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Glossary and definitions 

Habitats  

Natural habitats: are terrestrial or aquatic areas distinguished by geographic, abiotic and bi-

otic features, whether entirely natural or semi-natural (Habitats Directive). 

Habitat condition: is the quality of a natural or semi natural habitat in terms of its abiotic and 

biotic characteristics. Condition is assessed with respect to the habitat composition, structure 

and function. In the framework of conservation status assessment, condition corresponds to 

the parameter “structure and function”. The condition of a habitat asset is interpreted as the 

ensemble of multiple relevant characteristics, which are measured by sets of variables and 

indicators that in turn are used to compile the assessments. 

Habitat characteristics: are the attributes of the habitat and its major abiotic and biotic com-

ponents, including structure, processes, and functionality. They can be classified as abiotic 

(physical, chemical), biotic (compositional structural, functional) and landscape characteristics 

(based on the Ecosystems Condition Typology defined in the SEEA-EA; United Nations et al., 

2021). 

Species 

Characteristic species: are species that characterise the habitat type, are used to define the 

habitat, and can include dominant and accompanying species. 

Typical species: are species that indicate good condition of the habitat type concerned. Their 

conservation status is evaluated under the structure and function parameter. Usually, typical 

species are selected as indicators of good condition and provide complementary information 

to that provided by other variables that are used to measure compositional, structural and 

functional characteristics. 

Variables 

Condition variables: are quantitative metrics describing individual characteristics of a habitat 

asset. They are related to key characteristics of the habitat that can be measured, must have 

clear and unambiguous definition, measurement instructions and well-defined measurement 

units that indicate the quantity or quality they measure. In these guidelines, the following types 

of condition variables are included: 

- Essential variables: describe essential characteristics of the habitat that reflect the hab-

itat quality or condition. These variables are selected on the basis of their relevance, 

validity and reliability and should be assessed in all MSs following equivalent measure-

ment procedures.  

- Recommended variables: are optional, additional condition variables that may be meas-

ured when relevant and possible to gain further insight into the habitat condition, e.g. 

according to contextual factors; these are complementary to the essential variables, can 

improve the assessment and help understand or interpret the overall results.  

- Specific variables: are condition variables that should be measured in some specific 

habitat types or habitat sub-groups; can thus be considered essential for those habitats, 

which need to be specified (e.g. salinity for saline grasslands, groundwater level for bog 

woodlands, etc.).  
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Descriptive or contextual variables: define environmental characteristics (e.g. climate, to-

pography, lithology) that relate to the ecological requirements of the habitat, are useful to char-

acterise the habitat in a specific location, for defining the relevant thresholds for the condition 

variables and for interpreting the results of the assessment. These variables, however, are not 

included in the aggregation of the measured variables to determine the condition of the habitat. 

Reference levels and thresholds: are defined for the values of the variables (or ranges) that 

determine whether the habitat is in good condition or not. They are set considering the distance 

from the reference condition (good). The value of the reference level is used to re-scale a 

variable to derive an individual condition indicator.  

Condition indicators: are rescaled versions of condition variables. Usually, they are rescaled 

between a lower level that corresponds to high habitat degradation and an upper level that 

corresponds to the state of a reference habitat in good condition.  

Aggregation: is defined in this document as a rule to integrate and summarise the information 

obtained from the measured variables at different spatial scales, primarily at the local scale 

(sampling plot, monitoring station or site). 

 

Abbreviations 

EU: European Union 

HD: Habitats Directive 

IAS: Invasive Alien Species 

MS: Member State 

EU Member States acronyms: 

Austria (AT) Estonia (EE) Italy (IT) Portugal (PT) 

Belgium (BE) Finland (FI) Latvia (LV) Romania (RO) 

Bulgaria (BG) France (FR) Lithuania (LT) Slovakia (SK) 

Croatia (HR) Germany (DE) Luxembourg (LU) Slovenia (SI) 

Cyprus (CY) Greece (EL) Malta (MT) Spain (ES) 

Czechia (CZ) Hungary (HU) Netherlands (NL) Sweden (SE) 

Denmark (DK) Ireland (IE) Poland (PL)   

MSFD: Marine Strategy Framework Directive 

SEEA EA: System of Environmental Economic Accounting- Ecosystem Accounting 

WFD: Water Framework Directive 
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Executive summary  

Reefs (habitat 1170) are present in all EU Marine Regions. A general description, including 

listing of the main sub-types and distinguishing between geogenic and biogenic reefs is pro-

vided by way of introduction, including references to the definition in the Habitats Directive 

Interpretation Manual, EUNIS habitat types (level 4) and Annex I of the Nature Restoration 

Regulation. 

A structured framework for the ecological characterization of habitat 1170 and the selection of 

appropriate variables for assessing their condition is set out in Section 1. Seventeen key char-

acteristics and corresponding variables essential for evaluating condition of the habitat 

have been identified using the System of Environmental Economic Accounting - Ecosystem 

Accounting (SEEA EA), an international standard for ecosystem accounts adopted by the 

United Nations Statistical Commission (Section 1.2 and Table 2). 

All twenty-two Member States that have reported habitat 1170 as present in their jurisdictions 

provide some information on the location and main characteristics of ‘reefs’ that have been 

given Natura 2000 status.  

Specific methodologies for assessing and monitoring reefs are available from twelve Mem-

ber States (DE, DK, ES, FR, HR, IE, IT, MT, NL, PL, RO, SI). There are also reports of reef 

surveys and assessments carried out in these and other EU Member States that are relevant, 

and that can or have been used to inform such assessments although not directly stated as a 

reason for the work (e.g. surveys carried out in Estonia and Latvia). Out of the seventeen key 

characteristics of habitat 1170 described in Section 1, the most commonly recorded (by 12 

Member States) concern epifaunal and infaunal communities (Table 5). 

Sweden and Ireland have proposed variables for consideration when reporting on conservation 

objectives without distinguishing those which might be specifically used for assessment of 

structure and function. Also relevant are survey reports relating to this habitat type carried out 

in the waters of other EU Member States that can be, or have been used, to inform such 

assessments although not directly stated as a reason for the work e.g. Denmark and France. 

The reference values and thresholds applied by Member States to obtain condition indica-

tors for reefs are variously; very specific, based on trends, use indices, rely on expert judge-

ment or any combination of these. There is consistent and good coverable of variables used 

to describe the ecological characteristics of this habitat type across Member States. The ex-

ception is functional state characteristics where limited information is available on approaches 

taken.  

A number of approaches are used to aggregate data to provide an assessment at local and 

national scales. There is no specific information on aggregation methods applied for reefs at 

the biogeographical scale.  

There is no standard approach to the identification of a number and distribution of localities 

or sampling frequencies to carry out the assessment and monitoring of reefs. Practical con-

sideration, such as accessibility are important as are factors such as size, physical variability 

and diversity of the associated biological communities. Ideally monitoring takes place across 

the reef as well as focusing on any identifiable sub habitats such as biogenic reef types. 

A variety of methodologies and projects provide valuable information on assessing the struc-

ture and function of reefs even though they may not be specifically aimed at Article 17 report-

ing. 
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The final part of document is focused on guidance for harmonising methodologies to ensure 

consistent data collection and assessment criteria across EU Member States. A proposed list 

of essential, recommended and specific condition variables is presented covering abiotic, 

biotic, and landscape/seascape characteristics (Table 15). Potential approaches for making 

assessments of condition include comparison to undisturbed areas, hindcasting, modelling 

and expert judgement. Cross reference is also made to EU reference values in the Water 

Framework Directive and Marine Strategy Framework Directive that may be relevant.  
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1 Definition and ecological characterisation 

1.1 Definition and interpretation of habitats covered 

Reefs are rocky marine habitats or biological concretions that rise from the seabed. They are 

generally subtidal but may extend as an unbroken transition into the intertidal zone, where they 

are exposed to the air at low tide. They are very variable in form and the communities they 

support. There are two main types of reefs; those which are defined by the substratum where 

animal and plant communities develop on rock or stable boulders and cobbles (geogenic reefs) 

and those which are defined by the presence of structures created by the animals themselves 

(biogenic reefs)1. 

The EU Interpretation Manual gives the following definition and clarifications for reefs (code 

1170) (European Commission, 2013);  

“Reefs can be either biogenic concretions or of geogenic origin. They are hard compact sub-

strata on solid and soft bottoms, which arise from the sea floor in the sublittoral and littoral 

zone. Reefs may support a zonation of benthic communities of algae and animal species as 

well as concretions and corallogenic concretions.”  

Clarifications: 

- “Hard compact substrata” are: rocks (including soft rock, e.g. chalk), boulders and cobbles 

(generally, >64 mm in diameter). 

- “Biogenic concretions” are defined as: concretions, encrustations, corallogenic concretions 

and bivalve mussel beds originating from dead or living animals, i.e. biogenic hard bottoms 

which supply habitats for epibiotic species. 

- “Geogenic origin” means: reefs formed by non-biogenic substrata. 

- “Arise from the sea floor" means: the reef is topographically distinct from the surrounding 

seafloor. 

- “Sublittoral and littoral zone” means: the reefs may extend from the sublittoral uninterrupted 

into the intertidal (littoral) zone or may only occur in the sublittoral zone, including deep water 

areas such as the bathyal. 

- Such hard substrata that are covered by a thin and mobile veneer of sediment are classed 

as reefs if the associated biota are dependent on the hard substratum rather than the overlying 

sediment. 

- Where an uninterrupted zonation of sublittoral and littoral communities exists, the integrity of 

the ecological unit should be respected in the selection of sites. 

- A variety of subtidal topographic features are included in this habitat complex such as: 

Hydrothermal vent habitats, sea mounts, vertical rock walls, horizontal ledges, overhangs, pin-

nacles, gullies, ridges, sloping or flat bed rock, broken rock and boulder and cobble fields. 

Reefs typically provide an increase in structural complexity and a cryptic habitat which allows 

for the settlement of other species and provides refuge from predation, competition, and phys-

ical and chemical stresses. Reef habitats may also represent important food resources, provid-

ing food for juvenile fish and economically important fish stocks, as well as providing areas for 

foraging, refuge and nursery grounds (West et al., 2024). 

  

 
1 https://sac.jncc.gov.uk/habitat/H1170/ 

https://sac.jncc.gov.uk/habitat/H1170/
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Schuhmacher & Zibrowius (1985) describe marine biogenic concretions or bioconstructions, 

or bioherms, as elevated structures made of living benthic organisms (bioconstructors) that 

overgrow the remnants (usually skeletons or shells) of their predecessors. Marine bioconstruc-

tions are biodiversity-rich, three-dimensional biogenic structures, regulating key ecological 

functions of benthic ecosystems worldwide (Ingrosso et al., 2018).”  

Hard substrata that are covered by a thin and mobile veneer of sediment are classed as reefs 

if the associated biota is dependent on the hard substratum rather than the overlying sediment. 

A variety of subtidal topographic features are included in this habitat complex such as: hydro-

thermal vent habitats, sea mounts, vertical rock walls, horizontal ledges, overhangs, pinnacles, 

gullies, ridges, sloping or flat bed rock, broken rock and boulder and cobble fields. 

An important characteristic is that many reefs are made up of a mosaic of marine communities 

and habitats rather than being uniform. This is illustrated in Annex II of the Nature Restoration 

Law2 which lists sub-habitats that may be present within some biogenic or geogenic reef types 

(macroalgal forests - group 2, shellfish beds - group 3, and sponge, coral and coralligenous 

beds - group 5) using the EUNIS habitat classification as a reference. A review by Oceana 

(Aguilar comm. pers.) lists reef types formed by cnidarians (including stony corals, black corals, 

soft corals and sea pens), molluscs (including mussels, oysters, clams and piddocks), annelids 

(polychaetes), crustaceans, sponges, tunicates, bryozoans, brachiopods and foraminifera as 

well as mixed reefs. 

Reefs (code 1170) are listed in the Interpretation Manual under COASTAL AND HALOPHYTIC 

HABITATS and in the subcategory ‘Open Sea and Tidal Areas’. They can be found in associ-

ation with “vegetated sea cliffs” (habitats 1230, 1240 and 1250), “sandbanks which are covered 

by sea water all the time” (1110) and “sea caves” (habitat 8830). Reefs may also be present 

in habitat 1130 “estuaries” and habitat 1160 “large shallow inlets and bays” 

The approach taken in these guidelines is not to cluster habitat 1170 with other marine habitat 

types because, even though there is some overlap in approaches to monitoring and assess-

ment, the focus for this habitat is on investigating “hard compact substrata”. In contrast, ‘Estu-

aries’ and ‘Large Inlets and Bays’ are habitat complexes and may include some areas of reef; 

however, in these cases soft sediments are a major component. 

According to the 2022 EUNIS marine habitat classification the following EUNIS habitat types 

(level 3) may be present as components of habitat type 1170: MA12-15, MA22-25, MB12-15, 

MB22-25, MB43, MB44, MC12-15, MC22-25, MC43, MD12-15, MD22-25, ME12-15, ME22, 

ME24-25, MF12, MF14-15, MF22, MF24-25, MG12, MG14, MG15, MG22, MG24, MG25. 

These incorporate some of the habitats listed, (at EUNIS level 4) in Group 2 (macroalgal for-

ests) Group 3 (Shellfish beds) Group 5 (sponge, coral and coralligenous beds) and Group 6 

(vents and seeps) habitats on Annex II of the Nature Restoration Law.  

‘Reefs’ are present in the following twenty-two Member States;  

Belgium (BE), Bulgaria (BG), Cyprus (CY), Germany (DE), Denmark (DK), Estonia (EE), Spain 

(ES), Finland (FI), France (FR), Greece (GR), Croatia (HR), Ireland (IE), Italy (IT), Lithuania 

(LT), Latvia (LV), Malta (MT), Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO), 

Sweden (SE) and Slovakia (SL). 

  

 
2 REGULATION (EU) 2024/1991 of the European Parliament and of the Council of 24 June 2024 on nature restoration and 

amending Regulation (EU) 2022/869 
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Diversity across de the regions 

Geogenic and biogenic reefs are present in all the EU regional sea areas, in both coastal and 

offshore locations. 

Geogenic reefs are found both intertidally and subtidally, in sheltered waters through areas 

moderately exposed to swell and wave action, to waters exposed to the full force of waves. 

They occur fringing coastal areas as well as offshore, and from shallow waters to significant 

depths around seamounts (e.g. Probert et al., 2007). Across this range, reefs may be subjected 

to strong tidal currents. The structure of reefs varies from bedrock to boulders or cobbles while 

topography ranges from horizontal to vertical and the reefs may have numerous ledges and 

crevices. The geology includes limestone, shale, granite, schists and gneiss and sometimes 

of volcanic origin. In the North Sea and the Baltic Sea, they may be elevations containing 

glacial debris and with mixed substrates (e.g. Marl, sands, muds). The North Eastern Atlantic 

archipelagos, of the Macaronesian region, comprise four groups of islands: the Azores, Ma-

deira, the Canaries and Cape Verde. They are all of volcanic origin with both intertidal and 

subtidal rocky reefs where the underlying geology is basalt.  

The associated marine communities on reefs vary depending on factors such as depth, light 

levels, exposure to wave action, availability of nutrients and geographical location (e.g. Tem-

plado et al., 2009). The communities may be dominated by vegetation, sessile animals and 

mobile species (e.g. molluscs, crustaceans and fish) that are either permanently or temporarily 

resident on reef habitats.  

Biogenic reefs significantly alter their environment by enhancing its structural complexity, cre-

ating resources that support a richer diversity and abundance of species. There are many sub-

types of biogenic reefs and it is important that these are distinguished in the assessments to 

be carried out. In European seas they may be formed by algae, bryozoans, cold water corals, 

coralligenous platforms, deep sea sponge grounds, shallow water sponge reefs, mollusc reefs 

and reefs formed by polychaete worms (e.g. Ingrosso et al., 2018; Silas et al., 2023). 

The main types of biogenic reef that have been described in the Black Sea are those formed 

by mussels (Mytilus galloprovincialis), piddocks (Pholadidae) and tube worms (Ficopomatus 

enigmaticus). There are also reefs formed by the oyster (Ostrea edulis) in Bulgarian waters, 

but these are from historic rather than currently living populations and are now colonized by 

blue mussels and sponges as well as both red and brown algae (Todorova et al., 2009; Micu 

et al., 2007). Ficopomatus enigmaticus reefs (an invasive species) have developed in areas 

sheltered by waves with a slight current and variable salinity, whereas biogenic reefs of M. 

galloprovincialis consist of banks of mussels whose shells have accumulated over time, form-

ing a hard support raised above the surrounding sediments. Other types of biogenic reefs in 

the region are clay banks in the form of plateaus with galleries dug by the burrowing species 

Pholas dactylus and Barnea candida (Micu et al., 2007). 

Biogenic reefs in mediolittoral, infralittoral and circalittoral zones of the Mediterranean Sea 

are typically formed by mussels (Mytilus galloprovincialis/edulis and Modiolus barbatus) and 

oysters (Neopycnodonte cochlear). There are also worm reefs in the circalittoral zone formed 

by several species depending on the bottom composition. The most common are Sabellaria 

spinulosa, Sabella pavonina and to a lesser extent the Filograna spp./Salmacina spp. complex 

and Sabella spallanzanii. Dendropoma petraeum is endemic to the Mediterranean Sea, nota-

ble for creating both living and fossil reefs along warm, rocky coasts, which develop in the 

lower intertidal. Fossil Dendropoma reefs, preserved alongside living structures, are especially 



 
Technical Guidelines for assessing and monitoring the condition of 

Reefs (1170) 
 

 

9 
 

important as palaeoecological indicators, providing insights into past sea-level fluctuations and 

climate conditions in tectonically stable Mediterranean areas (Templado et al., 2016) 

Coralligenous habitats, develop in dim light conditions where calcareous algae and different 

macroinvertebrate species (Bryozoans, scleractinians, serpulids and sponges) develop com-

plex bioconstructions. They are found down to 200m and may develop on vertical walls and 

overhangs as well as horizontal and gently sloping seabed (Ballesteros, 2006; UNEP/MAP - 

RAC/SPA, 2014). The most widely studied are those of the north-western Mediterranean 

where the two main algal communities that have been distinguished are an assemblage dom-

inated by Halimeda tuna and Mesophyllum alternans in relatively high light levels, and an as-

semblage dominated by encrusting corallines where light levels are low (UNEP/MAP - 

RAC/SPA, 2014). They may be relatively dense aggregation of colonies or individuals of one 

or more coral species. Reef forming hard corals (e.g. Desmophyllum, Madrepora and Caryo-

phylliidae), may be present as small or scattered colonies. Whilst in deeper waters gorgonians, 

sea pens and black corals (Antipatharian species) may also form part of the reef features 

(Gubbay et al., 2016). In the Canary Islands, for example, the black coral Antipathella wollas-

toni is found around 40m and below, along with the gorgonian Eunicella verrucosa and the 

zoanthid Antipathozoanthus macaronesicus (Ocaña & Brito, 2004). 

In the Atlantic biogenic reefs in the intertidal zones may be formed by species including the 

blue mussel (Mytilus edulis) the Mediterranean mussel (Mytilus galloprovincialis), which is 

found on the Portuguese coast as well as the Mediterranean (Boaventura et al., 2002) and the 

honeycomb worm (Sabellaria alveolata). The reefs can extend over significant areas, although 

often in patches. Two examples are the banks of S.alveolata that cover large areas of sandflats 

in the lower intertidal zone the Bay of Mont Saint-Michel (France) and some areas in the Por-

tuguese coast (Dubois et al., 2006; Bertocci et al., 2012; Dias & Paula, 2001), and the patchy 

M. galloprovincialis reefs on rocky shores of the Portuguese coast. Sublittoral biogenic reefs 

in the region include those created by the polychaete worms Serpula vermicularis, Sabellaria 

spinulosa, S.alveolata and bivalves, such as mussels and oysters. In Belgium reefs formed by 

the sand mason work (Lanice conchilega) occur in shallow water close to the coast3. In deeper 

waters, cold water corals form reefs. The Porcupine Bank Canyon (Ireland), and Galicia Bank 

(Spain) are two such locations where Desmophyllum pertusum, Madrepora oculata and com-

munities of black coral, bamboo coral and gorgonia sea fans have formed biogenic reefs (de 

la Torriente et al., 2015). There are also deep-water reef habitats on seamounts such as occur 

around the Canary Islands (Alvarez et al., 2015) and the Azores. Circalittoral coral reefs dom-

inated by black coral and gorgonian communities occur around all three island groups in the 

Macaronesian region at depths of between 40m and at least 196m. This is a species rich and 

productive habitat providing diverse ecosystem services including fish habitat and nursery ar-

eas, nutrient cycling and benthic productivity4. 

