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1 Executive summary

O ne of the recommendations set ou t in the 2004 W orking Group report to  the UK Government under the Review of Marine Nature 
Conservation was that the process for identifying marine landscapes, trialled during the Irish Sea Pilot, should be refined, and that 
marine landscapes should be mapped for all UK waters. The UKSeaMap project was initiated to  implement this recommendation.

This re p o r t sum m arises th e  m ethods used in identifying and mapping th e  seabed and w a te r column features o f UK seas. The 
re p o r t also sum m arises th e  potential uses and limitations o f th e  m arine landscapes approach. The w o rk  undertaken has th e  
potential to  underpin im portan t aspects o f sustainable developm ent in th e  m arine environm ent in th e  future, including strategic 
and spatial planning, th e  establishm ent o f netw orks of p ro tec ted  areas, and th e  developm ent o f a m arine surveillance fram ew ork.

1.1 Origins of the project

In 2004 the Defra-led Working Group on the Review of Marine N ature Conservation (RMNC) reported  on its deliberations and 
recommendations, following a 4-year review of the needs and mechanisms for marine nature conservation in UK w aters (Defra 
2004). During this period, the RMNC had considered proposals for a framework to  manage and p ro tect ou r marine waters, which 
included defining the marine environment a t a series of scales (regional seas, marine landscapes, habitats, species) relevant to  different 
aspects of ecosystem functioning (Laffoley et al. 2000); it was envisaged tha t management approaches and mechanisms should operate 
at the m ost relevant of these scales (e.g. fisheries at the regional sea scale, marine protected areas at the marine landscape scale).

In o rd e r  to  evaluate this p roposed fram ew ork, Defra established th e  Irish Sea Pilot (ISP) (Vincent et al. 2004), a JN CC-led 
pro jec t which included, inter alia, developm ent o f th e  m arine landscape concept, and th e  production of a m arine landscape map 
fo r this regional sea (Golding et al. 2004).The map w as based on th e  integrated analysis, in a Geographical Information System 
(GIS) environm ent, o f a series o f environmental data sets (e.g. seabed substrata, depth, slope) which led to  a classification of 
seabed and w a te r column features; these  w ere  validated against biological sample data to  te s t th e ir ecological relevance.

O n th e  basis o f th e  value perceived in th e  ISP m arine landscape map, in providing an ecologically-relevant broadscale map fo r 
large areas o f study (e.g. w hole regional seas) which could be used fo r policy and m anagem ent purposes, a consortium  of 
organisations agreed to  fund th e  UKSeaMap pro ject with th e  aim of extending th e  ISP maps to  th e  w hole of UK w aters. Defra 
considered th e  availability o f such maps could be useful in supporting th e  p roposed Marine Bill.

UKSeaMap sta rted  in N ovem ber 2004 and w as com pleted in autum n 2006. It w as funded by th e  C ountryside Council fo rW ales, 
C row n Estate, D epartm en t fo r Environment, Food and Rural Affairs, D epartm en t fo rT rade  and Industry, English N a tu re 1, Office 
o f th e  D eputy Prime M inister2, Royal Society fo r th e  P rotection of Birds, Scottish Executive and W orldw ide Fund fo r N ature  and 
undertaken by th e  Joint N ature  C onservation  C om m ittee.

1.2 Implementation of UKSeaMap

The aim of th e  pro ject was to  use available geological, physical and hydrographical data, com bined w here  possible with ecological 
inform ation, to  produce simple broadscale and ecologically relevant maps of th e  dom inant seabed and w a te r column features for 
th e  w hole sea area under UK jurisdiction.

The pro ject has essentially been undertaken in tw o  parallel phases, one  fo r th e  seabed, and th e  o th e r  fo r th e  w a te r column. In 
each, th e re  has been a similar sequence of tasks:
•  Define a series of environmental data layers which are needed to  characterise the seabed and w ater column, i.e. those param eters 

which have m ost influence on its ecology and therefore make m ost sense to  use as surrogates for its ecological character;
•  Source th e  required data sets, w here  possible to  provide data layers covering th e  w hole (o r majority of) UK seas;
•  Process th e  data into suitable GIS form ats fo r analysis;
•  Identify meaningful th resho lds within each param eter to  derive different classes fo r each data se t (for example, high,

m odera te  and low bed stress) and sum m arize th e  data layers across a vec to r grid;
•  Analyse the data sets in an integrated manner (in a supervised classification) to  produce classifications of the seabed and water column;
•  Validate th e  resultant maps w ith ground-tru th  data (e.g. biological sample data);
•  Characterise the final seabed and water column classifications according to  both abiotic (physical, hydrographic) and biological characteristics;
•  P resent th e  underlying data layers and resultant maps in a w eb GIS application;
•  Assess th e  level o f confidence th a t can be placed in th e  resultant maps.

' N atural England since O c to b e r  2006.

2 D e p artm en t fo r  C om m unities  and Local G o v ern m en t (D CLG ) since May 2006.
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1.2.1 Seabed features
T he classification of th e  seabed focused firstly on topographic and physiographic characteristics, as these  give rise to  th e  m ost 
conspicuous landscape features (the m ountains and valleys o f th e  sea).

Bathymetric slope data w ere  used to  identify a series o f topographic features away from th e  coastal zone, such as th e  large 
continental slope and seam ount features and th e  sm aller sandbank and underw ater pinnacle features.

In th e  coastal zone, physiographic features such as estuaries, sealochs and bays w ere  identified according to  definitions 
developed fo r th e  Marine N atu re  C onservation Review and fo r application of th e  H abitats Directive.

As very large areas o f UK w aters are w ithou t significant topographic character (i.e. have negligible slope), a modelling approach 
w as adopted  to  fu r th e r divide these  extensive areas of ‘subtidal plain’. A fter assessing both th e  environm ental param eters 
which have m ost influence on ecological character and th e  availability of suitable data, th e  following data layers w ere  selected 
fo r analysis:
•  S eab ed  substratum  - th e  nature  of th e  substratum  (e.g. sand, mud) has a m arked influence on th e  biological com m unities 

which live in o r  on them ;
Light atten u ation  - determ ines the  depth to  which macroalgae (e.g. kelp) can grow;

•  D epth  - increasing depth brings g rea te r stability (in te rm s of tem pera tu re , salinity, wave action) and g rea te r p ressure, both 
param eters to  which biological com m unities respond;

•  B o tto m  tem p eratu re  - broad biogeographic patterns across UK w aters are reflected in m ajor tem p era tu re  changes and 
this is particularly relevant to  variation in deeper w aters;

•  W ave-base - th e  depth to  which waves can pen e tra te  th e  sea and thus disturb th e  seabed, with m arked effects on th e  
resulting comm unities, and its com m unities varies considerably around th e  coast;

•  N ear-bed stress - bo ttom  cu rren t has a strong influence on both th e  character o f th e  seabed (sedim ent type, form ation of 
surface features such as sand waves and ripples) and th e  biological com m unities it supports.

T he GIS data layers w ere  transform ed fo r analysis into a grid across th e  UK C ontinental Shelf, each grid cell being 0.02 decimal 
degrees (about one  nautical mile) wide; a co arser grid (25 tim es larger) w as adopted  fo r th e  no rth -w est approaches, as data 
coverage w ere  very sparse in this region.The resultant data sets w ere  analysed in a supervised classification to  derive a series of 
landscape types (e.g. shallow sand plains; deep-w ater mixed sedim ent plains).

T he th re e  sets o f maps (topographic, coastal and modelled) w ere  com bined to  derive th e  final seabed landscape map.
This is illustrated in Figure 19; th e  seabed classification is provided at Table 6, which provides details o f th e  44 seabed 
types identified.

To assess th e  biological validity o f th e  resultant maps, sample data (e.g. from  grabs, underw ater video) have been sourced from 
m arine agencies, laboratories, consultancies and o th e r  institutions, as well as accessing JN C C  and country  nature conservation 
agency data holdings (in th e  Marine R ecorder database). A pproxim ately 32,000 samples w ere  available fo r processing to  habitat 
type according to  th e  National Marine H abitat Classification (C onnor et al. 2004), before being analysed against th e  landscape 
types to  assess th e ir  ecological validity.This was undertaken by predicting th e  expected  biological character, in te rm s of th e  
range of habitat types, fo r each landscape type and interfacing th e  sample data with th e  landscape maps in GIS to  determ ine th e  
actual relationship.This was assessed a t a grid cell level and at th e  w hole landscape type level to  enable conclusions about th e  
validity of each landscape type to  be drawn.

T he results o f th e  ecological validation have enabled an assessm ent o f confidence in th e  landscape map to  be produced, through 
indicating th e  p roportion  of cells and landscape types which are validated.This is p resen ted  as confidence maps.

1.2.2 Water column features
T he classification of th e  w a te r column focused on th e  main hydrographic param eters which influence ecological character. A fter 
assessing these  and data availability, th e  following data layers w ere  selected fo r analysis:
•  Salinity - th e  salinity regime, which varies from brackish and estuarine through to  fully m arine, has a marked influence on 

th e  ch aracter o f th e  pelagic biological communities;
•  Surface to  seabed  tem p era tu re  d ifferences - this determ ines th e  degree of vertical mixing of th e  w a te r column, 

indicating features such as therm oclines;
Frontal probability - this indicates th e  presence o f fronts which provide som e distinct horizontal boundary zones in th e  
w a te r column.



Given th e  high degree of change in th e  w a te r column over th e  course o f a year, th e  data w ere  processed according to  four 
separate  seasons (winter, spring, sum m er and autum n). W ithin th e  tim e constraints o f th e  project, it was no t possible to  take 
full account fo r th e  3-dlmenslonal character o f th e  w a te r column, fo r Instance, to  reflect on th e  significant differences In 
tem p era tu re  betw een surface and bo ttom  w aters, as this w ould have required a much m ore sophisticated modelling approach.

As with th e  seabed data, th e  GIS data layers fo r th e  w a te r column w ere  transform ed fo r analysis into a grid across th e  UK 
C ontinental Shelf, each grid cell being 0.02 decimal degrees (about one  nautical mile) w ide.T he resultant data sets w ere  analysed 
in a supervised classification to  derive a series o f landscape types (e.g. frontal shelf w ater; well-mixed oceanic w ater).

The resultant w a te r column maps are  illustrated In Figures 35-38 and a classification is provided a t Table IO. T here are  13 w a te r 
column types defined.

To assess th e  biological validity of th e  resultant maps, biological data, in th e  form  of distribution data fo r six plankton taxa from 
th e  C ontinuous Plankton R ecorder schem e, w ere  obtained from SAHFOS3.T he taxa w ere  selected because each was known to  
be an Indicator o f particular environmental conditions. An analysis o f these  data against th e  w a te r column types led to  results 
Indicating th e  varying densities o f each taxon with th e  w a te r column type, and a com parison of th e  relative im portance of each 
w a te r column type fo r each taxon.

1.3 Consultation and dissemination

The pro ject was steered  by a Project Steering G roup, comprising th e  funding bodies and th e  British Geological Survey, w ho 
have provided both m anagem ent and technical oversight o f th e  project.

C onsiderable technical Input has been received from  th e  m ajor suppliers o f geophysical, hydrographic and plankton data, 
namely Proudm an O ceanographic Laboratory, British Geological Survey, SeaZone and th e  Sir A llster Hardy Foundation for 
O cean Science.

External review w as sought through consultations with relevant technical and end-user organisations, including a technical 
consultation w orkshop in January 2006 and a w ider review to  over 100 consultées In May 2006.

To suppo rt th ese  consultations, interim  rep o rts  w ere  prepared to g e th e r with a dedicated w eb-based GIS application which 
show s th e  underlying data layers (maps) used and th e  resultant m arine landscape m aps.The maps are  available at 
www.jncc.gov.uk/UKSeaM ap.The GIS maps will also be made available via th e  MESH web-GIS application In due course 
(w w w .searchM E SH .net/w ebG IS).

1.4 Potential uses and general limitations

1.4.1 Potential uses
The m aps’ prim ary purpose Is to  provide a national- and regional-level perspective on th e  UK’s m arine landscape types, Including 
th e ir  distribution and ex ten t, to  suppo rt national and regional scale planning and m anagem ent requirem ents. Potential uses are 
outlined below.

P rotection  o f th e  m arine en vironm en t - this can generally be b e tte r  Informed through th e  availability o f such holistic 
ecological maps, allowing all users and m anagers to  have a b e tte r  understanding of th e  nature and distribution of m arine 
seabed and w a te r column features; this is especially Im portant because th e  UK has such extensive areas of sea to  manage 
and p ro tec t and this environm ent Is largely hidden from  sight.

•  S trateg ic planning advice to  industry - th e  availability, fo r th e  first tim e, o f a national ecological map fo r UK w aters 
should enable advice to  Industry to  take account o f th e  distribution and ex ten t o f particular landscape features. In particular, 
It should be possible to  assess w h e th e r specific Industries may potentially have d isp roportionate  Impacts on particular types 
of m arine landscape (at a national o r  regional level) and offer advice accordingly.
Marine spatial planning - th e  emerging developm ents in m arine spatial planning could be much b e tte r  informed and 
follow th e  ecosystem -based approach to  m anagem ent, through th e  availability o f th e  m arine landscape m aps.The use of 
landscape maps In such planning Is m ost appropriate a t th e  regional level, w hilst th e  provision o f m arine habitat maps (e.g. 
through MESH) will offer a similar benefit a t a m ore local level.

•  M onitoring and surveillance p rogram m es - to  adequately assess th e  state  o f th e  m arine environm ent, it Is necessary to  
establish program m es which sample across th e  range of ecological features and have a sound geographical spread of sampling 
stations.T he availability o f a national ecological map should enabling sampling stations to  be distributed In a m ore

3 Sir A lister H ardy Foundation fo r  O cean  Science
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ecologically relevant m anner; this should be an im portan t consideration fo r th e  developing UK Marine M onitoring and 
A ssessm ent Strategy (UKMMAS), and as JN C C  develops its m arine habitat surveillance program m e.

•  European D irectives - im plem entation of th e  W a te r Fram ew ork D irective and th e  p roposed  Marine Strategy Directive 
(MSD), both o f which are  based on an ecosystem  approach, should be b e tte r  informed through th e  availability o f marine 
landscape m aps.The MSD is expected  to  require th e  description and mapping of m arine habitats in each M em ber State.

•  Regional seas - as p art o f th e  RMNC and to  aid im plem entation of th e  Habitats D irective in th e  offshore zone, a 
provisional series o f regional seas fo r UK w aters w as defined (Defra 2004). N ow  th a t th e  necessary hydrographic and 
physical data have been compiled by UKSeaMap, th e  p roposed  regional seas and th e ir  boundaries should be re-exam ined 
and, if necessary adjusted, to  finalise th e  suite o f regional seas.

1.4.2 General limitations
As th e  maps are  based on a grid of abou t I nm, and som e of th e  underlying data are  a t co arser grids o f 7 o r  12km, th e  maps 
are  unsuitable fo r fine-scale planning, fo r example fo r specific new  developm ents. Rather, they  are  intended to  give a b roader 
regional and national perspective on th e  distribution of these  features, and should enable m ore detailed data to  be pu t in 
con tex t.T he assessm ent o f confidence in th e  maps is intended to  provide th e  u ser with an indication o f th e  usefulness and 
limitations o f th e  maps, o r  particular parts o f th e  maps.

1.4.3 Relationship to Habitats Directive Annex I habitats and to MESH
W h ere  possible th e  landscape types have been directly linked w ith A nnex I features o f th e  H abitats Directive; th e  landscape 
maps th ere fo re  provide an initial overview  of A nnex I distribution in th e  UK. However, as th e  A nnex I habitats are  specifically 
defined in EC guidance, and th e ir definitions are  subject to  modification, th e  landscape maps should no t be taken to  encom pass 
all areas th a t might qualify as A nnex I habitat. For instance, th e  areas of reef habitat a re  significantly under rep resen ted  in the  
landscape map (due to  th e  lack of coastal rock in th e  substratum  data set). C onversely only a portion  of th e  sealochs, 
em baym ents and bays in th e  m arine landscapes map will m ee t th e  EC definition fo r Large shallow Inlets and bays (which is 
in terp re ted  in th e  UK to  have a particular depth limit).

T he classification and mapping of seabed features provided by UKSeaMap (the m arine landscape level) is much broader 
than th a t used within th e  MESH project, w here  th e  focus in on mapping according to  th e  EUNIS habitat classification4 
(and subsequent correlation to  A nnex I habitats, OSPAR and BAP priority habitats). As such, th e  tw o approaches are 
complim entary, providing both coarse  and fine scale classifications; th e  intension is to  fully in tegrate th e  tw o  within th e  MESH 
webGIS over th e  coming year.
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2 Introduction and aims

The UKSeaMap p ro ject was se t up by a consortium  of UK G overnm ent departm ents and devolved adm inistrations, governm ent 
agencies and N G O s, and undertaken by th e  UK Joint N atu re  C onservation  C om m ittee.T his end of pro ject re p o r t provides a 
p ro jec t overview, explains th e  w ork  undertaken and describes th e  resulting ou tpu ts.T he re p o r t com plem ents, and Is designed 
to  assist users In understanding, a w eb-based GIS application w here  th e  key outpu ts, Including data layers and resultant maps, 
can be viewed (w ww.jncc.gov.uk/UK SeaM ap),

The aim of the project was to  use available geological, physical and hydrographical data, combined w here possible with ecological 
information, to  produce a simple interpreted broadscale and ecologically relevant map of the dominant seabed, coastal and w ater 
column features (referred to  as ‘marine landscapes’) for the whole sea area under UK jurisdiction.The resultant maps are intended 
to  provide a national-level understanding of the range, extent and distribution of these broadscale features (marine landscapes) in 
UK waters. The output will provide an essential spatial information layer which, when combined with o ther environmental data, 
human activity information and regulatory information, will support m ore effective management of marine resources, improved 
interpretation of associated information, and assist implementation of national and international commitments and targets.These 
marine landscape maps are expected to  help the UK Government and others deliver marine stewardship in the short to  medium 
term , through better implementation of an ecosystem-based approach to  management of the marine environment.

2.1 Rationale and background

Safeguarding our Seas (Defra 2002) se t o u t how  th e  UK G overnm ent will w ork  to  achieve th e ir vision fo r th e  m arine 
environm ent o f “clean, safe, healthy, productive and biologically diverse oceans and seas”. Such w o rk  included “to  build on 
existing seabed mapping fo r coastal w aters around th e  UK” and, in making best use o f science,“ ..will also w ork  tow ard  providing 
publicly accessible integrated m arine mapping..”.A variety o f rep o rts  and initiatives since then  have re iterated  th e  need fo r and 
im portance o f m arine natural resource maps including Charting Progress (Defra 2005) which, in looking to  th e  future, states “th e  
lack of a basic habitat map of UK w aters hinders th e  assessm ent o f th e  cu rren t ecosystem  ‘s ta te ’ and th e  effects on a w ider 
scale. Such a map would provide a fundamental spatial planning to o l”.

There are a variety of needs which require broadscale information over large areas. For example (see Annex I for m ore details):
•  Implementing th e  ecosystem  approach, such as linking ecologically meaningful units o f sea o r  seabed to  th e  m anagem ent of 

human activities;
•  Providing ecologically relevant information in a com m on, easily in terp re ted  form at to  underpin spatial planning and strategic 

assessm ent in suppo rt o f a range of econom ic activities.
•  Identifying m arine p ro tec ted  areas, e.g. fo r th e  H abitats D irective and th e  OSPAR Convention.

T here  are  a num ber o f challenges to  m eeting th ese  needs, specifically:
•  Acquiring sufficient biological data fo r w idespread d irect mapping o f ecological com m unities is possible bu t difficult, very 

expensive and w ould take many years;
•  Making quick progress to  im plem ent a range of initiatives and m eet sho rt-te rm  com m itm ents and targets, such as th o se  in 

suppo rt o f th e  Convention on Biological Diversity, OSPAR strategies, various EU Directives, and fu rth e r developm ent of th e  
EU m arine them atic strategy, as well as th e  governm ent’s Marine Stewardship process;

•  Providing relevant information to  a num ber of industry sectors, such as aggregate extraction  and wind farms, th a t need to  
evolve rapidly.

In a report (Laffoley et al. 2000) considered by the Review of Marine Nature Conservation (RMNC) (Defra 2004), it was noted that to  
improve stewardship and management of marine ecosystems an approach is needed that can operate on the relatively limited amount of 
environmental information available for offshore areas and that can be successfully applied, if necessary, over large areas of sea. At the same 
time, there has been a growing realisation within the UK (e.g. see Defra 2004) and elsewhere that conservation as well as wider marine 
stewardship should be striving to  conserve representative spaces o r landscapes, rather than just to  preserve individual species and that 
there is a need to  identify coherent marine management units to  which specific conservation policies and use-management can be applied.

Thus, given th e  needs outlined above and taking account o f th e  cu rren t challenges, a ‘landscape’ approach using available 
geological, physical and hydrographical features within, as far as possible, a defined hierarchical system from geophysical through 
to  biological units appeared to  be th e  only feasible way to  rapidly provide a spatial basis to  help deliver m arine stew ardship over 
large sea areas and within th e  tim efram e of existing com m itm ents and targets.

Laffoley et al. (2000) and subsequent papers highlighted th a t n o t only is such an approach favoured in a num ber of countries but 
th a t th e  relevant m ethodology th a t enables this approach to  be im plem ented had been developed (see Box I).

