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EUNIS marine habitat classification
Application, testing and improvement

Paper prepared for use by MESH (north-west Europe)
 and for other Atlantic and Baltic areas
About EUNIS

The EUNIS (European Nature Information System) habitat classification is a pan-European classification of terrestrial, freshwater and marine habitats that has been developed for the European Environment Agency by the European Topic Centre on Biological Diversity (ETC/BD). The latest version can be accessed at http://eunis2.eea.eu.int/. Work to further improve the classification is underway within a four-year programme commissioned by the ETC/BD, which started in 2005; JNCC are responsible for the north-east Atlantic and Baltic Sea marine aspects of this programme (a separate project to MESH).
Application of EUNIS in the marine environment

Apart from limited examples, such as for the inshore zones of the UK and ongoing work in the Rebent programme in France, the EUNIS classification remains largely untested in the marine environment. There is therefore a need to actively test and validate the classification to ensure it is of practical use as a consistent and widely applicable classification system, both for the application of benthic sample data and for habitat mapping.

MESH aims to do this testing for north-west European waters in a number of ways:

· To use the classification to produce the first unified marine seabed habitat maps for north-west Europe (the MESH Interreg area), producing maps at each of the different levels in EUNIS (Action 1.3, 1.5, 1.7)

· To review the effectiveness of the classification, including:

· Adding missing habitat types (particularly at EUNIS levels 5 and 6) where necessary;

· Assessment of the relationship to existing EUNIS habitat types identifiable by remote sensing techniques and consideration as to whether there should be a more direct representation of such broad physically-defined types linked to the finer biologically-defined types within the classification (Action 1.6)

· To recommend modifications of EUNIS to the ETC/BD, taking into account the practical experience gained in its application (Action 2.6).

Relationship to other classifications and lists of protected habitat types

The correlation table available at www.jncc.gov.uk/page-3365 provides a translation from EUNIS to the following:

· Marine habitat classification for Britain and Ireland
· EC Habitats Directive Annex I types

· OSPAR Convention Initial list of threatened and/or declining [Species and] Habitats
· UK Biodiversity Action Plan priority habitats

As EUNIS is intended to be a comprehensive classification, i.e. it should account for all habitats encountered in the environment, it can be used as the starting point for conversion of data to these other classifications and lists of protected habitats. The approach adopted within MESH is to firstly ‘translate’ habitat maps from local classifications to EUNIS types and secondly to ‘translate’ these maps from EUNIS to Habitats Directive, OSPAR and UKBAP types. Whilst this should provide the most efficient way of preparing maps of these protected habitats, because there is not always a direct relationship between the ‘classifications’ and the ‘lists’ (e.g. the OSPAR list of habitats), additional checking will be necessary to ensure the maps for Annex I, OSPAR and UKBAP habitat types are accurate representations for policy and management purposes.

Possible difficulties in using EUNIS for mapping

The practical application of EUNIS in the marine environment is likely to lead to a number of technical difficulties:

· The types described/mapped in the available data are not represented in EUNIS – should new types be defined?

· The types mapped (habitat mapping units) are a combination of types defined (or needing to be defined) in EUNIS, i.e. they are mosaics

· Types identifiable from geological/physical remote sensing techniques (satellite, aerial, acoustic) are not well matched to the current higher structure within EUNIS – should consideration be given to better accommodate these types within EUNIS, as remote sensing is likely to be the preferred method for producing wide area maps in the future, including any monitoring of change over time?

Defining new EUNIS types

The current EUNIS marine classification for the north-east Atlantic is based upon a detailed analysis of benthic sample data for coastal regions of Britain and Ireland, together with additional types listed (but not well defined) for offshore shelf and deepwater areas, developed at expert workshops and from the literature. It is therefore quite likely that new habitat types (particularly at the community levels 5 and 6) will need to be defined. Given the relative lack of available data in the offshore and deepwater regions, these are the most likely regions requiring new EUNIS habitat types. However additional types may also be needed for inshore and intertidal areas, such as to account for biogeographic variation (e.g. differences between the UK and France). In the Baltic there is also considerable scope to define types at levels 5 and 6, as well as to consider the higher structure.
Description of proposed new habitat types must follow certain guidelines, to ensure the ‘new’ type isn’t already described and, if justified, has sufficient supporting information to allow its future use in the classification (i.e. it has a description of the key physical and biological components of the habitat).