In the Baltic Sea, biogenic reefs are typically formed by Mytilus edulis, Modiolus modiolus 

(common in the Kattegat) and the zebra mussel (Dreissena polymorpha) which is present in 

coastal lagoons and estuaries. All these species can form dense colonies and often create 

multi-layered beds on hard or soft substrata. They act as substratum for other animals and 

macrophytes. The animal and plant communities of reefs vary with the salinity, light penetration 

and exposition to water motion. In the northern Baltic Sea reefs are mainly of geogenic origin, 

and are often covered by macroscopic epibenthic communities dominated by Mytilus spp. 

(HELCOM, 2013). 

 
3 https://www.health.belgium.be/en/habitats-directive-areas-belgian-part-north-sea  
4 https://moveon-project.eu/results/deliverables/circalittoral-coral-reefs-a5-63/ 

https://www.health.belgium.be/en/habitats-directive-areas-belgian-part-north-sea
https://moveon-project.eu/results/deliverables/circalittoral-coral-reefs-a5-63/


 
Technical Guidelines for assessing and monitoring the condition of 

Reefs (1170) 
 

 

10 
 

1.2 Environmental and ecological characterization and selection of 

variables to measure habitat condition 

Reefs are very variable in form and in the communities that they support. The main charac-

teristics which determine the structure and function of reefs are; 

• Degree of submergence/depth 

• Substrate type/geology 

• Topography 

• Biogenic structures 

• Exposure to current, wave action, scour and surge 

• Temperature 

• Turbidity 

• Water quality  

1.2.1 Abiotic characteristics 

Abiotic characteristics describe both the physical and chemical state of the habitat. In the case 

of geogenic reefs, this will include the geology and topography of the underlying substrate, 

rugosity and characteristics of the water column. 

The structure of such reefs varies from bedrock to boulders or cobbles while topography 

ranges from horizontal to vertical and the reefs may have numerous ledges and crevices. The 

geology includes limestone, shale, granite, schists and gneiss. In the North Sea and the Baltic 

Sea, reefs may be elevations containing glacial debris and with mixed substrates (e.g. Marl, 

sands, muds)5. There may be further variety associated with topographical features such as 

vertical rock walls, boulder fields, gully and canyon systems, outcrops from sediment, and 

rockpools on the shore6. As an example, see Table 1 which illustrates types of geogenic reefs 

in Ireland across differing substrata, depth, salinity and current regimes (West et al., 2024). 

Table 1. Overview of the ecological and environmental requirements of geogenic reef 

habitat in Ireland 

Reef 

Type 
Distribution 

Preferred 

Substratum 

Temp. 

Range 

Depth 

Range 

Preferred 

Salinity 

Preferred 

Current 

Speeds 

References 

Intertidal 

geogenic 

reef 

Worldwide 

Bedrock, 

boulders, 

cobbles, peb-

bles 

-5°C - 

30°C 

Upper 

shore - 

0 m 

18-35‰ <1-6 kn 

Hill et al., 1998; 

Connor et al., 

2004 

Infralittoral 

geogenic 

reef 

Worldwide 

Bedrock, 

boulders, 

cobbles, peb-

bles 

0°C - 

24°C 

0- 

20 m 
18-35‰ <1-6 kn 

Birkett et al., 

1998; 

Connor et al., 

2004 

Subtidal 

geogenic 

reef 

Worldwide 
Bedrock, 

boulders 

5°C - 

20°C 

20- 

100 m 
30-35‰ <1-6 kn 

Connor et al., 

2004; 

Marine 

Institute 

Ireland, 2019 

 
5 Eg. off the Jasmund peninsula in the German Baltic where reef structures are formed by rising chalk slabs (Herrmann et al., 

2015) 
6 https://sac.jncc.gov.uk/habitat/H1170/ 

https://sac.jncc.gov.uk/habitat/H1170/
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Potential physical indicators for monitoring geogenic reef habitat structure and function identi-

fied in a study of reefs in Ireland are habitat elevation, patchiness, extent, substrate type, wave 

exposure/currents, temperature change, and light attenuation (West et al., 2024). 

The marine communities and typical species on reefs differ depending on the physical struc-

ture and location given that reefs may be present in the intertidal as well as infralittoral and 

circalittoral zones. Key physical factors that characterise the different communities present are 

morphology (including roughness and verticality), the structure of the substrate, bathymetry, 

hydrological conditions, tidal regime, as well as chemical characteristics such as transparency, 

thermal conditions, oxygen levels, salinity and nutrients (Jackson-Bué et al., 2024; Templado 

et al., 2009). Depth and the turbidity of the water will have an influence on the establishment 

of algae on a reef as well as the species, their abundance and any zonation patterns. The 

same applies in relation to currents and wave action. Where there is good water movement 

geogenic reefs may be colonised by large numbers of filter feeding organisms. Such conditions 

can also favour the development of biogenic reefs such as those formed by corals, bivalves 

and polychaete worms (e.g. Cladocora caespitosa, Lophelia pertusa, Mytilus edulis, Neopyc-

nodonte cochlear, Ostrea edulis, Serpula vermicularis, and Sabellaria alveolata). Extremely 

exposed habitats may be dominated by a robust turf of sponges, anemones and foliose red 

seaweed, while in more sheltered locations they may support delicate or silt-tolerate filamen-

tous algae7. Particularly distinct communities are associated with chalk and limestone8. 

1.2.2 Biotic characteristics 

The main biotic characteristics of reefs are determined by the characteristic species present 

as well as their relative abundance, density, the structures they form, including niches for other 

species as well as provisions such as food, nursery/refuge areas. Species specific variables 

have also been proposed to assess biotic characteristics. In the case of fish, for example (Hen-

riques et al., 2013) the following metrics were selected as the most suitable to detect changes 

on temperate reef fish assemblages: “density of generalist individuals”, “density of territorial 

individuals”, “density of large individuals with medium to high commercial value (>20 cm)”, 

“density of juveniles” and metrics relative to trophic guild (except zooplanktivores). For ma-

croinvertebrates Henriques et al., (2014) suggest distinguishing different ecological groups us-

ing the AMBI Marine Biotic Index9. Potential biological indicators for monitoring reef habitat 

structure and function identified in a study of reefs in Ireland are species abundance/habitat 

extent, macroalgae, abundance of non-native species and recruitment (West et al., 2024).  

Examples of variables that can be used to measure these characteristics when reporting on 

the condition of habitat type 1170 are summarised in Table 2. The classification of the ecolog-

ical characteristic and associated variables follows the UN-SEEA ecosystem condition typol-

ogy which has six classes: abiotic physical, abiotic chemical, biotic compositional, biotic struc-

tural, biotic functional and landscape/seascape characteristics (United Nations et al., 2021). 

  

 
7 https://sac.jncc.gov.uk/habitat/H1170/ 
8 E.g. off the Jasmund peninsula in the German Baltic where reef structures are formed by rising chalk slabs (Herrmann et al., 

2015) 
9 AMBI Marine Biotic Index https://ambi.azti.es/ 

https://sac.jncc.gov.uk/habitat/H1170/
https://ambi.azti.es/
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Table 2. Ecological characterisation and selection of variables used to measure habitat 

condition of habitat 1170 (reefs) 

Ecological 

characteristics 
Types Description Examples of associated variables 

Abiotic 

characteristics 

Physical state 

characteristics 

Degree of submerg-

ence/depth, tidal re-

gime 

Depth in relation to chart datum 

Tidal range  

Substrate type/Geology 
Mineral/rock/sediment type 

Proportions of cobbles, pebbles, boulders etc 

Topography/physical 

structure/habitat com-

plexity 

Physical dimensions 

Extent 

Longitude and latitudinal gradients 

Form/roughness/verticality 

Temperature Water temperature 

Turbidity 
Suspended particles 

Light transmission through water samples 

Hydrodynamics - Expo-

sure to current, wave 

action, scour & surge 

Location  

Aspect 

Water movement 

Chemical state 

characteristics 

Water quality, nutrient 

status, hazardous sub-

stances 

Various parameters including nitrates & 

phosphates 

Biotic 

characteristics 

Compositional 

state character-

istics 

Invertebrates - Epifau-

nal & infaunal commu-

nities including meio-

fauna 

Number of biocenosis 

Presence & abundance of species (SACFO 

scale) 

Diversity indexes 

Biomass 

Density 

Vertebrates - Associ-

ated fish communities 

Abundance 

Distribution 

Population structure 

Macrophytes, macroal-

gae, eelgrass   

Spatial extent 

Taxonomic composition 

% cover 

Opportunistic/invasive 

species 

Species distribution 

Species abundance/biomass 

Biogenic structures 

Type 

Extent 

Volume/biomass 

Structural state 

characteristics 

Characteristic species 

Percentage cover 

Biomass 

Synthetic indicators (M-AMBI, BENTIX etc) 

Reef structure 

Basal (encrusting), intermediate (bushes) 

and upper (erect) layer for coralligenous 

reefs 

Vegetation zones 
Depth limit of angiosperms 

Belts of fucales 

Functional 

state character-

istics 

Bioerosion Abundance of bioeroders e.g. sponges 

Bioconcretion Cover of animal and algal builders 

Landscape/ seascape 

characteristics 

Connectivity/ Fragmen-

tation 

Presence of anthropogenic structures  

Patch size/distance between patches 

Other Disturbance % free from damage due to human impact 
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1.2.3 Ecological processes that are relevant regarding proper functioning.  

Wave exposure, water depth and water currents are key physical processes which influence 

the biological assemblages present on reefs. Other important factors such as recruitment/prop-

agule supply, and processes which affect primary production, such as suspended sediments, 

light attenuation and water chemistry and temperature, are also key and act to influence the 

food sources consumed by the biological of the habitat, and the biological assemblages them-

selves (Coates et al., 2018). Biogenic reefs may stablish sands, gravels and stones they may 

provide a diversity of crevices, surfaces and sediments for colonisation. Accumulated faeces, 

pseudofaeces and other sediments may be an important source of food for other organisms. 

For these reasons many biogenic reefs have a very rich associated fauna and flora, which at 

least in terms of macrofauna is often much richer and more diverse than the surrounding areas 

(Holt et al., 1998). 

Recruitment, grazing, and predation are key biological drivers affecting macroalgal assem-

blages whilst passive filter feeders such as sponges and anemones are dependent on water 

currents to bring microorganisms, particulate organic matter, plankton and detritus to them. 

1.3 Selection of typical species for condition assessment  

Typical species of the habitat are used to assess whether a habitat is at Favourable Conser-

vation Status. According to the guidelines for reporting under Article 17 (European Commis-

sion, 2023), typical species should be species which occur regularly (i.e. are ‘characteristic’) 

in a habitat type and should include species which are good indicators of favourable habitat 

quality. They should include species sensitive to changes in the condition of the habitat (‘early 

warning indicator species’). Moreover, assuming that the habitat’s structure and function are 

already being monitored, it is important that they provide any useful additional information. 

They also need to reflect the variety of biological communities/subtypes often found within reef 

habitats given that reefs are often made up of a mosaic of marine communities rather than 

being uniform. 

The marine communities and typical species in this habitat differ depending on the type of reef, 

the stage of development, local conditions as well as global considerations such as sea tem-

peratures and natural fluctuations, for example due to variations in the supply of planktonic 

propagules and survival following settlement. By way of example, a preliminary list of typical/in-

dicator species occurring with coralligenous habitats along the Croatian part of the Adriatic 

Sea identifies potential indicator species in the following groups; algal builders, animal builders, 

‘agglomerative’ animals (sponges and bryozoans), bioeroders (sponges, echinoids, molluscs), 

species of particular importance due to their abundance, sensitivity, architectural importance 

and economic value) and invasive species (Caulerpa spp. and red turf algae) (Kipson et al., 

2014). Modelling work of sublittoral rock habitats identified the following key groups; macroal-

gae, temporarily or permanently attached active filter feeders; temporarily or permanently at-

tached passive filter feeders; bivalves, brachiopods and other encrusting filter feeders; tube 

building fauna; scavengers/predatory fauna; non-predatory mobile fauna. Another approach, 

as used in Spain, is to consider selecting taxa that are typically of different zones of reefs: 

Coastal hard substrates, infralittoral hard substrates, hard circalittoral substrates, and bathyal 

hard substrates (Templado et al., 2009). 

The species used to monitor the condition of this habitat type differ depending on the geo-

graphical location and characteristics. Table 3 indicates frequently present groups from which 

species for monitoring may be selected, and the types of changes in quality they could be used 

indicate. They may be drawn from any species group. 
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Table 3. Potential species groups from which to select typical species for monitoring 

habitat 1170 (reefs) 

Species 

Group 
Ecological notes Sensitive to changes in condition 

Macroalgae 
Macroalgae may be present where light levels are 

sufficient.  

Macroalgae are primary producers, ab-

sorbing nutrients, providing food, shelter 

and a surface for attachment by other 

species. The growth and viability of algae 

is affected by water movement, light lev-

els and water quality. 

Polychaetes 

Reef building species (S.spinosa) may be present 

as well as infaunal polychaetes with species pref-

erences depending on grain size, organic matter, 

and oxygen levels (Vanosmael et al., 1982). S. spi-

nulosa tube density can reach high values, approx-

imately 37,000 individuals/m2. S. spinulosa modi-

fies, maintains and creates habitat, Ecosystem ef-

fects of reef structures created by these poly-

chaetes include alteration of water flow and acting 

as sediment traps (Bruschetti, 2019).  

Physical disturbance and changes in nu-

trient/organic matter levels can be indi-

cated by monitoring species from this 

group. 

Molluscs 

Filter feeders and grazers. Molluscs can form the 

structure of biogenic reefs. Both infauna and epi-

fauna. Benthic macrofauna have a pivotal role in 

the mixing, ventilation, oxygenation and irrigation 

of sediments (bioturbation). This improves nutrients 

cycling, substrate permeability, redistribution of 

food resources, buffering against nutrient enrich-

ment and benthic-pelagic coupling (di Camillo et 

al., 2023).   

Physical disturbance and changes in nu-

trient/organic matter levels can be indi-

cated by monitoring species from this 

group. Molluscs have been used as biotic 

tools for ecological status assessment in 

the context of WFD status classification 

(Leshno et al., 2016; Nerlović et al., 

2011), as ecological indicators (Moraitis 

et al., 2018) and bioindicators of environ-

mental contamination (Coelho et al., 

2014; Velez et al., 2016). 

Crustaceans 

Sessile and mobile crustaceans have an important 

role in food webs on reefs as a link between ben-

thic and pelagic organisms, fish and birds. They 

have an ecological role with different species as 

herbivores, detritivores, carnivores and omnivores. 

There can also be a significant role in planktonic 

ecology because of pelagic larval stages (Priones-

Fourzán & Hendrickx, 2022) 

Physical disturbance, Water quality, 

productivity 

Echinoderms 

Both infaunal and epifauna species of echinoderms 

are present in this habitat affecting reef structure 

and dynamics in various ways.  Sea urchins, for 

example, can affect the structure of reefs through 

their grazing activity creating areas of bare rock for 

colonization; starfish can form dense aggregations 

feeding on and clearing areas of bivalve reefs, and 

sea cumbers act as deposit feeders contributing to 

nutrient recycling on reefs. 

Physical disturbance and changes in nu-

trient/organic matter levels can be indi-

cated by monitoring species from this 

group. 

Anthozoans 

Can form the structure of biogenic reefs. They may 

be slow-growing and fragile therefore vulnerable to 

mechanical damage. Sediment re-suspension can 

also have a detrimental effect on sessile filter feed-

ers. 

Turbidity, organic matter, productivity, 

disturbance 

Fish 

Reef fish can occupy a variety of trophic levels us-

ing such areas for feeding, rest/refuge, reproduc-

tion, nursery grounds and transit. They are useful 

indicators of environmental water quality because 

of their differential sensitivity to pollution. 

Productivity, water quality, migration bar-

riers, fisheries impact  
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2 Analysis of existing methodologies for the assessment and 

monitoring of habitat condition 

Information has been collected about the location and description of the main characteristics 

of reefs by all the Member States that have reported habitat 1170 as present within their juris-

diction10. Specific methodologies for assessing and monitoring reefs are available from twelve 

Member States (DE, DK, ES, FR, HR, IE, IT, MT, NL, PL, RO, SI). There are also reports of 

reef surveys and assessments carried out in these and other EU Member States that are rel-

evant, and that can or have been used to inform such assessments although not directly stated 

as a reason for the work (e.g. surveys carried out in Estonia and Latvia) (e.g. Vaher et al., 

2022; Armoškaitė et al., 2021). All these methodologies have been considered in the following 

review albeit distinguishing between what is being done by Member States for reporting on 

habitat condition under Article 17 and what has been done as part of other initiatives. 

2.1 Variables used, metrics and measurement methods, existing data 

sources  

A summary of the ecological characteristics and main variables used to measure habitat con-

dition of reefs is presented in Table 2 (Section 1). Examples of the characteristics and variables 

used by Member States as part of the assessment of conservation status are presented in 

Table 4 and a summary analysis is given in Table 5.  

Table 5 shows that whilst the monitoring and assessment programmes from the twelve Mem-

ber States where assessment methodologies were reviewed cover abiotic, biotic, landscape 

and other characteristics, there are differences in emphasis.   

Nine of the twelve Member States that have specific monitoring programmes for reef habitats 

have identified the need to monitor variables relating to the abiotic characteristics. Of these 

topography/physical characteristic and water quality are the most frequently cited variables. 

Exposure to current/wave action/scour/surge is only specifically mentioned by France; how-

ever, like the other abiotic characteristics it is possible that they may be incorporated into other 

aspects of monitoring. 

Biotic characteristics are well represented in the monitoring programmes being specifically 

mentioned by all twelve Member States. The most frequently cited being monitoring of epifau-

nal and infaunal assemblages. Five Member States specifically mention monitoring of biogenic 

structures, seven refer to macroalgae/macrophyte monitoring variables and only Ireland and 

Slovenia highlight monitoring of associated birds/fish/marine mammals. It is nevertheless pos-

sible that these variables may be considered by other Member States in their more general 

reporting of the abundance and condition of species. 

Connectivity/fragmentation as a landscape/seascape characteristic that needs to be as-

sessed is specifically mentioned by two Member States (France and Malta). Other two Member 

States (Germany and France) reference monitoring of disturbance albeit in different forms. In 

the case of Germany for example, this refers to disturbance of birds. Disturbance has been 

included in the category other.  

 
10 as evidenced by the submitted Standard Data Forms for designated sites where 1110 is a feature and Article 17 reporting for 

this habitat type. 
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Table 4. Examples of variables used by Member States to assess condition of habitat 1170 (reefs) 

Description Examples of variables used by Member States Notes 

1. Abiotic characteristics 

1.1 Physical state characteristics 

Degree of submergence / 

depth / tidal regime 
FR - Reef boundaries including degree of submergence. 

Whilst not necessarily highlighted in all assessment methodologies, these characteris-

tics are usually included in the descriptions of Natura 2000 sites where habitat 1170 is 

present (e.g. in the SDFs). Depth is a standard variable which is recorded in acoustic 

surveys and site-specific sampling e.g. of seabed sediments and therefore likely to be 

noted in the supporting documentation of all assessments for habitat 1170 even if not 

specifically mentioned in the methodologies.   

Substrate type/geology 

DE- Geogenic reef structures & sediment 

FR - Substrate (limestone, granite, metamorphic rock, conglomer-

ate…) 

IE – Sediment grain size 

The rocky substratum of geogenic reefs is usually relatively stable however there may 

be some variation in any soft sediments present within and around the reefs. 