UKSeaMap 9

http://www.jncc.gov.uk/UKSeaMap


Box I
Origin of the marine landscape approach

The concept of marine landscape mapping was developed for Canadian w aters w here studies dem onstrated the value of geophysical 
mapping (Roff and Taylor 2000; Roff et al. 2003); the approach is based on using geological, physical and hydrographic data, in lieu of 
biological information, to  prepare ecologically meaningful maps. The approach recognises that these param eters are im portant in 
determining the nature of biological communities, and is particularly well suited for areas away from the coastline w here biological 
information is especially sparse o r lacking, and/or where the regulation of human activity needs to  be addressed at relatively broad 
scales. Roff and Taylor (2000) considered the concept could be applied to  both the w ater column (using param eters such as w ater 
tem perature, depth/light and stratification/mixing regime) and to  the seabed (using param eters such as w ater tem perature, 
depth/light, substratum type, exposure and slope).The development of this marine landscape mapping approach recognised that 
proper governance of the oceans required mapped information on the nature and distribution of marine features, so that regulation 
of human activities could be assessed in a more ecologically-meaningful manner and for environmental protection measures to  be 
applied with a national perspective on the resource being managed. Given the high costs of collecting the necessary detailed survey 
data to  produce such maps for large areas of sea, Roff and Taylor developed a m ore practical approach that could deliver broadscale 
maps, via modelling of available data, in a realistic timescale.

A similar approach is being explored in Australia, New Zealand and the United States and is being undertaken in the Baltic Sea 
within the Interreg-funded BALANCE project.

2.2  Development of marine landscape mapping in the U K  -  origins of UKSeaMap

T he m arine landscape approach was successfully trialled in th e  UK as p art o f th e  Review of Marine N atu re  C onservation 
(RMNC), which was established by th e  UK G overnm ent in 1999. In 2004 th e  Defra-led W orking G roup on th e  RMNC repo rted  
on its deliberations and recom m endations, following a 4-year review o f th e  needs and mechanisms fo r m arine nature 
conservation In UK w aters (Defra 2004). During this period, th e  RMNC had considered proposals fo r a fram ew ork to  manage 
and p ro tec t o u r  m arine w aters, which included defining th e  m arine environm ent a t a series o f scales (regional seas, m arine 
landscapes, habitats, species) relevant to  different aspects of ecosystem  functioning (Laffoley et al. 2000); It w as envisaged th a t 
m anagem ent approaches and mechanism s should op e ra te  a t th e  m ost relevant o f these  scales (e.g. fisheries a t th e  regional sea 
scale, MPAs a t th e  m arine landscape scale).

In o rd e r  to  evaluate this p roposed fram ew ork, Defra established th e  Irish Sea Pilot (ISP) (Vincent et al. 2004), a JN CC-led 
p ro ject to  te s t conservation m anagem ent proposals a t a w hole regional sea scale which included, Inter alla, developm ent o f the  
m arine landscape concep t In th e  UK, and th e  production of a m arine landscape map fo r this regional sea (Annex 3, Golding et al. 
2004).This broad-scale mapping approach is essentially a modelling technique, based on th e  integrated analysis In a GIS 
environm ent o f a series o f environm ental data sets (e.g. seabed substrata, depth, slope) to  derive a series of broad-scale mapped 
classes o f seabed and w a te r column features, te rm ed  ‘m arine landscapes’5.T he resultant map was te s ted  fo r Its ecological validity 
by Interfacing th e  m apped classes with ground-tru th  biological sample data (such as from grabs and underw ater video records). 
The Irish Sea Pilot established th a t th e  m arine landscapes defined w ere  on th e  w hole ecologically meaningful and a t a scale 
which was relevant to  th e  m anagem ent o f activities and to  th e  identification o f conservation m easures a t th e  regional sea scale.

T he Irish Sea Pilot Included a num ber of recom m endations on th e  m arine landscapes approach (see A nnex 2) including th a t th e  
approach “should be adopted  as a key elem ent fo r m arine nature  conservation and utilised in th e  spatial planning and th e  
m anagem ent o f th e  m arine environm ent”. The Irish Sea Pilot w ork  also provided som e useful ‘m arket research’ on th e  marine 
landscapes approach. As a consequence, th e  added value of th e  m arine landscape approach, com pared to  w hat Is currently 
available and even in view of Its limitations, gained w ide acceptance in th e  UK as a useful basis to  aid a variety of environmental 
m anagem ent requirem ents, including m arine spatial planning.

5 ‘M arine landscapes’ w as th e  te rm  used  to  describe  th e  fea tu res  o f th e  seabed and w a te r  colum n m apped in th e  Irish Sea Pilot. Its use  has con tinued  

in th is re p o r t  as a generic  te rm , although th e  classes m apped a re  a m ix tu re  o f m arine landscape types (sensu stricto) w ith  so m e  types such as sed im en t 

plains fu r th e r  sub-divided in to  b road  habita t ty p es  (see Section 3.1). Many o f th e  m arine landscape types have sim ilarities w ith th e  ‘physiographic 

ty p es’ classification in th e  M NCR habita t classification (C o n n o r e t al. 1997), and th e  ‘habita t com plexes’ o f  th e  EUNIS (E uropean Union N atu re  

Inform ation System ) hab ita t classification system , developed u n d e r th e  aegis o f th e  European E nvironm ent A gency.The te rm  ‘m arine landscape’ used 

he re  is identical to  th e  te rm  ‘seascape’, w hich w as used by Roff and Taylor (2000). H ow ever w ithin th e  UK, th e  te rm  ‘seascape’ w as already in use  to  

describe  views o u t to  sea  from  land (and vice versa), so  th e  te rm  m arine landscape w as ad o p ted  to  avoid confusion.
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This support and in terest was reflected in the recom m endations of the  main RMNC rep o rt (Defra 2004) drawing on th e  Irish 
Sea Pilot (see A nnex 2). In particular, th e  UKSeaMap project is implementing th e  Key recommendation 3: Government should refine 
the process for identifying M arine Landscapes, and agree and m ap them  in all UK waters and specifically th e  supporting 
Recommendation 3 .1 A list o f  agreed M arine Landscapes should be developed for UK waters. The list identified for the Irish Sea should be 

expanded to include landscapes not found in the Irish Sea and further refined as necessary, in particular in relation to the water column. 
W ork should be initiated to complete the mapping o f  these M arine Landscapes for UK waters. Through links with th e  project Mapping 
European Seabed Habitats (MESH), UKSeaMap is also contributing to  im plem entation of recom m endation 3.3 to  develop a list of 
internationally agreed marine landscapes fo r th e  N orth -east Atlantic and w ork  to  map these  in collaboration with o th e r  countries 
(see w w w.searchM E SH .net).

Refinem ent and fu r th e r developm ent o f th e  m ethodology fo r identifying and representing m arine landscapes is outlined in 
Section 3. In th e  course of this w ork  it seem ed helpful to  elaborate  on th e  te rm  ‘m arine landscape’ with reference to  marine
habitats and this is provided in Section 3.1.

2.3 Project development and set up

Based on th e  success o f th e  m arine landscapes approach in th e  Irish Sea Pilot, and endo rsem en t within th e  RMNC project, and 
prom pted  by in te rest am ongst a range o f stakeholders, including a m eeting of a w ide range of in terested  organisations in August 
2004, th e  s ta tu to ry  nature conservation agencies developed an outline pro ject proposal to  extend th e  approach to  th e  entire 
UK C ontinental Shelf (Gilliland et al. 2004). Following consultation and discussion of th e  proposal, including a m eeting of 
in terested  organisations in A ugust 2004, th e  proposal was given w idespread suppo rt and finalised. A consortium  of UK
G overnm ent departm ents, Agencies and N G O s agreed to  fund th e  project, named UKSeaMap:
•  C ountryside Council fo r W ales
•  The C row n Estate
•  D epartm en t fo r Environment, Food and Rural Affairs 

D epartm en t fo r Trade and Industry
English N atu re6

•  Office of th e  D eputy Prime M inister7
•  Royal Society fo r th e  P rotection of Birds
•  Scottish Executive
•  W orldw ide Fund fo r N ature

The English N atu re  funding elem ent is co-financed by th e  Interreg IIIB N orth -W est Europe program m e, as p art of th e  MESH 
pro jec t (D evelopm ent o f a fram ew ork fo r Mapping European Seabed Habitats, w w w .search m esh .n et).

The consortium  com m issioned th e  JN C C  to  undertake th e  w ork  through a M em orandum  of A greem ent. The pro ject s ta rted  in 
N ovem ber 2004 and w as due to  run fo r approxim ately 18 m onths, ending in Sum m er 2006.The pro ject w as managed by a 
Project Steering G roup, comprising th e  funding partners, JN C C  as th e  w orking partner, and th e  British Geological Survey.

T he extensive consu ltation  th a t w e n t in to  developing th e  p ro jec t proposal has continued during th e  p ro ject. External review  
has been  sough t th rough  consu ltations w ith relevant technical and en d -user organisations, including a technical consultation  
w orkshop  involving a range of ex p e rts  in January 2006, th e  pu rp o se  of w hich w as to  co m m en t on th e  technical developm ent 
and characterisa tion  of th e  data sets, th e  supervised classification m ethodo logy  and to  discuss d raft maps of th e  seabed and 
w a te r  colum n features. Subsequently, th e re  w as a w id e r review  to  over 100 consu ltées in April-May 2006. C onsiderab le  
technical input has been received from  th e  m ajor suppliers o f geophysical, hydrographic and plankton data, namely Proudm an 
O ceanographic Laboratory, British G eological Survey, SeaZ one and th e  Sir A lister H ardy Foundation fo r O cean  Science. An 
ad hoc p e e r  review  p rocess o f th e  approach  to  th e  w a te r  colum n w ork , seasonal w a te r  colum n data  and m aps was 
un d ertak en .T h e  approach has also been  discussed w ith colleagues in o th e r  coun tries th rough  th e  MESH p ro jec t and a t 
in ternational conferences (G eoH ab 2005, 2006; M arine N atu re  C onserva tion  in Europe 2006).

To su p p o r t th e se  consultations, interim  re p o r ts  w e re  p repared , to g e th e r  w ith a ded ica ted  w eb-based GIS application 
(w w w .jncc.gov.uk/U K SeaM ap) w hich show s th e  underlying data  layers (maps) used and th e  resu ltan t m arine 
landscape maps.

6 R eferred to  as English N a tu re  th ro u g h o u t th e  re p o r t  bu t as o f 2 O c to b e r  2006 English N a tu re  w as superced ed  by a new  body “ N atural England” .

7 D e p artm e n t fo r  C om m unities and Local G o v ern m en t (D C LG ) since May 2006.
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2 .4  Geographical scope and regional seas

UKSeaMap aimed to  produce landscape maps covering th e  w hole o f UK w aters (i.e. th e  full ex ten t o f UK jurisdiction).

For th e  seabed, som e limitations in th e  availability o f key data sets have res tric ted  th e  coverage possible (particularly to  th e  
far n o rth  o f Shetland and to  th e  far w est o f Scotland). Additionally th e  en tire  Irish Sea has been included, covering th e  sam e 
area  as th e  Irish Sea Pilot, and enabling com parison w ith th e  m arine landscape map p roduced  fo r th e  ISP. As th e  data on 
seabed substra ta  did n o t ex tend  beyond th e  boundaries o f UK w ate rs  (excep t in th e  Irish Sea), it w as n o t possible to  map 
seabed types in w a te rs  o f adjacent countries.

For th e  w a te r  colum n, th e  available m odelled data  covered a geographical a rea  g re a te r  than  UK w aters , ex tending to  cover 
p a rts  of th e  N o rth  Sea, th e  C hannel and to  th e  w est o f Ireland. C onsequen tly  it has been  possible to  p roduce  w a te r  colum n 
m aps covering a larger area, although again it has n o t been  possible to  include th e  far n o rth  and w e s t w ithin UK w aters .

In the maps presented in this report, the  o u te r limits of UK w aters (the UK Continental Shelf area), together with the proposed 
regional seas boundaries (Defra 2004) are shown.The regional seas boundaries are based on major physical and hydrographic 
differences across UK w aters; many of these are apparent from the base maps of, for instance, bathym etry and bottom  tem perature.

2.5 Potential uses

During th e  course o f undertaking UKSeaMap th e re  has been fu rth e r consideration of th e  potential uses o f th e  outputs, although 
this w as n o t a key aspect o f th e  project. In highlighting these  fo r th e  benefit of potential end users it is im portan t also to  point 
o u t som e of th e ir limitations to  inform th e ir effective use.T he m ap’s prim ary purpose is to  provide a national- and regional-level 
perspective on th e  UK’s m arine landscape types, including th e ir  distribution and ex ten t, to  support national and regional scale 
planning and m anagem ent requirem ents. Such uses could include:

P rotection  o f th e  m arine en viron m en t - this can generally be b e tte r  informed through th e  availability o f such holistic 
ecological maps, allowing all users and m anagers to  have a b e tte r  understanding of th e  nature  and distribution o f marine 
seabed and w a te r column features; this is especially im portan t because th e  UK has such extensive areas o f sea to  manage 
and p ro tec t and this environm ent is largely hidden from sight.

•  S trateg ic planning advice to  industry - th e  availability, fo r th e  first tim e, of a national ecological map fo r UK w aters 
should enable advice to  industry to  take account o f th e  distribution and ex ten t o f particular landscape features. In particular, 
it should be possible to  assess w h e th e r specific industries may potentially have d isp roportionate  impacts on particular types 
o f m arine landscape (at a national o r  regional level) and offer advice accordingly.
Marine spatial planning - th e  emerging developm ents in m arine spatial planning could be much b e tte r  informed and 
follow th e  ecosystem -based approach to  management, through th e  availability o f th e  m arine landscape m aps.The use of 
landscape maps in such planning is m ost appropriate a t th e  regional level, w hilst th e  provision of m arine habitat maps (e.g.
through MESH) offers a similar benefit a t a m ore  local level.

•  M arine p r o te c te d  a rea s  - w ithin an overall balanced approach  to  m arine environm ental m anagem ent, MPAs play an 
im p o rta n t ro le , b o th  in p ro tec tin g  specific fea tu res  and in providing a refuge fo r b iodiversity  generally; as such th ey  can 
p rovide th e  re fe rence  a reas against w hich th e  s ta te  o f th e  re s t of th e  m arine en v iro n m en t can be assessed  (for 
instance as requ ired  by th e  W a te r  F ram ew ork  D irective). In th e  la tte r  ro le, th e  identification of a su ite  o f MPAs w hich 
rep resen ta tiv e  th e  full range of ecological ch a ra c te r  p re s e n t in UK w a te rs  is im p o rtan t.T h e  availability o f holistic 
landscape m aps will facilitate th e  identification of such a rep resen ta tiv e  suite o f MPAs to  be identified; th is will help 
fulfil OSPAR obligations (requiring a n e tw o rk  of MPAs by 2010) and th e  reco m m en d a tio n s by th e  RM N C fo r th e  
identification of a s e t o f N ationally  Im p o rtan t M arine A reas.

•  M onitoring and surveillance p rogram m es - to  adequately assess th e  sta te  o f th e  m arine environm ent, it is necessary to  
establish program m es which sample across th e  range o f ecological features and have a sound geographical spread of sampling 
stations.T he availability of a national ecological map should enable sampling stations to  be distributed in a m ore ecologically 
relevant m anner; this should be an im portan t consideration fo r th e  developing UK Marine M onitoring and A ssessm ent 
Strategy (UKMMAS), and as JN C C  develops its m arine habitat surveillance program m e.

•  European D irectives - im plem entation of th e  W a te r Fram ew ork D irective and th e  p roposed  Marine Strategy Directive,
both of which are  based on an ecosystem  approach, should be b e tte r  informed through th e  availability o f m arine landscape 
m aps.The la tter is expected  to  require a characterisation of th e  m arine environm ent including a description o f its main types 
o f habitat and its physical and hydrom orphological character. UKSeaMap ou tpu ts can make a significant contribution to  this 
aspect o f th e  Directive.

•  Regional seas - as p art o f th e  RMNC and to  aid im plem entation of th e  Habitats D irective in th e  offshore zone, a 
provisional series o f regional seas fo r UK w aters w as defined (Defra 2004). N ow  th a t th e  necessary hydrographic and 
physical data have been compiled by UKSeaMap, th e  p roposed  regional seas and th e ir  boundaries should be re-exam ined 
and, if necessary adjusted, to  finalise th e  suite o f regional seas.



2 .6  General limitations

As th e  maps are  based on a grid of abou t I nm (see Section 4.3.3), and som e o f th e  underlying data are a t co arse r grids o f 7 o r  
12 km, th e  maps are  unsuitable fo r fine-scale planning, fo r example fo r specific new  developm ents. Rather, they  are  intended to  
give a b ro ad er regional and national perspective on th e  distribution of these  features, and should enable m ore detailed data to  
be pu t in con tex t.T he assessm ent of confidence In th e  maps (Section 4.8) Is Intended to  provide th e  u ser with an Indication of 
th e  usefulness and limitations o f th e  maps, o r  particular parts  o f th e  maps.

A num ber of data sets do n o t fully cover all UK w aters, o r  use modelled data which is less accurate a t th e  o u te r  boundaries of 
its coverage. C onsequently  th e  final m arine landscape maps do n o t provide full coverage of UK w aters.A dditionally in som e 
coastal areas th e re  is a significant under representation  o f rock in th e  seabed substratum  data set, which has had a significant 
effect on th e  biological validation and confidence assessm ent in these  areas (see Sections 4.6 and 4.8).

Section 7 considers th e  relationship betw een th e  ou tpu ts from  UKSeaMap (I.e. a m arine landscape classification and maps) and 
existing schem es fo r listing m arine features requiring p ro tection  (e.g. H abitats D irective A nnex I features, OSPAR List features). 
W h erev er possible a d irect relationship betw een th e  features p ro tec ted  by these  conservation mechanism s and th e  landscape 
types adopted  by UKSeaMap has been maintained, ensuring th a t UKSeaMap ou tpu ts are, as far as possible, com patible w ith the  
conservation mechanism s currently  in use. However, as UKSeaMap has addressed th e  characterisation of th e  marine 
environm ent In a m ore holistic and system atic manner, and a t a particular scale o r  resolution, th e  relationship to  features on 
these  conservation lists is n o t always sim ple.Thus UKSeaMap contribu tes to  th e  mapping o f som e features on th e  H abitats 
D irective and OSPAR lists, bu t is n o t intended to  provide com prehensive maps of all features listed.

Following on from the above, UKSeaMap has no t set ou t to  provide information about existing marine protected  areas, to  assess 
the relationship betw een existing MPAs and the outputs from UKSeaMap, o r  to  identify possible new areas for protection.

3 Methodology - an overview

3.1 Landscapes and habitats - different approaches to classifying the environment

C haracterisation and classification of th e  m arine environm ent can be approached In a num ber of ways and a t a variety o f levels 
o f detail, depending on th e  purpose of th e  classification, th e  m ethods used and th e  data available. For environmental 
m anagem ent purposes, It Is Im portant to  characterise th e  m arine environm ent In an ecologically meaningful m anner in o rd e r  to  
suppo rt an ecosystem -based approach to  m anagem ent.This Is a central aim of th e  UKSeaMap project. Additionally, this 
characterisation can be approached based on scientific principles and /o r m ore  from a lay perspective.T he Irish Sea Pilot yielded 
a m arine landscape map and classification which m et with w idespread recognition fo r its usefulness from  m arine managers and 
stakeholders alike. In addition, this map included a balance betw een strictly technical approaches and th e  use o f m ore lay term s.

In essence, a lay person would describe the terrestrial landscape in terms that are a mixture of topographic features (e.g. hills and valleys) 
and broadscale ‘habitat’ features (e.g. woodland, marshland) and a similar view of the output from the Irish Sea Pilot resonated amongst the 
wider marine community.Therefore, within both the UKSeaMap and more general discussions, the term ‘marine landscape’ is used in this 
wider sense. However, from a more technical perspective, and for the purposes of scientific discussion, it is helpful to  recognise a distinction 
between marine landscapes sensu stricto and the wider understanding of marine landscapes, and this is elaborated on below.

For the seabed, classification has typically been achieved through characterisation of seabed features by h a b ita t  type, in which each 
habitat is defined on the basis of a combination of its physical and biological characteristics (e.g. a kelp forest occurring on shallow 
subtidal rock) -  these are sometimes referred to  as biotopes .This approach to  classification is reflected in the National Marine Habitat 
Classification for Britain and Ireland (C onnor et al. 2004; www.jncc.gov.uk/MarineHabitatClassification) and its European 
counterpart, the  EUNIS habitat classification (http://eunis.eea.eu.int/habitats.jsp),These classifications are presented in a 
hierarchical manner, such that similar biological communities are aggregated together into broader types (e.g. kelp forest and kelp park 
types sit within a broader kelp habitat category).The broader classes (that is, EUNIS level 4 and higher) are increasingly defined on 
physical param eters in a way that is still ecologically relevant -  this is because the character of the biological communities is very 
closely determined by the surrounding environment (the nature of the seabed, salinity, currents and so on).

The habitat approach to  classification takes only limited account of broader patterns in seabed character, such as seabed morphology 
determined by major geological and hydrographic processes.Thus features such as seamounts and estuaries can be considered to  occur at 
a scale above the habitat scale; each comprises a suite of habitat types in a more topographically-defined feature -  at this level of 
classification, the features are described as marine landscape types and can be considered to  be broadly equivalent to  mountains, valleys, 
plains and rivers in the terrestrial environment. Each marine landscape type will comprise a series of habitat types, some of which are
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typical of (or specific to) the landscape type; additionally they may occur in a particular pattern (such as a zonation of habitats from the top 
of a seamount to  the bottom). In addition, many habitat types can occur in several landscape types (for example, seagrass beds can occur 
in sealochs, bays and estuaries) -  this means that the two approaches to  classification are related to  each other but cannot be fully 
integrated into a single hierarchical classification. Annex 7 shows the relationship between habitats and landscapes.

W hilst th e  habitat approach is m ost suited to  detailed (fine scale) characterisation o f th e  seabed (including field surveying), th e  
b ro ad er classification of m arine landscapes is particularly useful fo r w ider m anagem ent purposes, as m anagem ent is often m ost 
easily applied a t this scale (e.g. fo r a w hole estuary), ra th er than a com ponent habitat.

Given th e  topographic emphasis o f th e  m arine landscape concept, its application to  th e  w a te r column is less valid, as 
topographic distinctions cannot be applied to  th e  w a te r column. N evertheless, th e  pelagic environm ent can be classified using 
hydrographic characteristics (such as tem p era tu re  and salinity) in a way which is ecologically relevant.This has been a ttem pted
here; th e  ou tpu ts probably best equate  to  th e  habitat concept, albeit at a very coarse  scale.