There are two key questions to answer before deciding to define a new habitat type:

1. Where should it sit in the classification (i.e. within which broader unit)?

2. Why is it different to the habitat types already defined for this section of the classification?

Additional considerations for EUNIS:
1. Does the parent habitat description need to be modified to include the new habitat?

2. Does the key to habitat types (e.g. as accessed via http://eunis2.eea.eu.int/habitats-factsheet.jsp?idHabitat=1) have to be adjusted to accommodate it?

3. If the new unit is at level x, do the other sister units at level x need modification to indicate that they are different from the new one?

Annex 1 provides further guidance on justifying new habitat types. The information required to support each proposed new type is defined in Annexes 2 and 3. Proposed new types should be entered on a standard Excel spreadsheet proforma [attached; to be added to website] and sent to JNCC (mailto:david.connor@jncc.gov.uk).

Towards the end of the MESH project (April 2007) there will be an evaluation of the proposals to confirm they are acceptable, there are no duplicates proposed and whether the associated habitat types need amendment in any way to accommodate the new types. This should ensure that the proposals made by MESH are coherent and serve to further improve the EUNIS marine classification. Until MESH has agreed such proposals, all MESH partners will continue to use the 2004 version of EUNIS. Addition of new types and use of mosaics (see below) will be handled within the project, rather than attempt to update EUNIS annually and then modify the MESH datasets with each new version of EUNIS. It is hoped this will allow both sufficient stability for partners to apply EUNIS to their data but sufficient flexibility to accommodate necessary changes to better reflect the local character of habitats across the MESH area.
For non-MESH areas, there is the opportunity to make proposals for changes and additions on an annual basis. Where the proposals are unlikely to affect other parts of the classification (such as for new level 5 and 6 types that fit sensibly into the current structure) this may desirable. However where several organisations and projects are working in a region (e.g. the Baltic), it will be more sensible to consolidate the list of types and their structure before recommending such changes to the ETC/BD. It may be desirable to achieve this through an expert workshop.
Dealing with mosaics

It is inevitable that the scale of mapping will not always match the scale of habitat types in the classification, leading to situations where the mapped unit represents more than one habitat type (e.g. the mapping unit represents a mixture of boulders lying on sand and can thus be considered to be a mosaic of the two habitats).

This can be handled in two ways:

· Enable assignment of several habitat codes (A and B) to each polygon

OR

· Create a new ‘type’ which represents the combination of two types (A+B)

For MESH the latter suggestion will be used, as it avoids difficulties associated with trying to display two habitat types for the same polygon and minimises the size of the GIS shapefile attribute tables.  Such pseudo EUNIS codes will be recorded in the ‘EUNIS’ field in the DEF (Data Exchange Format), with details about the habitat mosaic, particularly its constituent EUNIS habitat types recorded in the ‘comment’ field (this currently allows 255 characters to be entered).  Regular discussion is required between MESH partners to monitor the proposed habitat mosaics to ensure they are kept to a manageable number.
A secondary issue is whether the proportion of each habitat within the polygon should be reflected in the data (e.g. 70% A and 30% B): If such data are available and recorded it allows these polygons to be included in calculations on the total extent of each habitat. There are several options:
· Record the proportions (e.g. as a percentage), when known in the source data.
· Not record the proportion information and accept that mosaic data cannot be included in any reporting of total extent of habitat types (unless reported as the mosaics themselves).
· Assign proportions on a rule base, accepting that this leads to some inaccuracies to the data (which could be expressed, e.g. total extent of habitat A is 34,456ha of which 12% is derived as estimates from habitat mosaic data). A suggested rule base could be an equal assignment of area for the polygon (i.e. 50% to each for two habitats, 33% for three).
For MESH, the preferred option is to record the proportions of each habitat, or which habitat is dominant, in the mosaic, if known. This information should be added to the Comments field (along with the composite habitat codes of the mosaic). As it is more difficult to access this information for calculation purposes, it is proposed to modify the DEF to record whether the polygon is a mosaic or not.