Topography/physical struc-

ture/habitat complexity 

FR – Morphology (continuous/big boulders/small boulders) 

HR – Structural complexity (basal, intermediate and upper layers 

of coralligenous habitats) 

RO – Relative distribution of habitat subtypes (ha) 

The topographical features of habitat 1170 provide an overview of the feature and can 

also give some insight into formation, stability, and dynamics. These characteristics are 

usually included in the initial descriptions of the protected habitats as well as providing 

context for what might constitute "natural change" in the future even if they are not spe-

cifically mentioned in the methodologies  

Hydrodynamics - Exposure 

to current, wave action, 

scour & surge 

DE – Hydrology (including exposure) 

FR - wave exposure 
  

1.2 Chemical state characteristics 

Water quality 
DE - Total inputs compared to baseline year for N & P targets 

ES - Dissolved oxygen, pH, salinity, temperature 

There is limited specific mention of water quality sampling for assessments of this habi-

tat type. Much of the published guidance is general in nature although variables are 

mentioned in some cases.  
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Description Examples of variables used by Member States Notes 

2. Biotic characteristics 

2.1 Compositional state characteristics 

Invertebrates - Epifaunal & 

infaunal communities in-

cluding meiofauna 

DE - Reference against lists of typical species 

DK - Species, number of individuals  

ES – Community/species inventory 

FR - % cover of species 

HR - Species composition and % cover 

IE - Number of marine community types 

NL - Presence of benthic species 

PL - Presence/absence, number of typical macroinvertebrate taxa 

RO - Number and abundance/average density of characteristic 

species 

These characteristics are reported in all the Member States where this habitat is pre-

sent, but the methodologies examined reveal some variation in the level of detail. In 

some cases, there is reference to compiling species lists, for example and in others to 

recording biocenosis or keystone communities.  

Vertebrates - Associated 

fish communities  

SI - Fish community inventory 

IE – Keystone communities including fish 

These characteristics are not necessarily mentioned specifically in assessment method-

ologies but are likely to be covered during surveys to record species present  

Macrophyte, macroalgae, 

eelgrass 

DK - Max depth limit, spread and % cover of eelgrass, macroalgae 

species and % cover 

FR - Area of algae belts, upper and lower limits. 

IT - Presence of floristic elements 

PL - Presence/absence and number of typical macroalgae species 

RO - Extent of phytoplankton/macroalgae 

MT - Density of Cystoseira spp. (derived from % algal cover) 

  

Opportunistic/invasive spe-

cies 

HR - Invasive species abundance (from photoquadrats) 

IE - Presence and/or abundance of negative indicator species 

This characteristic is likely to be picked up in general species monitoring which is possi-

bly the reason why it is not singled out for reporting in many methodologies. Specific 

guidance to do so is more to be expected in locations where it is considered likely to be 

a significant threat to habitat condition.  

Biogenic structures 

RO - Relative distribution of habitat subtypes 

SI - Stony coral (Cladocora caespitosa) density and colony size 

MT - Distributional range and extent (km), % cover of living or-

ganogenic trottoirs with Lithophyllum spp., including facies with 

vermetids 

These characteristics are not necessarily mentioned specifically in assessment method-

ologies but are likely to be covered during surveys to record species and biocenoses 

present 



 
Technical Guidelines for assessing and monitoring the condition of 

Reefs (1170) 
 

 

18 
 

Description Examples of variables used by Member States Notes 

2.2 Structural state characteristics 

Characteristic species 

DK - Biomass of fauna species covering reefs and bubble reefs 

ES - Relative abundance of species/unit area 

FR - Relative abundance of macrofaunal species groups, Health 

Status Index, diversity & % cover of upright macrofauna (gorgo-

nian, sponges bryozoans)  

HR - Number/census of sea urchins along transects  

IE - Area of keystone communities 

MT - Relative abundance and presence of particularly sensitive 

and/or tolerant species 

These characteristics are reported in all Member States where this habitat is present, 

but the methodologies examined reveal some variation in the variables measured. 

Abundance measures (e.g. % cover or biomass) are most common, but there are also 

condition measures (e.g. patchiness). 

Reef structure 

HR - Cover of encrusting calcareous algae and macroinverte-

brates contributing to building up of coralligenous outcrops. 

IE - Area of keystone communities 

  

Vegetation zones 

ES - Dry biomass per surface unit (g/m²) of the main species (de-

fined as such by their representativeness or abundance). 

FR - Density of structuring algae (Cystoseira spp. and Padina 

pavonica)  

  

2.3 Functional state characteristics 

Bioerosion 

HR - Estimate of the cover of boring sponge Cliona spp. and enu-

meration of bioeroding molluscs Gastrochaena dubia and Litho-

phaga lithophaga   

Bioconcretion 
HR - Cover of encrusting calcareous algae and macroinverte-

brates contributing to building up of coralligenous outcrops.   

3. Landscape/seascape characteristics 

Connectivity / Fragmenta-

tion 

FR - Presence/absence of artificial structures and % cover of artifi-

cial surfaces 

MT - Patch size/distance between patches 

 

4. Other 

Disturbance 
DE - Level of disturbance from fishing (professional, sport, recrea-

tional) 
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Table 5. Main ecological characteristics and associated variables monitored in the assessment of structure and function of habitat 1170 (reefs) by 

EU Member States 

Ecological  

characteristics 
Variables Metrics DE DK ES FR HR IE IT MT NL PL RO SI 

1. Abiotic characteristics 

1.1 Physical state characteristics 

Degree of submerg-

ence / depth / tidal 

regime 

Depth in relation to chart datum. 
Metres (m), maximum & minimum 

with seasonal patterns 
            

Substrate type / ge-

ology 
Geogenic reef type 

Mineral/Rock type, Proportions of 

cobbles, pebbles, boulders etc 
            

Topography / physi-

cal structure / habi-

tat complexity 

Physical dimensions; extent; longitude 

and latitudinal gradients; elevation; form 

and presence of features from a stand-

ardised list (e.g. gullies, caves) 

Metres (m), degrees of slope (o), 

roughness/ verticality, physical fea-

tures from a reference list 

            

Hydrodynamics - 

Exposure to current, 

wave action, scour 

& surge 

Current speed; wave height, direction & 

frequency 

Current speed (m/s) direction, height 

and extremes (m) 
            

1.2 Chemical state characteristics 

Water quality 

Various substances (including chemi-

cals listed in the WFD and EQSD, ni-

trates & phosphates, oxygen, chloro-

phyll, dissolved solids). 

Temperature (ºC), pH, Chromophoric 

dissolved organic matter (CDOM), flu-

orescent dissolved organic matter 

(FDOM), total dissolved solids (TDS), 

dissolved oxygen (mg/l), oxygen satu-

ration (%) 
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Ecological  

characteristics 
Variables Metrics DE DK ES FR HR IE IT MT NL PL RO SI 

2. Biotic characteristics 

2.1 Compositional state characteristics 

Invertebrates -Epi-

faunal & infaunal 

communities includ-

ing meiofauna 

Abundance and diversity of characteris-

tic species from standardised lists. 

Number of biocenosis/taxa, presence 

& abundance of species (SACFOR 

scale), diversity index, (Shannon-Wie-

ner diversity index, AMBI index), bio-

mass, estimated % cover, density 

            

Vertebrates -Associ-

ated fish communi-

ties 

Abundance and diversity of characteris-

tic species from standardised lists. 

Number, population structure, trophic 

composition (e.g. % omnivores/pis-

civores), distribution. 

            

Macrophytes, 

macroalgae, eel-

grass 

Type; extent 

Spatial extent (area and depth), taxo-

nomic composition, % cover of sub-

strate, density (no/m2), average leaf 

length & width, leaf & rhizome bio-

mass. 

            

Opportunistic / inva-

sive species 
Presence; distribution; abundance 

Number, biomass, % cover, popula-

tion structure 
            

Biogenic structures Type; extent 

Biomass, estimated % cover, of main 

taxa or morphological groups. Type; 

Geogenic or biogenic. basal (encrust-

ing), intermediate (bushes) and upper 

(erect) layer for coralligenous reefs. 
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Ecological  

characteristics 
Variables Metrics DE DK ES FR HR IE IT MT NL PL RO SI 

2.2 Structural state characteristics 

Characteristic spe-

cies 
Condition 

Percentage cover, biomass, density. 

Synthetic indicators (M-AMBI, 

BENTIX etc) 

            

Reef structure Condition 

Volume/biomass 

Basal (encrusting), intermediate 

(bushes) and upper (erect) layers 

            

Vegetation zones Abundance; extent; condition 

Spatial extent (area and depth), com-

position, % cover of substrate, density 

(no/m2), average leaf length & width, 

leaf & rhizome biomass. 

            

2.3 Functional state characteristics 

Bioerosion 
Type and abundance of bioeroders 

(e.g. sponges) 
             

Bioconcretion Cover of animal and algal builders              

3. Landscape/Seascape characteristics 

Connectivity / frag-

mentation 

Presence of anthropogenic structures 

and their % cover; patch size and dis-

tance between patches 

Area (ha). % area directly affected by 

human activity  
            

4. Other 

Disturbance 
Footprint of activity; number and inten-

sity of negative pressures 

Presence/absence, Length of modi-

fied banks (m), % area directly af-

fected by human activity (e.g. by de-

mersal fisheries or sand extraction, 

anthropogenic structures), pressures 

from a standardised list (graded High, 

Medium, Low, unknown).  
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Methodologies used for assessment and monitoring of habitat condition and existing 

data sources 

A summary of the ecological characteristics and main variables used to measure habitat con-

dition of reefs is presented in Table 2 (Section 1) and a list of typically used methodologies in 

Table 6. 

Table 6. Survey methods used to investigate key characteristics of habitat 1170 (reefs) 

Abbreviations: ACDP - Acoustic Doppler Current Profiler, AGDS – Acoustic Ground 

Discrimination Systems, BRUVS – Baited Remoted Underwater Video Systems, DDV – 

Drop-down video, LIDAR – Laser Induced Detection and Ranging, MBES – Multi Beam Echo 

Sounders, ROV – Remotely Operated Vehicle, SBES - Single Beam Echo Sounder, SSS - 

Side Scan Sonar. 

Key characteristics Methodologies 

Degree of submergence / depth 

/ tidal regime 

Diving, boat-based surveys, Acoustic methods (MBES, SBES, AGDS), 

tide gauge stations, remote sensing, modelling. 

Topography/physical struc-

ture/habitat complexity 

Substrate type/Geology 

Aerial survey (Satellite/Drone imagery/LIDAR), Acoustic surveys (SSS, 

AGDS, MBES), geological maps, modelling. 

Hydrodynamics - Exposure to 

current, wave action, scour and 

surge 

Hydrographic charts, modelling, Aerial survey (Satellite/Drone imagery), 

Current meters (ADCP), time-lapse photography. 

Biogenic structures 
Acoustic surveys (SSS, AGDS, MBES), photographic quadrats, video 

transects or visual census (diver, ROV or DDV), direct sampling. 

Invertebrates - Epifaunal & in-

faunal assemblages including 

meiofauna 

Photographic quadrats, video transects or visual census (diver, ROV or 

DDV), direct sampling (hand corer or suction sampler).   

Macrophytes, macroalgae, eel-

grass 

Photographic quadrats, video transects or visual census (diver, ROV or 

DDV), direct sampling. 

Vertebrates - Associated fish 

communities 
Visual census (diver, boat-based surveys, ROV, DDV, BRUVS). 

Acoustic techniques are widely used for mapping areas of seabed with the systems deployed 

depending on the survey objectives and scale of the area to be mapped as well as the resolu-

tion required. The technologies include Single-Beam Echosounders (SSS), Multi-Beam Echo-

sounders (MBES), and Side Scan Sonars (SSS). Multibeam backscatter has been used to 

map both geogenic and biogenic reefs e.g. mussel reefs (Schulze et al., 2022) as well as 

bedrock outcrops. MBES has the advantage of simultaneously acquiring bathymetry and 

backscatter data over a swath covering a wide range of angles and has been extensively used 

for large-scale surveying, producing high-resolution maps (Brown et al., 2011).  

These technologies have grown more robust, leading to the development of advanced analysis 

techniques that are now widely used (Menandro et al., 2023). More detailed information, par-

ticularly on biotopes present, epifauna and infauna may be acquired through combinations of 

direct sampling, photographic/acoustic techniques and visual census, for example using Drop-

down video (DDV) or Remotely Operated Vehicles (ROVs). 

Some of the non-invasive methods used to describe the biotic character are high-definition 

diver surveys/recording in situ (e.g. transects/quadrats for species & abundance estimates) 

and collection of high-definition imagery by ROV. Whilst direct observation is more applicable 
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in shallow waters, the use of ROVs is particularly valuable in gathering information on reefs in 

deep water. One example is the mapping of oyster reefs (Neopycnodonte cochlear) in water 

depths greater than 100m in the Mediterranean (Angeletti & Taviani, 2020). Images collected 

by ROV surveys in this case revealed different typologies of the reefs in terms of shape and 

dimension as well as making it possible to identify macro and megabenthic associated fauna. 

Reefs can be topographically complex made up of a mix of features that can be observed at 

both large and small scales. At the landscape/seascape scale, for example, the underlying 

hard substrate may take the form of plateaus, pinnacles or outcrops surrounded by areas of 

soft sediment. A combination of aerial and underwater imagery can be used to map and indi-

cate the extent of shallow/intertidal reef habitat. In clear, calm water conditions, for examples 

drone imagery can be a fast, low-cost method for fine scale mapping of reefs in shallow waters 

as used along the central Latium coast in Italy (Ventura et al., 2023). 

In Germany a grid-based evaluation of backscatter mosaics of hydroacoustic recordings has 

been used to map the extent of reef features and to categorise them into reef types (Heinicke 

et al., 2021).  

2.2 Definition of ranges and thresholds to obtain condition indicators 

The reference values and thresholds applied by Member States to obtain condition indicators 

for reefs are variously; very specific, based on trends, use indices, rely on expert judgement 

or any combination of these. Table 7 gives some examples of the different approaches. Indi-

cators and thresholds being developed under the auspices of other programmes, can also 

inform the assessment process for the Habitats Directive.
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Table 7. Examples of reference values and approaches used for assessment of habitat 1170 (reefs) 

Approach Example of variable used Method/metric and reference values Country: Reference 

Quantitative 

Complexity of coralligenous habitat 

Combining estimates of cover of 3 main layers of coralligenous habitats 

(encrusting, bushes and erect). Scores attributed depending on number 

of colonies/m2 along transects using a specified methodology then com-

bined to give layers per transect. Total score can range from 0 to 40 

and used to record cover as null (0), low (1-10) medium (11-20) and 

high (>20).  methodology 

Croatia; Kipson et al., 2014 

% of communities present. 
Surface area of communities with respect to potential coverage; 80-

100% (FV), 40-80% (U1), <40% (U2) 
Spain: Templado et al., 2009 

% of affected colonies 

Visual census along 10 x 1m transect to evaluate cover of the erect 

layer and macrobioeroders. Quantification based on assessment of a 

minimum of 100 colonies. Conservation status of Gorgonian popula-

tions. Not affected (colonies with <10% injured surface); affected (colo-

nies with >10% injured surface): naked axis/recent epibiosis; old epibio-

sis or combination of recent epibiosis and old epibiosis 

Croatia:  UNEP/MAP - 

RAC/SPA, 2014 

Indices/  

Additional 

Relative abundance & presence of particularly sensitive and/or 

tolerant species 

CARLIT index (CARtography of LITtoral and upper-sublittoral rocky 

communities) Definitions of high, good and moderate status as qualita-

tively agreed at the WFD Mediterranean Geographical Intercalibration 

group and therefore specific to the Mediterranean Ecoregion. Also inter-

calibrated EQRs (Environmental Quality Ratios) between Malta and 

Spain – High-Good Boundary =0.75, Good-Moderate boundary=0.60 

Malta: Ballesteros et al., 2007 

Number of taxa present from a list of typical species 3=FV, 2=U1, 1 or 0 =U2 Poland: Baranska et al, 2022 

Number of macroalgal taxa,  

Recording and scoring a range of physical characters for a given area 

of intertidal reef and assessing the range of macroalgal species within 

that area against the diversity of physical features recorded (the normal-

ised number of macroalgal taxa). Reference values have been deter-

mined. Designed for assessing ecological status in transitional and 

coastal waterbodies but additional attributes also recorded for Habitats 

Directive assessments 

Ireland; Scally et al., 2020 

Scoring 
Not specified but will cover, faunal and floristic components, 

state of health and character of sediment for soft substrates 

Indicator compared to a threshold value to get a score which is then 

subtracted from a starting score of 100.  

France; Delavenne & de Bet-

tignies, 2023 
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Approach Example of variable used Method/metric and reference values Country: Reference 

Linked to 

other pro-

grammes – 

e.g. WFD, 

MSFD, 

EOBV 

Typical macroalgal taxa 
Field studies and information from other sources e.g. HELCOM COM-

BINE programme 

Poland: Baranska et al., 2022; 

HELCOM, 2021 

Harmful substances 

Measurement against OSPAR and HELCOM convention target to year 

2020 to reduce input of synthetic harmful substances to zero and re-

duce naturally occurring harmful substances to concentrations that 

match background values. 

Germany: Krause et al., 2008 

WFD rocky shore macroalgal species richness tool 

Recording and scoring a range of physical characters for a given area 

of intertidal reef and assessing the range of macroalgal species within 

that area against the diversity of physical features recorded (the normal-

ised number of macroalgal taxa). Reference values have been deter-

mined. 

Ireland: WFD UK TAG, 2009  

Trend 

Hard beds associated with communities of photophilic algae 

(Cystoseira belts)  

Range and extent of macroalgal assemblages characterised by Cys-

toseira species. 2008 survey data used as baseline 
Malta: Ballesteros et al., 2007 

Criteria relating to reef structures, hydrology & morphology and 

vegetation zones. For example; 

Reef Structures: natural, unchanged; slightly changed (struc-

tures and sediment distribution of the geogenic or biogenic reefs 

changed temporarily and only in a few areas); changed more 

(structural losses in all areas or in individual areas of structures 

and sediment distribution significantly changed).  

Evidence of change; use of suitable basic data and evaluations from 

monitoring for WFD 
Germany: Krause et al., 2008 
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Threshold values for a seabed habitat to be considered in Good Environmental Status 

(GES), were agreed in 2023. This states that no more than 25% should be adversely affected 

by human pressures, including no more than 2% that should be irreversibly lost (TG SEABED, 

2023). A benthic broad habitat type is adversely affected in an assessment area if it shows an 

unacceptable deviation from the reference state in its biotic and abiotic structure and functions, 

e.g. typical species composition, relative abundance and size structure, sensitive species or 

species providing key functions, recoverability and functioning of habitats and ecosystem pro-

cesses. It is however noted that these recommendations should not be considered by Member 

States as alternative conservation values for these habitat types under for example, the Habi-

tats Directive. 

Indicators and thresholds being developed under the auspices of other programmes can also 

inform the process for the Habitats Directive. One example is the Dark Habitats Action plan 

(UNEP/MAP – SPA/RAC, 2021) which recommends common indicators for monitoring deep 

sea habitats including biogenic reefs such as those formed by anthozoans and sponges. One 

of these is an indicator of “condition of the habitat’s typical species” (Table 8). 

Table 8. Condition of habitat’s typical species 

Extract of assessment guidelines from the Dark Habitats Action Plan (UNEP/MAP – 

SPA/RAC, 2021) 

General considerations Assessment guidelines 

Typical species: this concept emerges from the 

conservation status of natural habitats to their long-term natural 

distribution, structure and functions, as well as to the long-term 

persistence of their typical species within the territory. Typical spe-

cies composition should be near/close to natural conditions for 

their habitat to be considered in natural condition. 

Reference list of habitats: not defined yet (in process). 

Methods: 

• Depend on the habitat type (and selected species) to be ad-

dressed. Large attached epibenthic species on hard substrates 

are preferably monitored using optical, non-destructive methods, 

such as underwater video. Endobenthic communities are sampled 

using standardized grabs or corers. 

• Several specific benthic biotic indices have been developed and 

have become operational. 

(see IMAP guidance, 2016), in particular to fulfil MED GIG (Medi-

terranean Geographical Intercalibration Group) requirements. 

They are all well methodologically defined but the way to combine 

these parameters in sensitivity/tolerance. classification or depend-

ing on structural, functional and physiological attributes is hetero-

geneous, depending on the issue (pressure type), habitat types or 

sub-region. 

NOTE: Information about the typical and/or characteristic species 

of some habitats and their past state/conditions is often unavaila-

ble for southern and eastern sub-regions of the Mediterranean. 

The limited data availability may restrict the number of habitats 

that can be assessed with sufficient statistical confidence at pre-

sent. Although benthic biotic indices are conceptually applicable in 

all sub-regions, adjustments might be required in order to cover bi-

ogeographic heterogeneity. 

Typical species lists: to be defined per 

sub-region (or bioregion) to allow for the 

consistent assessment of state/condition. 

Long-lived species and species with high 

structuring or functional value for the 

community should preferably be included; 

however, it should also contain small and 

short-lived species if they characteristi-

cally occur in the habitat under natural 

conditions as they can also be function-

ally very important for the community. 