3 .2  Refinem ent of methodology used for the Irish Sea Pilot

T he m ethodology and data sets used in th e  Irish Sea Pilot w ere  reviewed and fu r th e r refined in th e  light o f th e  need to:
•  Map a significantly larger geographical area,
•  Include a b ro ad er range of landscape types,
•  Handle much larger data sets, and
•  A cquire data layers which covered a much g rea te r geographical area.

This led to  th e  inclusion of both additional param eters and different data sets fo r th e  sam e param eters, and to  th e  adoption of a 
different m ethod  fo r analysing th e  data layers, whilst retaining th e  same overall approach. In addition, an assessm ent of 
confidence in th e  resultant maps has been developed here, developing new  confidence mapping techniques to  reflect th e
reliability o f both th e  overall classification of features and th e ir  individual occurrences.

3.3  Consideration of different analytical methods

During the development phase of the project, there were a number of different methodological options available to  analyse the 
environmental data sets. The main considerations were whether to  use either a supervised or unsupervised classification approach, and 
whether vector o r raster GIS data should be used. Each method had its advantages and disadvantages, which are detailed in Annex 4.

From a review of the different methods and the data types that were to be used within the project, it was decided to use a vector grid to summarise 
the data and a supervised classification approach for the majority of the analysis (the seabed and water column modelling -  Sections 4.3 and 5.3).This 
followed a classification tree method that determines which order the different data layers are incorporated into the analysis. It results in a flexible 
methodology that can be used with continuous data, categorical data or a mixture of the two. Flexibility comes from the fact that branches of the 
tree can easily be added to or removed and the criteria for decisions (thresholds of input values) can be readily changed.

T he supervised analysis approach using a regular vec to r grid over th e  w hole UK sea area was supplem ented by th e  use of 
detailed polygon data sets defining topographic and coastal features (Sections 4.2 and 4 .4).The final seabed maps are  presen ted  
as vec to r data layers incorporating th e  modelled data and th e  mapped features.T he w a te r column analysis is based entirely on 
ra s te r data though th e  final maps are  p resen ted  as vec to r layers.

3 .4  General approach to data collation and processing

T he pro ject has essentially been undertaken in tw o  parallel phases, one  fo r th e  seabed, and th e  o th e r  fo r th e  w a te r column. In 
each, th e re  has been a similar sequence of tasks:
•  Define a series of environmental data layers which are needed to  characterise the seabed and w ater column, i.e. those parameters 

which have m ost influence on its ecology and therefore  make m ost sense to  use as surrogates fo r its ecological character;
•  Source th e  required data sets, w here  possible to  provide data layers covering th e  w hole (o r majority of) UK seas;
•  Process th e  data into suitable GIS form ats fo r analysis;
•  Identify meaningful th resho lds within each param eter to  derive different classes fo r each data se t (for example, high, 

m odera te  and low bed stress) and sum m arize th e  data layers across a vec to r grid;
•  Analyse th e  data sets in an integrated m anner (in a supervised classification) to  produce classifications of th e  seabed and 

w a te r column
•  Validate the  resultant maps w ith ground-tru th  data (e.g. biological sample data);
•  C haracterise  th e  final seabed and w a te r column classifications according to  both abiotic (physical, hydrographic) and 

biological characteristics;



•  P resent th e  underlying data layers and resultant maps in a w eb GIS application.
•  Assess th e  level o f confidence th a t can be placed in the  resultant maps.

3.4.1 Seabed features - overview
The classification of th e  seabed focused firstly on topographic and physiographic characteristics, as these  give rise to  th e  m ost 
conspicuous landscape features (the m ountains and valleys o f th e  sea).

Bathymetric slope data w ere  used to  identify a series o f topographic features away from th e  coastal zone, such as th e  large 
continental slope and seam ount features and th e  sm aller sandbank and underw ater pinnacle features.

In th e  coastal zone, physiographic features such as estuaries, sealochs and bays w ere  identified according to  definitions 
developed fo r th e  Marine N atu re  C onservation Review and fo r application of th e  H abitats Directive.

As very large areas of UK w aters are  w ithou t significant topographic character (i.e. have negligible slope), a modelling approach 
was adopted  to  fu r th e r divide these  extensive areas of ‘subtidal plain’. A fter extensive assessm ent o f both th e  environmental 
param eters which have m ost influence on ecological character and th e  availability o f suitable data, th e  following param eters w ere  
selected fo r use in th e  analysis:
•  S eab ed  substratum  - th e  nature of th e  substratum  (e.g. sand, mud) has a marked influence on th e  biological com m unities 

which live in o r  on them .
•  D epth - increasing depth brings g reater stability (in term s of tem perature, salinity, wave action) and g reater pressure, both 

param eters to  which biological communities respond.Two fu rther param eters w ere incorporated into the depth param eter:
Light a ttenu ation  - determ ines th e  depth to  which m acroalgae (e.g. kelp) can grow  

O W ave-base - th e  depth to  which waves can pene tra te  th e  sea and thus disturb th e  seabed, with m arked effects on the  
resulting comm unities, and its com m unities varies considerably around th e  coast.

•  B o tto m  tem p era tu re  - broad biogeographic patterns across UK w aters are  reflected in m ajor tem p era tu re  changes and 
this is particularly relevant to  variation in deep e r w aters.

•  N ear-bed stress - bo ttom  cu rren t has a strong influence on both th e  character o f th e  seabed (sedim ent type, form ation of 
surface features such as sand waves and ripples) and th e  biological com m unities it supports.

GIS data layers representing th e  param eters above w ere  transform ed fo r analysis into a grid across th e  UK C ontinental Shelf, 
each grid cell being 0.02 decimal degrees (about one  nautical mile) wide; a co arser grid (25 tim es larger) w as adopted  fo r th e  
no rth -w est approaches, as data coverage w ere  very sparse in this region.The resultant data sets w ere  analysed in a supervised 
classification to  derive a series o f landscape types (e.g. shallow sand plains; d eep -w ater mixed sedim ent plains).

The th re e  sets of maps (topographic, coastal and modelled) w ere  com bined to  derive th e  final seabed landscape map.

To assess the biological validity of the resultant maps, sample data (e.g. from grabs, underwater video) have been sourced from marine agencies, 
laboratories, consultancies and other institutions, as well as accessing JNCC and country nature conservation agency data holdings (in the 
Marine Recorder database).Approximately 32,000 samples were available for processing to  habitat type according to the National Marine 
Habitat Classification (Connor et al. 2004), before being analysed against the landscape types to  assess their ecological validity.This was 
undertaken by predicting the expected biological character, in terms of the range of habitat types, for each landscape type and interfacing the 
sample data with the landscape maps in GIS to determine the actual relationship.This was assessed at a grid cell level and at the whole 
landscape type level to  enable conclusions about the validity of each landscape type to be drawn and identify modifications.

The results o f th e  ecological validation have also enabled an assessm ent o f confidence in th e  landscape map to  be produced, 
through indicating th e  p roportion  of cells and landscape types which are validated.This is also p resen ted  as confidence maps.

3.4.2 Water column features - overview

The classification of th e  w a te r column focused on th e  main hydrographic param eters which influence ecological character. A fter 
assessing these  and data availability, th e  following data layers w ere  selected fo r analysis:
•  Salinity - th e  salinity regime, which varies from brackish and estuarine through to  fully marine, has a marked influence on 

th e  character o f th e  pelagic biological communities;
•  Surface to  seabed  tem p era tu re  d ifferences -  this determ ines th e  degree o f vertical mixing of th e  w a te r column, 

indicating features such as therm oclines;
Frontal probability -  this indicates th e  presence of fron ts which provide som e distinct horizontal boundary zones in th e  
w a te r column.
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Given the high degree of change in the w ater column over the course of a year, the data w ere processed according to  four separate 
seasons (winter, spring, summer and autumn). Within the time constraints of the project, it was not possible to  take full account for the 
3-dimensional character of the w ater column; for instance, to  reflect on the significant differences in tem perature between surface and 
bottom  waters, as this would have required a much m ore sophisticated modelling approach.

As with th e  seabed data, the  GIS data layers fo r th e  w a te r column w ere transform ed fo r analysis into a grid across the UK 
Continental Shelf, each grid cell being 0.02 decimal degrees (about one nautical mile) w ide.T he resultant data sets w ere analysed 
in a supervised classification to  derive a series o f landscape types (e.g. frontal shelf w ater; well-mixed oceanic w ater).

To assess th e  biological validity o f th e  resu ltan t maps, biological data, in th e  form  of d istribution data  fo r six plankton 
taxa  from  th e  C ontinuous Plankton R eco rder schem e, w ere  obtained  from  SAHFOS8.T he taxa  w ere  selected  because each 
w as known to  be an indicator o f particu lar environm ental conditions. An analysis o f th ese  data against th e  w a te r  colum n types 
led to  results indicating th e  varying densities o f each taxon  w ith th e  w a te r  colum n type, and a com parison o f th e  relative 
im portance  of each w a te r  colum n type  fo r each taxon.

4 Seabed features -  detailed methodology

4.1 Introduction

T he seas around th e  UK are  characterised  by a com plex coastal zone, in which th e  land-sea interface is rep resen ted  by many 
types o f coastline, an extensive continental shelf area extending to  ab o u t 200m  depth , followed by th e  continental slope which 
leads dow n to  th e  deep  sea zone. W ith in  this general s tru c tu re , m ajor topographic  features o f th e  seabed, such as canyons, 
and seam ounts, provide broadscale relief to  th e  sea floor, represen ting  th e  m ountains and valleys o f th e  m arine environm ent.

In a ttem p ting  to  p ro d u ce  a landscape m ap fo r th e  seabed , it arguably w as m o s t ap p ro p ria te  to  s ta r t  from  th is b road  scale 
perspective , and co n sid e r how  this m ight influence th e  ecological ch a ra c te r  o f th e  seabed  habitats. T hus th e  initial 
s tra teg y  w as to  identify m ajo r topographical fea tu res, bo th  o ffshore and on th e  coast, separating  th e se  from  th e  large 
a reas o f seafloo r w hich a re  w ith o u t significant relief. For th e  latter, th e r e  w as a need  to  fu r th e r  divide th e se  a reas using 
additional environm ental variables, such as sed im en t type  and dep th , to  m o re  fully reflec t th e ir  ecological variation.

T he classification of seabed types w as consequently undertaken in th re e  phases:
•  Identification of features based primarily on seabed topography -  as GIS vec to r polygons;
•  Modelling of seabed features to  fu r th e r subdivide th e  extensive sea floor plains which lacked significant relief, using an 

integrated analysis o f environm ental data sets in a vec to r grid format;
•  Identification of coastal physiographic features, such as estuaries and sealochs -  as GIS vec to r polygons.

4 .2  Topographic and bed-form features

4.2.1 Use of bathymetry and derived slope data
Digital bathym etric data w ere  used to  identify and map th e  main topographic  features. Two Digital Elevation M odels (DEMs) 
for bathymetric data w ere used, namely the GEBCO digital atlas (www.ngdc.noaa.gov/m gg/gebco/grid/1 mingrid.html) and 
SeaZ one (w w w .seazone.com ). Using th e  ESRI ArcGIS Spatial A nalyst slope function, slope ra s te rs  w ere  crea ted  fo r each data 
s e t to  provide an indication of th e  steepness o f th e  seabed te rra in . Using th e  G EBCO  DEM (Figure I), a t a  I m inute 
reso lu tion , slope data  fo r th e  en tire  UKSeaMap area  w e re  genera ted  (Figure 2), enabling th e  identification of large 
topograph ic  features, such as seam oun ts and banks (deep ocean rises). H owever, th e  relatively low  reso lu tion  of G EBCO 
preven ted  th e  identification of th e  small to  m edium -sized topograph ic fea tu res and bed-form s.To resolve this, a DEM 
p roduced  by SeaZ one a t  a 250m  reso lu tion  w as trialled, from  w hich slope w as calculated (Figure 3). U nfortunately, this 
p ro d u c t contained som e m ajor anom alies, w hich led to  problem s co rrec tly  identifying bed-form  features. In o rd e r  to  resolve 
this, a com bination  of th e  tw o  DEMs and th e  British Geological Survey’s DigBath250 bathym etric c o n to u r  data 
(w w w .b gs.ac .u k /p rod u cts/d igb ath 250) w as used to  digitise th e  topograph ic  and bed-form  features.
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Figure I. Bathymetric digital elevation m odel (DEM) (source: Gebco).
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Figure 2. Seabed slope (derived from Gebco bathymetric DEM).



Figure 3. Seabed slope (derived from SeaZone bathymetric DEM).

To ensure consistency in in terpre tation  of th e  slope data p rio r to  digitising, topographic and bed-form  features w ere  identified 
by applying rules, based on th e  degree of slope and th e  shape of th e  feature, as detailed In Table I. In addition, BGS have been 
developing a classification o f seabed character and bed-form s (Cerl James, pers. comm.); som e of th ese  features w ere  available as 
UK-wide maps In digital form  and these  w ere  m ade available to  UKSeaMap as polygon ESRI Shapefiles (see Figure 4). O th e r  
features In th e ir  classification, such as megaripple and sand wave fields are  no t yet available In digital form  fo r th e  w hole UK 
area; consequently have no t been Included In UKSeaMap.

In view o f th e  need to  use relatively coarse DEMs which provide full UK coverage.lt has n o t been possible to  Identify small 
features which are  known o r  likely to  be p resen t th roughou t th e  area.T he resultant map of topographic features (Figure 4) 
should th ere fo re  be considered to  rep resen t only th e  m ost p rom inent features.

4.2.2 Topographic and bed-form features identified
Subtidal sed im en t banks: th ese  are subm erged, linearly-elongated, raised features o f th e  continental shelf, com posed of 
sedim ent (usually coarse sands and gravels) and marked by slopes (>2%9) rising from th e  shelf plain.They w ere  Identified from 
th e  bathym etric DEMs. W h ere  they occur In w ate rs  above 20m depth, they can be considered to  be exam ples o f th e  EC 
Habitats Directive A nnex I type Sandbanks which are slightly covered by sea water all the tim e10.

S helf m oun ds or pinnacles: th ese  are  subm erged non-linear raised features o f th e  continental shelf, marked by slopes (>2%) 
on th re e  o r  m ore sides.They can be com posed of e ither sedim ent (m ounds tending to  have sm ooth  surfaces) o r  rock (pinnacles 
which may be rugged).They w ere  Identified from  th e  bathym etric DEMs.

S helf troughs: th ese  are  elongated depressions In th e  continental shelf, usually carved o u t o f th e  seafloor by glacial processes, 
which remain unfilled o r  open, and which have a maximum w a te r depth considerably g rea te r than th e  surrounding seabed.They 
w ere  identified by visual examination o f a plxelated map derived from DlgBath250, to g e th e r w ith con tou rs from  DigBath250 and 
supplied as an ESRI shapefile by BGS.

9 T he Irish Sea Pilot used  a value o f I -8% slope on  a v e c to r  d a ta  s e t  (DigBath250); use o f a 2% value on  a ra s te r  d a ta  s e t  fo r  UKSeaM ap identified a 

similar s e t  o f features.

' 0 N o te : th e  definition o f th e  A nnex  I type  is considered  to  be b ro ad er; see  Section 7.1.



Pockmarks: th ese  are  near-circular depressions typically 100m across and I-4m deep, although som e reach 500m in d iam eter 
and 20m deep.They are  form ed by fluid escape, generally of m ethane gas, through fine-grained sedim ent. Fluid escape through 
co arser sedim ent produces considerably sm aller features o r  none a t all. C em ented  sedim ents o r  hand grounds can occur a t th e  
base o f pockm arks.They are m ostly known from th e  continental shelf and tend  to  occu r in groups over large areas.All extensive 
pockm ark fields have been identified by BGS and w ere  supplied as an ESRI Shapefile.

C ontinental slope: this is th e  subm erged edge o f th e  continent w here  th e  angle of th e  seabed increases to  >2% slope. It was 
identified from th e  bathym etric DEMs.

Iceberg plough-m arks: off th e  n o rth  and w est coasts o f th e  UK, on th e  edge o f th e  continental shelf and on th e  upper 
continental slope, ridges of boulders and cobbles have been form ed by th e  ploughing m ovem ent of icebergs through th e  seabed 
during th e  last ice age.T hese ridges are I Os to  100m w ide and com prise tu rba ted  sedim ent often w ith boulders exposed on 
th e ir  berm s.T he troughs are  in-filled with finer sedim ent w innow ed from  th e  berm s and may be thick enough to  largely in-fill 
th e  fea tu re .T here  are few areas away from th e  shelf edge th a t show  iceberg plough-m arks.The zone occupied by iceberg 
plough-marks on th e  shelf edge was supplied by BGS as an ESRI shapefile.

Subm arine canyons: located in th e  ex trem e south-w est o f UK w aters, th ese  are steep-sided valleys (>8% slope) cut into th e  
continental slope, running perpendicular to  th e  shelf edge.T hese canyons can occasionally be associated w ith powerful curren ts 
which scou r th e  canyon o u t o f th e  surrounding sedim ent.They w ere  identified from th e  bathym etric DEMs.

D eep  ocean  rises: th ese  are  subm erged, large, steep-sided (>8% slope) features rising from  th e  abyssal plain. Large-scale 
features such as H atton Bank are  topographically as im portan t as th e  G eorge Bligh Bank and seam ounts which are  p lo tted .T hey 
w ere  identified from  th e  bathym etric DEMs.

C arbonate m ounds: th ese  are  raised features o f th e  deep sea floor, com posed of carbonate  material and which rise by up to  
350m from  th e  surrounding seabed. D ata on th e  location of possible carbonate  m ounds in UK w aters w ere  compiled and 
supplied by BGS, based on a seismic grading from I -  5 as to  th e ir seismic resem blance to  carbonate  m ounds known on th e  
Porcupine Sea Bight.The carbonate  m ounds p resen ted  here  are th o se  graded 4 o r  5 (the grades which are  m ost like th e  
carbonate  m ounds in th e  Porcupine Sea Bight). H ow ever very few of th e  UK sites have been g round-tru thed  to  confirm they are 
carbonate  m ounds.The data se t is n o t exhaustive, as it simply covers th e  positions o f seismic profiles; th e re  are  likely to  be 
many m ore m ounds just off th e  lines surveyed to  date.

D eep -w ater m ounds: th ese  are  raised features o f th e  deep sea floor, which are  com posed of material o th e r  than carbonate. 
The only exam ples identified at p resen t are th e  Darwin Mounds, which are sand volcanoes with ‘tails’ and which have colonies 
o f th e  cold-w ater coral Lophelia pertusa on th e ir tops. Each m ound is about 100m across and about 5m high; th e re  are  tw o  areas 
o r  fields w here  th e  m ounds are  known to  be com m on. N o te  th a t Lophelia pertusa is no t restric ted  to  this type of mound.
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Figure 4. Topographic and bed-form features.

Table I: Sum mary characteristics of topographic and bed-form features

Subtidal sediment bank >2% Sediment (typically coarse) Shelf feature -  raised

Shelf mound o r  pinnacle >2% Variable (Rock and/or sediment) Shelf feature -  raised

Shelf trough Variable Variable (typically sediment) Shelf feature -  sunken

Pockmark field negligible Sediment (mud o r  fine sand) Shelf and continental slope feature

Continental slope >2% Variable Shelf break to  continental rise

Iceberg plough-mark zone Variable Boulder and cobble ridges Continental slope feature

Canyon >8% Variable (includes rock) Continental slope feature

Deep ocean rise >8% Rock with sediment veneer Deep w ater feature -  raised

Carbonate mounds unknown Carbonate Deep w ater feature -  raised

D eep-water mound Sand volcanoes with coral tops Deep w ater feature -  raised



4.3  Modelling seabed features

4.3.1 Approach and environmental parameters considered

W hilst topography w as used to  develop an initial se t o f m arine landscape types fo r UK w aters, th e  extensive areas of th e  
sedim ent plains, which have limited topographic character (at th e  broadscale considered here), needed fu rth e r discrimination to  
lead to  maps which w ould b e tte r  m eet th e  aims of th e  UKSeaMap project. C onsequently  fu r th e r characterisation o f th e  
sedim ent plains was modelled using geological, physical and hydrographic characteristics in a m anner similar to  th a t adopted  in 
th e  Irish Sea Pilot (Golding et al. 2004).This approach recognises th e  strong correlation  betw een environm ental param eters and 
ecological character, such th a t mapping environmental param eters in an integrated m anner can successfully be used to  produce 
ecologically relevant maps.

T here are a wide range of environmental param eters which influence ecological character; these  have varying degrees of influence 
and lead to  differences in ecological character a t various scales (e.g. structurally determining habitat type, o r  determ ining the 
com m unities o r  individual species which occu r in any particular place).To use such environmental data in th e  UKSeaMap con tex t 
it was firstly necessary to  review which environmental param eters w ere m ost relevant at th e  w hole UK scale.

The following param eters w ere  considered m ost relevant a t th e  w hole UK-scale:
•  Substratum
•  D epth

Light penetration
•  W ave action
•  C urren ts
•  Salinity
•  Tem perature

The following param eters w ere  considered less relevant a t th e  w hole UK scale:
•  Tidal range
•  Oxygen
•  N utrien ts (in sedim ents and th e  w a te r column)
•  pH

For th e  m ost relevant param eters, consideration was then  given as to  th e  potential availability o f suitable data sets a t th e  w hole 
UK level which would best rep resen t each param eter, and in w hat form  and how  such param eters could best be used in a 
modelling con tex t.T he following sections describe how  th ese  issues w ere  pursued, which data w ere  obtained and how  they 
w ere  processed into a form  suitable fo r eventual integrated analysis.

4.3.2 Data sets used
A num ber of data sets w ere  collated fo r th e  project, although no t all w ere  used in th e  final analysis. Data w ere  gathered from a 
variety of sources derived variously using modelling, rem o te  sensing and d irect sampling techniques to  provide th e  initial data 
sets. All th e  data sets required considerable fu r th e r processing to  convert them  to  a form at suitable fo r an integrated analysis.