Relating remote-sensed ‘habitats’ to EUNIS types

EUNIS is a hierarchical classification, set out in 6 levels for the marine environment. Its current structure is derived largely from the BioMar classification developed for Britain and Ireland (Connor et al 1997a, b
), now updated via the 2004 classification (Connor et al. 2004
) and expanded to cover other parts of the Atlantic, Baltic and Mediterranean.

The classification for Britain and Ireland is a bottom-up aggregation of biologically-defined habitat types derived from detailed analysis of benthic sample data. The lower levels (5, 6) are aggregated according to similarity in their biological character (level 4) and then into progressively more physically-defined upper levels (2, 3 and to some extent 4). Each aggregation up the hierarchy is therefore biologically meaningful, but increasingly reflects the physical structuring of the environment (substratum, depth, salinity etc). It was intended that this would make the upper levels in the classification more useful for mapping, sensitivity assessment and recognition by non-specialists. The work underway in Action 4 for the wide area landscape modelling bears a strong relationship to the broad EUNIS types because of the use of physical factors in defining the upper EUNIS levels.

However, to date no specific account has been taken of field-derived data from remote sensing techniques to structure EUNIS, resulting in habitat types identified using remote sensing techniques not correlating with the existing EUNIS structure. Given the increasing use of such techniques, their cost effectiveness for wide area mapping and their ability to accurately map physical features of the seabed (and to some extent biological features), it seems highly important to give some consideration to the relationship between these data and the EUNIS classification.

Work is underway in Action 2 to review the types of features that can be detected by different remote sensing techniques (links to the habitat signatures work). An assessment is needed for each technique as to which features (habitats) are consistently recognisable by the technique. This then needs to be related to the types currently defined in EUNIS to assess whether adjustment, particularly of the more physically-defined upper habitats, would help strengthen the links between remote sensing data and EUNIS.

Anthropogenic influence
Anthropogenic influence on habitat structure and species composition is likely to occur in many sites, where it might be reflected in physical, chemical or biological changes. The degree of effect is likely to vary considerably from very minor changes (such as minor alterations to the abundance of some species) to major changes (such as dramatic differences in community character). Additionally such anthropogenic influence at a site is detectable or not at the time of survey or in the data will also vary considerably.
In terms of habitat classification, there are two aspects to consider:

· Firstly, it is helpful, at a generic level, to understand and describe the changes that might follow particular anthropogenic influences (e.g. eutrophication, bottom trawling), so that sites (data) can be assessed as to the degree of anthropogenic disturbance to which they are subject and correctly assigned to a habitat type in the classification.

· Secondly, given that some disturbances lead to profound changes in habitat character (such as switches in community structure or dominant species), there is a need to link different observed communities in the classification where it is known that they are disturbed examples.
To date the UK classification and EUNIS are relatively poor in dealing with such anthropogenic disturbance, although there are some references to such disturbances when known (e.g. bacterial communities resulting from anoxic conditions near fish farms). There is partly a lack of knowledge, as sites are surveyed without knowing what, if any, disturbance they are subject to, and partly a need for additional research to better understand the links between different communities which appear to occur in similar habitats (environmental conditions).

Where the anthropogenic disturbance is reversible (i.e. there isn’t permanent change in habitat character), it is desirable to either:
· Describe the changes in biological character within the description of the type, when these changes don’t result in gross change to the biological character, or

· Describe a separate type, when the changes result in a ‘different’ community type. In such a case, the aim should be to define disturbed and undisturbed ‘facies’ of the habitat, say at level 6, linked by a common description at level 5. It is possible that some such communities are already described in the classification, but not linked to their ‘undisturbed’ counterparts.
Where the anthropogenic disturbance is not reversible (e.g. changes the substratum through addition of a construction, or removal of the sediment), the resultant community is likely to reflect the ‘new’ substratum (e.g. a concrete piling). It will range from an initial ephemeral community through ultimately to a ‘climax’ community as might be expected for a similar natural habitat. The amount of time required to reach such a climax state varies considerably, from 1-2 years for highly dynamic habitats (mobile sands) to perhaps 25 years or more for some rocky habitats. Given that communities on North Sea rigs appear to differ from natural rocky habitats even after 30 years, it may be that such climax states are unlikely to be reached. Again, where the community described is similar to a ‘natural’ community, it should be described within the description of the habitat; where the community differs significantly in character, it will require a separate type to be defined. The classification currently has sections (in the Infralittoral and circalittoral rock sections) on fouling communities.
Annex 1: Guidance on defining new habitats (extract from Connor et al. 1997)