Periodicity: This list should be updated 

every six years. 

Resources required: 

• Research vessels, suited to work in 

bathy l zones (below 150-200 m depth). 

• Adequate equipment (box core sam-

plers, grabs, underwater camera sys-

tems, etc.) for sample collection. 

• Laboratory infrastructure to analyse 

samples 

(e.g. microscopes, weighing scales). 

• Qualified personnel for data processing 

analysis and interpretation. 

• Good taxonomy skills are essential for 

the adequate assessment of this indicator 
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2.3 Aggregation methods at the local scale 

A generic rather than habitat specific methodology is generally used by Member States to 

aggregate data on variables measured at the local scale to provide a condition assessment at 

the level of the plot or monitoring locality/site. This is typically based on the number of variables 

that are considered ‘favourable’, either scored and aggregated (e.g. Germany, Spain), or with 

the overall assessment being based on the lowest grading of any variable e.g. Bulgaria (Table 

9). They may use the same parameters for all habitat types e.g. Cyprus, or different parameters 

depending on the habitat type. Examples of the latter specifically for reefs as applied in France 

(Table 10, from Lepareur, 2011), Poland (Table 11, from Baranska et al., 2022) and Germany 

(Table 12, from Krause et al., 2008). Some countries have not specified the methodologies 

used (e.g. Lithuania and Italy) and the assessment of reefs in Latvia is based on expert judge-

ment. 

Table 9. Examples of aggregation methods used at the local scale for Reef assessments 

Country Aggregation method 

France 

Three parameters (surface, structure and functions and alterations) are assessed against sev-

eral criteria, each represented by one or more indicators filled in or calculated from metrics col-

lected in the field. Each indicator assessed is compared with a threshold value and scored with 

the total score subtracted from the starting score of 100. Final scores indicate the overall status 

along a gradient (Delavenne & de Bettignies, 2023).  

This generic approach across all habitat types is supplemented with a reef specific “health sta-

tus index” (see Table 10).  

Poland 

Individual variables specific to reefs are rated (FV, U1, U2) with the lowest grading determining 

the aggregated result for ‘structure & function’. An overall assessment for the site is the lowest 

grading given by aggregating results for the assessment of ‘structure & function’ with those for 

’area’ and ‘future prospects’ (See Table 11). 

Germany  

A common approach is applied to all the habitats. The results of the evaluation of individual 

variables are summarised by means of an accounting matrix to an overall evaluation for each 

individual sample plot. For reef habitats focus is on sediments, hydrology, morphology together 

with seagrass (if present) and with reference to a habitat-typical species inventory if present. 

The assessment is qualitative, using expert judgement (see Table 12).  

Bulgaria 

The status is favourable for structure and function when all parameters indicate “favourable” or 

when all parameters are indicated as “favourable” but where maximum up to 25% of the param-

eters have been assessed to have insufficient information available. If the assessment is “unfa-

vourable – bad” for just one parameter, the overall assessment becomes unfavourable – bad. 

“unfavourable – inadequate” status is determined by any other combination of parameters. 

Ireland 

Aggregation at the local level is generally based on the number of assessed variables that fail 

to reach the good status (e.g. dune habitats: No failures = Favourable, 1-2 failures = Unfavour-

able - Inadequate, >3 failures = Unfavourable – Bad). 

Netherlands 

For reefs, ‘Structure’ scores are allocated for structure-determining species and for internal 

structure. Scoring for ‘Function’ is made up of scores relating to water (transparency and water 

quality), and processes. Scores are also allocated under a category of ‘rest/food’ which indi-

cates suitability as a habitat for larval and juvenile fish being unaffected. In all cases the as-

sessment must apply to at least 75% of the surface area of the habitat. The total gives a score 

for the Natura 2000 site (Jansen et al., 2014). 

Spain 

The status in a given locality is assessed as favourable for structure and function when all vari-

ables are considered favourable or, a maximum of 25% are unfavourable – inappropriate” and 

none considered “unfavourable bad”. A site (SCI) is assessed as favourable where the locality 

assessments are predominantly favourable and there are no variables in the category “unfa-

vourable bad”.  
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Table 10. ‘IS Health status index’ used in France for assessment of reefs  

To be informed Collection methods 
Collection 

scale 

DF = Degree of fragmentation 

1: the reef is composed of a single large block. 

2: the reef is composed of several large blocks. 

3: the reef is composed of blocks belonging to a 

broad size spectrum 

4: the reef is composed of numerous small and 

medium blocks. 

5: the reef consists only of very small blocks. 

Mesh 

BI = percentage of coverage of isolated 

balls 
Estimated in situ on a grid of 75x75m Mesh 

SC = percentage of coverage of coales-

cent structures 
Estimated in situ on a grid of 75x75m Mesh 

D = percentage of recovery of the de-

graded state 
Estimated in situ on a grid of 75x75m Mesh 

BID = percentage of coverage of de-

graded isolated balls 
Estimated in situ on a grid of 75x75m Mesh 

SCD = percentage of coverage of de-

graded coalescent structures 
Estimated in situ on a grid of 75x75m Mesh 

RH = percentage of oyster recovery 
Estimate on a 1m2 quadrat (3 quadrats in each 

75x75m mesh) 
Quadrat 

RM = mussels coverage percentage 
Estimate on a 1m2 quadrat (3 quadrats in each 

75x75m mesh) 
Quadrat 

RU = percentage of recovery of Ulva 
Estimate on a 1m2 quadrat (3 quadrats in each 

75x75m mesh) 
Quadrat 

R = percentage of reef within the 50 m2 

mesh 
Estimated in situ on a grid of 75x75m Mesh 

Table 11. Reef specific variables used by Poland to assess structure and function 

Parameter 

Indicator rating 

FV U1 U2 

Area 

Area of the habitat is not 

decreasing and is not an-

thropogenically frag-

mented. 

Area of the habitat shows a 

slowdown downward trend 

compared to previous stud-

ies or literature or is anthro-

pogenically fragmented. 

Area of the habitat shows a 

rapid downward trend com-

pared to previous studies or 

literature or is highly anthro-

pogenically fragmented. 

Specific structure and functions 

Typical taxa of 

macroalgae 

If there are 3 taxa from 

the list of typical taxa. 

If there are 2 taxa from the 

list of typical taxa. 

If there is 1 or no taxa from 

the list of typical taxa. 

Typical taxa of 

fouling and 

phytophilous 

fauna 

If there are 4 taxa from 

the list of typical taxa. 

If there are 3 or 2 taxa from 

the list of typical taxa. 

If there is 1 or no taxa from 

the list of typical taxa. 

Conservation 

perspectives 

The prospects for pre-

serving the habitat are 

good to excellent, no sig-

nificant conservation is 

expected impact or 

threatening factors. 

The habitat's protection pro-

spects are medium; the im-

pact of threatening factors is 

expected. 

The prospects for preserving 

the habitat are poor; a strong 

influence of threatening fac-

tors is observed, and the 

habitat cannot survive. 
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Table 12. Criteria and evaluating scheme for assessing the conservation status of hab-

itat 1170 in Germany 

Criteria 
A: Excellent expres-

sion 
B: Good expression 

C: Medium to bad ex-

pression 

Completeness of the 

typical habitat struc-

tures 

Available Largely present Only partially present 

Reef structures 

natural, unchanged 

geogenic reefs: stable hard 

bottom structures in natural 

composition and sediment 

environment biogenic 

reefs: natural, stable com-

position of reef-forming 

species in natural sediment 

environment 

slightly changed 

Structures and sedi-

ment distribution of the 

geogenic or biogenic 

reefs changed tempo-

rarily and only in a few 

areas 

changed more signifi-

cantly 

Loss of structure in all ar-

eas or in individual areas 

Structures and sediment 

distribution changed sig-

nificantly 

Hydrology and Mor-

phology (including ex-

posure) 

natural, unchanged 

minor changes in natu-

ral water exchange and 

soil relief 

greater changes in natu-

ral water exchange and 

soil relief 

Vegetation zones 

(if present under natu-

ral conditions) 

natural slightly changed greatly changed, reduced 

Where available, adoption of suitable basic data and assessments from monitoring for the WFD. 

2.4 Aggregation at biogeographical scale 

To assess the conservation status at a biogeographical scale, the area, quality and trends in 

the habitat need to be assessed. There is a lack of information on how Member States have 

undertaken aggregation at the biogeographical scale specifically for this habitat type, but it is 

expected that the relevant guidance is followed.  The most recent recommendation (for the 

reporting period 2019-2024) is that if 90% of habitat area is considered as in ‘good’ condition’, 

then the status of ‘structure and functions’ parameter is ‘favourable’. If more than 25% of the 

habitat area is reported as ‘unfavourable, then the ‘structure and functions’ parameter is ‘un-

favourable-bad’ (European Commission, 2023). 

2.5 Selection of localities 

There is no standardised approach across the Member States regarding the number and dis-

tribution of localities to carry out the assessment and monitoring of this habitat. Where a habitat 

has a limited occurrence and there have been comprehensive surveys to determine their oc-

currence, monitoring may take place in all the known locations. This is the case for example, 

with monitoring bioconcretions of Lithophyllum spp. along the Maltese coast which take place 

at all the sites known to host this community of the basis of a 2008 survey (Thibaut, 2011). The 

same applies for monitoring reef habitats in Polish marine areas which are only known from 

the Słupsk Bank boulder site, the Rowy boulder site and the Orłowo Reef. Poland recommends 

that five monitoring stations for macrophytes and macroinvertebrates should be located ran-

domly in each monitoring locality (Baranska et al., 2022) (Figure 1). 
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Figure 1 Habitat monitoring sites for reefs in Poland  

 

Source: Baranska et al., (2022) 

In Ireland specific reef community types are sampled in each SAC with three stations within 

each community complex surveyed (Table 13) (Scally et al., 2020). 

Table 13. Reef community types sampled on reefs in Ireland  

Site Marine Community Type 

Kenmare River SAC 

-Intertidal reef community complex 

-Laminaria-dominated community complex 

-Subtidal reef with echinoderms and faunal turf community complex 

Galway Bay Complex SAC 

-Mytilus-dominated reef community 

-Fucoid-dominated community complex 

-Laminaria-dominated community complex 

-Shallow sponge dominated reef community complex 

Valencia Harbour/Portmagee  

Channel SAC 

-Fucus-dominated intertidal reef community complex 

-Laminaria-dominated community 

-Echinoderm-dominated reef community complex 

Kilkieran Bay and Islands SAC 

-Intertidal reef community complex 

-Subtidal sponge and ascidian community complex 

-Deep water faunal crust and sponge community complex 

-Exposed to moderately exposed subtidal reef community complex 

-Laminaria-dominated community complex 

Hook Head SAC 

-Exposed to moderately exposed intertidal reef community complex 

-Echinoderm and sponge dominated community complex 

-Laminaria-dominated community 

Mulroy Bay SAC 
-Laminaria‐dominated community complex 

-Reef community complex 

Broadhaven Bay SAC 
-Fucoid-dominated reef community complex 

-Subtidal reef community complex 
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Site Marine Community Type 

Mullet/Blacksod Bay Complex 

SAC 

-Intertidal reef community complex 

-Sheltered subtidal reef community complex 

-Laminaria-dominated community complex 

Tralee Bay and Magharees Penin-

sula, West to Cloghane SAC 

-Intertidal reef community complex 

-Subtidal reef community complex 

-Laminaria-dominated reef community complex 

Magharee Islands SAC 

-Intertidal reef community complex 

-Laminaria-dominated community complex 

-Subtidal reef community complex 

River Barrow and River Nore SAC -Sabellaria spinulosa reef 

Lower River Shannon SAC 

-Fucoid-dominated intertidal reef community complex 

-Mixed subtidal reef community complex 

-Faunal turf-dominated subtidal reef community 

-Anemone-dominated subtidal reef community 

-Laminaria-dominated community complex 

A generic sampling design has been set out in Croatia because of the spatial heterogeneity 

of the coralligenous habitats, lack of information on their distribution, as well as differing extents 

and depth ranges. The suggested approach is to define the main geographical areas charac-

terized by their environment conditions and within each one, selected areas under different 

management regimes (e.g. Natura 2000 sites, MPAs). Out of 10 subtypes of 1170, monitoring 

should be concentrated (but not exclusively) on gorgonian dominated assemblages which are 

representative of reefs at same time as being very sensitive to disturbance. The number of 

monitoring sites should range from a minimum of 18 (one assemblage and 3 sites per condi-

tion) to a maximum of 108 (2 assemblages and 9 sites per condition) for each depth range 

considered (UNEP/MAP - RAC/SPA, 2014). 

In Spain the number and distribution of sampling locations depend on the size and diversity of 

the reef habitat (Templado et al., 2009); Romania recommends stratified sampling except for 

rare habitats where subjective sampling should be used. The minimum sample size should be 

determined by conducting a pilot study, depending on the habitat type. In contrast, detailed 

methodologies, specifically for monitoring reefs have been set out by Germany (Heinicke et 

al., 2021) and Italy (Ministero dell’Ambiente e della tutela del Territorio e del Mare, 2010). 

2.6 General monitoring and sampling methods 

A six yearly cycle of reporting, as specified under Article 17, is required under the Habitats 

Directive. This includes reporting on the conservation status of habitats listed in Annex I of the 

Directive. It applies throughout the territory of the Member State concerned, not only where 

the habitat occurs within Natura 2000 sites. To inform this reporting, six-yearly monitoring of 

the relevant habitats would be the minimum required.  

Protocols and practice including identifying variables for monitoring the condition of deep-sea 

habitats, including deep sea reefs are not as well developed as those for continental shelf 

areas but this is changing. A review of approaches favoured by deep-sea scientists in a survey 

carried out by Danovaro et al. (2020) indicated a consensus on the need to prioritise macro 

and megafauna, and that monitoring of ecosystem functioning should focus on trophic struc-

ture and biomass production. A counter case has also been made for prioritizing microscopic 

organisms, notably eukaryotic and prokaryotic microbes, and meiofauna microbial given that 

heterotrophic and chemoautotrophic carbon production and elemental cycling are essential 
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ecological variables to understand key processes that sustain the functioning of deep-sea food 

webs and biogeochemical cycles (Ingels et al., 2020). As in shallower waters, habitat degra-

dation and recovery rates are identified as crucial features for monitoring deep sea ecosystem 

health. 

In Malta, monitoring frequency of distributional range and extent is 6 yearly (ERA, 2015) with 

guidance that seasonal factors need to be taken into account. In the Maltese case it is recom-

mended that the best period to carry out surveys of littoral reefs in the North-western Mediter-

ranean is spring (April-June) over the shortest possible time to reduce the effect of the great 

seasonal variability in littoral communities in the region. More frequent sampling/monitoring is 

recommended for bio concretions of Lithophyllum spp. which have a limited distribution along 

the Maltese coast. Three yearly monitoring is also recommended for the small number of reef 

habitats in the Polish marine area (Baranska et al., 2022). 

2.7 Other relevant methodologies 

A variety of methodologies and projects provide valuable information on assessing the struc-

ture and function of reefs even though they may not be specifically aimed at Article 17 report-

ing.  

They include; 

• Work carried out under Regional Seas Programmes such as the Quality Status Reports 

prepared by OSPAR and HELCOM (e.g. an assessment of benthic habitat quality in 

the Great North Sea using Relative Margalef diversity and the extent of physical dis-

turbance to benthic habitats by fisheries and an assessment of eutrophication in the 

Baltic Sea (Wijnhoven et al., 2023; Matear et al., 2023; HELCOM, 2009) and monitoring 

measures for Specially Protected Areas under the Barcelona Convention (United Na-

tions, 1982) 

• Reporting under other EU Directives, in particular the Water Framework Directive and 

the Marine Strategy Framework Directive11 

• National monitoring programmes as in Denmark12 or the United Kingdom (Alexander et 

al., 2015) 

• Surveys/monitoring of developments/human activities/EIAs (Eg. Brunier et al., 2022) 

Some examples are; historical studies for example on the spatial extent and associated 

macrofauna species of oyster reef ecosystems along the coasts of France, Denmark, Ireland 

and the UK (Thurstan et al., 2024); characterisation of the fishes, algae and benthic macro 

invertebrates on the rocky reefs around the Macaronesian islands of Madeira and Selvagens 

(Friedlander et al., 2017); and impacts of offshore wind, nutrients and invasive species on reefs 

in the northeastern Baltic Sea (Estonia) (Vaher et al., 2022). 

Variables and metrics have also been used to report on the condition of specific reef types. 

One example, shown in Table 14 relates to coralligenous reefs where at least sixteen different 

indices have been used to assessing their ecological status highlighting the need to align the 

methodologies and develop a unified index (de Camillo et al., 2023).  

 
11 Summaries available on the Marine Water Information System for Europe (WISE Marine); https://water.europa.eu/marine/data-

maps-and-tools/map-viewers-visualization-tools/dashboards-on-marine-features-under-other-policies 
12 Eg. monitoring of seas and fjords in Denmark since the early 1970s as part of the adoption of the first Environmental Protection 

Act. 

https://water.europa.eu/marine/data-maps-and-tools/map-viewers-visualization-tools/dashboards-on-marine-features-under-other-policies
https://water.europa.eu/marine/data-maps-and-tools/map-viewers-visualization-tools/dashboards-on-marine-features-under-other-policies
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Table 14. Summary of indices (in chronological order) to assess the ecological status 

of coralligenous reefs (de Camillo et al., 2023) 

Index Reference 

STVI - Scuba Trail Vulnerability Index  di Franco et al., 2009 

CAI - Coralligenous Assemblage Index Deter et al., 2012; Marre et al., 2020 

CavEBQI - Cave Ecosystem-Based Quality Index Rastorgueff et al., 2015; Boudouresque et al., 2020 

ESCA - Ecological Status of Coralligenous Assem-

blages  

Cecchi et al., 2014; Piazzi et al., 2017; 2021; Penna 

et al., 2018 

ESCA – TA - ESCA Total Assemblage Piazzi et al., 2017; 2021 

COARSE index - Coralligenous Assessment by Reef-

Scape Estimate 
Gatti et al., 2015; Piazzi et al., 2017 

MAES - Mesophotic Assemblages Ecological Status  

q-MAES - quick MAES 
Canovas-Molina et al., 2016 

OCI - Overall Complexity Index Paoli et al., 2016 

CBQI - Coralligenous Bioconstructions Quality Index 
Ferrigno et al., 2017; Apolloni et al., 2020; Piazzi et 

al., 2022 

INDEX-COR David et al., 2014; Sartoretto et al., 2017 

ISLA - Integrated Sensitivity Level of coralligenous As-

semblages  
Montefalcone et al., 2017 

Index of 3D – Structural Complexity Valisano et al., 2019 

STAR – STAndaRdized coralligenous evaluation proce-

dure 
Piazzi et al., 2019a, b; Gennaro et al., 2020 

MACS – Mesophotic Assemblages Conservation Status Enrichetti et al., 2019; Moccia et al., 2021 

MedSens sensitivity index Turicchia et al., 2021 

NAMBER Piazzi et al., 2023 

Member States link some of their marine monitoring and sampling methodologies to sampling 

and monitoring requirements under WFD and MSFD. In Denmark, for example, nature type 

monitoring complements similar monitoring related to WFD regarding soft-bottom fauna, flow-

ering plants and macroalgae. Areas are typically visited once during an assumed 6-year pro-

gramme however natural type monitoring for rocky reefs take place annually with the number 

of sampling stations/transects specified (Miljostyrelsen, 2022).   

Co-ordination also takes place with other monitoring schemes. An example of the latter is 

monitoring of physical, chemical and biological variables in the Baltic Sea under the Helsinki 

Convention and as part of the Baltic Sea Action Plan. The HELCOM monitoring manual pro-

vides a catalogue describing and listing all marine monitoring carried out in the Baltic Sea and 

their links to indicators developed to assess progress towards Good Environmental Status 

(HELCOM, 2021). There are also links to national monitoring programmes for the Habitats 

Directive for the EU Member States around the Baltic Sea.  

A Nested Environmental status Assessment Tool (NEAT) focusing on five MSFD descriptors 

(including Biodiversity (D1) and Seafloor integrity (D6)) has been the subject of a feasibility 
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study for selected North Atlantic deep-sea ecosystems (Kazanidis et al., 2020). Twenty-four 

indicators were used across the five descriptors, including one for descriptor D1 and thirteen 

for D6.  Conclusions included that three indicators (areal extent of human affected area, areal 

extent of biogenic/vulnerable habitats and density of biogenic reef forming species) should be 

considered in future regional assessments of deep-sea environmental status. There was 

good/moderate agreement with expert judgement but a number of issues that should prevent 

its use without advice from experts in the field of deep-sea ecology.  

