the contrary, 

at the same depth disturbed meadows and very disturbed meadows show values of 61-173 

shoot/m2 and <61 shoot/m2 respectively. At 25 meters of depth, for undisturbed meadows, the 

number of shoot/m2 is between 116-340 (normal meadow) and >340 shoot/m2 for exceptional 

dense meadows. On the contrary, at the same depth disturbed meadows and very disturbed  
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meadows show values of 4-116 shoot/m2 and <4 shoot/m2, respectively. Finally, at 30 meters 

of depth, for undisturbed meadows, the number of shoot/m2 is between 70-249 (normal 

meadow) and >249 shoot/m2 for exceptional dense meadows. At the same depth disturbed 

meadows are <70 shoot/m2, while very disturbed meadows are considered to disappeed at depth 

higher than 25 meters.  

Concerning benthic crustaceans, seasonal fluctuations due to molting, feeding and 

reproduction, and in some cases migrations, require standardizing sampling programs by 

species that account of their biology and ecology.  Seasonal variability in relation to temporal 

fishery closures used to manage commercial species in some countries must be taken into 

consideration when designing sampling programmes. Interannual variations attributable to 

fluctuations in recruitment strength associated with larval survival must be taken into account. 

Furthermore, because many benthic crustaceans have a metapopulation structure changes in 

larval supply and connectivity patterns caused by large scale processes (e.g. decadal astronomic 

cycles (solar activity), others are more irregular but related to climatic indices showing alternate 

patterns, occasional but repetitive events (El ni¶o) or occasional ones (changes in thermohaline 

circulation (i.e. great salinity slug) must also be taken into consideration. For commercial 

benthic species, spatio-temporal trends in fishing effort and of changes in fishery regulations 

must also be incorporated in interannual monitoring plans. 

III.1.6. Biodiversity  

In a major review work Coll et al.  (2010) assessed the overall spatial and temporal patterns of 

species diversity and identified major changes and threats of biodiversity in the Mediterranean 

Sea. Spatial patterns showed a general decrease in biodiversity from northwestern to 

southeastern regions following a gradient of production, with some exceptions and caution due 

to gaps in our knowledge of the biota along the southern and eastern rims. 

Biodiversity was also generally higher in coastal areas and continental shelves, and decreases 

with depth. Temporal trends indicated that overexploitation and habitat loss have been the main 

human drivers of historical changes in biodiversity.  

Habitat loss and degradation, followed by fishing impacts, pollution, climate change, 

eutrophication, and the establishment of alien species were shown as the most important threats 

and affect the greatest number of taxonomic groups. All these impacts are expected to grow in  



 

 

 
 Funded by the European Commission ï DG Environment  119 

importance in the future, especially climate change and habitat degradation. The spatial 

identification of hot spots highlighted the ecological importance of most of the western 

Mediterranean shelves (and in particular, the Strait of Gibraltar and the adjacent Alboran Sea), 

western African coast, the Adriatic, and the Aegean Sea, which show high concentrations of 

endangered, threatened, or vulnerable species. The Levantine Basin, severely impacted by the 

invasion of species, is endangered as well. 

In the Mediterranean, a northwestern-to-southeastern gradient of species richness was observed 

in most groups of invertebrate species analyzed, with a highly heterogeneous distribution of 

species in the different regions. Similar results were found for vertebrate species (Figure 24). 

There was a decreasing gradient from northwest to the southeast, while the sea around Sicily 

had the highest richness, followed by other northwestern coastal and shelf areas. The endemic 

richness gradient of fish species was more pronounced with latitude, the north side exhibiting 

a greater richness, and the Adriatic appearing as a hot spot of endemism with 45 species per 

cell. Spatial patterns also showed how most of Mediterranean coastal waters have been 

colonized by exotic species. The highest richness of exotic species occurred along the Israeli 

coast. 

 

Figure 24. Spatial patterns of vertebrate species richness in the Mediterranean Sea based 

on superimposed expert-drawn maps (excluding fish species). 

 














































































































































































































































