2.5  Distinguishing and defining biotopes

To ensure consistency across the classification in how biotopes are defined, a working definition as to what constitutes a biotope, enabling its distinction from closely-related types, was developed. The following criteria were applied:

1.
The entity can be distinguished on the basis of a consistent difference in species composition based on:
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different dominant species, some of which (e.g. mussels and kelps) maybe functionally important;
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the co-occurrence of several species characteristic of the particular habitat conditions (even though some of these may occur more widely in other combinations); or
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the presence of taxa unique to or primarily found in the community (highly preferential or faithful species), even if occurring in low density or infrequently.

A combination of both the presence and abundance of the most 'obvious' species in a community is used. Sub-biotopes are often defined using less conspicuous species.

2.
It occurs in a recognisably different habitat (but acknowledging that distinct communities may develop in the same habitat through change with time). Sub-biotopes are often defined on the basis of more subtle habitat differences. Some highly subtle differences may be critical in determining community structure (e.g. water circulation/exchange patterns in sealoch basins, oxygenation levels in the water column/sediment, sediment structure other than grain size composition). The separate divisions of habitat parameters currently used in MNCR recording (Appendix 2) need not necessarily be reflected in the end division of types (for instance less than five categories based on tidal stream strength have been used for all but the circalittoral zone, where use of five or more categories has been necessary).

3.
It is a recognisable entity in the field, i.e. it is not an artefact of data analysis.

4.
The assemblage of species recurs under similar habitat conditions in (at least several) widely-separate geographical locations. Associations of species confined to a small geographical area are considered unlikely to represent a recurrent community (unless the habitat is considered unique), but should rather be treated as a variation of a more widely occurring type.

5.
As a working guide the biotope extends over an area at least 5 m x 5 m, but can also cover many square kilometres, such as for extensive offshore sediment plains. For minor habitats, such as rockpools and overhangs on the shore, this 'minimum size' can be split into several discrete patches at a site. Small features, such as crevices in rock or the biota on kelp stipes, are described as features of the main biotope rather than biotopes in their own right. Some entities, by virtue of their extent around the coast, have warranted description despite showing only minor differences in species composition; such types are often treated as sub-biotopes.

6.
It is a single entity in the field, although there may be some spatial variation or patchiness from one square metre to the next. Therefore each area identified in the field should by capable of correlation with a single biotope as defined in classification (a 1:1 relationship of field units to classification units). The surface species characteristics of sediment habitats (their epibiota) are described in association with the sediment infauna as a single entity, rather than treated as separate communities (however the nature of available data has restricted the clear association of these two aspects in the classification as they are typically derived from differing survey techniques).

The following considerations are also taken into account in deciding whether to establish a biotope:
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There is a need to recognise that it is commonplace to have no distinct boundary between two different 'types', but a gradual transition, such that distinction of types is somewhat arbitrary at particular reference points or nodes along a continuum. For assessment of conservation value this factor is of utmost importance when considering typicality of a site to a particular type or its diversity where the record lies between a species-rich and a species-poor type.
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Where different associations are shown to occur within the same habitat, they may be spatial or temporal mosaics caused by factors such as grazing, disturbance or chance recruitment. These should be linked together in the classification as, for conservation purposes, it is important to manage or protect the habitat in which several communities may occur over time.
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To produce a practicable working classification it has been necessary at times to be general rather than specific in splitting different types, so that an excessively and unnecessarily complex classification is not developed (bearing in mind the end units that are necessary for practical conservation).
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Separation of communities can be related to conservation value - does the type add variety (of habitat or species) to a particular stretch of coast. This relates to natural habitats and excludes artificial, polluted or disturbed habitats which should not be considered of high conservation value although they may have distinct communities.