In Italy, a study using data from the Capo Carbonara MPA (SE Sardinia) compared the eleven 

biotic indices applied to different habitat types to assess whether they were consistent in de-

fining the environmental status of the MPA. The reef component was assessed using the CAR-

LIT method (Ballesteros et al., 2007) and was combined with an estimated Ecological Quality 

Ratio of indices for fish, non-indigenous species, exploited fish, food webs, seagrass habitat 

and seafloor integrity to give an overview of the condition of the site as a whole (Figure 2). This 

was presented using the graphical RESQUE (REsilience and QUality of Ecosystem) approach 

(Oprandi et al., 2023) with the benchmark describing the best conditions for the MPA, corre-

sponding to a high environmental status would be when all indices reach their maximum value 

(i.e. equal to 1). 

Figure 2. Polygon resulting from the EQR scores of all the indices for Capo Carbonara 

MPA (SE Sardinia, Italy)  

 

Source: Oprandi et al., (2023). 
© 2023 Oprandi, Atzori, Azzola, Bianchi, Cadoni, Carosso, Desiderà, Frau, Garcia Gutiérrez, Guidetti, Morri, Pi-
azzi, Poli and Montefalcone. Creative Commons, CC BY. 

Remote sensing techniques are constantly evolving. In recent years Structure from Motion 

(SfM) photogrammetry has been used to support rapid and accurate data collection through 

optical scanning of organisms and habitats. Multi-view cameras are used and image data sets 

processed using commercial or open-source software. This approach has been used in Italy 

(Portofino MPA) to estimate the biomass of the sponge Sarcotragus foetidus and abundance 

of the red coral Corallium rubrum (Palma et al., 2019). 
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There are also many examples of work assessing the condition of reefs in non-EU countries. 

In South Africa, for example, two types of metrics (composition and size-based) were used in 

a study to assess the condition of rocky reefs. The aim was to investigate potential approaches 

in the absence of baseline data for reference conditions and used no-take MPAs to identify 

suitable indicators using fish and benthic community data.  Structural indicators for fish in-

cluded species richness, evenness and total abundance and size-based indictors included 

trophic, biomass, and life stage of individual fish. Benthic metrics included percentage cover 

of morphologies (e.g. turf mat, upright branching, large fan). In this study fish and benthic com-

munity data (total biomass, average length and proportion of mature fish) were more respon-

sive that total abundance or species richness to three levels of human pressures (Smit et al., 

2023). A study in California also used reference sites – reefs that scored zero in the water 

quality index and below the 30th percentile in the fishing pressure index dating back to 1980 

(Coates et al., 2018). Long term data sets have also been used in New Zealand, in this case 

to evaluate and improve monitoring of reef fish species using underwater visual census moni-

toring to quantify trends in their abundance. This revealed that greater site replication was 

required for more spatially heterogenous species/locations and also that the optimal monitoring 

approach changes through time, highlight the need for an adaptive approach to monitoring 

(Jones et al., 2015). 

2.8 Conclusions  

Some information has been collected about the location and description of the main charac-

teristics of reefs by all the Member States that have reported habitat 1170 as present within 

their jurisdiction13. Specific methodologies for assessing and monitoring reefs are also availa-

ble from twelve Member States (DE, DK, ES, FR, HR, IE, IT, MT, NL, PL, RO, SI). Also relevant 

are reports of reef surveys and assessments carried out in these and other EU Member States 

(BE, BG, CY, EE, ES, FI, GR, LT, LV, NL, PT, SE), that can or have been used to inform such 

assessments although not directly stated as a reason for the work.  

There is much commonality in approach across Member States, from initial review of likely 

locations based on existing geological information and maps, followed by aerial surveys and 

further reconnaissance from boat and shore to gather more specific locational information.  

Abiotic and biotic characteristics and variables of the habitat are recorded, as well as aspects 

such as fragmentation and disturbance which are landscape/seascape characteristics of this 

habitat type. For example, physical state variables frequently recorded include the topography 

and extent of reefs as well as exposure to currents and wave action; compositional state vari-

ables typically involve recording epifauna and macroalgae assemblages, their abundance and 

distribution across reef features as well as the presence, condition and abundance of any sub-

habitats, including biogenic reefs. Variations in the methodologies used to assess and moni-

toring reefs are strongly influenced by accessibility, topographical type, hydrographic condi-

tions, as well as the diversity of the habitat and the associated biological communities.  

The reference values and thresholds applied by Member States to obtain condition indicators 

for reefs are variously; very specific, based on trends, use indices, rely on expert judgement 

or any combination of these. There is consistent and good coverable of variables used to de-

scribe the ecological characteristics of this habitat type across Member States. The exception 

is functional state characteristics where limited information is available on approaches taken.  

 
13 as evidenced by the submitted Standard Data Forms for designated sites where 1130 is a feature and Art.17 reporting for this 

habitat. 
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A number of approaches are used to aggregate data to provide an assessment at local and 

national scales. There is no specific information on aggregation methods applied for reefs at 

the biogeographical scale.  

There is no standard approach to the identification of a number and distribution of localities to 

carry out the assessment and monitoring of reefs. Practical consideration, such as accessibility 

are important as are factors size, physical variability and diversity of the associated biological 

communities. Ideally monitoring takes place across the reef as well as focusing on any identi-

fiable sub habitats such as biogenic reef types. 

A six yearly cycle of reporting, as specified under Article 17, is required under the Habitats 

Directive. This includes reporting on the conservation status of habitats listed in Annex 1 of the 

Directive. It applies throughout the territory of the Member State concerned, not only where 

the habitat occurs within Natura 2000 sites. To inform this reporting, six-yearly monitoring of 

the relevant habitats would be the minimum required. In practice, some monitoring of reefs 

specifically for Habitats Directive reporting is more frequent (e.g. 3 yearly or annually). Rele-

vant data collected under other programme (e.g. WFD, MSFD and any regional/national 

schemes) are also used as and when they become available. 
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3 Guidance for the harmonisation of methodologies for 

assessment and monitoring of habitat condition 

3.1 Selection of condition variables, metrics and measurement 

methods  

Variables identified for monitoring programmes need to be robustly associated to the key char-

acteristics and processes (functions) that determine habitat condition and must be sensitive to 

natural threats or human pressures that decrease favourable condition (Maes et al., 2023). A 

set of variables associated will to all types of characteristics (abiotic physical and chemical, 

biotic compositional, structural and functional, landscape variables) should be measured. 

The description of the condition variables, metrics and measurement methods need to be in-

formed and clear so that they can be applicable in all Member States.  

The ecological characteristics, methodologies, variables and metrics used to investigate and 

assess the condition of habitat type 1170 are presented earlier in this report. A proposed list 

of essential, recommended and specific condition variables is presented in Table 15. ‘Essen-

tial’ variables describe the common essentials of the habitat, ‘recommended’ variables are 

relevant but can be neglected in some contexts, while ‘specific’ variables are those which 

should be measures in some circumstances. 

• Essential condition variables describe essential characteristics of the habitat, reflect-

ing its conservation quality. Are selected on the basis of intrinsic and instrumental rel-

evance, validity, reliability, availability, simplicity and compatibility, and should be as-

sessed in each MS, following equivalent procedures. 

• In addition, a set of Recommended condition variables are proposed as optional, ad-

ditional or complementary variables that may need to be applied in some cases, ac-

cording to contextual factors operating on habitats in the different MSs.  

• There are also Specific condition variables which are more suitable to be measured 

on some reef types (e.g. where biogenic reefs are present) or which may be particularly 

relevant in some Member States. 

On the other hand, some descriptive or contextual variables are included in this section. 

These variables define environmental characteristics (e.g. climate, topography, lithology) that 

can influence the habitat condition, are useful to define thresholds for the condition variables 

and interpret the results of the assessment but are not used in the aggregation of variables to 

determine the condition of the habitat. There are contextual factors operating in the different 

MSs, which may determine the values of the variables characterizing the habitat condition as 

favourable. These factors include biogeographical gradients, historical, cultural and socio-eco-

nomic background. 

The main abiotic characteristics are physical (describing influencing factors of depth, tidal 

regime, geology, topographical characteristics, and exposure to currents, wave action, scour 

and surge, temperature and turbidity), and chemical (related to water quality).   

The main biotic characteristics are compositional (e.g. epifaunal and infaunal communities, 

biogenic structures), structural (characteristic species, reef structure and vegetation zones) 

and functional (type and degree of bioerosion and bioconcretion). All of these are already sub-

ject to monitoring by Member States however monitoring biogenic structures has been listed 
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in Table 15 as ‘specific’ as such structures are not always present. The same applies to 

macroalgae/eelgrass presence and condition. Monitoring the presence of opportunistic/inva-

sive species is ‘recommended’ as the risk may be higher in some locations/habitats, and it may 

be considered precautionary measure so that any potential effects on habitat condition can be 

picked up at an early stage.  

The main landscape/seascape characteristics are connectivity, and a single variable, ‘dis-

turbance’, has been proposed for monitoring in the category ‘other’. Extent and disturbance 

would be the minimum required to get an overview of the condition of the site at both large and 

small scales, and they are therefore proposed for essential monitoring. Connectivity and form 

provide more detail and are therefore recommended monitoring variables. 
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Table 15. Proposals for condition variables for assessing and monitoring habitat 1170 (reefs) 

The variables are included in the types recognized in the SEEA EA methodology. Metrics may show several options. Abbreviations: ACDP - Acoustic Doppler 

Current Profiler, AGDS – Acoustic Ground Discrimination Systems, DDV – Drop-drown video, LIDAR – Laser Induced Detection and Ranging, MBES – 

Multibeam Echo Sounders, ROV - Remotely Operated Vehicle, SBES - Single Beam Echo Sounders, SSS - Side Scan Sonar, TLP - Time Lapse Photography 

Characteristics Variables  Metrics Application 
Standardised measurement 

procedures 
Considerations relating to methodologies 

1. Abiotic characteristics 

1.1 Physical state characteristics 

Degree of sub-

mergence/ depth/ 

tidal regime 

-Depth in relation to 

chart datum  
-Metres (m) 

Essential if not 

positionally sta-

ble 

SSS, SBES, MBES, AGDS, LI-

DAR 

Tide gauges 

Depth, together with topographical characteristics and tidal 

regime have a significant influence on the form and extent 

of reef habitat types as well as on the development and 

stability some of the features within them such as gullies, 

overhangs and tidal pools.  

Substrate type/ 

Geology 

-Type of rock (just 

for geogenic reefs)  
-Sediment type 

Essential if not 

positionally sta-

ble 

SSS, MBES, AGDS 

Modelling 

Aerial survey (Satellite/Drone im-

agery/LIDAR) 

Geological maps 

Seabed sediment sampling 

Rock type together with topographical and hydrographical 

characteristics have a significant influence on the form and 

extent of reef habitat types as well as the associated bio-

logical communities (e.g. bivalves that can bore into soft 

rocks) and therefore in determining which other variables 

should be used for reef monitoring and evaluation. 

Topography/ phys-

ical structure/ hab-

itat complexity 

-Physical dimen-

sions,  

-Extent 

-Longitude and lati-

tudinal gradients 

-Form and features 

(e.g. gullies, caves) 

-Roughness/ verti-

cality 

-Metres (m) 

-Degrees of slope (o) 

-Physical features from a 

reference list 

Essential if not 

positionally sta-

ble 

SSS, MBES, AGDS 

Aerial survey (Satellite/Drone im-

agery/LIDAR) 

Geological maps 

Modelling 

UW-Video 

Most appropriate methodologies will depend on issues 

such as the size of the area to be mapped, resolution re-

quired, object detectability, and the depth range over the 

survey area. For baseline broad scale mapping where rela-

tively large geological features such as reefs are present, 

MBES may be more cost effective. For the identification of 

small habitat features, a combination of MBES and SSS 

can give both quantitative bathymetric data (1m resolution) 

and qualitative, high-resolution habitat relief data. For small 

scale habitat mapping, high resolution SSS, underwater 

photography, and grab sampling data can be combined for 

habitat mapping. LIDAR is particularly useful in shallow wa-

ters although affected by turbidity of the water.  
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Characteristics Variables  Metrics Application 
Standardised measurement 

procedures 
Considerations relating to methodologies 

Hydrodynamics - 

Exposure to cur-

rent, wave action, 

scour & surge 

-Current speed 

-Wave height 

-Direction 

-Frequency 

-Speed (m/s) 

-Metres (m) 
Recommended 

TLP 

Hydrographic charts 

Modelling 

Aerial survey (Satellite/Drone im-

agery) 

ADCP, wave riders, pressure sen-

sors 

Seasonal changes and storm events will be apparent when 

recording these variables. Species composition is an indi-

rect indicator of these variables. 

Temperature -Water temperature -Temperature (0C) Essential CTD 
Temperature is usually recorded as part of water quality 

sampling programmes. 

Turbidity 

-Suspended parti-

cles 

-Light transmission 

through water sam-

ples 

Nephelometric turbidity 

units (NTU), formazin tur-

bidity units (FTU) 

 Essential 

Turbidity sensor, Secchi disc, wa-

ter chemistry data loggers. 

Aerial survey (Satellite data). 

Direct sampling (sediment sam-

pling, sediment traps). 

Different turbidity units would be used depending on tools 

used, therefore the same instrument should be used for 

comparability of data over time. Colonising species can be 

an indirect indicator of turbidity. Complementary biological 

surveys may therefore be considered for monitoring and re-

porting on this characteristic.  

1.2 Chemical state characteristics 

Water quality 

-Various substances 

(including chemi-

cals listed in the 

WFD nitrates & 

phosphates, oxy-

gen, chlorophyll, 

dissolved solids) 

-pH 

-Chromophoric dissolved 

organic matter (CDOM) 

-Fluorescent dissolved 

organic matter (FDOM) 

-Total dissolved solids 

(TDS) 

-Dissolved oxygen (mg/l) 

-Oxygen saturation (%) 

Essential but 

with Specific el-

ements as varia-

bles will depend-

ing on habitat 

type, pressures 

and threats  

CTD with sensors to measure oxy-

gen (saturated %) and dissolved 

(mg/l), pH, nitrate, chlorophyll, tur-

bidity currents  

Numerous parameters may be recorded under the variable 

"water quality". The standards set under the WFD for tran-

sitional waters are relevant and may already apply to some 

intertidal reefs.  They include a requirement to monitor and 

set standards for general parameters such as oxygenation, 

nutrients, nitrogen, phosphorus, as well as chemical and 

physico-chemical quality elements.   
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Characteristics Variables  Metrics Application 
Standardised measurement 

procedures 
Considerations relating to methodologies 

2. Abiotic characteristics 

2.1 Compositional state characteristics 

Invertebrates - Ep-

ifaunal & infaunal 

communities in-

cluding meiofauna 

-Abundance of char-

acteristic species 

from standardised 

lists  

-Diversity of charac-

teristic species from 

standardised lists 

-Density of  

meiofauna 

-Number of  

biocenosis/taxa 

-Presence & abundance 

of species (SACFOR 

scale) 

-Diversity index (Shan-

non-Wiener diversity  

index, AMBI index) 

-Biomass 

-Estimated % cover 

-Meiofauna density 

(ind/10cm2) 

Essential 

Photographic quadrats, video 

transects and visual census (ROV 

or DDV)  

Direct sampling (grab, core, 

dredge, suction)  

Allows quantitative data on macro and meiofauna.  

Allows identification of mega epibenthos. Non-destructive 

methods are likely to be favoured and the methodology will 

depend on the species present as well as factors such as 

their extent, location, and any seasonality.    

Vertebrates - As-

sociated fish com-

munities 

-Abundance of char-

acteristic species 

from standardised 

lists  

-Diversity of charac-

teristic species from 

standardised lists 

-Number 

-Population structure 

-Trophic composition 

(e.g. % omnivores/ pisci-

vores) 

-Distribution 

Specific  

Visual/boat-based surveys  

Photographic/satellite imagery 

in situ observations 

Nets & traps (fish) 

eDNA 

Methodology will depend on the species. 

Macrophytes, 

macroalgae, eel-

grass 

-Type 

-Extent 

-Spatial extent 

-Taxonomic composition 

Specific but Es-

sential if present 

Visual and acoustic surveys (e.g. 

covering presence, density, ex-

tent) 

Photographic quadrats, video 

transects, visual census (ROV or 

DDV) 

Direct sampling 

Remote sensing 

Non-destructive methods are likely to be favoured, and the 

methodology will depend on the reef forming species as 

well as factors such as the extent and location. 
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Characteristics Variables  Metrics Application 
Standardised measurement 

procedures 
Considerations relating to methodologies 

Opportunistic / in-

vasive species 

-Presence 

-Distribution 

-Abundance 

-Number 

-Biomass 

-% cover 

-Population structure 

Recommended 

Photographic quadrats, video 

transects and visual census (ROV 

or DDV) 

Direct sampling (grab, core, 

dredge, suction)  

Methodology will depend on the species and whether it is 

present intertidally or subtidally. Opportunistic/invasive spe-

cies can cause very significant changes in the biotic com-

position of this habitat as well as some potential impacts on 

the physical structure.  

Biogenic struc-

tures 

-Type 

-Extent 

-Biomass 

-Estimated % cover of 

main taxa or morphologi-

cal groups 

-Type: Geogenic or bio-

genic, basal (encrusting), 

intermediate (bushes) 

and upper (erect) layer 

for coralligenous reefs.  

Specific but Es-

sential if present 

Photographic quadrats, video 

transects and visual census (ROV 

or DDV) 

Direct sampling (grab or core)  

Hydroacoustic methods 

Aerial photography for intertidal 

reefs 

Methodology will depend on the species.   Non-destructive 

methods are likely to be favoured. 

2.2 Structural state characteristics 

Characteristic spe-

cies 
-Condition 

-Percentage cover 

-Biomass 

-Density 

-Synthetic indicators (M-

AMBI, BENTIX etc) 

Essential 

Birds, marine mammals and fish: 

Visual census, aerial and boat-

based surveys 

Epifaunal and infaunal assem-

blages: Photographic quadrats, 

video transects and visual census 

(ROV or DDV), direct sampling 

(grab, core) 

Meiofauna and microbiota: direct 

sampling (grab, core) 

Non-destructive methods are likely to be favoured, and the 

methodology will depend on the reef forming species as 

well as factors such as the extent and location. 

Reef structure 
-Condition 

-Composition 

-Volume/biomass 

-Basal (encrusting), inter-

mediate (bushes) and up-

per (erect) layer for coral-

ligenous reefs 

Essential 

Photographic quadrats, video 

transects and visual census 

(ROV, DDV or towed sledge video 

data) 

Direct sampling (grab, core)  

AGDS, SSS 

Aerial/satellite photography 

Modelling 

Non-destructive methods are likely to be favoured, and the 

methodology will depend on the reef forming species as 

well as factors such as extent and location. 
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Characteristics Variables  Metrics Application 
Standardised measurement 

procedures 
Considerations relating to methodologies 

Vegetation zones 

-Abundance 

-Extent 

-Condition 

-Spatial extent (area and 

depth) 

-Composition 

-% cover of substrate 

-Density (no/m2) 

-Average leaf length & 

width 

-Leaf & rhizome biomass 

Specific but Es-

sential if present 

Visual and acoustic surveys (e.g. 

covering presence, density, ex-

tent) Photographic quadrats, video 

transects and visual census 

Direct sampling  

Comparisons of recording data will reveal temporal 

changes in the presence and/or condition of macroal-

gae/eelgrass. Any such changes may be part of a natural 

cycle e.g. seasonal change in macroalgal cover. Alterna-

tively, they may be an indicator of anthropogenic impacts 

directly (e.g. removal) or indirectly (e.g. increasing turbidity 

of the water column).  

2.3 Functional state characteristics 

Bioerosion 

-Type of bioeroders 

-Abundance of bioe-

roders  

(e.g. sponges) 

-Composition 

-% cover 
Recommended 

Visual and acoustic surveys (e.g. 

covering presence, density, ex-

tent)  

Photographic quadrats, video 

transects and visual census 

Direct sampling  

Comparisons of recording data will reveal temporal 

changes in the presence and/or condition of bioeroders. 

Any such changes may be part of a natural cycle (e.g. sea-

sonal changes in macroalgal cover). Alternatively, they may 

be an indicator of anthropogenic impacts either directly 

(e.g. removal) or indirectly (e.g. increasing turbidity of the 

water column).  