The seabed modelling used data sets on:
•  seabed substrata
•  light attenuation
•  depth
•  maximum wave base
•  bo ttom  tem p era tu re
•  maximum near-bed stress (induced by tidal currents)

Although salinity w as considered an im portan t param eter influencing th e  ecological character of seabed habitats, it was no t 
felt necessary to  incorpora te  it in th e  modelling phase, as th e  identification of coastal physiographic features, som e of which 
specifically reflect differing salinity regimes (e.g. estuaries, lagoons), was considered to  adequately account fo r this param eter 
(see Section 4.4).

The data sets are  described in Sections 4.3.4 to  4.3.1 I, giving details o f th e ir  source, technical developm ent and th e  rationale 
behind th e ir selection and categorisation.



4.3.3 Methodology adopted for data analysis
T he Irish Sea Pilot (Golding et al. 2004) had adopted  a supervised m ethod fo r analysis o f th e  seabed data layers, which w ere  in 
vec to r polygon form at and in which th e  data w ere  categorised into a se t o f ecologically relevant classes.This m ethodology was 
reviewed and modified fo r use a t th e  larger UK scale.The main considerations w ere  w h e th e r to  use continuous o r  categorised 
data, w h e th e r to  adop t a supervised o r  unsupervised classification approach, and w h e th e r vec to r o r  ra s te r GIS data should be 
used. Further discussion on these  issues is given in A nnex 4.

T he num bers of data sets used and th e  ways in which they w ere  o r  could be classified has a strong bearing on both th e  options 
fo r data analysis and th e  ou tcom es in te rm s of a final classification. Some (e.g. seabed substrata) w ere  available in classified form, 
w hilst o th e rs  (e.g. light attenuation) w ere  unclassified continuous data. An analysis o f multiple data sets could lead to  many 
possible com binations fo r each location (part o f th e  seabed) and potentially to  defining m ultip le‘landscape types’.This w ould be 
particularly m arked if th e  continuous data sets w ere  no t simplified in som e way. W hilst a t one  level this might reflect the  
com plexities o f th e  m arine environm ent, it w ould no t necessarily lead to  a classification (and map) which defined seabed types 
a t a suitable level o f ecological discrimination (that is, som e com binations of data may lead to  ‘types’ which are  insufficiently 
distinguishable from o th e r  types).Thus it w as considered best to  categorise each of th e  data sets into a small num ber of 
ecologically relevant classes (as w as done fo r th e  ISP), so th a t w hen analysed with th e  o th e r  data sets, they  had grea test 
potential to  lead to  ecologically useful seabed types.

The ISP had adopted a supervised classification process, in which th e  o rd e r  o f each data set in the analysis was predeterm ined, 
based on ex p ert understanding of the  im portance of each param eter in determining th e  ecological character o f habitats (primarily 
from knowledge gained in developing the national marine habitat classification; C onno r et al. 2004). In th e  process o f reviewing 
th e  ISP methodology, a num ber o f alternative analytical m ethods w ere investigated. Multivariate analytical too ls within th e  Prim er 
softw are application w ere investigated and found unsuitable, as th e  softw are could no t handle such large data sets and the  results 
could n o t be transferred  back into the GIS to  display the resultant maps. Analysis within ArcGIS itself, using gridded data, was also 
investigated, but th e  only available classification algorithm was a maximum likelihood classifier, which is unable to  analyse 
categorical data (such as th e  substrata data). It was concluded th a t the  supervised approach should be retained, being both 
technically easier to  im plem ent and likely to  lead to  a m ore acceptable num ber o f end classes (landscape types).

T he flow chart below  (Figure 5) describes th e  rou te  taken to  lead to  a final map via such a supervised classification.
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Figure 5. Flow chart to illustrate process for supervised classification of data sets.
Final map



The analysis o f vec to r polygon data, as used in th e  ISP, has tw o main disadvantages. Firstly, th e  integration o f different polygon 
data layers to  form  a new  se t o f landscape polygons leads to  th e  creation o f ‘sliver’ polygons.These are  very small polygons 
resulting from  th e  overlay of different data sets and they seldom provide sensible areas (of landscape) on th e  final map. Secondly, 
th e  resultant map has sm ooth-edged polygons which imply a level o f precision in th e  landscape boundaries which is 
inappropriate considering th e  modelled nature o f th e  analysis.To overcom e both of th ese  issues, and to  significantly im prove th e  
technical delivery o f th e  analysis, th e  input data layers w ere  converted  into a vec to r grid. A grid (o r net) of 0.02 decimal degrees 
(approximately one nautical mile) was adopted , as this seem ed to  best reflect th e  resolution of the  m ost detailed data layer (the 
seabed substrata). For th e  region beyond th e  continental shelf to  th e  n o rth  and w est of Scotland, th e  data had a considerably 
low er resolution and so here  a grid 25 tim es the  size was adopted . Each data layer was sum m arised to  this grid (by assigning th e  
m ost com m on category within th e  grid cell), leading to  each grid cell being assigned a single value (category) fo r each data layer 
(e.g. sand, shallow depth, m odera te  bed stress and so on).This enabled th e  data to  be queried via an MS Access database in a 
supervised classification. Using th e  n e t fo r th e  analysis in this way has a num ber of additional benefits. It allows fo r 
straightforw ard analysis o f both continuous ra s te r data and vec to r m aps.The need to  create  vec to r features, such as polygons, 
from  continuous ra s te r data is avoided so if it is decided to  change threshold  values used in th e  analysis, it is a simple task  to  
reanalyse th e  data w ithou t th e  need to  crea te  new  input maps and re-run th e  entire analysis.

4.3.4 Seabed substrata
A description of th e  surficial substrata o f th e  seabed is considered essential in generating ecologically relevant seabed types, as 
th e  type of substratum  has a strong influence on th e  nature of th e  biological com m unities it supports. Preparation of a suitable 
seabed substratum  data layer w as mainly undertaken on behalf o f UKSeaMap by th e  British Geological Survey (BGS), as 
described by C o o p e r et al. (2005).

A w hole UK seabed substratum  map is available from BGS as the DigSBS250 digital product, which is a polygon data se t at 
1:250,000 scale according to  fifteen classes in th e  Folk classification schem e, to g e th e r with a rock ou tcrop  category. As these 
sixteen classes provided m ore detail than was deem ed necessary, BGS w ere comm issioned to  simplify th e  map into five classes 
which would b e tte r  reflect th e  broad substratum  types used in seabed habitat classifications (C onnor et al. 2004; EUNIS), namely:
•  Rock
•  C oarse  sedim ent
•  Mixed sedim ent
•  Sand and muddy sand 

Mud and sandy mud

T hirteen of th e  fifteen categories o f th e  Folk classification w ere  com bined, using SQL and th e  m erge com m and, to  create  th e  
four main sedim ent classes required (Figure 6 ).The remaining tw o  categories (muddy sand and slightly gravely muddy sand) w ere 
split a t th e  8:2 sand to  mud ratio to  provide polygons to  add to  either th e  ‘sand and muddy sand’ o r  ‘mud and sandy m ud’ 
classes. Polygon boundaries fo r these  tw o  new  categories w ere  manually edited by BGS, based on individual sedim ent sample 
data. Additionally consideration w as given to  dividing th e  Folk gravel class, which includes boulders, cobbles, pebbles and gravels, 
into tw o  classes (as boulders and cobbles suppo rt significantly different biological comm unities); how ever suitable detail within 
th e  BGS data sets was only available fo r a few regions, so any resultant map would be inconsistent across th e  UK.

T here  w ere  several areas of UK seas within th e  DigSBS250 data se t which are  blank, reflecting th e  absence of data w hen this 
data se t was com piled.These areas include th e  shallow near-shore coastline w here  th e  BGS program m e did no t extend, and also 
areas in th e  Atlantic N o rth W e s t approaches and Faroe-Shetland C hannel.The coastal fringe was updated using th e  seabed 
substrata data collated (by BGS) fo r th e  W a te r Fram ew ork D irective typology pro ject (Rogers et al. 2003); this pro ject used th e  
sam e five substratum  classes. Some offshore blank areas w ere  reduced by including data from  th e  BGS 1:1,000,000 seabed 
sedim ent maps (BGS 1987) and m ore recen t unpublished data.

The rock category in DigSBS250 was supplem ented by data from previous w ork  undertaken by BGS fo r JN C C  to  identify 
‘potential r e e f  habitat to  aid im plem entation o f th e  EC Habitats D irective (Graham  et al. 2 0 0 1).This ‘potential r e e f  data set 
included five categories, which w ere  trea ted  as shown in Table 2, replacing DigSBS250 data at th e  locations w here  they  occurred . 
Additionally point data available in th e  SeaZone digital charts, indicating a rocky seabed, w ere  overlain on th e  DigSBS data set 
and vec to r grid to  identify fu r th e r areas th a t might b e tte r  be in terp re ted  as rock .W here  point samples w ere  in sufficiently high 
density (>5 per grid cell), th e  cell was trea ted  as rock habitat; this w as applied to  29 grid cells.
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Figure 6. Folk sedim ent trigon, modified to show the aggregation of classes into four main sedim ent classes 
(coarse, mixed, sand, mud).

Table 2:Treatment of categories defined as ‘potential’ reef for the Habitats Directive

Biogenic reef Included as rock

Gravel Included as Coarse sediment, not as rock

Iceberg plough mark zones Treated as a bed-form

Rock/Quaternary Included as rock

Rock/Gravel Included as rock

T he resultant map o f seabed substrata, according to  th e  five classes, is shown in Figure 7.
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Figure 7. Seabed substrata (derived from BGS DigSBS250 and other sources -  see  text).

4.3.5 Depth zonation taking into account light, energy and temperature
A zonation w ith depth is one of th e  m ost im portan t param eters in determ ining ecological changes from th e  intertidal zone 
through to  th e  deepest areas o f th e  bathyal and abyssal plains. Such a zonation Is Influenced, n o t simply by th e  depth Itself, but 
by a series o f environm ental param eters (particularly light penetration , tem pera tu re , wave action and salinity), which vary 
som ew hat Independently of each o th e r  and which in teract in an often com plex manner, particularly in th e  shallow coastal zone, 
to  influence ecological character.Thus, ra th er than simply using depth itself, a series of param eters (light, wave base and 
tem peratu re) have been analysed and integrated to  reflect four m ajor depth zones:
•  Photic zone: from  coastline (Om) to  photic depth (rocky substrata only)
•  Shallow zone: from  coastline (Om) to  wave base
•  Shelf zone: from wave base to  shelf b reak (200m depth)
•  D eep-w ater zone: >200m depth (fu rther divided, based on tem pera tu re , into cold and w arm  realms)
•  Cold deep w a te r zone: >200m depth and <4°C

The way in which these  zones have been determ ined and th e  data used are  described in Sections 4.3.6 to  4.3.10.

4.3.6 Coastline
The level o f Highest A stronom ical Tides (HAT) is usually taken to  m ark th e  transition from  th e  terrestria l environm ent to  the  
m arine. H ow ever such a datum  Is n o t available fo r th e  entire coast, so a m ore practical upper boundary to  th e  photic and 
shallow depth zones was taken as th e  Mean High W a te r datum , as provided in th e  coastline data se t (W orld V ector Shoreline; 
w w w .csc.noaa.gov/shoreline/w orld_vec.h tm l).

4.3.7 Photic depth
To reflect th e  significant change from  shallow kelp-dom inated rocky habitats in th e  infralittoral zone to  deeper anim al-dominated 
rocky habitats in th e  circalittoral zone, th e  depth of light penetration  into th e  w a te r column was used to  predict th e  distinction 
betw een these  tw o  zones. It Is widely cited In th e  scientific literature th a t th e  low er limit of th e  Infrallttoral zone  Is broadly 
correlated  with th e  depth a t which available light is 1% of surface Irradiance.
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Figure 8. Mean annual depth to which 1% of surface light penetrates the water column (source data from SeaWiFS via POL)

Light a tten u a tio n  data  w e re  derived  from  ocean  co lo u r o b se rv a tio n s m ade by th e  SeaW iFs satellite  w hich m akes a 
m easu rem en t o f th e  am o u n t o f light in th e  b lue-green  p a r t o f th e  sp ec tru m  th a t p e n e tra te s  th e  w a te r  colum n. T he data  
w e re  derived  from  daily images a t  ~ 9km  reso lu tion  fo r January  to  A ugust fo r th e  years 1998 - 2004  and fo r S ep tem b er to  
D e cem b er fo r 1997 -  2003, and supplied by th e  Proudm an O ceanog raph ic  L abo ra to ry  (POL). H ow ever because  th e re  
appears to  be no c lear indication if th e re  is a p a rticu la r tim e  o f y ear a t  w hich to  m easu re  th e  I % irrad ia n ce1 a m ean 
annual light a tten u a tio n  figure w as used, derived  from  th e  sum  of th e  fo u r seasonal da ta  se ts  (Figure 8).

T he light a tten u a tio n  da ta  w e re  th e n  in terfaced  w ith  bathym etric  da ta  to  d e te rm in e  w h e re  th e  pho tic  zo n e  coincided w ith 
th e  seabed  (Figure 9) and th is w as used to  subdivide th e  ro ck  ca teg o ry  of th e  seabed  su b s tra ta  da ta  s e t in to  pho tic  and 
apho tic  classes.

' ' P ro fesso r C hristine  Maggs (Q u e en ’s University, Belfast) advised th a t  th e  maxim um  d ep th  p en e tra tio n  o f kelp is m o re  likely to  be re la ted  to  th e  annual 

p h o to n  d en sity  and D un ton  ( 1990) show ed  th a t  in bo th  A n tarctica  and th e  A rctic it w as th e  annual light budget th a t  co u n ted . Kelp plants s to re  

p h o to sy n th a te  th e n  s ta r t  grow ing in th e  d a rk  in w inter. T heir p h o toperiod ism  m eans th a t  th e  new  blade is stim ulated  by th e  s h o r t  days o f autum n. 

G am etophy tes  requ ire  a small am o u n t o f blue light and it is th o u g h t th a t  any light will con tain  enough blue light.
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Figure 9. Photic and aphotic light attenu ation  classes derived from  light attenu ation  data  set.

C o n sid e ra tio n  w as given to  ex tend ing  th is pho tic /apho tic  division to  th e  rem aining fo u r sed im en t classes. It w as decided, 
how ever, n o t to  pu rsu e  this; w hilst pho tic  dep th  is o f particu lar significance fo r rocky su bstra ta , distinguishing th e  m ajo r 
kelp fo re s t hab ita t from  d e e p e r  w a te r  habitats, th e re  is n o t such a m arked  biological difference be tw een  shallow  (photic) 
and d e e p e r  (aphotic) sed im en ts. A dditionally expanding th e  analysis to  th e  fo u r sed im en t classes w ould  c rea te  m any m ore  
seabed  classes (classes m o re  akin to  hab ita t types) than  w ould  be of practical use a t  th e  scale requ ired  fo r UKSeaMap.

4.3.8 Wave base
The wave base is defined as th e  maximum depth to  which th e  passage of a wave causes m otion in th e  w a te r column; it is equal 
to  half th e  wave length. Below th e  wave base th e  w a te r remains stationary as th e  wave passes.The wave base there fo re  
distinguishes betw een shallow er disturbed w aters and deeper undisturbed w a te rs .W h ere  th e  wave base is deep er than the  
depth of w ater, th e  waves are  able to  disturb th e  seabed and hence have influence on its biological com m unities.The maximum 
wave base, as m easured over a period of years, can th ere fo re  be used to  define a shallow er zone of periodically-disturbed 
seabed (the Infralittoral and Circalittoral étages o f G lem arec 1973) and a deep er zone of undisturbed seabed (the O ffshore 
C ircalittoral étage of Glemarec).Typically this boundary occurs a t abou t 50-70m depth around th e  UK.

Maximum wave length data, m easured over a 10-year period and derived from  th e  proW AM 12km wave model, w ere  provided 
by POL (Figure IO).This data se t was used to  generate  a maximum wave base data layer, which was in tersec ted  with bathym etric 
data to  determ ine w here  th e  maximum wave base w ould disturb th e  seabed, thus distinguishing a ‘shallow zone’ from  a ‘shelf 
zone’ (Figure I I).
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Figure IO. Maximum depth to which waves penetrate the w ater column (wave base) (source data from POL).

UKSeaMap
Seabed wave disturbance classes

C lasses

Shallow  (=< w ave base) 

S h e lf (> w ave base)

Figure I I. Shallow (disturbed) and shelf (undisturbed) depth classes derived from the m aximum  wave base.



4.3.9 Bathymetry
The bathym etric data sets described in Section 4.2.1 provided th e  200m depth contour, equating to  th e  shelf b reak boundary, 
a marked zone of change in biological com m unities In UK w aters betw een th e  shallow er continental shelf and th e  deeper 
continental slope.

4.3.10 Bottom temperature
W a te r tem p era tu re  varies greatly across UK seas, with latitude, seasonally, and with depth and each has influence on ecological 
character.T here is a general trend  from w arm er (surface) w ate rs  in th e  south and w est through to  co lder w aters in th e  north  
and east, reflecting Britain’s situation In a boundary zone betw een Lusltanlan and Boreal blogeographlcal provinces (D lnter 
2001). Seasonal variation Is g rea test In shallow coastal areas, becoming increasingly Insignificant beyond 200m depth.

The latitudinal variation (Lusitanian to  Boreal) is reflected in m arked differences In th e  species com position within habitats 
betw een th e  south-w est and n o rth -east regions o f th e  UK. H ow ever because this tem p era tu re  transition appears to  be gradual 
across th e  UK seas, and Is reflected primarily at th e  species and com m unity level, it was considered best to  apply any 
biogeographical division of UK seas to  th e  final maps, e.g. such as any agreed follow-up to  th e  regional sea boundaries p roposed 
in th e  RMNC (Defra 2004), ra th e r than integrate this Influence into th e  seabed analysis. Such an application w ould be 
appropriate fo r selecting m arine p ro tec ted  areas to  rep resen t th e  range of ecological character across th e  UK (e.g. as rocky 
coasts in th e  south-w est are  biologically distinct from th o se  in th e  north-east).

The m ost marked tem perature transition in UK w aters is in the deep-w ater zone w here a strong tem perature discontinuity, around 
the 4°C isotherm, separates the w arm er w ater regions influenced by the N orth  Atlantic Drift to  the south from the colder w ater 
regions influenced by Arctic w aters to  the north.This latter discontinuity has been incorporated into the analysis.

UKSeaMap
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Figure 12. Minimum bottom  tem perature (source data from ICES).
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Figure 13. Cold and warm w ater zones derived from minimum bottom  tem perature data set.

A  b o tto m  te m p e ra tu re  data  s e t w as ob ta ined  from  th e  In ternational C ouncil fo r  th e  E xploration  o f th e  Seas (ICES) and 
in te rp o la ted  using th e  spline m e th o d  (Figure 12). M inimum b o tto m  te m p e ra tu re  w as used to  split d eep  w a te rs  (>200m  
in dep th ), in to  w arm  and cold w a te r  realm s acro ss th e  4°C  th re sh o ld  (Figure I 3).

4.3.11 Maximum near-bed stress (from tidal currents)
Bed stress , a shearing  fo rce  p e r  unit a rea  e x e r te d  on th e  seabed  by w a te r  m ovem en ts above th e  seabed , is a useful 
p a ra m e te r  to  d e te rm in e  seabed  d is tu rb an ce  arising from  tidal o r  residual c u rren ts . Bed s tre ss  varies w ith  w a te r  dep th  
and su b s tra tu m  type; th e  bed  s tre ss  value could be  th e  sam e in tw o  areas, even though  th e  c u rre n t speed  in th e  w a te r  
colum n above may be  very  d ifferent. T he  d eg ree  of bed  s tre ss  has an influence on bo th  seabed  su b s tra tu m  ty p e  and th e  
assoc ia ted  biological com m unities, particularly  th e  ep ib io ta  (surface-dw elling com m unity).

D ata from  a 1.8 km tidal application of POLCOM S (Proudm an O ceanographic Lab Coastal O cean  Modelling System) w ere  
m apped (Figure 14), using th e  maximum tidal cu rren t data, as biological com m unities tend  to  reflect th e  maximum w a te r 
m ovem ent ra th e r than an average.The data se t w as divided into th re e  categories, namely w eak  (0 - 1.8 N ew tons/m 28), 
m o d era te  (1.8 -  4.0 N ew tons/m 2) and strong  (>4.0 N ew tons/m 2) as show n in Figure 15 .These categories w ere  selected  to  be 
biologically meaningful, equating as closely as possible to  th o se  used by th e  Marine N atu re  C onservation  Review (C onnor and 
H iscock 1996).

8 SI equivalent m easu re  = Pascals
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Figure 14. Maximum tidal bed stress from POLCOMS m odel (source data from POL).
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Figure 15. Maximum tidal bed stress classes used in seabed analysis.



4.3.12 Seabed data layers analysis
A classification tree was developed, based upon the categorised data sets described above (seabed substrata, photic depth, wave base, 
bathymetry, bottom temperature and tide-generated bed-stress).Table 3 outlines the classification tree used in the supervised analysis, and 
indicates the final map classes from this process (illustrated in Figure 16). Bed stress subdivisions were not applied to  the rock categories, as 
it was considered this would lead to  unnecessarily fine subdivisions, given the extent of rock habitat in the data set. As the bed stress model 
indicates only weak bed stress conditions in waters deeper than 200m, bed stress was also not applied to  the deep-water categories. 
Temperature, on the other hand, was only applied to  the deep-water zone, as this is where the marked tem perature discontinuity occurs.