For each of the individual types defined, a description has been drawn up which sets out the typical habitat characteristics, describes the type, lists the characterising species and gives the known distribution, together with other relevant information. These descriptions are given in Section 6.

Annex 2: Example definition of a proposed new habitat type
[Note data are to be entered onto a spreadsheet proforma – format below just for illustrative purposes].

Occurs within EUNIS type

A5.26 (Circalittoral muddy sand)

Changes in higher EUNIS type

None required
Differs from other biotopes within this EUNIS type

Consistently different dominant species; occurs in slightly shallower depths with greater fine sand content.

Habitat title
Amphiura brachiata with Astropecten irregularis and other echinoderms in circalittoral muddy sand

Habitat classification 

	Salinity: 
	Full (30-35ppt), Variable (18-35ppt) 

	Wave exposure: 
	Exposed, Moderately exposed, Sheltered, Very sheltered 

	Tidal streams: 
	Weak, Very weak 

	Substratum: 
	fine to very fine muddy sand 

	Zone: 
	Circalittoral 

	Depth band: 
	0-5 m, 5-10 m, 10-20 m 


Habitat description

In shallow, circalittoral non-cohesive muddy sand (typically less than 20% silt/clay) abundant populations of the brittlestar Amphiura brachiata may occur with other echinoderms such as Astropecten irregularis, Asterias rubens, Ophiura ophiura and Echinocardium cordatum. Other infaunal species typically include Mysella bidentata, Lanice conchilega and Magelona filiformis. This biotope is likely to form part of the non-cohesive/cohesive muddy sand communities, which make up the 'off-shore muddy sand association' described by other workers (Jones 1951; Mackie 1990).

Situation

Occurs on relatively sheltered open coasts, often giving way to XXX in shallower water and to XXX in deeper water.

Temporal variation

No temporal data available.

Anthropogenic influence

Description believed to reflect largely undisturbed conditions.
Characterising species

Epibiota:
	
	% Frequency
	Abundance (SACFOR)

	Corymorpha nutans 
	20-40%
	Occasional

	Cerianthus lloydii 
	40-60%
	Frequent

	Sagartiogeton undatus 
	20-40%
	Occasional

	Peachia cylindrica
	20-40%
	Occasional

	Nemertea indet.
	40-60%
	Present

	Terebellidae indet.
	20-40%
	Frequent

	Lanice conchilega 
	40-60%
	Frequent

	Myxicola infundibulum 
	20-40%
	Rare

	Pagurus bernhardus 
	60-80%
	Occasional

	Corystes cassivelaunus 
	20-40%
	Occasional

	Cancer pagurus 
	20-40%
	Rare

	Liocarcinus depurator 
	20-40%
	Rare

	Ensis arcuatus 
	20-40%
	Frequent

	Astropecten irregularis 
	60-80%
	Frequent

	Asterias rubens 
	60-80%
	Frequent

	Amphiura brachiata 
	80-100%
	Abundant

	Ophiura ophiura 
	40-60%
	Occasional

	Echinocardium cordatum 
	40-60%
	Occasional

	Labidoplax digitata 
	40-60%
	Occasional

	Pomatoschistus minutes 
	20-40%
	Occasional

	Pleuronectidae indet. 
	20-40%
	Occasional


Infauna:

	
	% Frequency
	Abundance (no. / m 2 )

	Corymorpha nutans 
	20-40%
	13

	Pholoe inornata 
	40-60%
	18

	Nephtys hombergii 
	40-60%
	11

	Magelona alleni 
	40-60%
	25

	Magelona filiformis 
	40-60%
	403

	Owenia fusiformis 
	40-60%
	14

	Melinna palmata 
	40-60%
	10

	Ampelisca brevicornis 
	40-60%
	10

	Mysella bidentata 
	40-60%
	768

	Abra nitida 
	40-60%
	28

	Cochlodesma praetenue 
	40-60%
	18

	Amphiura brachiata 
	60-80%
	95

	Amphiura filiformis 
	40-60%
	66

	Echinocardium cordatum 
	40-60%
	26


Annex 3: Terms used for field recording and habitat definition

The following definitions are taken from guidance notes for MNCR field recording (Connor & Hiscock 1996
). Some terms are modified for use in the classification. There are additional terms on the proforma spreadsheet, particularly covering deeper water (>200m), as well as a number of other terms adopted for use in the EUNIS database (e.g. derived from Baltic and Mediterranean classifications) (those considered not applicable to the marine environment are highlighted in yellow).
Salinity - The categories are defined as follows (the points of separation approximate to critical tolerance limits for marine species):