Bioconcretion 

-Cover of animal  

-Cover of algal 

builders 

-% cover Recommended 

Visual and acoustic surveys (e.g. 

covering presence, density, ex-

tent)  

Photographic quadrats, video 

transects and visual census 

Direct sampling  

Comparisons of recording data will reveal temporal 

changes in the presence and/or condition of bioconcretion. 

Any such changes may be part of a natural cycle (e.g. sea-

sonal changes in macroalgal cover). Alternatively, they may 

be an indicator of anthropogenic impacts directly (e.g. re-

moval) or indirectly (e.g. increasing turbidity of the water 

column).  

3. Landscape/Seascape characteristics 

Connectivity / 

Fragmentation 

-% cover 

-Patch size 

-Distance between 

patches 

-Area (ha) 

-Distance (m or km)  
Recommended 

Visual survey 

Mapping 

Aerial/satellite imagery  
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Characteristics Variables  Metrics Application 
Standardised measurement 

procedures 
Considerations relating to methodologies 

4. Other 

Disturbance 

-Presence of anthro-

pogenic structures 

-Footprint of activity 

(ha) 

-Presence/absence 

-% area directly affected 

by human activity (e.g. by 

demersal fisheries or an-

thropogenic structures). 

Essential 

Visual survey, Mapping 

Aerial/satellite imagery 

For physical disturbance on sublit-

toral areas from activities such as 

trawling and dredging: SSS and 

MBS 

Many different "types" of disturbance may be reported, and 

they can be categorised in a variety of ways (e.g. physi-

cal/chemical/biological; presence/absence). The signifi-

cance of any disturbance on the structure and function of 

the habitat may be related to aspects such as frequency, 

permeance, level and type of impact. There may be scope 

to use relevant results of MSFD assessments. 

 



 
Technical Guidelines for assessing and monitoring the condition of 

Reefs (1170) 
 

 

45 
 

3.2 Guidelines for the establishment of reference and threshold values, 

and obtaining condition indicators for the variables measured 

The observed measurements of the condition variables need to be compared to reference 

values and critical thresholds, in order to assess the condition for each variable.  A reference 

level is the value of a variable at the reference condition, against which it is meaningful to 

compare past, present or future measured values of the variable.  The difference between the 

value of a variable and its reference level represents the distance to the reference condition.  

Reference levels should be defined in a consistent manner across different variables within an 

ecosystem type, and for the same variable across different ecosystem types. This ensures that 

the derived indicators are compatible and comparable, and that their aggregation is ecologi-

cally meaningful (United Nations, 2021). 

Reference levels are usually set with high and low levels reflecting the limits or endpoints of 

the range of a condition variable that can be used in re-scaling. For example, the high level 

may refer to a natural state and the low level may refer to a degraded state where ecosystem 

processes are below a threshold for maintaining function (Keith et al., 2013, in United Nations, 

2021).  

Establishing reference values and thresholds is therefore essential to determine whether hab-

itats are in good condition or have become degraded. Reference values represent the desired 

state of an ecosystem, often reflecting intact or minimally disturbed conditions. These values 

serve as benchmarks for assessing habitat condition. 

These guidelines do not intend to provide specific rules or values for these thresholds, but to 

define the main criteria and guide on the establishment of reference values that would help 

determining good or not good condition, considering the ecological variability of the habitats 

across their range. 

In a review of approaches for setting reference conditions for assessing marine ecosystem 

quality, Borja et al. (2012) recommend that they should be defined/described with reference 

to:  

(1) Multiple sites with similar physical characteristics within an ecoregion or habitat type. 

(2) Ideally represent minimally impaired or undisturbed conditions (i.e. absence or minimal 

human pressure). 

(3) Provide an estimate of the variability in biological communities and habitat quality due 

to natural physical and climatic factors. 

They identified four main approaches: crossing referencing pristine areas, hindcasting, mod-

elling and best professional judgement.  

Pristine areas: Reference values set against “pristine” areas could be developed with 

knowledge of either undisturbed habitats or habitats that are considered to be in good condi-

tion. However, for this to be credible, it would require comprehensive knowledge of the pres-

sures and impacts on the different habitats, and the implications for their condition. Finding 

such locations is also likely to be problematic, especially as many examples of the habitats 

which are being assessed are adjacent to the coast or within territorial waters and therefore 

likely to have been subject to many pressures/impacts sometimes over significant periods of 

time.  
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Hindcasting: Using hindcasting to set reference levels requires cross reference to some his-

torical reference condition. This may be a condition which is considered unimpacted (see 

above) or a set date (as with the Habitats Directive where 1994 is used as a baseline).  Issues 

will arise around deciding when to set any baseline, the reliability and availability of historic 

data, and how to account for any natural oscillations in condition.  For example, a habitat may 

not be in favourable condition in the selected baseline year, there may be a lack of sufficient 

data to inform decisions on the most appropriate baseline year, and global changes in recent 

decades could alter the former reference conditions making any comparisons with datasets 

from 50, or 100 years ago impossible. 

Modelling: Modelling by extrapolating biological attributes can be used to summarise/simplify, 

visualize and explain actual or predicted situations e.g. the Driver-Pressure-State-Impact-Re-

sponse (DPSIR) framework (OECD, 1993). There are, however, many considerations with de-

veloping and applying such models (Patricio et al., 2016). They include data availability, the 

level of confidence in the outcomes, how to scale up interpretations, for example from a site to 

a region, and how to assess cumulative impacts. There is an additional consideration that 

modelling approaches can be complex with less transparency and comprehensibility for stake-

holders and policymakers.  

Expert judgement: This is widely used when there is limited data but should ideally be under-

pinned by some clearly stated criteria and it has less transparency and comprehensibility for 

stakeholders. 

The analysis carried out by Borja et al. (2012) (summarized in Table 16) considered that whilst 

using pristine or minimally impacted conditions was the best single method, others were also 

adequate when combined with expert judgement. Setting targets was seen as an alternative 

approach where none of the traditional reference conditions approaches were applicable, 

which implicitly indicates conditions where the indicator in question is not adversely affected 

or only slightly affected. Their conclusions, looking specifically at assessing benthic ecological 

status, were that a combination of methods in setting reference conditions is more adequate 

in obtaining final quality assessments related to the pressures on a habitat than one method 

alone.  

Also relevant is the consideration that, regardless of the approach, there may be existing rele-

vant thresholds and reference values set within legal obligations. For marine habitats this is 

the case at a European level, under the Marine Strategy Framework Directive (MSFD) and the 

Water Framework Directive (WFD).  

Finally, the lack of experts in certain habitats can pose an additional difficulty for the correct 

use of this approach. The analysis carried out by Borja et al. (2012) (Table 16) was that whilst 

using pristine or minimally impacted conditions was the best single method, others were also 

adequate when combined with expert judgement. 
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Table 16. Evaluation of target and reference condition setting methods, regarding dif-

ferent issues 

Methods / is-

sues 
Reference conditions 

Expert 

judgement 
Targets 

Main issues  
Pristine 

areas 

Historical 

data 
Modelling 

Best profes-

sional judge-

ment 

Baseline 

set in 

the past 

Current 

baseline 

Directional/ 

trends target 

Legislation using/ 

proposing it 
WFD, 

CWA 

WFD, 

CWA, 

OSPAR 

WFD, 

CWA 
WFD, CWA OSPAR HD OSPAR 

Data needs 
Moderate 

(2) 
High (1) High (1) Low (3) 

Moderate 

(2) 

Moderate 

(2) 
Moderate (2) 

Scientific robust-

ness 
High (3) 

Moderate 

(2) 

Moderate/ 

high (2.5) 
High (3) High (3) High (3) High (3) 

Confidence of the 

method 
High (3) 

Moderate 

(2) 

Moderate/ 

high (2.5) 
High (3) 

Moderate 

(2) 
High (3) Moderate (2) 

Applicability High (3) Low (1) High (3) High (3) 
Moderate 

(2) 

Moderate 

(2) 
Moderate (2) 

Practicality of the 

method within 

available time 

scales 

High (3) 
Moderate 

(2) 
High (3) High (3) 

Moderate 

(2) 

Moderate 

(2) 
Moderate (2) 

Transparency 

and comprehen-

sibility 
High (3) High (3) Low (1) Low (1) High (3) High (3) High (3) 

Total scores 17 11 13 16 14 15 14 

Source: Borja et al., 2012 
Note that scores are high: 3, moderate: 2, and low: 1, except in the case of data needs, which are opposite (the 
lowest data need the highest score). WFD: Water Framework Directive; HD: Habitats Directive; CWA: Clean Wa-
ter Act; OSPAR: Oslo-Paris Convention.  

General guidance on setting environmental thresholds is included in The Marine Strategy 

Framework Directive (MSFD) which requires that Good Environmental Status (GES) should 

be achieved in EU marine waters as described by eleven environmental Descriptors. At the 

core of the GES assessment lies the need for threshold values which enable a quantitative 

assessment of environmental status for the indicators and elements used for each GES Crite-

rion.  

Principles and guidelines on how these thresholds should be set are specified in Article 4(1) 

of Commission Decision (EU) 2017/848 (EU, 2017) (Box 1)14 

  

 
14 Commission Decision (EU) 2017/848 of 17 May 2017 laying down criteria and methodological standards on good environmental 

status of marine waters and specifications and standardised methods for monitoring and assessment, and repealing Decision 

2010/477/EU) Article 13. 
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Box 1. Article 4 of Commission Decision (EU) 2017/848 (EU, 2017) 

Article 4 - Setting of threshold values through Union, regional or subregional cooperation 

1. Where Member States are required under this Decision to establish threshold values 

through Union, regional or subregional cooperation, those values shall:  

(a) be part of the set of characteristics used by Member States in their determination of good 

environmental status;  

(b) be consistent with Union legislation; 

(c) where appropriate, distinguish the quality level that reflects the significance of an adverse 

effect for a criterion and be set in relation to a reference condition;  

(d) be set at appropriate geographic scales of assessment to reflect the different biotic and 

abiotic characteristics of the regions, subregions and subdivisions;  

(e) be set on the basis of the precautionary principle, reflecting the potential risks to the marine 

environment;  

(f) be consistent across different criteria when they relate to the same ecosystem element;  

(g) make use of best available science;  

(h) be based on long time-series data, where available, to help determine the most appropriate 

value;  

(i) reflect natural ecosystem dynamics, including predator-prey relationships and hydrological 

and climatic variation, also acknowledging that the ecosystem or parts thereof may recover, if 

deteriorated, to a state that reflects prevailing physiographic, geographic, climatic and biologi-

cal conditions, rather than return to a specific state of the past;  

(j) be consistent, where practical and appropriate, with relevant values set under regional in-

stitutional cooperation structures, including those agreed in the Regional Sea Conventions. 

 

A 2022 review of the state of play with thresholds for MSFD criteria used by Member States 

indicated that progress has been made but also that there was some way to go before this is 

achieved for all eleven descriptors. For benthic habitats (relating to Descriptors 1 and 6) the 

following criteria are to be used to assess the extent to which GES is achieved:  

• D6C1 Physical loss of the seabed  

• D6C2 Physical disturbance to the seabed  

• D6C3 Adverse effects of physical disturbance on benthic habitats (spatial extent)  

• D6C4 Benthic habitat extent (extent of habitat loss from anthropogenic pressures)  

• D6C5 Benthic habitat condition (extent of adverse effects from anthropogenic pres-

sures)  

No thresholds have been agreed as yet for D6 (sea floor pressures and impacts) however the 

Technical Group on Seabed Habitats and Sea-floor integrity (TG SEABED) have provided 

some advice on setting threshold values for D6C4 and D6C5 (Box 2) (TG SEABED, 2023). 
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The Water Framework Directive (WFD) requires Member States to protect and where neces-

sary restore water bodies in order to reach good status (chemical and ecological) and to pre-

vent deterioration. Standards for priority substances and certain other pollutants are set out in 

the Environmental Quality Standards Directive (2008/105/E9). 

All the variables identified for assessing the structure and function of habitat 1170 are covered 

in some way by the MSFD GES descriptors with the exception of substrate type/geology which 

is a contextual variable. Some WFD Environmental Quality Standards are also directly appli-

cable. A consistent approach, cross-referencing agreed thresholds for MSFD descriptors and 

WFD thresholds, with those that are also relevant to assessing the condition of the structure 

Box 2. Technical Group on Seabed Habitats and Sea-floor integrity (TG SEABED) 

advice on setting threshold values on Good Environmental Status for descriptors 

D6C4 and D6C5. 

TG’s Seabed’s advice is to set the threshold values as follows: 

• The maximum proportion of a benthic broad habitat type in an assessment area that 

can be lost is 2% of its natural extent (≤2%) (D6C4). 

• The maximum proportion of a benthic broad habitat type in an assessment area that 

can be adversely affected is 25% of its natural extent (≤25%). This includes the 

proportion of the benthic broad habitat type that has been lost (D6C5). 

• A benthic broad habitat type is adversely affected in an assessment area if it shows 

an unacceptable deviation from the reference state in its biotic and abiotic structure 

and functions (e.g. typical species composition, relative abundance and size struc-

ture, sensitive species or species providing key functions, recoverability and func-

tioning of habitats and ecosystems processes) (D6C5)*. 

Existing obligations for the protection and conservations of certain habitat types, such as 

those listed under Directive 92/43/EEC or international agreements such as Regional Sea 

Conventions, still apply and the thresholds defined here shall not be considered by Member 

States as alternative conservation values for these habitat types.  

TG Seabed recommends that Member Stated use caution when applying these threshold 

values on very small and/or very large benthic broad habitats types in their marine waters 

and fully consider the practical implications of the accepted extent of habitat lost in environ-

mental protection terms**. 

Footnote*: TG Seabed recognises that more work is required for the quantification of spe-

cific indicators of adverse effects before an overall threshold value can be proposed for 

D6C5-Quality. TG Seabed is developing a roadmap to ensure that the work on the quality 

threshold value is done in a defined timeframe. The group therefore recommends a quali-

tative description for D6C5-Quality that will guide the work on the selection and quantifica-

tion of indicators of adverse effects and the adoption of an overall threshold value for D6C5-

Quality.   

Footnote**: For instance, a very small broad habitat type in an assessment area may need 

to conserve all of its extent to be in ‘good’ quality. On the other hand, the extent of loss of 

a very large broad habitat type in an assessment area may be so big that it threatens eco-

system functioning in the whole assessment area.  
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and function of marine and coastal habitats covered by the Habitats Directive is clearly desir-

able.  

The harmonization of reference values and thresholds regarding the variables used for the 

assessment of habitat condition should consider the following common requirements: 

• Thresholds need to consider the natural variability of the habitats across their range, 

and different threshold or reference values for the same habitat in different Member 

States or regions within a MS can be appropriated. 

• Thresholds, limits and reference values need to be tested with sufficient data sets, 

which include full range of habitat conditions – from degraded habitats to best quality 

ones.  

• The reference values should fulfil the criteria of validity (connection to relevant ecolog-

ical integrity), robustness (reliability), transparency, and applicability (Czúcz et al., 

2021; Jakobsson et al., 2020). 

• A description of the methodology for establishing the threshold and reference values 

applied by each MS for each variable must be provided, justified and perfectly under-

standable. 

• The methodologies should be suitable to be regularly evaluated and improved accord-

ing to the best available scientific knowledge and any modifications made, and the im-

pact these may have on previous monitoring work, must be communicated.  

• Common training or guidance on setting threshold and reference values should be pro-

grammed for experts from the different MSs in order to achieve full harmonisation. 

Table 17 makes some initial recommendations for setting reference/threshold values for the 

proposed variables for assessing and monitoring the condition of habitat 1170. 
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Table 17. Considerations for setting reference/threshold values for habitat 1170 (reefs) 

WFD Quality Elements: QE1 – Biological Quality Elements, QE1-2-1 - Macroalgae, QE1-2-2 - Angiosperms, QE1-2-3 – Macrophytes, QE1-2-4 – 

Phytobenthos, QE1-3 - Benthic invertebrates, QE1-4 - Fish, QE2 – Hydromorphological quality elements, QE2-1 – Hydrological or Tidal regime – QE2-3 – 

Morphological conditions, QE3 - Chemical and physico-chemical quality elements, QE3-1 – General parameters (Transparency, thermal, oxygenation, salinity, 

acidification, nutrient, Nitrogen, Phosphorus conditions), , QE3-1-2 Thermal conditions 

MSFD Descriptors: D1 – Marine biodiversity, D2 – Non-indigenous species, D3 – Commercial fish and shellfish, D4 – Food webs, D5 – Human-induced 

eutrophication, D6 – Seabed integrity, D7 – Hydrographical conditions, D8 – Contaminants, D10 – Marine litter, D11 – Energy, including underwater noise 

Characteristics 
Variables  

(application) 
Reference/ 

Threshold type 
Considerations relating to Reference Values 

Relevant WFD EQS 

for Reference Values/ 

Thresholds 

Relevant 

MSFD De-

scriptors 

1. Abiotic characteristics 

1.1 Physical state characteristics 

Degree of sub-

mergence / 

depth / tidal re-

gime 

-Depth in relation to 

chart datum (Essen-

tial*) 

Quantitative, 

Trend 

Depth is not static but subject to both diurnal and seasonal variation, as well 

as across the habitat being monitored.  The existing status is therefore in 

equilibrium with the prevailing conditions. If this were to be disrupted to a sig-

nificant degree, there can be major changes in both the physical and biologi-

cal characteristics of the habitat. 

QE2 (QE2-1, QE2-3) D7 

Substrate type / 

Geology 

-Geogenic reef type 

(Essential*) 
Qualitative  

This variable will be descriptive with no changes foreseen in the underlying 

geology, therefore no proposals for reference values are recommended. 
  

Topography / 

physical struc-

ture / habitat 

complexity 

-Physical dimensions  

-Extent 

-Longitude and latitudi-

nal gradients 

-Form and presence of 

features from a stand-

ardised list which could 

be developed (e.g. gul-

lies, caves) 

-Roughness / verticality 

(Essential*) 

Quantitative, 

Qualitative, expert 

judgement  

Comparisons of imagery data over time can reveal gross changes in extent 

and topography of the habitat however, for the purposes of setting thresholds 

and reference values, any changes will need to be viewed in the context of 

"natural" changes as reefs are naturally subject to erosion and deposition, as 

well as patterns of erosion and deposition which are the consequence of hu-

man activity. Threshold values will need to be set in the context of and re-

garding knowledge of such changes. If sufficient historical data are available 

these could be used to set a reference value relative to a specific point in 

time.  

QE2 (QE2-1, QE2-3) D6, D7 
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Characteristics 
Variables 

(application) 
Reference/ 

Threshold type 
Considerations relating to Reference Values 

Relevant WFD EQS 

for Reference Values/ 

Thresholds 

Relevant 

MSFD De-

scriptors 

Hydrodynamics - 

Exposure to cur-

rent, wave ac-

tion, scour & 

surge 

-Current speed 

-Wave height 

-Direction 

-Frequency 

(Recommended) 

Quantitative, 

Trend 

Aside from seasonal changes, natural variation in these variables is likely to 

be low. However, if major changes do occur, they are likely to lead to signifi-

cant changes in the species colonising reef habitats. Whilst it would be possi-

ble to set quantitative reference values (e.g. a certain % change) trends are 

likely to be more informative as this is less likely to be skewed by single sig-

nificant events.  

QE2 (QE2-1) D7 

Temperature 
-Water temperature 

(Essential) 
Quantitative 

Reference values for temperature might be carefully defined according to 

each subtype and the seasonal cycle. Furthermore, need to takes into ac-

count that thermal stress varies within species, assemblages and other phys-

ical (e.g. depth, surge) or geographical parameters (e.g. latitude/longitude, 

currents). 

QE3 (QE3-1-2) D1, D5, D7 

Turbidity 

-Suspended particles 

-Light transmission 

through water samples 

(Essential) 

Quantitative 

Increasing turbidity can have an effect on the species that are present (e.g. 

reducing the number/extent of filter feeders) Reference levels relating to 

characteristic species and water quality would be complementary to this vari-

able.  

QE3 (QE3-1-1) D6 

1.2 Chemical state characteristics 

Water quality 

-Various substances 

(including chemicals 

listed in the WFD and 

EQSD, nitrates & phos-

phates, oxygen, chloro-

phyll, dissolved solids) 

(Essential*) 

Quantitative, 

Trend, Indices, 

linked to WFD 

The parameters and Environmental Quality Standards that apply under the 

WFD for transitional waters (e.g. in relation to chemical and physico-chemical 

quality elements) are particularly relevant to determining water quality for this 

cluster of habitats and are already being used as reference values/thresholds 

by Member States.  