Table 3: Classification tree for the seabed data layers analysis

Negligible
(<2%)

Rock Photic Any Photic rock

Aphotic Any Aphotic rock

Coarse
sediment

Shallow
(coastline - < wave base)

W eak Shallow coarse sediment plain - 
weak tide stress

Moderate Shallow coarse sediment plain - 
m oderate tide stress

Strong Shallow coarse sediment plain - 
strong tide stress

Shelf (wave base - 200m) W eak Shelf coarse sediment plain - 
weak tide stress

Moderate Shelf coarse sediment plain - 
m oderate tide stress

Strong Shelf coarse sediment plain - 
strong tide stress

W arm deep-water 
(>200m and >4°C)

Any W arm deep-w ater coarse 
sediment plain

Cold deep-water (>200m and <4°C) Any Cold deep-w ater coarse sediment plain

Mixed sediment Shallow
(coastline - < wave base)

W eak Shallow mixed sediment plain - 
weak tide stress

Moderate Shallow mixed sediment plain - 
m oderate tide stress

Strong Shallow mixed sediment plain - 
strong tide stress

Shelf (wave base - 200m) W eak Shelf mixed sediment plain - 
weak tide stress

Moderate Shelf mixed sediment plain - 
m oderate tide stress

Strong Shelf mixed sediment plain - 
strong tide stress

W arm deep-water 
(>200m and >4°C)

Any W arm deep-w ater mixed 
sediment plain

Cold deep-water 
(>200m and <4°C)

Any Cold deep-w ater mixed 
sediment plain

Sand Shallow (coastline - < wave base) Any Shallow sand plain

Shelf (wave base - 200m) Any Shelf sand plain

W arm deep-water 
(>200m and >4°C)

Any W arm deep-w ater sand plain

Cold deep-water 
(>200m and <4°C)

Any Cold deep-w ater sand plain



Slope Substratum

Depth zone (includes 
photic depth, wave 
base and tem perature)

Bed-stress 
(from currents) Resultant seabed type

Negligible Mud
(<2%)

Shallow (coastline - < wave base) Any Shallow mud plain

Shelf (wave base - 200m) Any Shelf mud plain

W arm deep-w ater Any W arm deep-w ater mud plain
(>200m and >4°C)

Cold deep-w ater Any Cold deep-w ater mud plain
(>200m and <4°C)

UKSeaMap
Modelled seabed features

Types
I Photic rock 
I  A photic rock
P Shallow coarse  sed im en t plain - w eak tid e  stress 
!  Shallow coarse  sed im en t plain - m o d e ra te  tide  stress 

Shallow coarse  sed im en t plain - s trong  tide  stress 
P Shallow m ixed sed im en t plain - weak tide  stress 
I Shallow m ixed sed im en t plain - m o d era te  tide  stress 

Shallow m ixed sed im en t plain - s trong  tide  stress 
Shallow sand plain 

P Shallow m ud plain
I  Shelf coarse sed im en t plain - weak tide stress 

Shelf coarse sed im en t plain - m o d era te  tid e  stress 
Shelf coarse sed im en t plain - strong  tid e  stress 

I  Shelf mixed sed im en t plain - w eak tide stress 
I Shelf mixed sed im en t plain - m o d era te  tide  stress 

Shelf mixed sed im en t plain - strong  tide  stress 
Shelf sand plain 

I  Shelf m ud plain
I W arm  deep-w ate r coarse sed im en t plain 
P Cold deep-w ater coarse  sed im en t plain 

W arm  deep-w ate r mixed sed im en t plain 
I Cold deep-w ater m ixed sed im en t plain 

W arm  deep-w ate r sand plain 
Cold deep-w ater sand plain 
W arm  deep-w ate r m ud plain 
Cold deep-w ater m ud plain

Figure 16. Seabed types derived from supervised classification tree analysis.

4 .4  Coastal features

4.4.1 Identification of coastal physiographic features
The UK coastline has a varied and often com plex nature, resulting from a series of landform processes, such as glaciations, over 
geological tim e periods, and these  have led to  a m ixture o f indentations (m arine inlets), m ore  linear stre tches of open coast and 
coasts with adjacent islands and rocks of varying complexity. C haracterisation of this com plex coastline is an im portan t aspect in 
developing a m arine landscape map fo r UK w aters as, although it lies a t th e  margins o f UK seas, it is th e  m ost visible and heavily 
used p art o f th e  m arine environm ent.

A classification of these  coastal physiographic features was developed fo r th e  JN C C  Marine N atu re  C onservation  Review 
(C onnor et al. 1997), to  com plem ent a m ore detailed m arine habitat classification fo r Britain and Ireland.This physiographic 
classification itself d rew  upon previous m ore detailed classifications, particularly fo r estuaries, sealochs and lagoons. In assessing 
th e  distribution and ex ten t o f EC H abitats D irective A nnex I habitat types fo r Jackson and M cCleod (2000), th e  
physiographically-defined m arine types (Estuaries, Lagoons and Large shallow inlets and bays) were  defined and m apped fo r UK 
coasts in a GIS, and individual examples cross-referenced to  the  MNCR physiographic types.



For UKSeaMap, th e  MNCR physiographic classification has been fu rth e r considered in th e  light o f th e  b roader w hole UK seas 
perspective (Table 4); th e  first th ree  types (linear coast, islands/rock, and offshore seabed) have been addressed as p art o f the  
open coast modelling (Section 4.3), whilst th e  rem ainder (excepting voes) have been retained as a se t o f coastal physiographic 
types, incorporating definitions which are  com patible with th e  Habitats Directive A nnex I types.Voes have been com bined with 
sealochs, given th e ir  typically elongate character and glacial origin.The resultant se t o f coastal features is shown in Figure 17 and 
defined in Table 5.

Table 4. Relationship between MNCR physiographic types (Connor et al. 1997) and the UKSeaMap coastal features.

Open coast

Linear coast N ot used; see modelling Section 4.3

Islands / rocks N ot used; see modelling Section 4.3

Offshore seabed N ot used; see modelling Section 4.3

Semi-enclosed coast Retained as Bay

Strait / sound Retained

Barrier beach Retained

Enclosed coast

Embayment Retained

Sealoch Retained, merged with voe

Vo e Retained, merged with sealoch

Ria Retained

Estuary Retained

Isolated saline w ater (lagoon) Retained

Table 5. Outline definitions of the coastal physiographic features (modified from Connor et al. 1997).

Bay An area of open coast bounded by headlands, which provide some shelter from along-shore winds, but 
which is predominantly open to  onshore winds (compare ‘embayment’).

Sound (or strait) Channels between the mainland and an island, o r between tw o islands which are open at both ends to  the 
open coast (excludes similar features o r narrows within marine inlets such as sealochs).

Barrier beach Coastal features caused by long-shore drift which create sheltered areas (of sediment) behind them.

Embayment An enclosed area of coast in which the entrance provides shelter from onshore winds for the major part of 
the coast inside, but which is not a sealoch, voe, ria, estuary o r  lagoon.

Sealoch Glacially-formed inlets (fjords, fjards) of w estern Scotland and Ireland, including the voes of Shetland. 
Typically elongate and deepened by glacial action with little freshw ater influence. Often with narrows and 
sills dividing the loch into a series of basins. For sub-divisions (fjordic, fjardic and open sealochs) see 
Howson, C onnor and H olt (1994).

Ria Drowned river valleys of south-west Britain. Often with a greater presence of rock and m ore marine in 
character than estuaries.

Estuary Downstream part of a river w here it widens to  enter the sea. Often with significant freshwater influence 
and predominantly comprising sediment habitats. For sub-divisions (coastal plain, bar-built and complex) 
see Davidson et al. ( 19 9 1 ).

Lagoon Enclosed bodies of water, separated o r  partially separated from the sea by shingle, sand o r  sometimes rock 
and with a restricted exchange of w ater with the sea, yielding varying salinity regimes. For sub-divisions 
(isolated saline lagoon, percolation saline lagoon, sluiced saline lagoon, silled saline lagoon, saline lagoon inlet) 
see Joint N ature Conservation Comm ittee (1996).
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Figure 17. Coastal physiographic features.

For m ore detailed definitions used to  define these  features in a GIS, refer to  A nnex 5.

4.5  Seabed features classification and map

O n th e  basis o f th e  th ree  sets o f seabed types produced from th e  topographic/bed-form  analysis, th e  seabed modelling and th e  
identification of coastal features, a com bined classification and map of seabed features has been compiled (Table 6; Figures 18 
and 19). Figure 19 has been magnified to  b e tte r  illustrate som e of th e  detail in th e  seabed features; these  enlarged maps are 
given in A nnex 6.

The topographic, bed-form  and coastal physiographic features have been identified based primarily on th e ir  shape, whilst th e  
seabed modelled features are  mapped based on substratum , depth and energy. As a consequence, th e  tw o  sets o f data overlap. 
The final map has th ere fo re  been presen ted  in tw o  forms:
•  W ith  topographic and coastal features shaded, overlying th e  seabed modelled features (solid colours) to  allow th e  underlying 

seabed ch aracter to  show  through (Figure 18).
•  W ith  topographic and coastal features in solid colours, overlying and obscuring th e  seabed modelled features, such th a t th e  

la tte r a re  only visible w here  they occur as plains (i.e. <2% slope).This p resen ts a slightly sim pler map (Figure 19). N o te  th a t 
th e  pockm ark fields and iceberg ploughm ark zones are  retained as hatched features, because both rep resen t areas in which 
these  features occur, ra th er than th e  actual features them selves.

Figure 19 b e tte r  fits th e  concept o f m arine landscapes and w hat was intended in th e  aims fo r UKSeaMap, in th a t it has no 
overlapping features. H ow ever som e end users may find it useful to  see th e  com plete coverage of modelled features in 
conjunction w ith th e  topographic features, as shown in Figure 18; this is particularly helpful fo r th e  very extensive areas covered 
by th e  deep-ocean rises.
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4 .6  Biological validation

4.6.1 Overview

T he purpose of this phase of UKSeaMap was to  te s t th e  ecological validity o f th e  maps derived from  th e  geological, physical and 
hydrographic data processing.This validation process has been undertaken through th e  following steps:

•  Collation of benthic sample data, fo r sites th roughou t th e  study area, to  provide ground-tru th  information on th e  biological 
character o f th e  seabed (often also information on sedim ent type and depth);

•  Analysis o f th e  benthic sample data to  identify th e  habitat (biotope) class fo r each sample, to  provide a com m on 
in terpre tation  of th e  benthic data;

•  D evelopm ent o f a prediction as to  which habitat types might be expected  to  occu r within each landscape type, to  form ulate 
th e  hypothetical basis fo r comparing th e  ground-tru th  data w ith th e  modelled landscape map;

•  Analysis o f th e  ground-tru th  data against th e  landscape map to  te s t  how  well th e  prediction holds up in reality;

•  U se of th e  results o f th e  analysis to  define th e  degree to  which th e  landscapes types w ere  validated (correlated), expressing 
this both numerically and as maps (Section 4.8);

•  In terpretation  of th e  results to  assess possible causes of any p o o r  correlation, leading w here  necessary to  modification of 
th e  original model and to  refinem ent o f th e  (predicted) biological characterisation of th e  landscape types.

4.6.2 Data sources and their acquisition

The validation has been undertaken using sublittoral benthic sample, video survey and sediment (particle size analysis) data, which 
have been collated from a number of sources, including governm ent marine agencies, laboratories and environmental consultancies. 
The distribution of data used for the validation is shown in Figure 20 and the data sets used are listed below. Although there is a 
coastal bias within the validation data set as a whole, considerable effort was made to  rectify this by specifically targeting data for 
the offshore area during the final substantial data acquisition phase.

A pproxim ately 32,000 samples originating from  a variety of different sources w ere  used fo r th e  validation process:
Sublittoral data held by JN C C  in th e  Marine R ecorder database.This includes:
O Marine N ature  C onservation  Review survey data 
O C ountryside Council fo r W ales survey data 
O Environment and H eritage Service survey data 
O English N ature survey data 
O Scottish N atural H eritage survey data 
O Irish Sea Pilot survey data

Data from  th e  MarLIN database 
O Marine C onservation Society data
O National Parks and Wildlife Service Ireland BioMar survey data 

CEDaR N o rth e rn  Ireland survey data
•  Irish Seabed Image Archive
•  EC Biodiversity database
•  Envision video data
•  UKOOA -  UK Benthos database
•  Environm ent Agency

National Marine M onitoring Program m e
•  CEFAS N o rth  Sea Benthos 2000 data
•  D ata obtained from Emu Ltd. -  English and W elsh coasts and offshore
•  D ata obtained from ABPMer -  English coast
•  D ata obtained from MES -  English and W elsh coasts and offshore
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Figure 20. Map showing the distribution of benthic sam ple data used in the biological validation process.

4.6.2.1 Processing of benthic data
The data sets above w ere  transform ed into a standardised form at to  enable th e ir  incorporation  into th e  JN C C ’s Marine 
R ecorder database (w w w .jncc.gov.uk/M arineR ecorder), which w ould facilitate th e  fu r th e r processing required o f th e  data.

In o rd e r  to  perform  th e  biological validation, It w as essential th a t each sample used was assigned a habitat (biotope) code 
according to  th e  National Marine H abitat Classification (C onno r et al. 2004).This provides th e  com m on language fo r th e  
In terpretation  o f th e  benthic sample data, and is particularly im portan t given th e  size of th e  data sets and th e  very broad range 
of ecological character to  be assessed. It is possible to  assign sample data to  any of th e  six levels in th e  classification; however, 
fo r th e  purposes of UKSeaMap It was considered th a t working to  level 4  (Biotope Com plex) was sufficiently detailed.

A significant p roportion  o f th e  available data had already been analysed to  habitat classes in th e  classification.The remaining 
samples w ere  processed firstly by merging th e  Marine R ecorder data sets into a single Marine R ecorder Snapshot database to  
provide a simplified data s truc tu re  fo r reporting  purposes. Using predefined routines In th e  Marine R ecorder R eport W izard, 
th e  sample data w ere  then  expo rted  in th e  co rrec t form at to  be used in JN C C ’s H abitat Matching Program 
(w w w .searchM E SH .net; Chapman 2006).This is a softw are application, newly-developed as p art o f th e  Mapping European 
Seabed Habitats (MESH) project, which autom ates data w ere  assigned a t B iotope C om plex level, equivalent to  EUNIS level 4.

4.6.3 Predicting a correlation between habitat classes and landscape types
In o rd e r  to  use th e  g round -tru th  benthic sam ple data to  validate th e  landscape maps, It w as necessary  to  develop an 
expected  correlation  betw een  th e  tw o  classification schem es th a t could th en  be used to  te s t  th e  observed  relationship.
This w as undertaken  on  th e  basis o f using th e  definitions o f each habitat type and assessing th e ir  relationship to  th e  expected  
cha rac te r o f each landscape type. For Instance, th e  photic rock landscape type should by definition Include any habitats which 
bo th  o ccu r on rock  and su p p o rt algal com m unities, bu t exclude habitats occurring  on sed im ent o r  supporting  faunal- 
dom lnated  com m unities.

UKSeaMap 4 7
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As th e  landscape schem e is a much b roader classification than th e  habitat classification schem e, this essentially m eant defining 
fo r each landscape type which habitat classes might occu r in it, in a one-to-m any relationship. Because som e habitat classes 
could occu r in several landscape types (for example, seagrass beds can o ccu r in sealochs, bays and on th e  open coast), this was 
best done by developing a correlation m atrix  o r  Look-Up Table (LUT) th a t specifies th e  relationship betw een th e  habitat classes 
and th e  landscape types. The use of a LUT, a technique th a t has been utilised in research fo r te rrestria l environm ents, allows th e  
com parison of data in tw o  different classification schem es.T hree possible relationships w ere  defined:

I = Expected relationship (Samples from  H abitat X  match Landscape typeY )
-I = U nexpected relationship (Samples from H abitat X  do n o t match Landscape typeY )

•  0 = U ncertain relationship (the relationship betw een H abitat X  and Landscape typeY  is unclear. In certain circum stances, 
samples from H abitat X  may match Landscape typeY )

Using th e  LUT it is possible to  assess to  w hat level th e  sample data supports o r  contradicts th e  mapped landscapes. The LUT 
and fu rth e r details on its developm ent and use are  given in A nnex 7.

4.6.4 Analysis and results -  validity of seabed types
In ArcGIS, th e  sample data described above w ere spatially interfaced with the seabed landscape map, such th a t in addition to  a 
habitat code each sample also contained data relating, w here relevant, to  each of the  following aspects of th e  landscape map: 

Modelled landscape type
•  Coastal physiographic type
•  Topographic feature type
•  A coastal buffer indicating position relative to  th e  coast (within o r  outside 3 nautical miles) (see Section 4.6.6)

Each sample was then given a LUT value (-1, 0 o r  I) based on the predicted relationship between the habitat code and the landscape type 
assigned to  it. In cases where samples fell within both a modelled landscape type and a coastal physiographic o r  topographic feature, the 
LUT value associated with the physiographic/topographic types over-rode that of the modelled landscape type (reflecting the preferred 
dominance of these features over the modelled data in the final landscape map -  Figure 19). Using these LUT values, it was possible to  
assess w hether each sample had an ‘expected’ ‘unexpected’ o r ‘uncertain’ relationship with the underlying landscape type. From this was 
determined both a conservative (the proportion of data falling into expected definitions only) and an optimistic (the proportion of data 
falling into either expected o r uncertain definitions) estimate of the degree of correlation for each landscape type (Table 7).

Analysing the data in this way gave an indication of the level of support given by the sample data for each landscape type. However, 
as the samples w ere no t evenly distributed across the landscape map, they did no t evenly cover each of the landscape types and in 
many cases only covered a small p roportion  of th e  area of each landscape type. In particular, the high density of sample data in the 
coastal zone provided a strong bias in data coverage. As a consequence of these points a fu rther assessm ent was made by 
reviewing the sample data within each cell of the net used to  create th e  map. The num ber of samples in each cell and their LUT 
values w ere assessed and those cells with m ore than 50% of samples having an ‘unexpected’ relationship w ere deem ed no t to  be 
validated. A m ore detailed description of the data analysis for the correlation process is given in Appendix 7.

Table 7 provides a sum m ary of th e  analysis, a t both a ‘landscape ty p e’ and a ‘cell’ level1, with m ore detailed data given in A nnex 8. 
In th e  table, a t th e  cell level, th e  percentage of cells validated (i.e. in which half o r  m ore  of its samples have an expected  o r  
uncertain relationship to  th e  landscape type) is given (for example, 93% of th e  27 cells falling w ith lagoons w ere  validated by th e  
sample data). A t th e  landscape level, th e  minimum and maximum levels o f correlation are  given, indicating th e  percentage of 
samples falling within th e  expected  definition (minimum) o r  expected  and uncertain definitions (maximum). W h ere  th e re  w ere  a 
significant num ber o f samples n o t matching (validating) th e  landscape type, th e  main habitat types o f these  samples are  given, 
to g e th e r with possible explanations fo r th e  p o o r correlation.

' An additional analysis w as undertak en  a t th e  ‘polygon’ level, t o  assess w hich polygons appeared  to  m atch th e  c h a rac te r ex p ec ted  o f th e  landscape 

type , based on  w h e th e r  50% o r  m o re  o f th e  cells in a polygon w e re  validated by th e  sam ple data. As th e  resu lts  w e re  broadly sim ilar to  th o se  

p resen ted  here , th e  additional detail has n o t been  given.



Table 7: Sum m ary of biological correlation data at cellular and landscape levels against the seabed landscapes types 
(for habitat codes refer to Connor et al. 2004) (see also Figures 2 I and 22)

Enclosed coast

Lagoon 27 93 137 67 96

Estuary 539 99 3697 57 99

Ria 78 97 965 65 97

Sealoch 1 101 100 6640 93 100

Embayment 138 99 861 47 96

Open coast and continental shelf

Sem i-enclosed coastal features

Barrier beach 0

Sound 36 100 410 48 97

Bay 510 100 1459 61 99

Shallow coastal plain features

Photic rock 284 68 1637 61 61 CR; Lack o f ‘rock’ data 
SS.SMp; within BGS data set 
SS.SCS

Aphotic rock 51 39 225 36 36 IR types Poor distinction 
remains between 
photic/aphotic 
(infralittoral/ 
circalittoral) despite 
amendments to  
light attenuation 
boundary

Shallow coarse sediment 
plain - weak tide stress

793 30 2747 22 23 Rock types; % Correlation 
SS.SMx; increases when area 
SS.SSa outside buffer is 

taken alone

Shallow coarse sediment 
plain - moderate tide stress

825 53 3293 34 37 Rock types; % Correlation 
SS.SMx; increases when area 
SS.SSa outside buffer is 

taken alone

Shallow coarse sediment 
plain - strong tide stress

259 42 1 104 24 26 Rock types; % Correlation 
SS.SMx; increases when area 
SS.SSa outside buffer is 

taken alone

Shallow mixed sediment 
plain - weak tide stress

204 25 653 22 25 Rock types; 
Infralittoral 
sands

Shallow mixed sediment 
plain - moderate tide stress

39 31 303 24 26 Rock types; 
SS.SCS

UKSeaMap



Shallow mixed sediment 
plain - strong tide stress

15 40 109 17 19 Rock types; 
SS.SCS

Shallow sand plain 1 127 43 4063 29 34 Rock types; 
SS.SCS

% Correlation 
improves outside 
coastal buffer, but still 
~350 samples were 
assigned to  SS.SCS

Shallow mud plain 256 48 658 23 32 Rock types % Correlation 
increases to  80% 
when area outside 
the buffer is taken 
alone

Shelf plain features

Shelf coarse sediment 
plain - weak tide stress

90 7 226 0 3 SS.SCS.ICS Poor distinction 
between shallow/shelf 
landscapes; HMP 
problem

Shelf coarse sediment 
plain - m oderate tide 
stress

174 6 433 0 3 SS.SCS.ICS Poor distinction 
between shallow/shelf 
landscapes; HMP 
problem

Shelf coarse sediment 
plain - strong tide stress

19 1 1 55 0 5 SS.SCS.ICS Poor distinction 
between shallow/shelf 
landscapes-HMP 
problem; very low 
sample size

Shelf mixed sediment 
plain - weak tide stress

17 41 58 3 14 Sample size too  low 
for results to  be 
reliably interpreted

Shelf mixed sediment 
plain - m oderate tide 
stress

6 50 7 29 43 Sample size too  low 
for results to  be 
reliably interpreted

Shelf mixed sediment 
plain - strong tide stress

•

No samples

Shelf sand plain 767 7 2029 i 4 Mud types; 
Sandy muds; 
SS.SCS

Poor distinction 
between sand and 
mud - 367 samples 
are in ‘mud’ rather 
than sand.