	Fully marine
	30-40 ‰

	Variable
	18-40 ‰

	Reduced
	18-30 ‰

	Low
	<18 ‰


Wave exposure - These categories take account of the aspect of the coast (related to direction of prevailing or strong winds), the fetch (distance to nearest land), its openness (the degree of open water offshore) and its profile (the depth profile of water adjacent to the coast). Estimation of wave exposure requires inspection of charts and maps.

	Extremely exposed
	This category is for the few open coastlines which face into prevailing wind and receive oceanic swell without any offshore breaks (such as islands or shallows) for several thousand km and where deep water is close to the shore (50 m depth contour within about 300 m, e.g. Rockall).

	Very exposed
	These are open coasts which face into prevailing winds and receive oceanic swell without any offshore breaks (such as islands or shallows) for several hundred km but where deep water is not close (>300 m) to the shore. They can be adjacent to extremely exposed sites but face away from prevailing winds (here swell and wave action will refract towards these shores) or where, although facing away from prevailing winds, strong winds and swell often occur (for instance, the east coast of Fair Isle).

	Exposed
	At these sites, prevailing wind is onshore although there is a degree of shelter because of extensive shallow areas offshore, offshore obstructions, a restricted (<90o) window to open water. These sites will not generally be exposed to strong or regular swell. This can also include open coasts facing away from prevailing winds but where strong winds with a long fetch are frequent.

	Moderately exposed
	These sites generally include open coasts facing away from prevailing winds and without a long fetch but where strong winds can be frequent.

	Sheltered
	At these sites, there is a restricted fetch and/or open water window. Coasts can face prevailing winds but with a short fetch (say <20 km) or extensive shallow areas offshore or may face away from prevailing winds.

	Very sheltered
	These sites are unlikely to have a fetch greater than 20 km (the exception being through a narrow (<30o) open water window, they face away from prevailing winds or have obstructions, such as reefs, offshore.

	Extremely sheltered
	These sites are fully enclosed with fetch no greater than about 3 km.

	Ultra sheltered
	Sites with fetch of a few tens or at most 100s of metres.


In the habitat classification exposed (as in exposed littoral rock) encompasses the extremely exposed, very exposed and exposed categories, whilst sheltered (as in sheltered littoral rock) encompasses sheltered to ultra sheltered categories.
Tidal currents (or streams) (maximum at surface) - This is maximum tidal current strength which affects the actual area surveyed. Note for shores and inshore areas this may differ considerably from the tidal currents present offshore. In some narrows and sounds the top of the shore may only be covered at slack water, but the lower shore is subject to fast running water.

	Very strong
	>6 knots 
(>3 m/sec.)

	Strong
	3-6 knots 
(>1.5-3 m/sec.)

	Moderately strong
	1-3 knots 
(0.5-1.5 m/sec.)

	Weak
	<1 knot 
(<0.5 m/sec.)

	Very weak
	Negligible


In the habitat classification tide-swept habitats typically have moderately strong or stronger tidal currents.
Zone - These definitions primarily relate to rocky habitats or those where algae grow (e.g. stable shallow sublittoral sediments). For use of the terms infralittoral and circalittoral in the classification, especially for sediments, refer also to Table 5.

	Supralittoral
	Colonised by yellow and grey lichens, above the Littorina populations but generally below flowering plants.

	Upper littoral fringe
	This is the splash zone above High Water of Spring Tides with a dense band of the black lichen by Verrucaria maura. Littorina saxatilis and Littorina neritoides often present. May include saltmarsh species on shale/pebbles in shelter.

	Lower littoral fringe
	The Pelvetia (in shelter) or Porphyra (exposed) belt. With patchy Verrucaria maura, Verrucaria mucosa and Lichina pygmaea present above the main barnacle population. May also include saltmarsh species on shale/pebbles in shelter.