QE3 (QE3-1) D5, D8 
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Characteristics 
Variables 

 (application) 

Reference/ 

Threshold type 
Considerations relating to Reference Values 

Relevant WFD EQS 

for Reference Values/ 

Thresholds 

Relevant 

MSFD De-

scriptors 

2. Biotic characteristics 

2.1 Compositional state characteristics 

Invertebrates - 

Epifaunal & in-

faunal communi-

ties including 

meiofauna 

-Abundance of charac-

teristic species  

-Diversity of character-

istic species  

-Density of meiofauna 

(Essential*) 

Quantitative,  

indices/additional, 

scoring.  

  QE1 (QE1-2-4, QE1-3) D1, D4, D6 

Vertebrates - As-

sociated fish 

communities 

-Abundance of charac-

teristic species  

-Diversity of character-

istic species  

(Specific*) 

Quantitative,  

indices/additional, 

scoring.  

Reference values will need to take into account natural cycles of change, and 

to distinguish these from changes which are the result of human activity. 
QE1 (QE1-4) D1, D3, D11 

Macrophytes, 

macroalgae, eel-

grass 

-Type 

-Extent 

(Specific*) 

Quantitative, trend, 

indices/additional, 

scoring, linked to 

WFD  

Reference values and thresholds for good condition will not only vary accord-

ing to biogeographical region but also from location to location because of the 

factors such as depth, location, species etc. (see variables). Two types of 

thresholds should be considered. A threshold relating to extent, and a thresh-

old relating to condition. Extent - change in distribution AND in the density/di-

versity of the relevant species. Condition - change in key features (e.g. length, 

diversity, biomass) and other evidence of declining condition such increasing 

prevalence of disease. 

QE1 (QE1-2-1, QE1-2-3, 

QE1-2-4) 
D1, D5, D6 

Biogenic struc-

tures 

-Type 

-Extent 

(Specific*) 

Quantitative, 

Trend 

Reference values will need to take into account natural cycles of change, and 

to distinguish these from changes which are the result of human activity. E.g. 

physical damage of some types of biogenic structures may be the result of 

storm events or human activity such as demersal trawling. Examples of natural 

variation include burial by sediment, responses to cyclical changes in preda-

tor/prey levels and specific natural events (storms or flooding). Indices have 

been used to assess ecological quality across reefs e.g. combining descriptors 

of sensitivity, diversity and heterogeneity of assemblages. 

 D1, D6 

Opportunistic / 

invasive species 

-Presence 

-Distribution  

-Abundance 

(Recommended) 

Quantitative,  

indices  
   D1, D2 
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Characteristics 
Variables  

(application) 
Reference/ 

Threshold type 
Considerations relating to Reference Values 

Relevant WFD EQS 

for Reference Values/ 

Thresholds 

Relevant 

MSFD De-

scriptors 

2.2 Structural state characteristics 

Characteristic 

species 

-Condition 

(Essential) 

Quantitative,  

indices/additional, 

scoring, linked to 

WFD 

Reference values will need to take into account natural cycles of change, and 

to distinguish these from changes which are the result of human activity. 
QE1 (QE1-2-4, QE1-3) D1, D4, D6 

Reef structure 

-Condition 

-Composition 

(Essential) 

Quantitative,  

indices/additional, 

scoring.  

Reference values and thresholds need to take account of changes that may 

be due to natural variation (e.g. burial by sediment, responses to cyclical 

changes in predator/prey levels) including specific natural events such as 

changes following storm events. 

QE1 (QE1-3) D1, D6 

Vegetation zones   

-Abundance 

-Extent 

-Condition 

(Specific*) 

Quantitative, 

indices, linked to 

WFD  

If vegetation zones are present, reference values and thresholds for good 

condition will not only vary according to biogeographical region but also from 

location to location because of the factors such as depth, location, species 

etc.  Two types of thresholds should be considered. A threshold relating to 

extent, and a threshold relating to condition. Extent - change in distribution 

AND in the density/diversity of the relevant species. Condition - change in 

key features (e.g. length, biomass) and other evidence of declining condition 

such increasing prevalence of disease. 

QE1 (QE1-2-2) D1, D5, D6 

2.3 Functional state characteristics 

Bioerosion 

-Type of bioeroders 

-Abundance of bioe-

roders  

(e.g. sponges) 

(Recommended) 

  

Reference values and thresholds for good condition will not only vary accord-

ing to biogeographical region but also from location to location because of 

the factors such as depth, location, species etc. (see variables). Two types of 

thresholds should be considered. A threshold relating to extent, and a thresh-

old relating to condition. Extent - change in distribution AND in the density of 

the relevant species. Condition - change in key features (e.g. length, bio-

mass) and other evidence of declining condition such increasing prevalence 

of disease. 

QE1 (QE1-3) D1, D6 
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Characteristics 
Variables  

(application) 
Reference/ 

Threshold type 
Considerations relating to Reference Values 

Relevant WFD EQS 

for Reference Values/ 

Thresholds 

Relevant 

MSFD De-

scriptors 

Bioconcretion 

-Cover of animal  

-Cover of algal builders 

(Recommended) 

  

Reference values and thresholds for good condition will not only vary accord-

ing to biogeographical region but also from location to location because of 

the factors such as depth, location, species etc. (see variables). Two types of 

thresholds should be considered. A threshold relating to extent, and a thresh-

old relating to condition. Extent - change in distribution AND in the density of 

the relevant species. Condition - change in key features (e.g. length, bio-

mass) and other evidence of declining condition such increasing prevalence 

of disease. 

QE1 (QE1-3) D1, D6 

3. Landscape/Seascape characteristics 

Connectivity/ 

Fragmentation 

-% cover 

-Patch size 

-Distance between 

patches 

(Recommended) 

Qualitative, expert 

judgement 

Comparisons of imagery data over time can reveal any habitat fragmentation. 

However, for the purposes of setting thresholds and reference values, any 

such changes will need to be viewed in the context of "natural" variation as 

these habitats are naturally subject to erosion and deposition (seasonally as 

well as associated with spring neap tide cycles and storm events). These 

need to be distinguished from patterns of erosion and deposition which are 

the consequence of human activity. Threshold values will need to be set in 

the context of and regarding knowledge of such changes. Where historical 

data are available these could be used to set a reference value relative to a 

specific point in time.   

 D6 

4. Other 

Disturbance 

-Presence of anthropo-

genic structures 

-Footprint of activity (ha) 

(Essential) 

Quantitative,  

qualitative, expert 

judgement  

For sites which are considered to be in favourable condition, the current state 

could be used as the reference value. Threshold values could be declines in 

condition or declines/changes which have an impact on the structure and 

function. Each location should characterise the major types of disturbance 

first and then for each of these consider what is considered significant.  

  D1, D8, D10 

*: check Table 15 for further information 
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Table 18 indicates possible approaches for establishing thresholds and reference values ap-

plicable to the proposed variables, based on the procedures followed by Member States and 

the existing literature. A combination of approaches is suggested to better inform the setting 

of reference levels or thresholds, given the degree of uncertainty when setting reference levels. 

The different approaches described are not exclusive, they are often combined. For example, 

expert judgement is necessary when establishing reference cases for good condition or for 

certain decisions on modelling the relationship between variables and condition. In fact, mod-

elling-based approaches complement those based on good condition or undisturbed cases 

and can also be combined with statistical approaches. 

The evaluation of the condition of the habitats is based on determining whether the variables 

used in the assessment indicate good or not good condition. Different criteria are applied to 

attribute these condition categories according to the characteristics of each variable, for exam-

ple, whether they are categorical (e.g. no alien species allowed), or quantitative variables 

which may obey linear or non-linear relationships with the condition (Jakobsson et al., 2020). 

The variables that are used can be directly standardized to apply aggregation procedures.  

Owing to the different metrics, measurement units and magnitudes applied to the variables 

that characterise the habitats, the values obtained from their measurement require some form 

of standardisation, e.g., by re-scaling, to build indicators combining different variables. The 

values obtained from the measurement of the variables can be scaled according to their refer-

ence levels, thus normalised to a common scale and direction of change, and can then be 

combined to form a composite index or to obtain an overall result of the assessment using 

appropriate aggregation approaches (see further details below in Section 3.3 on Aggregation).  

Table 18. Some initial recommendations for setting thresholds for the proposed 

variables 

Dark grey: Preferred approaches; Light grey: additional approaches 

Description Application 

Compa-

rison to 

undis-

turbed 

areas 

Compari-

son to 

good 

condition 

areas 

Hindcas-

ting 

Mode-

lling 

Expert 

judge-

ment 

EU Rele-

vant exist-

ing refer-

ence values 

1. Abiotic characteristics 

1.1 Physical state characteristics 

Degree of submergence / 

depth / tidal regime 
Essential*      MSFD 

Substrate type / Geology Essential*       

Topography / physical 

structure / habitat com-

plexity 

Essential*      MSFD, WFD 

Hydrodynamics - Exposure 

to current, wave action, 

scour & surge 

Recommended      MSFD, WFD 

Temperature Essential      MSFD, WFD 

Turbidity Essential           WFD, MSFD 
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Description Application 

Compa-

rison to 

undis-

turbed 

areas 

Compari-

son to 

good 

condition 

areas 

Hindcas-

ting 

Mode-

lling 

Expert 

judge-

ment 

EU Rele-

vant exist-

ing refer-

ence values 

1.2 Chemical state characteristics 

Water quality Essential*      MSFD, WFD 

2. Biotic characteristics 

2.1 Compositional state characteristics 

Invertebrates - Epifaunal & 

infaunal communities in-

cluding meiofauna 

Essential      MSFD, WFD 

Vertebrates - Associated 

fish communities 
Specific      MSFD, WFD 

Macrophytes, macroalgae, 

eelgrass 
Specific*      MSFD, WFD 

Opportunistic / invasive 

species 
Recommended      MSFD 

Biogenic structures Specific*      MSFD 

2.2 Structural state characteristics 

Characteristic species Essential      MSFD, WFD 

Reef structure Essential      MSFD, WFD 

Vegetation zones Specific*      MSFD, WFD 

2.3 Functional state characteristics 

Bioerosion Recommended      MSFD, WFD 

Bioconcretion Recommended      MSFD, WFD 

3. Landscape/Seascape characteristics 

Connectivity / Fragmenta-

tion 
Recommended      MSFD 

4. Other 

Disturbance Essential      MSFD 

*: check Table 15 for further information 
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3.3 Guidelines for the aggregation of variables at the local level 

Ecological assessments require the integration of physical, chemical, and biological quality 

parameters. The choice of the aggregation method of such partial assessments into an overall 

assessment has been widely discussed within the scientific community, since the methodology 

can have a considerable influence on the outcome of the assessment.  Different approaches 

can be used to integrate the values of the measured variables to give an overall value that 

indicates the overall condition of habitat types at the local scale, i.e. the monitoring plot, station 

or site.  

An appropriate aggregation method is crucial to categorising local-scale condition into 

good/not good. This is because the proportion of the habitat type in good/not good condition 

is the main information required for assessment of the structure and function of the habitat type 

at the biogeographical level. 

3.3.1 Overview of aggregation methods 

In a review of methods for aggregating and integrating information when assessing the status 

of marine ecosystems under the MSFD, focusing mostly on the descriptors related to biodiver-

sity, Borja et al. (2014) discussed the advantages and disadvantages of several different ap-

proaches used to combine a number of variables into an overall assessment. A review and 

discussion of advantages and disadvantages of several different aggregation methods for ma-

rine biodiversity status assessments has also been carried out by Barnard & Strong (2014). 

The main approaches are summarised below. 

One-out, all out (OAOO) 

The OOAO rule has been recommended for assessment of Ecological Status under the Water 

Framework Directive (CIS, 2003). The logic behind this is that a water body could not achieve 

good ecological status if any of the quality elements measured fail. This means that an OOAO 

approach using the “worst case” scenario for its assessment. This can be viewed as a rigorous 

precautionary approach. One criticism, however, is that it could lead to an underestimation of 

the true overall status. A precautionary one-out, all-out approach is also used in the aggrega-

tion of the parameters used in the assessment of conservation status under the Habitats Di-

rectives and the IUCN Red List of Species and the IUCN Red List of Ecosystems. 

The OOAO rule is a rigorous and conservative approach which follows the precautionary prin-

ciple, and works well where all the necessary information is available. In the marine environ-

ment, where there may be significant data gaps it is important to clarify the extent to which 

such an approach may be “preliminary”, “partial” or “incomplete” due to lack of data.  

Averaging approach 

The averaging approach is the most commonly used method to aggregate indicators (Shin et 

al., 2012) and consists of simple calculations, using methods such as arithmetic average, hi-

erarchical average, weighted average, median, sum, product or combinations of those rules, 

to come up with an overall assessment. Differential weighting applied to the various indicators 

can be used when calculating means or medians. An adequate basis for assigning weights is 

not always available and assigning weights often involves expert judgment: However, expert 

opinions applied in such a way can show important differences. 

This approach needs a normalisation of the obtained data to be used. 
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Conditional rules 

Conditional rules are an approach where indicators can be combined in different ways to gen-

erate an overall assessment, depending on specified criteria. For instance, it can be formulated 

in a way that requires that specific proportion of the variables to achieve good status or if a 

certain number of variables do not meet the threshold, the overall status fails. 

Scoring or rating 

In this method different scores are assigned to a particular status for a number of different 

elements, e.g. ranging from 1 to 5 for poor to good). The scores may then be summed to derive 

a total score which is then rated according to the number of elements taken into account. 

Different weights can be assigned to the various elements. 

Multimetric indices to combine indicators 

Within the WFD there are many examples of multimetric indices developed for different bio-

logical elements. Within the MSFD, the use of multimetric indices or multivariate techniques 

for integrating indicators of seafloor integrity have been recommended (Rice et al., 2010). Mul-

timetric methods that are used to combine multiple parameters in one assessment may result 

in robust indicators, but ideally the various parameters should not be inter-correlated. 

Multidimensional approaches 

Multivariate methods, such as Discriminant Analysis or Factor Analysis combine parameters 

in a multi-dimensional space. Multivariate methods have the advantage of being more robust 

and less sensitive to correlation between indicators. However, interpretation is less intuitive 

than other methods, as information on individual indicators in each ecosystem is lost and links 

to management options are less obvious. 

Decision tree 

Decision trees provide the opportunity to apply different, specific, rules to combine individual 

assessments into an overall assessment. A decision tree allows implementing individual rules 

at each of its nodes and thus incorporates decisions at each step within the decision tree. The 

decision rules can be quantitative or qualitative as well as based on expert judgment. This 

gives room for a high degree of flexibility in reaching the final assessment. 

Probabilistic approach 

In some cases the results for each indicator may be uncertain due to several factors e.g., 

natural variation in the sampling sites, random variation in the samples, insufficient scientific 

understanding about what should be the reference value for good status, etc. If these uncer-

tainties can be approximated, this gives rise to the possibility of taking this information into 

account when integrating the indicators. The more uncertain indicators will get less weight in 

the integrated assessment, while the more certain ones will be more reliable and hence get 

more weight. 

High level integration 

This approach, which includes the selection of an agreed reduced set of indicators and agreed 

weighting rules, could be considered a pragmatic compromise, reducing the risks associated 

with OOAO while still giving an overall assessment. An example of a high-level integration, 
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where assessments for several ecosystem components are merged into a final assessment, 

is the HELCOM-HOLAS project (HELCOM, 2010). 

As seen in Section 2.3, across EU Member States, the aggregation at local-scale assessments 

relies on integrating information from multiple variables, though specific approaches varying 

by country and habitat. Several MSs however apply a conditional rule, whereby a number of 

relevant variables measured must reach or pass the defined thresholds for good condition, or 

even the one-out, all-out rule, which requires that all the variables reach the threshold, for the 

overall habitat condition at the local scale to be considered good. 

3.3.2 Recommendations for the aggregation of the measured variables to determine 

the habitat type condition at the local scale  

A common aggregation method to integrate all essential and specific variables measured to 

assess the habitat should be applied consistently across the habitat range in the EU in order 

to obtain comparable results. 

Considering the various approaches described above and with the aim of harmonising the 

assessment of marine habitat types at the local scale, we suggest a two-step approach, in 

which a first aggregation is carried out separately for each group of variables associated to 

abiotic, biotic and landscape characteristics, and then, the results of such partial assessments 

are then integrated into the overall local assessment of the habitat condition following a one-

out , all-out rule, as described below but being clear about where data is limited or insufficient 

to make such an assessment (Figure 3). 

Step 1 – Aggregation of the variables measured in each group of characteristics 

A first step would involve using a conditional rule. This would aggregate the variables for each 

group of characteristics whilst noting that a minimum set of essential variables in each group 

must reach/exceed the defined threshold for good condition. This would be done for each hab-

itat component (abiotic, biotic, landscape). The selection of the set of variables that must reach 

the threshold is made considering their indicator value, i.e. their relative importance or rele-

vance to determine whether the habitat is in good condition or not. These should be variables 

for which a clear threshold can be defined to distinguish good and not good condition. If any 

of those selected variables do not reach/exceed the minimum thresholds, the condition cannot 

be considered good for the corresponding component of the habitat (abiotic, biotic, landscape). 

If there are insufficient data on any particular variables to make such an assessment this 

should be noted. 

Step 2 – Aggregation of the three groups of variables or habitat components 

In a second step, the results achieved in each the three components or groups of characteris-

tics (abiotic, biotic, landscape) would be aggregated following the “one-out, all-out” rule, which 

requires that all the three components have been assessed in good status for the overall con-

dition of the habitat at the local scale to be considered good. If any of these components do 

not reach an overall good status, the condition of the habitat at the local scale cannot be con-

sidered good. Where there are data gaps on any of the habitat components (biotic, abiotic or 

landscape), a clarification should be provided to show that the assessment is incomplete or 

preliminary.  
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Figure 3. Scheme of the proposed aggregation of variables at the local level 

 

3.4 Guidelines for aggregation at the biogeographical region scale  

As a minimum requirement MSs must follow the recommendations from the Art. 17 reporting 

guidelines for the period 2013-2018, which establish that "if 90% of habitat area is considered 

as in ‘good’ condition, then the status of ‘structure and functions’ parameter is ‘favourable’. If 

more than 25% of the habitat area is reported as ‘not in good condition’, then the ‘structure 

and functions’ parameter is ‘unfavourable-bad’".  

This rule highlights the importance of a sampling design that ensures sufficient representative-

ness of the total habitat area and diversity (see section 3.6 below). 

3.5 Guidelines on general sampling methods and protocols  

Harmonized monitoring protocols are crucial for assessing habitat conditions across Europe. 

These protocols should offer standardized methods for data collection, analysis, and interpre-

tation to ensure consistency and comparability over time and across regions. This section in-

cludes recommendations on sampling designs and monitoring protocols. 

Large-scale survey techniques (e.g. Charts, remote sensing) can be used to provide data for 

the whole feature across its range and assist with developing a stratified sampling programme 

to select a few locations to be investigated in detail. If so, the ability to relocate these sampling 

stations is essential (JNCC, 2004).  

As the features across this habitat will not be uniform, for example, in varying stages of devel-

opment or activity, a single sample for a physical-chemical characterization is unlikely to pro-

vide a reliable description of the habitat as a whole. Multiple sampling and analysis may 
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therefore be required, for example along transects and using quadrats to adequately record 

such heterogeneity.  

Article 17 of the Habitat Directive requests a maximum period of 6 years. However, this period 

can be completed through different approaches depending on the resources of Member 

States. Thus, not all plots and not all variables need to be measured each 6 years. Regarding 

plots, Member States may establish a large number of monitoring sites, selecting a small num-

ber of them to be surveyed every season in order to gather a suitable number of plots with a 

complete monitoring at least every six years.  

Within the six-year period, seasonality needs to be considered to avoid comparison of different 

time frameworks as the biotic and any associated macroalgae can change with seasons. Re-

garding variables, most variables are recommended to be seasonally surveyed (or at least 

annually), except tidal ranges with respect to LAT, that can be surveyed every 6 years. Adap-

tive monitoring is always recommended, allowing flexibility in frequency based on initial find-

ings. 