Shelf mud plain 194 66 446 12 55 Rock types;
Muddy
sands;
Infralittoral
muds

Many rock samples 
found in mud within 
coastal buffer - % 
validated increases to  
70% when area 
outside the buffer is 
taken alone



Coastal and shelf bed-form features

Subtidal sediment bank 9 100 16 31 88

Shelf mound o r  pinnacle 13 100 53 66 100

Shelf trough 33 94 137 20 63 IR types

Pockmark field 0

Continental slope and deep sea

Continental slope and deep sea topographic and bed-form features

Continental slope 2 0 17 0 0 No types in LUT 
to  validate feature

Iceberg plough mark 
zone

0 No types in LUT 
to  validate feature

Canyon 0 No samples

Deep ocean rise 2 0 27 0 0 No types in LUT 
to  validate feature

Carbonate mound 0 No samples

Deep-water mound 0 No samples

Continental slope and deep sea plain features

W arm deep-water 
coarse sediment plain

1 0 1 0 0 No types in LUT 
to  validate feature

Cold deep-w ater coarse 
sediment plain

0 No samples

W arm deep-water 
mixed sediment plain

•

No samples

Cold deep-water 
mixed sediment plain

•

No samples

W arm deep-water 
sand plain

•

No samples

Cold deep-water 
sand plain

•

No samples

W arm deep-water 
mud plain

•

No samples

Cold deep-water 
mud plain

0 No samples



4.6.5 Coastal physiographic and topographic feature correlation
The results indicate that the coastal physiographic features and The tpographic features on the shelf w ere very well validated overall, 
though it is notable that a large proportion of uncertain relationships involving these features w ere defined in the LUT, and the range 
between the maximum and minimum correlation could be greatly reduced if these relationships w ere more clearly defined.The 
topographic features on the continental slope and in the deep sea remain unvalidated, because of both the lack of sample data and 
because the habitat classification does not extend in enough detail to  these zones to  provide habitat types for the LUT.

4.6.6 Modelled landscape types correlation
T here  was significant variability across th e  modelled landscape types, with som e (e.g. Photic reef, Shelf mud plain, Shallow mixed 
sediment plain) appearing to  be well validated, whilst o th e rs  (e.g. Shallow and Shelf coarse sediment plains) seem  to  have a p o o r 
correlation. A num ber of factors have been identified as having an influence on th e  correlation overall, with th e  relative 
im portance of each fac to r expected  to  vary depending on th e  landscape type in question:

Scale o f m odellin g and validation data se ts

T he data sets used fo r modelling are  a t a significantly co arser resolution than th e  biological correlation data. C onsequently  it can 
be expected  th a t no t all sample data will match exactly with th e  m ore generalised modelling data.

C oastal rock

There is a significant underestim ate of coastal rock data within the substratum data set (DigSBS typically excludes the near-shore zone 
and the WFD typology data set, which was summarised to  I nautical mile, under-represents coastal rock), compared to  the biological 
data available. Additionally there  is a high density of rocky habitat data in some areas, which has further biased the results.

The over representation of coastal rock data in the validation data set is problematic when combined with the under representation of 
rock data within the BGS data set, and means that rock habitat is likely to  exist in areas that are not identified as such by the BGS data 
set (Annex 9 provides a map indicating w here rock habitat occurs according to  the available sample data). As is suggested in Table 7, 
the over representation of samples for rock habitat occurs in particular within the shallow coastal zone types and this greatly reduced 
the percent correlation of those landscape types and masked o ther patterns within the correlation.

To help redress this bias, a coastal buffer w as used to  split th e  UKSeaMap area into ‘coastal’ (within 3nm of th e  shore) and 
‘offshore’ (outside 3nm) zones. A separate analysis was then perform ed on th e  data falling inside and outside th e  buffer.Table 8 
show s th e  results o f this analysis.

Table 8:Analysis of biological correlation data against modelled seabed types for area inside and outside a 3nm coastal buffer

Enclosed coast

Lagoon 137 67 96 0

Estuary 3652 58 99 45 44 100

Ria 965 65 97 0

Sealoch 6637 93 100 3 67 100

Embayment 861 47 96 0

Open coast and continental shelf

Sem i-enclosed coastal features

Barrier Beach 0 0



Landscape type Inside 3nm buffer O utside 3nm buffer

Sound 410 48 97 0

Bay 1236 61 99 223 64 100

Shallow coastal plain features

Photic rock 1615 61 62 22 14 14

Aphotic rock 194 34 34 31 48 48

Shallow coarse sediment 
plain - weak tide stress

1910 12 13 837 44 45

Shallow coarse sediment 
plain - m oderate tide stress

1658 1 1 14 1635 57 60

Shallow coarse sediment 
plain - strong tide stress

822 IO 1 1 282 66 69

Shallow mixed sediment 
plain - weak tide stress

546 21 24 107 26 27

Shallow mixed sediment 
plain - m oderate tide stress

262 21 24 41 39 39

Shallow mixed sediment 
plain - strong tide stress

105 18 20 4 0 0

Shallow sand plain 2838 24 28 1225 40 49

Shallow mud plain 566 16 24 92 71 82

Shelf plain features

Shelf coarse sediment 
plain - weak tide stress

48 0 0 178 0 4

Shelf coarse sediment 
plain - m oderate tide stress

1 1 0 0 422 0 3

Shelf coarse sediment 
plain - strong tide stress

22 0 0 33 0 9

Shelf mixed sediment 
plain - weak tide stress

17 0 41 5 17

Shelf mixed sediment 
plain - m oderate tide stress

' ’

29 43

Shelf mixed sediment 
plain - strong tide stress

' •
Shelf sand plain 35 » 1994 1

14

4

63Shelf mud plain 58 0 5 388

Coastal and shelf bed-form features

Subtidal sediment bank 0 16 31 88
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Shelf mound o r pinnacle 4 75 100 49 65 100

Shelf trough 88 5 43 49 49 98

Pockmark field 0 0

Continental slope and deep sea

Continental slope and deep sea topographic and bed-form features

Continental slope 0 17 0 0

Iceberg plough mark zone 0 0

Canyon 0 0

Deep ocean rise 0 27 0 0

Carbonate mound 0 0

Deep-water mound 0 0

Continental slope and deep sea plain features

W arm deep-w ater coarse 
sediment plain

1 0 0 0

Cold deep-w ater coarse 
sediment plain

0 0

W arm deep-w ater mixed 
sediment plain

0 0

Cold deep-w ater mixed 
sediment plain

0 0

W arm deep-w ater sand plain 0 0

Cold deep-w ater sand plain 0 0

W arm deep-w ater mud plain 0 0

Cold deep-w ater mud plain 0 0

From th e  reanalysis (Table 8), th e  ex ten t to  which th e  coastal rock samples w ere  affecting th e  correlation results fo r th e  data 
se t as a w hole (Table 7) Is Indicated by th e  fact th a t 17 o f th e  21 shallow and shelf plain features have Improved percentage 
correlations (som e significantly) outside th e  3nm buffer.

Photic/aphotic rock boundary

The analysis revealed that the modelled depth boundaries for the photic/aphotic rock categories needed to  be assessed against 
biological data to  ensure the most appropriate boundaries had been selected. An examination of the data has revealed that although the 
samples associated with Aphotic rock are primarily from rock habitats, there is still some confusion between photic and aphotic zones, as 
38% of the samples falling within the Aphotic rock type actually come from the infralittoral (photic) part of the habitat classification.



S ed im en t class boundaries

Biological com m unities tend  to  strongly reflect th e  sedim ent type in which they live, and this has been used to  help define th e  
sedim ent habitat in th e  habitat classification in which th e re  are fou r main sedim ent classes defined (C onnor et al. 2004) (Figure 
6). H ow ever in reality th e re  is a continuum  of biological character across th e  boundaries o f these  classes, ra th er than any hard 
boundaries.T he biological validation undertaken here  has revealed a significant num ber of samples technically fell th e  ‘w rong 
side’ o f th e  boundary, thus suggesting non-validation of th e  landscape type.This is particularly m arked fo r th e  sandy mud and 
muddy sand p art o f th e  analysis and appears to  be th e  underlying cause fo r th e  p o o r correlation of th e  Shelf sand plain 
landscape type, which contained a large num ber of samples belonging to  th e  ‘m ud’ p a rt o f th e  classification. Similarly shallow 
coarse sedim ent samples w ere  frequently found in th e  related mixed sedim ent landscape types..This aspect o f th e  analysis needs 
fu rth e r examination to  assess th e  scale of th e  differences betw een th e  sample data and th e  sedim ent data layer and how  this 
might best be resolved.

The Folk definition o f gravel, as used in th e  BGS data set, is very broad and includes particles ranging from 2mm in d iam eter 
(gravel size) up to  2048m m  (very large boulders).This might explain why som e of th e  coarse  sedim ent plains have validation 
rock samples within them .

Bed stress

The validation process has n o t clearly supported  th e  divisions fo r th e  shelf and shallow coarse and mixed sedim ent plains into 
th e  th re e  bed stress classes (strong, m oderate , weak). In addition th e re  appears to  be an unexpected  negative correlation 
betw een bed stress and seabed substratum  types (large areas of coarse  sedim ent with w eak bed stress) (Table 6). C onsequently  
th e  validity of th e  sub-divisions needs fu r th e r consideration, including a m ore  detailed assessm ent o f th e  correlation results. 
N evertheless, in view of th e  im portance of bed stress in determ ining seabed character and because th e  broadscale pattern  
distinguished by it appears sensible, th e  th re e  sub-types have been retained, pending fu r th e r investigation.

H abitat M atching Program  and habitat classification

The H abitat Matching Program (HMP) is a newly developed softw are application and th e re  may be areas of th e  habitat 
classification fo r which it is w orking less effectively than o thers. Although th e  significance of this is no t known, it should 
be considered w hen evaluating th e  validation process. For example, th e  Shelf coarse sediment plain landscape type was often 
m atched to  infralittoral coarse  sedim ent (SS.SCS.ICS) samples. For th e  m ost part, shelf landscape types are  associated with 
deep w a te r (>50m), and samples from here should n o t have habitat codes from th e  infralittoral zone (typically < 15m).This 
could point to  an assignm ent problem  within th e  HMP th a t could be addressed by undertaking a fu r th e r m ore detailed 
analysis o f th o se  parts o f th e  classification th a t a re  no t well rep resen ted  by sample data.

D ata quality

Inevitably datasets o f th e  scale used here, which are  sum m arised to  cover th e  w hole UK, will rep resen t th e  general trends 
across th e  UK and will n o t always be co rrec t at th e  fine scale. Some particularly im portan t aspects are  m entioned above. In 
addition, th e  sample data se t was very large (~32,000 samples) and came from  many different sources, and it to o  is likely to  
have som e data quality issues, which may have resulted in th e  incorrec t assignm ent o f habitat codes.T hese issues are  likely to  
have affected th e  results o f th e  validation to  som e extent.

4.7  Biological characterisation of seabed features

An initial indication of th e  biological character of each landscape type has been expressed through a correlation of th e  landscape 
types with th e  EUNIS classification (Annex 7).This table form ed th e  basis of th e  LUT fo r th e  biological validation process and 
would benefit from re-exam ination in th e  light of th e  validation process with a view to  removing som e of th e  uncertain 
relationships.
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4 .8  Confidence assessment

4.8.1 Aspects considered and approach to assessment
T he data used to  derive th e  seabed landscape map com es from  a w ide range o f sources, having them selves been variously 
developed a t many different resolutions through d irect observation, rem ote  sensing and modelling.These data have been fu rth er 
processed  here  before analysing in an integrated m anner to  m odel th e  distribution of seabed types. Such factors contribu te  to  
provide degrees of certainty and uncertain ty  in th e  resultant landscape maps. Additionally, th e  ground-tru th  data available are no t 
evenly distributed geographically o r  across th e  landscape types.To help ensure end users are  aware of th ese  underlying issues, it 
is th ere fo re  considered im portan t to  assess and p resen t aspects o f confidence in th e  resultant maps.

Confidence assessm ent fo r m arine habitat mapping is a newly-developing area, with techniques on how  best to  do this currently 
being developed as p a rt o f th e  MESH project. From a UKSeaMap perspective, th e  general approach adopted 
w as as follows:
•  For each underlying data se t (substratum , tem pera tu re , etc.), provide good m etadata to  indicate th e  source of th e  data, how  

th e  data w ere  processed and th e  resolution of th e  data set.
•  C onsider w h e th e r th e  resolution of th e  data sets, individually o r  com bined, could be rep resen ted  on a map.
•  For each m arine landscape type, express th e  am ount o f ground-tru th  validation data available and th e  degree of consistency 

in habitat type (com pared to  th e  expected  character of th e  landscape type).
•  For each area fo r a particular landscape type, express th e  am ount o f ground-truth data available and th e  degree of 

consistency in habitat type (com pared to  th e  expected character of th e  landscape type).This may be best expressed via maps.

4.8.2 Presentation of confidence assessments
T he pixelated appearance of th e  final landscape map (Figures 18, 19; A nnex 6), resulting from th e  tw o  grids applied to  th e  data, 
is intended to  indicate th a t th e  maps should n o t be considered to  have as a high a level o f precision, as might be implied from 
maps th a t have sm ooth boundaries betw een polygons. The use of a much co arser grid fo r deep w aters beyond th e  continental 
shelf reflects th e  fact th a t th e  data are  much less detailed in this region.

M etadata giving details o f th e  source and tim escale rep resen ted  fo r each data se t is available on th e  mapping w ebsite (see 
Section 6) so th a t it can be viewed along with th e  maps them selves.This allows users to  check such information a t any tim e. 
Making detailed m etadata available in this way, alongside th e  data itself, was felt to  be m ore im portan t than displaying it 
graphically in a map.

T he m ore im portan t elem ents to  display cartographically are  th e  results from  th e  biological validation process described in 
Section 4.6. This provides an assessm ent o f th e  landscape map a t th e  level o f individual grid cells and a t th e  landscape type level. 
Maps of each of these  levels are  p resen ted  in Figures 21 and 22. These maps provide a graphical representation  of th e  data 
given in Table 7 and w ere  produced followed th e  m ethod outlined in Section 4.6. In Figure 22 th e  mapped categories are  as 
follows: p o o r  correlation (0-25%), m odera te  correlation  (25-50%) and good correlation (>50%).These cut-off values have been 
selected following consideration of th e  level o f validation achieved in o th e r  modelling studies. UKSeaMap is rare  in providing a 
confidence assessm ent in this way; it is likely th a t th e  results of th e  validation process used here  would com pare favourably with 
o th e r  m arine modelling outpu ts, especially given th e  scale o f th e  UKSeaMap area.

T he maps (Figures 21 and 22) show  th a t th e re  is in general a g rea te r confidence in m ore shallow and coastal areas, which is 
though t to  result from a num ber o f factors, although th e re  is also good confidence in som e offshore areas th a t have been well 
studied. The BGS sedim ents data se t is generally based on m ore  sample points in th e  shallow er areas and is th e re fo re  likely to  
be m ore reliable in these  areas than in deep er w ater. Also th e  coastal bias o f th e  available ground tru th  data is also likely to  
im pact this as it m eans th a t th e re  are generally sm aller sample sizes in th e  analysis fo r offshore landscape types. In cases w here 
th e  H abitat Matching Program w as used to  assign habitats to  samples, this is expected  to  be m ore reliable in shallow areas as 
th e  standards used within th e  HMP are  b e tte r  developed fo r these  areas than fo r offshore areas. An exception to  this general 
pattern  relates to  th e  Shelf mud plains in th e  no rthern  N o rth  Sea and th e  Irish Sea, which are  very well supported  in th e  
validation process.
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Figure 22: Map showing the degree to which the biological validation data, at the landscape level, supported the  
predicted character of the underlying landscape type (refer to text for full explanation and see  also Table 7)

5 Water column features

5.1 Overview

T he general approach to  developm ent o f maps to  rep resen t th e  ecological character o f th e  w a te r column o r  pelagic 
environm ent followed th a t fo r th e  seabed modelling, th a t Is:
•  Define a series o f environm ental data layers which are needed to  characterise th e  w a te r column;
•  Source th e  required data sets, w here  possible to  provide data layers covering th e  w hole (o r majority of) UK seas;
•  Process th e  data Into suitable GIS form ats, Including categorising each data set;
•  Analyse th e  data sets In an Integrated m anner to  produce classifications of th e  w a te r column;
•  Validate the  resultant maps w ith ground-tru th  data (e.g. biological sample data);
•  C haracterise  th e  final w a te r column classifications according to  both abiotic (physical, hydrographic) and biological 

characteristics;
•  P resent th e  underlying data layers and resultant maps In a w eb GIS application;
•  Assess th e  level o f confidence th a t can be placed In th e  resultant maps.

T he key difference In m ethodology was th a t th e  data sets w ere  processed  and sum m arised according to  four seasons to  b e tte r  
reflect th e  highly mobile nature o f th e  pelagic environm ent:
•  W in te r -  D ecem ber, January and February
•  Spring -  March, April and May
•  Sum m er -  June, July and August
•  Autum n -  Septem ber, O c to b e r and N ovem ber

In con trast to  classifying th e  seabed features, th e  w a te r column has a 3-dlmenslonal aspect to  Its character, and Is affected In 
particular by significant changes In tem p era tu re  w ith depth.W ithin th e  tlm escale and resources available fo r th e  UKSeaMap 
project, It was only possible to  consider th e  w a te r column In a 2-dlmenslonal perspective.



5 .2  Water column data layers and their processing

A num ber of hydrographic data sets w ere  obtained from th e  Proudm an O ceanographic L aboratory (POL), and assessed for 
relevance to  modelling w a te r column types:
•  Shelf surface salinity
•  Atlantic surface salinity
•  Sea surface tem p era tu re  (rem otely sensed data)
•  Sea bo ttom  tem p era tu re  (modelled data)
•  Surface to  bed tem p era tu re  difference (m odelled data)

Stratification probability (modelled data)
Frontal probability (m odelled data)

•  Potential energy anomaly (m odelled data)
Shelf mixed layer depths (m odelled data)

•  Atlantic mixed layer depths (m odelled data)
•  Tidal stress (spatially referenced point values)
•  W ave stress (spatially referenced point values)

A fter consideration of th e ir potential role in defining w a te r column types, and because som e w ere  effectively replicating o th e r  
data sets (e.g. stratification probability and surface to  seabed tem p era tu re  difference), th e  data sets to  be used in th e  final 
analysis w ere  refined to  th e  following:
•  Surface salinity (shelf and Atlantic)
•  Surface to  bed tem p era tu re  difference
•  Frontal probability

F urther details on th o se  data sets which w ere  n o t used in th e  analysis are  provided in A nnex I I.

5.2.1 Surface salinity
Salinity was selected as th e  initial classification param eter used fo r generating w a te r column types, as it has a m ajor role in 
determ ining biological character, varying from inshore estuarine and coastal conditions through to  fully saline oceanic w aters. 
The following categories in th e  salinity data w ere  adopted:
•  Estuarine ( < 3 0 % o )

•  Coastal o r  Region of Freshw ater Influence (ROFI) ( > 3 0 % o ,  but < 3 4 % o )

•  Shelf ( > 3 4 % o ,  but < 3 5 % o )

•  O ceanic ( > 3 5 % o )

Two separate  data sets comprising shelf and beyond shelf (Atlantic) data w ere  used to  map surface salinity. Away from th e  shelf 
th e  data points used to  create  th e  ra s te r layer w ere  sparse but have enabled th e  N orth  East Atlantic A pproaches and th e  
Rockall Trough and Bank regions to  be mapped, as these  w ere  gaps In th e  shelf data se t.T hroughout th e  year surface salinity 
figures in th e  beyond shelf data se t remain > 3 5 % o  and th ere fo re  fall within th e  O ceanic w aters category.The resultant surface 
salinity maps are  shown In Figures 2 3 - 2 6 .
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Figure 23. W inter sea surface salinity (source data from POL)
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Figure 24. Spring sea  surface salinity (source data from POL)
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Figure 25. Sum m er sea surface salinity (source data from POL)
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Figure 26.Autumn sea surface salinity (source data from POL)



5.2.2 Surface to seabed temperature difference
Surface to  seabed  te m p e ra tu re  d ifference da ta  has been  used to  distinguish th r e e  classes w hich re flec t th e  deg ree  of 
stability In th e  w a te r  colum n, nam ely therm ally  stratified  and w ell-m ixed w a te rs  on th e  con tinen ta l shelf, to g e th e r  w ith  an 
in te rm ed ia te  tran s itio n  z o n e  (show n as frontal on th e  m aps) (Figures 27-30).

UKSeaMap
Surface to  seabed tem pera tu re  difference - winter
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Figure 27. W inter surface to bed tem perature difference (source data from POL)
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Figure 28. Spring surface to bed tem perature difference (source data from POL)
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Figure 29. Sum m er surface to  bed tem perature difference (source data from POL)
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C lasses (°C)

W ell m ixed  (0.0 - 0.5) 

F ro n ta l (0.5 - 2.0) 

S tra tif ied  (> 2.0)

Figure 30.Autumn surface to bed tem perature difference (source data from POL)

5.2.3 Front probability
F ron ts a re  an im p o rta n t z o n e  of rapid change in hydrographic and biological character, o ften  separa ting  shelf sea regions 
from  th e  open  ocean . F ro n t p robability  da ta  has th e re fo re  been  included in th e  w a te r  colum n classification p ro cess  to  
illu stra te  th e  likelihood of a fro n t being p re s e n t w ithin a particu la r area.