	Upper eulittoral
	Barnacles and limpets present in quantity or with dense Fucus spiralis in sheltered locations.

	Mid eulittoral
	Barnacle-limpet dominated, sometimes mussels or dominated by Fucus vesiculosus and Ascophyllum nodosum in sheltered locations. Mastocarpus stellatus and Palmaria palmata patchy in lower part. Usually quite a wide belt.

	Lower eulittoral
	Fucus serratus, Mastocarpus stellatus, Himanthalia elongata or Palmaria palmata variously dominant; barnacles sparse.

	Sublittoral fringe
	Dominated by Alaria esculenta (very exposed), Laminaria digitata (exposed to sheltered) or Laminaria saccharina (very sheltered) with encrusting coralline algae; barnacles sparse.

	Upper infralittoral
	Dense forest of kelp.

	Lower infralittoral
	Sparse kelp park, dominated by foliose algae except where grazed. May lack kelp.

	Upper circalittoral
	Dominated by animals, lacking kelp but with sparse foliose algae except where grazed.

	Lower circalittoral
	Dominated by animals with no foliose algae but encrusting coralline algae.


Substratum

	Bedrock
	Includes very soft rock-types such as chalk, peat and clay.

	Boulders
	Very large (>1024 mm), large (512-1024 mm), small (256-512 mm)

	Cobbles
	64-256 mm

	Pebbles
	16-64 mm

	Gravel
	4-16 mm

	Coarse sand
	1-4 mm

	Medium sand
	0.25-1 mm

	Fine sand
	0.063 - 0.25 mm

	Mud
	<0.063 mm (the silt/clay fraction)


Each division of sediment type above represents two divisions on the Wentworth scale (Wentworth 1922).

In the habitat classification, bedrock, stable boulders, cobbles or pebbles and habitats of mixed boulder, cobble, pebble and sediment (mixed substrata) as well as artificial substrata (concrete, wood, metal) are collectively referred to as rock. Highly mobile cobbles and pebbles (shingle), together with gravel and coarse sand are collectively referred to as coarse sediments. Mixed sediment consists of heterogeneous mixtures of gravel, sand and mud and may often have shells and stones also.
MNCR SACFOR abundance scales

The MNCR cover/density scales adopted from 1990 provide a unified system for recording the abundance of marine benthic flora and fauna in biological surveys (Connor & Hiscock 1996). The scales are given below and should be used in conjunction with the following notes:
1. Whenever an attached species covers the substratum and percentage cover can be estimated, that scale should be used in preference to the density scale.

2. Use the massive/turf percentage cover scale for all species, excepting those given under crust/meadow.

3. Where two or more layers exist, for instance foliose algae overgrowing crustose algae, total percentage cover can be over 100% and abundance grades will reflect this.

4. Percentage cover of littoral species, particularly the fucoid algae, must be estimated when the tide is out.

5. Use quadrats as reference frames for counting, particularly when density is borderline between two of the scale.

6. Some extrapolation of the scales may be necessary to estimate abundance for restricted habitats such as rockpools.

7. The species (as listed over) take precedence over their actual size in deciding which scale to use.

8. When species (such as those associated with algae, hydroid and bryozoan turf or on rocks and shells) are incidentally collected (i.e. collected with other species that were specifically collected for identification) and no meaningful abundance can be assigned to them, they should be noted as present (P).

MNCR SACFOR abundance scales

S = Superabundant, A = Abundant, C = Common, F = Frequent, O = Occasional, R = Rare

	GROWTH FORM
	SIZE OF INDIVIDUALS / COLONIES
	
	

	% COVER
	CRUST / MEADOW
	MASSIVE / TURF
	<1 cm
	1-3 cm
	3-15 cm
	>15 cm
	DENSITY

	>80%
	S
	
	S
	
	
	
	>1 / 0.0001 m2
(1x1 cm)
	>10,000/ m2

	40-79%
	A
	S
	A
	S
	
	
	1-9 / 0.001 m2
(3.16x3.16 cm)
	1000-9999 / m2

	20-39%
	C
	A
	C
	A
	S
	
	1-9 / 0.01 m2
(10x10 cm)
	100-999 / m2

	10-19%
	F
	C
	F
	C
	A
	S
	1-9 / 0.1 m2
	10-99 / m2

	5-9%
	O
	F
	O
	F
	C
	A
	1-9 / m2
	

	1-5% or density
	R
	O
	R
	O
	F
	C
	1-9 / 10 m2 
(3.16x3.16 m)
	