3.6 Selecting monitoring localities and sampling design 

The identification and selection of localities for the assessment and monitoring of this habitat 

requires a systematic approach to ensure that the selected sites provide comprehensive and 

representative data. The selection of localities for sampling along with the sample size (number 

of plots) and power (statistical significance) are crucial to ensure the representativity of the 

results obtained in the assessment and monitoring of each habitat at the biogeographical 

scale. Different approaches are recommended: 

• Geospatial Analysis: remote sensing techniques (e.g. Acoustic surveys - side scan 

sonar, AGDS, MBES) as well as geographic information systems are essential tools to 

identify, analyse and integrate spatial data (e.g. extent, topography, and changes over 

time) and to identify areas of interest based on various criteria such as biodiversity, 

threats, and ecosystem services. 

• Field Surveys: initial visits to potential sites are advisory to gather on-the-ground in-

formation about zonation patterns, accessibility, and logistics. 

• Review of existing data/knowledge: reviews can help prioritise areas based on sci-

entific knowledge. 

Selecting a minimum number of localities for monitoring involves balancing several criteria to 

ensure comprehensive and effective coverage: 

1. Biogeographical or marine heterogeneity: this habitat is present in all marine biogeo-

graphic regions but with different characteristics especially because of differences in tidal 

range and salinity profiles. Monitoring sites should be distributed across the entire area to 

represent the full range of ecological diversity and capture regional variations as well as 

habitat heterogeneity.  

2. Spatial Distribution: monitoring sites must be distributed across the full geographical 

range of the habitat (subject to accessibility constraints) to avoid geographical bias and to 

capture regional variations and ensuring they represent a significant proportion of the hab-

itat's area.  

3. Statistical Criterion: It would be advisable to ensure that the number of sites is statistically 

sufficient to detect changes and trends with desired confidence levels (e.g., 95%). Multiple 

sites within similar ecological contexts should be included for data reliability and robust-

ness.  
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4. Existing data and monitoring sites: Due to potential limitations in surface area and/or 

budget, previous research can help determine a more realistic number of monitoring loca-

tions. Making use of existing monitoring sites with historical data can also strengthen the 

understanding of long-term trends and changes in habitat condition. Such sites provide 

valuable baselines for comparison and support robust trend analyses over time. 

5. Degree of conservation and exposure to threat Levels: Monitoring locations should in-

clude both protected and high-risk areas experiencing significant threats. The selection 

should include areas that show different degrees of conservation or degradation, in order 

to capture the existing variation in the habitat condition across its range. This requires in-

cluding localities representing well-conserved habitat areas, with minimal human impact, 

as well as areas subjected to degradation and different pressures and threats. To capture 

the range of pressures affecting the habitat, localities should be selected across a spectrum 

of threat levels, from low to high and considering different sources of threats, such as water 

quality, disturbance/accessibility and resource extraction. 

6. Presence inside and outside Natura 2000 sites: The assessment and monitoring of hab-

itats conservation status must be done both inside and outside Natura 2000 sites, which 

requires selecting localities – and an appropriate number of sampling stations/transects – 

that reflect the proportion to the habitat’s distribution within and outside the Natura 2000 

network. 

7. Accessibility and practicality: Monitoring localities should be accessible for regular visits, 

taking into account logistical factors and ease of access. Practical considerations also in-

clude the safety of field personnel and the feasibility of transporting equipment to and from 

the site. 

Once the sampling localities have been identified for each habitat type, the minimum number 

of sampling stations in each locality and across the biogeographical region must be calculated 

in order to balance the sampling effort with representative data.  

The size of the sample influences two statistical properties: 1) the precision of our estimates 

and 2) the power of the assessment to draw conclusions. The number of sampling stations 

must be statistically sufficient to be able to detect changes and trends with desired confi-

dence levels. Appropriate statistical methods should be used for determining an adequate 

sample size.  

Considering the heterogeneity of habitat types, it is highly recommended to consult with a 

sampling statistician regarding the sample size, i.e. the minimum number of sampling sta-

tions/transects etc. required to ensure representativity and statistical significance.  

Some key elements to ensure a proper representation of the habitat condition in the sample 

are summarised below. 

Key elements for statistical representation 

Sample size and distribution: 

• The number of localities/transects etc. should be sufficient to provide a statistically robust 

sample size. This ensures that the data collected can be generalized to the entire habitat 

type within the region. 

• Statistical methods such as stratified random sampling are often used to ensure that all 

habitat subtypes and environmental gradients are adequately represented 
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Sampling design: 

• Within each sampling area or locality, multiple plots are established to collect detailed data 

on benthos, infauna, mobile species and other ecological indicators. The distribution and 

number of sampling stations depend on the variability and size of the habitat patch. Sam-

pling areas (plots, transects) are laid out considering the existing main ecological gradients, 

e.g., exposure to waves/currents/tides, depth, sediment characteristics.  

Replication and randomization: 

• Replication of sampling units within each locality and randomization of sampling plots lo-

cation help to reduce bias and increase the reliability of the data. 

• Randomized plot locations ensure that the sampling captures the natural variability within 

the habitat. 

3.7 Use of available data sources, open data bases, new technologies 

and modelling 

Data collection frameworks that integrate data from monitoring programmes are a useful 

source of monitoring data. Examples that focus of marine biodiversity are shown in Figure 4. 

(European Commission, 2023). 

Figure 4. Data collection frameworks relevant to marine biodiversity in European 

Waters 

 

Source: European Commission, 2023 
© European Union, 2023 

Three relevant initiatives that provide an overview of research programs, types of data and 

methodologies used for marine monitoring are:  
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- Biodiversa+15 European Biodiversity Partnership ’Mapping’ the current state of re-

search on biodiversity and associated ecosystem services in Europe in terms of pro-

jects, programmes and funding. This includes research projects on biodiversity and 

associated ecosystems services funded through research programmes in Europe. 

https://www.biodiversa.eu/ 

- EuropaBON16 current monitoring efforts to identify gaps, data and workflow bottle-

necks, and analyse cost-effectiveness of different schemes. The results of this assess-

ment will be used to inform the design of improved monitoring schemes able to inte-

grate in-situ and remote sensing data through models, and using novel technologies, 

to deliver more complete and less biased biodiversity information with multiple benefits 

to users and society. 

- MarBioME17 – Marine Biodiversity Monitoring in Europe. A holistic and global re-

view of European marine biodiversity projects and monitoring programmes, and col-

lated information on marine biodiversity research gaps. Identifies 647 distinct monitor-

ing programmes conducted in EU marine waters, the majority of which target assem-

blages or communities (European Commission, 2023) 

Other data sources include the following: 

The Marine Biodiversity Observation Network for Europe (MBON Europe18) coordinates 

active monitoring of marine biodiversity by European organizations. It focuses on establishing 

long-term time series to recognize trends related to natural or human activities, especially cli-

mate change. MBON Europe aims to formalize coordination between organizations, harmonize 

methods, facilitate data publication, and develop strategies for improved coordination. 

Copernicus Marine Data Store19 offers data on sea temperature and anomalies, crucial for 

many types of reefs.  

The ADRIREEF database provides a comprehensive collection of natural/artificial reefs and 

wrecks in the Adriatic Sea, collected as part of the Interreg Italy–Croatia project (Minelli et al., 

2020). 

Reef Check Med20 exemplifies the growing field of citizen science in reef monitoring. It uses a 

set of indicator organisms to track human impact on coral reefs and ecological and socioeco-

nomic changes. Their Mediterranean dataset includes abundance records of 43 marine spe-

cies from 2001 to 2020, covering protected, non-indigenous, and climate-sensitive species. 

The Global distribution of cold-water corals21 dataset shows occurrences for eighty-six 

Families of Octocorallia and four Orders of Anthozoa, as well as the sub-Order Filifera in Class 

Hydrozoa. 

The Vulnerable Marine Ecosystems (VME22) database, maintained by the Joint ICES/NAFO 

Working Group on Deep-water Ecology, provides data on VME distribution and abundance 

across the North Atlantic. There is certain relation between VMEs and 1170. 

 
15 Biodiversa +: https://www.biodiversa.eu/ 
16 EuropaBON: https://europabon.org/ 
17 MarBioME: https://op.europa.eu/en/publication-detail/-/publication/a09868c3-b721-11ed-8912-01aa75ed71a1/language-en 
18 MBON Europe: https://marinebon.org/mbon-europe 
19 Copernicus Marine Data Store: https://data.marine.copernicus.eu/products 
20 Reef Check Med: https://www.reefcheckmed.org/ 
21 UNEP Cold-water corals dataset https://data.unep-wcmc.org/datasets/3 
22 Vulnerable Marine Ecosystems (VME): https://www.ices.dk/data/data-portals/Pages/vulnerable-marine-ecosystems.aspx 

https://www.biodiversa.eu/
https://europabon.org/
https://op.europa.eu/en/publication-detail/-/publication/a09868c3-b721-11ed-8912-01aa75ed71a1/language-en
https://marinebon.org/mbon-europe
https://data.marine.copernicus.eu/products
https://www.reefcheckmed.org/
https://data.unep-wcmc.org/datasets/3
https://www.ices.dk/data/data-portals/Pages/vulnerable-marine-ecosystems.aspx
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OSPAR Status Assessment 2022 covers various species associated with HIC 1170 Reefs, 

including coral gardens, deep-sea sponge aggregations, and oyster beds, among others 

(OSPAR, 2023). 

HELCOM State of the Baltic Sea a synthesis report that builds on, and integrates, results 

from a wide range of assessment products produced within the third HELCOM holistic assess-

ment (HELCOM, 2023). 

The Reef Life Survey offers an interactive digital tool for tracking reef ecosystem health glob-

ally (Hedley et al., 2016). 

New technologies:  

A review of the main methodologies used for the study of marine biodiversity monitoring since 

1990 shows a dominance of direct observation but in recent years, an increase in the use of 

telemetry, omics23 and numeric models (Figure 5). 

Figure 5. Main categories of methodologies identified in relevant research projects for 

the study of marine biodiversity monitoring (adapted from European Commission, 

2023) 

 

The height of each column represents the total amount of research projects that used each category of methodol-
ogy. Stacked coloured categories depict the number of studies used in each category of methodology per specific 
decade. Research projects that used more than one methodological category are represented in multiple counts 
Source: European Commission (2023) 
© European Union, 2023 

  

 
23 Studies that focus on the structure, function and dynamics of molecules, such as genomes 
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New technologies used in reef monitoring: 

Several authors have presented comprehensive reviews of new technologies used for coral 

reef monitoring in recent years. These reviews highlight the rapid advancement and diversifi-

cation of tools available for reef research and conservation (Hedley et al., 2016; Hamylton, 

2017; Madin et al., 2019; Obura et al., 2019; Apprill et al., 2023; Piñeros et al., 2024). Piñeros 

et al. (2024) provide a particularly detailed review of marine robotic vehicles used in reef mon-

itoring. They discuss the features and capabilities of ROVs, AUVs, and other classes of under-

water robots, including gliders, bio-inspired vehicles, and hybrid systems. This review high-

lights the diverse array of robotic platforms now available for reef research, each offering 

unique advantages for different monitoring scenarios. 

New technologies such as structure for motion, multi-frequency backscatter analysis and anal-

ysis of point cloud data, are revolutionizing reef monitoring worldwide (especially coral reefs), 

offering improved capabilities for mapping, assessing, and tracking changes in reef habitats. 

Remote sensing technologies, including satellite imagery, have proven useful for large-scale 

reef monitoring and mapping. When combined with airborne imagery and LiDAR data, partic-

ularly from unmanned systems, these technologies enable unprecedented assessment of ben-

thic habitats. Satellite observations can focus on environmental conditions affecting reefs or 

mapping reef habitats at landscape to global scales.  

While remote sensing cannot match the detail of field surveys at individual points, it provides 

superior statistical power for inferring large-scale patterns due to complete areal coverage. 

Recent advances have improved spatial resolution, with sub-2m pixel multispectral satellite 

data now available for habitat mapping and bathymetry. Sea surface temperature products 

have also been upgraded to higher resolutions (Hedley et al., 2016). 

Unmanned aerial vehicles (UAVs) are increasingly used for reef monitoring and mapping, 

often employing photogrammetry and hyperspectral/multispectral cameras. Underwater, re-

motely operated vehicles (ROVs) and autonomous underwater vehicles (AUVs) allow close-

up monitoring of reefs. These can be equipped with various sensors (as inertial sensors, cam-

eras, sonars, CTDs, chemical sensors, etc.), cameras, and sampling tools depending on their 

size and depth range to collect detailed data on reef conditions without human divers (Piñeros 

et al., 2024). Also, Baited Remote Underwater Video systems (BRUVs) are becoming standard 

for monitoring fish communities, including stereo applications for assessing benthic fish and 

habitat structure (Langlois et al., 2020; Bouchet et al., 2018). These technologies collectively 

offer powerful new tools for comprehensive, efficient, and cost-effective monitoring of HIC 

1170, enabling improved management and conservation efforts. 

Digital image processing and artificial intelligence techniques are enhancing the analysis 

of reef imagery. Artificial Intelligence (AI) methods are particularly useful for species classifi-

cation, object detection in sonar images e.g. stones or traces/structures of human impact on 

the seafloor, identifying vulnerability patterns, and processing large image datasets. Machine 

learning approaches have shown robust performance in automated estimation of benthic com-

position, capable of detecting change and ensuring continuity with existing monitoring data 

(González-Rivero et al., 2020; Piñeros et al., 2024). 
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4 Guidelines to assess fragmentation at appropriate scales  

Fragmentation is a significant ecological issue resulting from both human activities and natural 

processes potentially leading to habitat loss and altered hydrology as well as changes in bio-

diversity and carbon storage capacity.  

Lawrence et al. (2021), considering fragmentation of terrestrial Natura 2000 habitats, define it 

as a landscape-scale process that includes (a) reduction in total habitat area, (b) increase in 

the number of habitat patches, and (c) decrease in sizes of habitat patches. This would lead 

to a progressive deterioration of the habitat and, therefore the reduction of occupied surface 

(Mariotti & Fagherazzi, 2010; Kirwan & Megonigal, 2013). 

Responses to habitat fragmentation in marine systems may be expected to differ to those in 

terrestrial systems. For example, many marine species have a relatively open population struc-

ture due to the large dispersal distances of marine organisms during their larval life stages. 

Also, energy and nutrients may be readily carried across habitat boundaries by water flow 

(Yeager et al., 2020) 

A review and analysis carried out by Yeager et al. (2020) found that the effects of fragmentation 

were highly variable across marine ecosystems. Habitat fragmentation that restricts the move-

ment of water could lead to rapid shifts in environmental conditions within remaining fragments 

was most notable for having a negative effect. Some positive effects were reported in relation 

to species abundance/diversity but there is need for further research on this topic including 

examining differences between patch scale and landscape scale effects of fragmentation 

Fragmentation metrics 

Habitat fragmentation can be assessed statically to characterize fragmentation at a specific 

point in time or dynamically by comparing fragmentation indices based on past data with the 

same indices based on the current data. Forman (1995) uses as the minimum spatial unit the 

patch, which is defined as a homogeneous area (polygon in GIS) that differs from its surround-

ings The landscape metrics used for the assessment of fragmentation can be divided into three 

groups (Hargis et al., 1998, Wang et al., 2014):  

1. Patch-level metrics measure characteristics of individual habitat patches. Common 

patch-level metrics include:  

• Patch area: calculate the size of individual mire patches. Smaller patches are generally 

more vulnerable to degradation and edge effects.  

• Patch perimeter: The length of the patch boundary.  

• Edge density: The length of the patch edge per unit area.   

• Shape Metrics  

• Shape index: Compares the patch perimeter to the perimeter of a circle with the same 

area. A higher value indicates a more complex shape.  

• Fractal dimension: Measures the complexity of the patch boundary.  

2. Class-level metrics assess fragmentation at the landscape level. They provide a broader 

perspective on habitat fragmentation by considering the overall distribution and configura-

tion of habitat patches within a landscape. They include:  

• Landscape shape index: Measures the complexity of the landscape configuration. 

Higher values indicate a more complex and fragmented landscape.  
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• Fractal dimension: Quantifies the complexity of the landscape pattern. Higher values 

suggest a more irregular and fragmented landscape.  

• Patch density: The number of patches per unit area. Higher density indicates greater 

fragmentation.  

• Patch size distribution: Describes the distribution of patch sizes within the landscape. 

This information can reveal whether there are a few large patches or many small ones.  

• Edge density: The total length of edges per unit area. Higher values indicate a more 

fragmented landscape with increased edge effects.  

3. Connectivity metrics evaluate the degree of connectivity between habitat patches. They 

include:  

• Mean patch isolation: The average distance between patches. Higher values indicate 

greater isolation.  

• Connectivity index: Measures the degree of connectivity between patches. Higher val-

ues suggest better connectivity.  

Fragmentation may be assessed in a variety of ways. These include;  

- Ecological impact assessment to assess species richness and composition in frag-

mented versus continuous patches, or changes in hydrology due to fragmentation. 

- Trend analysis comparing current fragmentation levels with historical data to identify 

trends over time. Determine if fragmentation is increasing, decreasing, or stabilizing 

- Assessing the role of human activity in driving fragmentation and evaluating the impact 

Based on fragmentation assessments, it may be possible to identify hotspots i.e. priority areas 

for conservation, restoration, or connectivity enhancement, determine where restoration efforts 

could reconnect fragmented patches, improve habitat quality, or re-establish hydrological pro-

cesses and develop policy recommendations to mitigate further fragmentation and protect ex-

isting ecosystems, including conservation strategies at a landscape scale to maintain and en-

hance connectivity. 
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5 Next steps to address future needs  

This document provided an analysis of the methodologies used for reef habitat monitoring in 

the EU Member States, comparing them with the main ecological characteristics of reefs, and 

proposed a common approach for the harmonisation of habitat monitoring across the EU. Alt-

hough this proposal is based on extensive information and a review of experiences included 

in the national habitat monitoring manuals, it is not meant to be definitive and prescriptive. It is 

highly recommended that this is evaluated by national experts and practitioners in habitat mon-

itoring for its feasibility and appropriateness in different EU member states and different con-

texts.  

Given the ecological and geographical variability of the Annex I habitat types, it is not realistic 

to have recommended lists of typical species, even for a biogeographical or marine region. 

Indeed, even within one Member State different species may be present in different parts of 

the range of a habitat type or in different subtypes. or even presents different biogeographical 

regions within the country, with the need to adapt the thresholds to every region in order to 

have a reliable methodology.  Furthermore, given the variability of habitat types across their 

range, even within a single biogeographical marine region, it is also very unlikely that all typical 

species will be present in all examples of the habitat.  For this reason, the report only identifies 

potential groups from which to select typical species for monitoring reef habitats. Further work 

is needed to identify the most relevant typical species for the task. This may take place at a 

national level but should also reflect any biogeographical and regional differences and ideally 

link to relevant existing monitoring programmes. 

When making such a selection it should also be borne in mind that the priority is for good 

indicators of favourable structure and function and that as such, they may not be the most 

dominant species. Species selected also need to reflect the variety of biological communi-

ties/subtypes often found within reef habitats given that reefs are often made up of a mosaic 

of marine communities rather than being uniform. 

A summary of the ecological, physical and chemical characteristics and main variables 

used to measure the habitat condition of reefs is presented in this report together with a review 

and an analysis of variables which are specified in the national habitat monitoring manuals of 

EU Member States. There is much commonality but also potential to explore whether this can 

be standardized across Member States in at least some cases. Equally important is to make 

sure that there is consistency with variables being used for reporting of MSFD descriptors and 

the Nature Restoration Law whilst noting that there are differences in the scale of the habitats 

to be assessed. Also relevant are the metrics which are used to monitor the different variables. 

Many considerations make it unlikely that the metrics could be standardized even for com-

monly agreed variables (e.g. due to the variations in this habitat across its range, practical 

considerations, measurement methods) but it is worth exploring whether there is any scope 

for intercalibration.  

The reference values and thresholds applied by Member States to obtain condition indica-

tors for reefs are variously; very specific, based on trends, use indices based on region char-

acteristics or rely on expert judgement or any combination of these. Given the variability of 

habitat across its range, even within a single biogeographical marine region, it is unlikely that 

the same ranges and thresholds can be applied in all circumstances. The scope to have a 

common or favoured approach to setting reference values and thresholds for particular varia-

bles could usefully be investigated.  Equally important is to make sure that there is consistency 
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with ranges and thresholds being used for reporting of MSFD descriptors and the Nature Res-

toration Law. 

Finally, although there are many well established methods for monitoring and sampling reefs 

new techniques are constantly being developed. It is particularly important to keep alert to 

these for harder to access locations (depth, conditions, nature of habitat etc.) which is where 

many advances may be made. 
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