T he  fro n t probability  density  function  is defined as th e  n u m b er o f days th e  horizontal te m p e ra tu re  d ifference be tw een  
neighbouring m odelled  locations exceed s 0 .5°C , divided by th e  n u m b er o f days In this season  o v er th e  10-year run. 
Figures 31-34 Illustrate th e  location  o f f r a n ts  in th e  UKSeaM ap area.
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Figure 3 I. W inter front probability (source data from POL).
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Figure 32. Spring front probability (source data from POL).
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Figure 33. Sum m er front probability (source data from POL).
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Figure 34. Autumn front probability (source data from POL).



5.3 Water column analysis

Using a similar m ethodology to  th a t Im plem ented fo r th e  seabed modelling (Section 4.3), a classification tre e  was developed, as 
shown In Table 9, to  enable a supervised classification of th e  w a te r column data sets to  be undertaken. The analysis used data 
sets on salinity, surface to  bed tem p era tu re  difference and th e  probability o ff ra n ts .

Surface to  bed tem p era tu re  difference w as used to  distinguish betw een well mixed, frontal and tem p era tu re  stratified areas. 
Areas identified as frontal from the surface to  bed tem perature difference data w ere then subdivided using the front probability data.

Four maps w ere  produced (winter, spring, summer, autum n) to  Illustrate th e  seasonal variability In th e  pelagic environm ent 
(Figures 35-38).

Table 9. W ater column features analysis

Estuarine (<=30) Estuarine w ater

ROFI
(>30 and <=34)

Well-mixed (<=0.5) Well-mixed ROFI

Frontal (>0.5 and <=2.0) No Front (<I5%) Weakly-stratified ROFI

Front (> 15%) Frontal ROFI

Stratified (>2.0) Stratified ROFI

Shelf
(>34 and <=35)

Well-mixed (<=0.5) 0 Well-mixed shelf w ater

Frontal (>0.5 and <=2.0) No Front (<I5%) Weakly-stratified shelf w ater

Front (> 15%) Frontal shelf w ater

Stratified (>2.0) Stratified shelf w ater

Oceanic (>35) Well-mixed (<=0.5) 0 Well-mixed oceanic w ater

Frontal (>0.5 and <=2.0) No Front (<I5%) Weakly-stratified oceanic w ater

Front (> 15%) Frontal oceanic w ater

Stratified (>2.0) Stratified oceanic w ater

5 .4  Water column classification and maps

The classification of w a te r column features, resulting from th e  supervised analysis, Is p resen ted  In Table 10 and Illustrated, by 
season, in Figures 35-38.

Table IO. Classification of w ater column features and their main characteristics

Estuarine w ater Estuarine (<=30)

Well-mixed ROFI ROFI (>30 and <=34) Well-mixed (<=0.5)

Weakly-stratified ROFI ROFI (>30 and <=34) Frontal (>0.5 and <=2.0) No Front (<=0.15)

Frontal ROFI ROFI (>30 and <=34) Frontal (>0.5 and <=2.0) Front (> 0.15)

Stratified ROFI ROFI (>30 and <=34) Stratified (>2.0)

Well-mixed shelf w ater Shelf (>34 and <=35) Well-mixed (<=0.5) 0

UKSeaMap



W ater column type Salinity (%o) Surface to seabed 
tem perature difference (°C)

Fronts
(% probability)

Weakly-stratified shelf w ater

Frontal shelf w ater

Stratified shelf w ater

Well-mixed oceanic w ater

Frontal oceanic w ater

Stratified oceanic w ater

Shelf (>34 and <=35) 

Shelf (>34 and <=35) 

Shelf (>34 and <=35) 

Oceanic (>35)

Weakly-stratified oceanic w ater Oceanic (>35)

Oceanic (>35)

Oceanic (>35)

Frontal (>0.5 and <=2.0) 

Frontal (>0.5 and <=2.0) 

Stratified (>2.0)

Well mixed (<=0.5) 

Frontal (>0.5 and <=2.0) 

Frontal (>0.5 and <=2.0) 

Stratified (>2.0)

No Front (<=0.15) 

Front (>0.15)

No Front (<=0.15) 

Front (>0.15)
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W ater  column features - winter
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W ell-m ixed  ROFI 

W eak ly -s tra tifie d  ROFI 

W ell-m ixed  sh e lf  w a te r  

W eak ly -s tra tifie d  sh e lf  w a te r  

W ell-m ixed  o cean ic  w a te r  

W eak ly -s tra tifie d  o cean ic  w a te r

Figure 35. W inter w ater column features.
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Figure 36. Spring w ater column features.

5.5 Biological validation

5.5.1 Data used
The w a te r column maps w ere  com pared with plankton distribution data prepared by SAHFOS (Sir A llster Hardy Foundation 
fo r O cean Science). These data show ed th e  annual mean distribution of th e  following plankton taxa In th e  n o rth -east Atlantic: 
th e  copepods Calanus finmarchicus, Calanus helgolandicus and Metridia lucens, decapod larvae and to tal dlnoflagellate abundance. 
The data fo r th ese  five plankton Indicators w ere  supplied as log transform ed abundance p e r sample (per 3m3). Phytoplankton 
co lour as an Index of to tal phytoplankton biomass was also provided. Further Information on th e  origin and developm ent of 
these  data sets, and th e ir  use In helping to  classify and delineate w a te r column features can be found In Edwards and Johns 
(2005). In con trast to  th e  biological validation o f th e  seabed landscapes, w here  It w as possible to  define th e  expected  biological 
character o f each type (In te rm s of Its expected  habitat com position), this was n o t possible fo r th e  w a te r column as a detailed 
habitat classification fo r th e  w a te r column Is no t available fo r UK w aters.

5.5.2 Data analysis
The plankton distribution data w ere  Interfaced w ith th e  seasonal w a te r column maps In a GIS using Spatial Analyst to  determ ine 
a mean abundance of each plankton Indicator fo r each w a te r column type on a season by season basis.

5.5.3 Results -  validity and characterisation of water column types
The results from the  w ater column biological validation are shown In Tables I 1-15. The grey shaded rows Indicate th e  w ater 
column features which w ere no t Indicated In th e  analysis as being present during th a t particular season. In the ‘relative 
contribution’ tables, the figures given show the highest mean annual abundance as 100, with the remaining figures represented  as a 
p roportion  of th a t highest figure (e.g. for Spring data, Calanus finmarchicus has Its highest abundance as 0.458 per 3m3 for Well-mixed 
oceanic woters.The value of 0.254 per 3m3 for Weakly-stratified oceanic waters represents 55% of this maximum value. The relative 
contribution figures enable easier com parison of relationship of each taxon to  one o r  m ore w ater column types.
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Figure 37. Sum m er w ater column features.
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Figure 38. Autumn w ater column features.



Table I I. W ater column features for Spring showing mean annual abundance (per 3m3) of the six plankton indicators 
and their relative contribution across th e features for each indicator.

M ean annual abundance:

Frontal ROFI

Stratified ROFI

Weakly stratified ROFI 0.194 0.307 0.246 0.093 1.570 0.91 1

Well mixed ROFI 0.1 18 0.297 0.320 0.070 1.558 1.060

Shelf frontal w ater

Shelf stratified w ater

Weakly stratified 
shelf w ater

0.401 0.302 0.182 0.100 1.856 1.030

Well-mixed shelf w ater 0.266 0.423 0.261 0.147 1.669 0.978

Oceanic stratified w ater

Weakly stratified 
oceanic w ater

0.254 0.466 0.161 0.229 1.642 0.867

Well-mixed oceanic w ater 0.458 0.283 0.146 0.182 1.646 0.980

Relative co n tr ib u tio n  acro ss  w a te r  colum n fea tu res  fo r  each taxon :

Frontal ROFI

Stratified ROFI

Weakly stratified ROFI 42 66 77 41 85 86

Well mixed ROFI 26 64 100 31 84 100

Shelf frontal w ater

Shelf stratified w ater

Weakly stratified 
shelf w ater

88 65 57 44 100 97

Well-mixed shelf w ater 58 91 82 64 90 92

Oceanic stratified w ater

Weakly stratified 
oceanic w ater

55

oo

50 100

0000 82

Well-mixed oceanic w ater 100 61 46 79 89 92
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Table 12. W ater column features for Sum m er showing mean annual abundance (per 3m3) of the six plankton 
indicators and their relative contribution across the features for each indicator.

Mean annual abundance:

Frontal ROFI 0.223 0.334 0.254 0.132 1.510 0.862

Stratified ROFI 0.440 0.258 0.164 0.121 1.705 0.821

Weakly stratified ROFI 0.187 0.262 0.306 0.089 1.525 0.960

Well mixed ROFI 0.081 0.287 0.339 0.052 1.587 I.I7I

Shelf frontal w ater 0.200 0.418 0.310 0.1 13 1.701 1.091

Shelf stratified w ater 0.380 0.362 0.188 0.134 1.794 0.980

Weakly stratified 
shelf w ater

0.213 0.295 0.360 0.061 1.861 1.403

Well-mixed shelf w ater 0.1 1 1 0.353 0.375 0.069 1.568 1.078

Oceanic stratified w ater 0.372 0.358 0.147 0.199 1.634 0.903

Weakly stratified 
oceanic w ater

Well-mixed oceanic w ater

Relative contribution across w a te r column features fo r each taxon:

Frontal ROFI 51 80 68 67 81 61

Stratified ROFI 100 62 44 61 92 59

Weakly stratified ROFI 43 63 82 45 82 68

Well mixed ROFI 18 69 90 26 85 83

Shelf frontal w ater 45 100 83 57 91 78

Shelf stratified w ater 86 87 50 68 96 70

Weakly stratified 
shelf w ater

48 71 96 30 100 100

Well-mixed shelf w ater 25 84 100 35 84 77

Oceanic stratified w ater 84 86 39 100 88 64

Weakly stratified 
oceanic w ater

Well-mixed oceanic w ater



Table 13. W ater column features for Autum n showing mean annual abundance (per 3m3) of the six plankton 
indicators and their relative contribution across the features for each indicator.

Mean annual abundance:

Frontal ROFI

Stratified ROFI 0.702 0.223 0.084 0.201 1.807 0.769

Weakly stratified ROFI

Well-mixed ROFI 0.122 0.293 0.320 0.072 1.547 1.033

Shelf frontal w ater 0.143 0.514 0.317 0.1 18 1.693 0.987

Shelf stratified w ater 0.397 0.394 0.173 0.145 1.792 0.922

Weakly stratified 
shelf w ater

0.360 0.274 0.203 0.1 1 1 1.807 1.094

Well-mixed shelf w ater 0.176 0.349 0.323 0.089 1.643 l.l 10

Oceanic stratified w ater 0.295 0.452 0.156 0.215 1.670 0.852

Weakly stratified 
oceanic w ater

0.473 0.261 0.139 0.174 1.650 0.973

Well-mixed oceanic w ater 0.463 0.300 0.159 0.159 1.594 1.005

Relative contribution across w a te r column features fo r each taxon:

Frontal ROFI

Stratified ROFI 100 43 26 93 100 69

Weakly stratified ROFI

Well-mixed ROFI 17 57 99 33 86 93

Shelf frontal w ater 20 100 98 55 94 89

Shelf stratified w ater 57 77 54 68 99 83

Weakly stratified 
shelf w ater

51 53 63 51 100 99

Well-mixed shelf w ater 25 68 100 41 91 100

Oceanic stratified w ater 42 88 48 100 92 77

Weakly stratified 
oceanic w ater

67 51 43 81 91 88

Well-mixed oceanic w ater 66 58 49 74 88 91
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Table 14. W ater column features for W inter showing mean annual abundance (per 3m3) of the six plankton indicators 
and their relative contribution across the features for each indicator.

Mean annual abundance:

Frontal ROFI

Stratified ROFI

Weakly stratified ROFI

Well-mixed ROFI 0.127 0.300 0.31 1 0.076 1.540 0.962

Shelf frontal w ater

Shelf stratified w ater

Weakly stratified 
shelf w ater

0.575 0.302 0.107 0.175 1.797 0.805

Well-mixed shelf w ater 0.309 0.360 0.230 0.120 1.742 1.022

Oceanic stratified w ater

Weakly stratified 
oceanic w ater

0.095 0.603 0.165 0.235 1.523 0.682

Well-mixed oceanic w ater 0.427 0.309 0.161 0.187 1.680 0.992

Relative contribution across w a te r column features fo r each taxon:

Frontal ROFI

Stratified ROFI

Weakly stratified ROFI

Well-mixed ROFI 22 50 100 32 86 94

Shelf frontal w ater

Shelf stratified w ater

Weakly stratified 
shelf w ater

100 50 34 75 100 79

Well-mixed shelf w ater 54 60 74 51 97 100

Oceanic stratified w ater

Weakly stratified 
oceanic w ater

17 100 53 100 85 67

Well-mixed oceanic w ater 74 51 52 80 94 97



The copepod Metridia lucens appears to  co rre la te  well w ith th e  oceanic w a te r column features; although It occurred  In all w a te r 
column features, It w as recorded  a t highest abundance In th e  oceanic w a te r column features such as Weakly stratified oceanic 
water (Its relative contribution value to  oceanic features w as >70, whilst fo r shelf and ROFI features It w as nearly always <70). 
This concurs with th e  use o f M. lucens as a salinity Indicator, Indicating areas of high salinity.

The copepod Calanus finmarchicus Is predom inantly a boreal (cold-w ater) species w hereas th e  copepod Calanus helgolandicus 
Is predom inantly a tem p era te  (w arm -w ater) species. These tw o  plankton taxa w ere  used to  examine th e  distribution of bio- 
geographlcal boundaries and w h e th e r they coincided with w a te r column feature boundaries. W hile C. finmarchicus generally 
occurred  a t higher abundances In stratified w a te r column features, th e re  w ere  no clear pa tterns evident linking th ese  tw o 
taxa with particular w a te r column types. This may be due to  th e  fact th a t a d irect m easurem ent o f sea tem p era tu re  was 
n o t used In UKSeaMap to  develop th e  w a te r column features.

A difference betw een  sum m er stratified w a te rs  and tidally mixed w a te rs  w as observed  in th e  densities o f decapod larvae, 
which w ere  used as an indicator to  rep re sen t th e  m eroplanktonic fauna. This correlation  w as reflected in certain  w a te r 
colum n features across all seasons, w h ere  decapod larvae w ere  reco rded  in th e ir  highest abundances in Well mixed shelf 
water bu t particularly in th e  Well mixed ROFI type.

Phytoplankton co lour index (PCI) was consistently highest in well-mixed w a te r column features, likely due to  th e  increased 
availability of nutrients which tend  to  be limiting under stratified conditions.

The total dinoflagellate group occurred  at th e  highest abundance of all six plankton indicators used across all four seasonal w a te r 
column maps. The Well mixed ROFI in particular consistently contained th e  highest abundance of total dinoflagellate com pared to  
all o th e r  w a te r column types. Again, this may be due to  th e  increased availability o f nutrients in a well mixed w a te r column.

In o rd e r  to  assess fu r th e r th e  validity of th e  w a te r column features using plankton data, it w ould be necessary to  use plankton 
data split according to  th e  sam e seasonal categories as used in th e  w a te r column feature maps. The use o f annual mean 
biological data appears to  have reduced th e  ability to  discrim inate and validate trends occurring within each seasonal w a te r 
column map. N evertheless, certain plankton taxa, such as Metridia lucens, displayed trends in distributional abundance which was 
observed within th e  w a te r column feature maps. Validation of th e  w a te r column features on a cell by cell basis, ra th e r than a t a 
w a te r column feature scale, could also be of m erit. This may highlight m ore  subtle trends across th e  w a te r column features 
which w ere  lost during th e  amalgamation process.

6 Web-based dissemination of the maps

A w eb-based GIS mapping facility has been developed to  dissem inate th e  underlying data sets and th e  resultant m aps.The 
application w as developed as p art o f th e  MESH program m e (w w w .searchM E SH .net), but th e  UKSeaMap results a re  made 
available as a separate  output, via th e  JN C C  w eb site a t w w w.jncc.gov.uk/UK SeaM ap.

UKSeaMap
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7 Relationships to other ‘habitat* schemes and data sources

In using th e  ou tpu ts of UKSeaMap, and w hen considering them  in m ore technical discussions, readers should be aw are of th e  
relationship to  o th e r  ways of classifying th e  m arine environm ent. T here  are  differences betw een these, such as th e  way in which 
th e  sam e feature might be classified o r  th e  scale a t which classifications opera te . Such differences do no t necessarily mean any 
one  classification is p referred  over another, but ra th er they reflect th e  different purpose behind each classification. It is thus 
im portan t to  be aw are of th ese  differences w hen trying to  in te rp re t them  individually and collectively. The following sections 
outline key differences betw een UKSeaMap and a num ber of o th e r  classifications th a t are currently  o f im portance to  marine 
m anagem ent and protection .

7.1 Relationship to Habitats Directive A nnex I types

T he relationship betw een A nnex I habitats and th e  m arine landscape types is given in Table 15.

Table 15. Relationship between Annex I habitat types and marine landscape types.

Sandbanks which are slightly covered by sea w ater 
all the time

Includes some of Subtidal sediment banks

Estuaries Equals Estuary

Mudflats and sandflats not covered by seawater at 
low tide

Included within Shallow sand plains, o r  Shallow mud plains

Lagoons Equals Lagoons

Large shallow inlets and bays Includes some of The following, w here the specific site meets 
the EC definition:

Rias
Sealochs
Embayments
Bays

Reefs Includes some of Photic rocks, and Aphotic rocks

Submerged o r  partially submerged sea caves O ccur within Photic rocks, and Aphotic rocks

W h ere  possible th e  landscape types have been directly linked w ith A nnex I features; th e  landscape maps th ere fo re  provide an 
initial overview  of A nnex I distribution in th e  UK. However, as th e  A nnex I habitats are  specifically defined in EC guidance 
(European Comm ission 1999), and are  subject to  modification, th e  landscape maps should no t be taken to  encom pass all areas 
th a t might qualify as A nnex I habitat. For instance, th e  areas of Reef habitat a re  significantly under rep resen ted  in th e  maps (due 
to  th e  lack of coastal rock in th e  substratum  data set). Conversely only a portion  of th e  sealochs, em baym ents and bays in th e  
landscape map will m ee t th e  EC definition (which is in terp re ted  in th e  UK to  have a particular depth limit).



7.2 Relationship to OSPAR habitats

M ost of the  habitats on th e  OSPAR List are a t a finer level of detail than marine landscape types and are b e tte r  equated to  
habitats within th e  EUNIS classification (see correlation table a t www.jncc.gov.uk/page-3365). However, th e  OSPAR habitat 
Seamounts equates to  th e  marine landscape type Deep ocean rise and Carbonate mounds are also a marine landscape type.

7.3 Relationship to E U N IS  habitat classification

The relationship to  th e  habitat classification schem e of EUNIS Is given In A nnex 7. Broadly, th e  modelled seabed and w ate r 
column types can be directly related to  one o r  m ore EUNIS broad habitat types.T he seabed types, defined by sedim ent type 
and depth, a re  m ost readily equated to  particular EUNIS types. However, as these  features may occu r within som e of th e  
topographically-defined m arine landscape types, th e re  may no t always be a simple 1:1 relationship to  EUNIS.

7.4 Access to more detailed habitat and species data

The UKSeaMap p ro ject is intended to  provide only a broadscale suite o f seabed and w a te r column types fo r UK seas; m ore 
detailed maps on m arine habitats can be found a t w w w .searchM E SH .net.These data are  primarily p resen ted  as polygon data, 
bu t point sam ple biological data referenced to  th e  national habitat classification are  also p resen ted .T he National Biodiversity 
N etw ork  Gateway (w w w .search N B N .n et) holds a similar se t of poin t sample biological data, with facilities to  search and map 
a t th e  species level.
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8 Limitations and lessons learned

Some overall limitations o f th e  maps developed within th e  pro ject a re  outlined In Section 2.6.These and fu rth e r considerations
are outlined below:
•  The relative coarseness o f th e  grid used, particularly fo r th e  areas beyond th e  C ontinental Slope, m eans th a t th e  maps are 

no t suitable fo r fine-scale m anagem ent and advisory uses.The associated MESH pro ject Is collating fine-scale data, w here 
this Is available, and Is thus b e tte r  suited to  fine-scale m anagem ent Issues.

•  Some areas have no data o r  Insufficient data and remain unmapped.
•  In view of th e  need to  use relatively coarse DEMs which provide full UK coverage.lt has n o t been possible to  Identify 

m ore  fine-scale topographic and bed-form  features which are  known o r  likely to  be p resen t th roughou t th e  area.
The resultant map of topographic features (Figure 4) should th ere fo re  be considered to  rep resen t only th e  m ost 
prom inent features.

•  In som e coastal areas th e re  Is considerable under representation  of rock In th e  seabed substratum  data set, which has 
had a significant effect on th e  biological validation and confidence assessm ent In th e  coastal zone (see Section 4.8).

•  Section 4.6.6 highlights fu r th e r aspects resulting from th e  biological validation process th a t have Indicated areas of 
uncertainty In either th e  seabed landscape map o r  In th e  biological validation data.

•  T here  Is generally a paucity o f biological validation data fo r offshore and deep-w ater habitats which has led to  Insufficient 
data to  validate th e  landscape types fo r these  regions. Additionally limitations In th e  modelling data fo r these  regions, 
particularly fo r deep-w ater, and th e  lack of a detailed deep-w ater habitat classification, yield a low er level o f confidence
In th e  maps fo r these  areas.

D esp ite  having gained th e  practical experience o f developing a m arine landscape map fo r th e  Irish Sea Pilot, undertaking th e
UKSeaMap p ro jec t has provided a num ber o f additional challenges w hich w ere  n o t anticipated a t th e  s ta r t o f th e  project.
T he highlighting o f th e se  issues may provide guidance to  o th e rs  wishing to  em bark  on a similar modelling process, as well
as to  th o se  w ith a strategic in te re s t in such issues, such as governm ent:
•  The scale o f th e  area to  be m apped and its variation in character from small coastal features, such as lagoons, through to  

th e  extensive deep-w ater zones beyond th e  continental shelf, requires significant additional effort to  coordinate th e  data 
required a t this scale.W ith multiple options fo r data storage, manipulation and processing, th e  final data and m ethodology 
used w ere  th e  result o f a significant num ber of trials, each of which had to  be evaluated within th e  con tex t o f th e  available 
data, technical expertise  and tim e.