	<1% or density
	
	R
	
	R
	O
	F
	1-9 / 100 m2
(10x10 m)
	

	
	
	
	
	
	R
	O
	1-9 / 1000 m2
(31.6x31.6 m)
	

	
	
	
	
	
	
	R
	>1 / 10,000 m2
(100x100 m)
	<1 / 1000 m2

	PORIFERA
	Crusts

Halichondria
	Massive spp.

Pachymatisma
	
	Small solitary

Grantia
	Large solitary

Stelligera
	
	
	

	HYDROZOA
	
	Turf species

Tubularia
Abietinaria
	
	Small clumps

Sarsia
Aglaophenia
	Solitary

Corymorpha
Nemertesia
	
	
	

	ANTHOZOA
	Corynactis
	Alcyonium
	
	Small solitary

Epizoanthus
Caryophyllia
	Med. Solitary

Virgularia
Cerianthus
Urticina
	Large solitary

Eunicella
Funiculina
Pachycerianthus
	
	

	ANNELIDA
	Sabellaria spinulosa
	Sabellaria alveolata
	Spirorbis
	Scale worms

Nephtys
Pomatoceros
	Chaetopterus

Arenicola

Sabella
	
	
	

	CRUSTACEA
	Barnacles

Tubiculous amphipods
	
	Semibalanus
Amphipods
	B. balanus

Anapagurus

Pisidia
	Pagurus
Galathea
Small crabs
	Homarus

Nephrops

Hyas araneus
	
	

	MOLLUSCA
	Mytilus

Modiolus
	
	Small gastropod

L. neritoides
Small bivalves

Nucula
	Chitons

Med. gastropod

L. littorea

Patella
Med. bivalves

Mytilus
Pododesmus
	Large gastropod

Buccinum
Lge bivalves

Mya, Pecten
Arctica
	
	
	Examples of groups or species for each category

	BRACHIOPODA
	
	
	
	Neocrania
	
	
	
	

	BRYOZOA
	Crusts
	Pentapora

Bugula Flustra
	
	
	Alcyonidium

Porella
	
	
	

	ECHINO-DERMATA
	
	
	
	Echinocyamus

Ocnus
	Antedon

Small starfish
Brittlestars
Echinocardium

Aslia, Thyone
	Large starfish
Echinus

Holothuria
	
	

	ASCIDIACEA
	Colonial

Dendrodoa
	
	
	Small solitary
Dendrodoa
	Large solitary
Ascidia, Ciona
	Diazona
	
	

	PISCES
	
	
	
	
	Gobies

Blennies
	Dog fish

Wrasse
	
	

	PLANTS
	Crusts, Maerl

Audouinella
Fucoids, Kelp

Desmarestia
	Foliose

Filamentous
	
	
	Zostera
	Kelp
Halidrys

Chorda

Himanthalia
	
	


� Connor, D.W., Brazier, D.P., Hill, T.O., & Northen, K.O. 1997. Marine Nature Conservation Review: marine biotope classification for Britain and Ireland. Volume 1. Littoral biotopes. Version 97.06. JNCC Report, No. 229.
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� Connor, D.W., Allen, J.H., Golding, N., Howell, K.L. Lieberknecht, L.M., Northen, K.O. & Reker, J.B. (2004) The Marine Habitat Classification for Britain and Ireland. Version 04.05 (internet version: � HYPERLINK "http://www.jncc.gov.uk/MarineHabitatClassification" �www.jncc.gov.uk/MarineHabitatClassification�). Joint Nature Conservation Committee, Peterborough


� Connor, D.W., & Hiscock, K. 1996. Data collection methods (with Appendices 5 - 10). In: Marine Nature Conservation Review: rationale and methods, ed. by K. Hiscock, 51-65, 126-158. Peterborough, Joint Nature Conservation Committee. (Coasts and seas of the United Kingdom. MNCR series.)
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