•  Acquisition of suitable data sets which covered th e  entirety  (o r majority) o f th e  UK w aters .T he data sets fo r physical and 
hydrographic param eters often had limitations in te rm s of geographical coverage, resolution o r  form at, and th e  final data 
sets used w ere  som etim es a com prom ise of these  aspects (for instance, th e  best data may no t have had sufficiently wide 
geographical coverage).

•  W h ere  suitable data w ere  available, they  often required considerable additional processing to  get them  into a suitable GIS 
form at and to  define categories which related directly to  ecological character.

•  W hilst th e  physical and hydrographic data sets used w ere  mostly sourced from  single organisations able to  provide a UK- 
w ide data set, access to  biological seabed sample data was via a w ide range o f organisations. As was encountered  w ith th e  
Irish Sea Pilot, acquiring such data proved very tim e consuming as many organisations do n o t yet have th e  data fully archived 
to  facilitate its rapid provision.

•  Overall, th e  p ro ject has raised considerable in terest am ongst stakeholders w ho wish to  use th e  final maps and th e  web-GIS. 
Stakeholder expectations have som etim es needed to  be managed in relation to  th e  level o f detail achievable, o r  th e  am ount 
o f data th a t could be acquired fo r certain parts o f th e  project.T his has necessarily led to  lowering th e ir expectations as to  
how  much th e  p ro ject could achieve in th e  tim e available o r  its suitability fo r th e ir  intended use.
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9 Future development of UKSeaMap

The maps resulting from  th e  UKSeaMap pro ject have s ta rted  to  be used by o th e rs  w ho have developed som e aspects o f th e  
uses identified in Section 2.5. For example, a Defra-funded pro ject by th e  University o fW ales a t Bangor has undertaken a 
prelim inary scoping study to  identify a ne tw ork  o f m arine p ro tec ted  areas th a t rep resen t th e  range of m arine landscapes defined 
by UKSeaMap (Richardson et al. 2006). Ongoing w o rk  a t CEFAS is examining th e  relationship betw een th e  m arine landscape 
types and th e  distribution of human activities, such as fishing (see Eastwood et al. in prep.).

The w ork  undertaken to  produce th e  seabed and w a te r column maps and to  validate them  with biological data has led to  maps 
w ith varying levels o f quality o r  confidence, as might be expected from a m ethodology using data over this scale and complexity. 
To ensure th e  maps remain useful into th e  future th e re  is a need to  w ork  tow ards improving and maintaining th e ir  overall 
quality (confidence).This w ork  can be achieved under a num ber of them es:
•  Quality and com pleteness o f th e  underlying data sets

O Incorporation o f data on substratum  type from th e  ground-tru th  data -  this is particularly im portan t fo r rock habitats 
close to  th e  coast.
Use of higher resolution substratum data, w here available, such as the coastal characterisation data being produced by BGS.

O Addition of finer-scale data w here available, such as for rocky mounds and outcrops from SEA surveys, additional pockmark 
and carbonate features in the Irish Sea, diapers in the Faroe-Shetland Channel, moraines, drowned cliff lines and peat beds.

O Im provem ent in th e  m odelled data se t fo r near-bed stress to  take account of known areas o f strong tidal currents, 
particularly around Scotland.

O D evelopm ent o f a D ata Management Plan -  to  im prove docum entation of each data se t used, and track  updates as they 
becom e available.

•  Modifications to  th e  m odels
O Consideration of using tem perature  for the w ater column model, fu rther differentiation of bottom  tem peratu re  (e.g. below 

0°C in Faroe-Shetland Channel), and consideration of the im portance of annual variation of bottom  tem peratures.
O C onsideration of modelling th e  w a te r column in 3D to  reflect known differences in w a te r mass w ith depth (e.g. because 

of tem pera tu re).
O Validation of th e  w a te r column features on a cell by cell basis, ra th e r than at a w a te r column feature scale, may highlight 

subtle trends across th e  w a te r column features which are  lost in th e  p resen t analysis.
O C onsideration of th e  use o f internal wave data which is known to  have a significant influence on ecological character of 

th e  seabed in som e areas (e.g. slope w est o f Shetland).
O A ssessm ent o f w h e th e r oxygenation (anoxia, hypoxia) and nu trien t loading (oligotrophic, eutrophic) should be added to  

th e  seabed model (both param eters are  im portan t in determ ining ecological character a t various scales).
•  Quality and com pleteness o f th e  biological validation data

O The seabed biological validation fo r offshore areas needs fu rth e r analysis to  confirm th e  habitat types identified using th e  
Habitat Matching Program, as th e  habitat standards are  limited in this area; additionally m ore detailed assessm ent o f the  
mis-m atches betw een seabed substrata and biological validation data fo r th e  modelled landscape types are needed, as well 
as fu r th e r assessm ent o f th e  validity o f th e  bed-stress sub-types.This w ork  should help im prove th e  validation fo r th e  
relevant landscape types.

O T here remain significant offshore areas fo r which validation has n o t been possible. O f particular n o te  is th e  use of 
SEA data fo r deep w ater, which needs classification (into habitat types) before assessm ent against th e  landscape map.

O Use o f plankton data a t th e  seasonal level ra th e r than annual averages, to  b e tte r  coincide w ith th e  seasonal w a te r 
column maps.

•  Refinem ent o f th e  landscape classification, through m ore detailed analysis
O Some coastal physiographic types, in particular sealochs, estuaries and lagoons, are quite broad in character, and a m ore 

in-depth analysis w ould lead to  a m ore refined classification of these  features. W hilst th e re  are  existing classifications 
available, these  are  mostly based on th e ir  physical characteristics; an analysis o f th e ir  ecological character is required to  
produce m ore ecologically relevant classifications of these  features.

•  M aintenance of th e  webGIS facility
The UKSeaMap webGIS data sets will be uploaded to  th e  MESH w eb site, bu t both projects will run fo r a limited period 
and consideration needs to  be given as to  how  both th e  MESH and UKSeaMap data sets can be maintained, and w here 
possible added to  and im proved, beyond th e  end of th e  tw o  projects.

O D evelopm ent o f a 3D ‘fly th rough’ bathym etric model fo r UK w aters over which th e  landscape types are draped, to  
provide a much m ore powerful visual display o f th e  maps fo r end-users.
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•  Integration of th e  UKSeaMap broadscale maps with finer scale habitat maps
O UKSeaMap provides a broadscale modelled characterisation o f th e  UK seas based on a series of them atic data sets, often 

a t relatively course resolution. Ultimately, it should be th e  intention to  im prove th e  quality o f th e  maps w ith improved 
data; this can be achieved through integration of m ore  high resolution data as it becom es available. For instance, using high 
quality multibeam acoustic data and o th e r  m ore detailed habitat maps to  update th e  p resen t landscape maps (i.e. replace 
th e  b roader scale modelled landscape types w ith real data) so th a t confidence in th e  map can be fu rth e r improved. 
C onsideration needs to  be given here  to  both th e  classification system used (landscapes versus habitats) and th e  scale at 
which th e  maps are  p resen ted  (aggregation of finer scale data).

•  A ssessm ent o f th e  relationship betw een w a te r column and seabed types
O A ssessm ent of th e  relationship betw een th e  seabed types and th e  w a te r column types would be valuable as th e  character 

o f seabed com m unities relies heavily on th e  influences of th e  w a te r column, both in relation to  its hydrographic 
properties (salinity, tem pera tu re , w a te r quality), and its plankton (many benthic species have planktonic larval stages). 
Additionally, pelagic and dem ersal fish species might be expected  to  show  a relationship to  seabed types, which could be 
useful both in fisheries m anagem ent and environm ental protection .

•  D evelopm ent o f a strategy and process fo r incorporating new  data
O Further new  information will becom e available over tim e and a process is needed to  enable it to  be incorporated  so th a t 

th e  underlying data sets and resultant landscape maps can be periodically updated.
•  Re-evaluation of th e  regional seas boundaries

O The collation of information on a series o f physical and hydrographic data layers provides th e  relevant information to  
assess th e  appropriateness o f th e  cu rren t (draft) regional seas boundaries and to  recom m end modifications if appropriate.
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Annex 1 : Examples of the need for, and potential benefits of,
UKSeaMap outputs

A geophysical spatially-based approach to  m arine ecosystem s, available in th e  sh o rt to  medium term , is necessary because,
fo r example:
•  Enhanced stew ardship of th e  m arine environm ent based on an ecosystem  approach w ould be impossible w ithou t a basic 

understanding o f th e  physical location and scale o f m ajor com ponents o f m arine ecosystem s, on th e  seabed and in th e  w ate r 
column;

•  It enables a move to  be m ade away from reactive m anagem ent to  proactive m anagem ent of m arine ecosystem  com ponents;
•  It provides a fram ew ork to  improve th e  capacity to  address and manage risk and uncertainty associated with the  

m arine environm ent;
•  It rapidly provides an essential p art o f th e  fram ew ork needed to  suppo rt th e  im plem entation of internationally agreed 

com m itm ents and targets, such as halting decline in biodiversity by 2010, applying th e  ecosystem  approach by 2010, 
im plementing MPA netw orks by 2012, and recovering and sustaining fish stocks by 2015;

•  Through information on th e  distribution o f m arine ecosystem  com ponents, it provides a fundam ental basis fo r m arine spatial 
planning and th e  benefits this could provide, such as m ore  effective reduction in conflict betw een different activities and 
betw een activities and th e  environm ent. It is im portan t th a t such information is available in th e  sh o r t te rm  to  suppo rt likely 
pilot projects to  explore th e  role o f m arine spatial planning. Spatial planning is recognised at UK, OSPAR and EU levels as a 
potentially key tool to  achieve b e tte r  integration and regulation in th e  m anagem ent o f human activities;

•  It provides an essential spatial co n tex t fo r assessm ent of rapidly evolving sec to rs o f use, such as aggregate ex traction  and 
wind farms, and cumulative effects across all sectors. It also provides an essential layer o f information to  support 
im plem entation o f th e  Strategic Environmental A ssessm ent D irective (being considered now  but required from  2004) and 
potentially th e  Environmental Liability Directive;

•  It rapidly provides a m ore  informed basis to  help focus fu ture spatially-based research and survey requirem ents, and in so 
doing helps to  maximise cost-effectiveness and reduce possible replication of effort.



Annex 2: Recommendations from the RM NC and Irish Sea Pilot

T he Irish Sea Pilot (Vincent et al. 2004) included th e  following recom m endations:

R I4  The m arine landscape approach should be adopted  as a key elem ent fo r m arine nature conservation and utilised in th e  
spatial planning and th e  m anagem ent o f th e  m arine environm ent. The approach should take account o f broadscale m arine 
habitat information, as this information becom es available over tim e. In coastal and estuarine w aters th e  approach should 
seek to  com plem ent th a t taken under th e  W a te r Fram ew ork D irective (in relation to  typology and reference conditions) 
a t a m ore detailed level.

RI5 A list o f internationally-agreed m arine landscapes fo r th e  N orth-E ast Atlantic should be developed. It is suggested th a t 
th e  list identified fo r th e  Irish Sea be expanded to  include landscapes no t found in th e  Irish Sea and fu rth e r refined as 
necessary. W o rk  to  com plete th e  mapping of these  m arine landscapes in th e  N orth-E ast Atlantic should be undertaken 
in collaboration with o th e r  countries.

T he Review of Marine N atu re  C onservation  (Defra 2004) included th e  following recom m endations:

Key recom m en d ation  3:

G overnm ent should refine th e  process fo r identifying Marine Landscapes, and agree and map them  in all UK w aters.

Supporting recom m endations:

3 .1 A list o f agreed Marine Landscapes should be developed fo r UK w aters. The list identified fo r th e  Irish Sea should be 
expanded to  include landscapes no t found in th e  Irish Sea and fu rth e r refined as necessary, in particular in relation to  
th e  w a te r column. W o rk  should be initiated to  com plete th e  mapping of these  Marine Landscapes fo r UK w aters.

3.2 Further w o rk  should be undertaken to  determ ine th e  degree o f correlation  betw een Marine Landscapes and adult 
populations o f v e rteb ra te  (i.e. pelagic fish, seabirds and sea mammals) and invertebrate  species.

3.3 W o rk  should be initiated to  develop a list o f internationally agreed landscapes fo r th e  N o rth -east Atlantic and w ork  
to  map these  should be undertaken in collaboration w ith o th e r  countries.

3.4 The m ethodology fo r sensitivity and vulnerability of Marine Landscapes should be fu rth e r developed and refined.



Annex 3 : Irish Sea Pilot marine landscape map
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Annex 4: Detailed considerations about project methodology

Analysis process

Unsupervised classification approach

An unsupervised approach uses algorithms to  cluster multivariate data based solely on th e  values o f th e  inputs, w ithout any 
training. C lusters produced by th e  analysis m ust then  be related to  real w orld features in o rd e r  to  be described.T he advantage 
of this m ethod  is th a t alm ost all subjectivity is rem oved from th e  process. However, th e  disadvantage of using this m ethod Is 
th a t It could produce a very ‘messy’ picture (because of th e  large num ber of possible combinations, based on th e  num ber of 
data sets and th e  num ber of categories within each), which could need significant additional scientific In terpretation  Into suitable 
mapping units (classes). A comm only used algorithm fo r this type o f analysis is a Maximum Likelihood Classifier (MLC) and th e  
use o f this w as Investigated.The MLC, however, assum es a norm al distribution of data values w hilst th e  Inputs fo r th e  seabed 
analysis (see Section 4.3) are  a combination of continuous and categorical data types, thus making th e  MLC an Inappropriate 
technique fo r th e  project. N on-param etric unsupervised techniques are also available within th e  field o f data mining. Software 
to  carry  o u t such m ethods, developed by th e  University o f W aikato, N ew  Zealand, w ere  examined but It w as n o t considered 
feasible to  use this technique within th e  cu rren t pro ject tim escale.

Supervised classification approach

A supervised approach relies on a degree o f guidance being provided by th e  mapping scientist.This guidance draws upon ex p ert 
judgem ent and p rio r knowledge, which means th a t th e  process, and often th e  output, can be m ore Intuitive and less abstrac t in 
nature.A lthough this m ethod may be criticised on th e  basis o f being subjective, It w ould seem  sh o r t sighted to  n o t apply th e  
wealth of know ledge and understanding w e have about m arine ecosystem s to  th e  classification process In this project.This 
m ethod  relies on developing broad definitions fo r each m arine landscape type p rio r to  th e  data analysis stage (I.e. supervising 
th e  classification of m arine landscape types), recognising th a t criteria used to  define each landscape type have ecological 
relevance. A fter applying these  criteria to  th e  data sets, th e  validity of th e  resulting units can be te s ted  with biological data.

GIS data type 

Vector

V ector data type refers to  th e  storage of spatial data in the form  of points, lines and polygons. All o f these are specific locations, 
o r  nodes, which In th e  case of lines and polygons are joined to g e th e r by arcs.V ector data types w ere used to  develop th e  Marine 
Landscapes classification fo r the Irish Sea Pilot, so It Is a valid m ethod to  adopt. In o rd e r  to  do this all th e  Input data sets need to  
be converted  to  polygons, representing areas of each class, and then  overlaid. Problems created  by this approach Include the 
creation of very small sliver polygons, which m ust be dealt with in a consistent way, and also If the situation w ere to  arise tha t 
thresholds need to  be changed then  th e  input data se t m ust be recreated  and th e  analysis re-run. Running th e  ‘union’ com m and in 
ArcGIS (the com m and th a t overlays data sets) Is also very tim e consuming and demanding on com puter p rocesso r power.

Raster

R aster data refers to  th e  storage of spatial data In th e  form  of a continuous field o f uniform cells (I.e. a grid layer), each with an 
associated value. Although analysing and combining ra s te r data in ArcGIS is quicker than vec to r data, It has th e  disadvantage of 
n o t containing any attribu te  Information, which can s to re  additional Information about th e  data layer.

UKSeaMap



To define, in a GIS, which parts o f th e  coast could be classified as a coastal physiographic feature, a se t of rules was established 
which w ere  used to  distinguish th e  features from  th e  ad jacen t‘open coast’.T hese rules w ere  applied to  an O rdnance Survey 
1:25,000 coast line. As lagoons are  generally very small features, these  have mostly been identified from  specific studies (e.g. 
M NCR survey of Scottish lagoons) ra th e r than via th e  following approach.

Application

Landward
Seaward

N orm al Tidal Limit, as indicated on th e  OS map. Some rias and bays may have an estuary  on th e ir  boundary 
landward side.

Seaward
boundary

Line betw een headlands at th e  m outh o f th e  estuary, inlet o r  bay (if necessary, including islands in th e  
boundary  m outh) w here  it opens to  open coast (o r into a bay).W here several estuaries, inlets o r  bays share a 
m outh, th e  ou te r-m ost limit w as used to  encom pass a ‘system ’. W h ere  unclear (i.e. th e re  are no distinct 
headlands), a line was drawn from  th e  point on th e  coast w here  orien tation  changes to  predom inantly an 
open coast aspect.

Height
boundary

OS High W ater.

Physiographic
type

Separated according to  overall shape and depth profile characteristics, exposure to  onshore  winds and 
salinity input:

Estuaries (coastal plain, bar-built and complex, as defined by Davidson et al. 1991). Marine features which 
generally have a large riverine input (from one  o r  several rivers).Rias in south-w est Britain (excluding 
significant estuarine areas a t th e ir  heads).

Embayments -  predom inantly enclosed features, lacking large riverine input and th e  typical elongated estuary 
stru c tu re  (typically broad inside a narrow  entrance).

Sealochs and Shetland voes -  glacially-derived features.

Bays -  indentations o f th e  open coast, bounded by headlands which provide som e shelter from  along-shore 
w inds (but which are  predom inantly open to  onsho re  winds). Generally length (from m outh to  head of bay) at 
least half w idth (at m outh).

D epth N o depth limit; vary from predom inantly intertidal to  over 200m deep. Specific coastal types, however, have 
typical depth profiles.

Size U pper limit -  The W ash (62,000 ha)

Lower limit -  200 ha fo r open coast bays; 100 ha fo r enclosed coast rias, voes, em baym ents and sealochs.Very 
small estuaries som etim es included as p art o f larger bay/inlet. N o te  th a t no low er size limit has been applied 
to  lagoons.

W orking size limits have been adopted  to  exclude both very small and very large areas o f (open) coast th a t 
might, a t som e scales, be considered to  m eet th e  definitions applied above (e.g. fo r bays).
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Annex 6: Seabed landscape maps for U K  regions
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Marine landscape map for the Irish Sea
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Marine landscape map for the Minches and w est Scotland

UKSeaMap



Types
I O  Subtidal sedim ent bank ■ i  Photic rock Shallow mud plain

_
O H  Estuary tE3 Shelf mound o r pinnacle ■■ Aphotic rock w Shelf coarse sedim ent plain - weak tide  stress
[ËË3 Ria i d  Shelf trough KH Shallow coarse sedim ent plain - weak tide  stress » Shelf coarse sedim ent plain - m oderate tide  stress

Sealoch Continental slope H  Shallow coarse sedim ent plain - m oderate tide stress Shelf coarse sedim ent plain - strong tide stress ■
Embayment [^3  Canyon Shallow coarse sedim ent plain - strong tide stress ÉV Shelf mixed sedim ent plain - weak tide  stress m

U-J Barrier beach Deep ocean rise H  Shallow mixed sedim ent plain - weak tide  stress 'B Shelf mixed sedim ent plain - m oderate tide  stress
Sound “3  Deep w ater mound BH Shallow mixed sedim ent plain - m oderate tide stress m Shelf mixed sedim ent plain - strong tide stress m
Bay I S I  Pockmark field Shallow mixed sedim ent plain - strong tide stress Shelf sand plain

¡S“ Iceberg plough-mark zones 
Carbonate mound

Shallow sand plain m Shelf mud plain

W arm deep-water coarse sedim ent plain 
Cold deep-water coarse sedim ent plain 
W arm deep-water mixed sedim ent plain 
Cold deep-water mixed sedim ent plain 
W arm deep-water sand plain 
Cold deep-water sand plain 
W arm  deep-water mud plain 
Cold deep-water mud plain

UKSeaMap 
Seabed landscapes
Scottish continental shelf and Faroe-Shetland Channel

Marine landscape map for the Scottish Continental Shelf and the Faroe-Shetland Channel
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Marine landscape map for the northern North Sea

Types
Lagoon 

B  Estuary 
t f i l  Ria 

Sealoch 
I  Embayment 

Barrier beach 
Sound

Q  Subtidal sediment bank 
li_H Shelf mound or pinnacle 
■1—■ Shelf trough 
d  Continental slope 

Canyon
Deep ocean rise 
Deep water mound 
Pockmark field 
Iceberg plough-mark zones 

♦  Carbonate mound 
M  Photic rock 
“  Aphotic rock
■  Shallow coarse sediment plain - weak tide stress 
■■ Shallow coarse sediment plain - m oderate tide stress 

Shallow coarse sediment plain - strong tide stress 
™  Shallow mixed sediment plain - weak tide stress 
™  Shallow mixed sediment plain - moderate tide stress 

Shallow mixed sediment plain - strong tide stress 
Shallow sand plain 

™  Shallow mud plain
™  Shelf coarse sediment plain - weak tide stress 
™  Shelf coarse sediment plain - moderate tide stress 

Shelf coarse sediment plain - strong tide stress 
W  Shelf mixed sediment plain - weak tide stress 
H  Shelf mixed sediment plain - m oderate tide stress 

Shelf mixed sediment plain - strong tide stress 
Shelf sand plain 
Shelf mud plain 

M  W arm deep-water coarse sediment plain 
^  Cold deep-water coarse sediment plain 

Warm deep-water mixed sediment plain 
"™1 Cold deep-water mixed sediment plain 

Warm deep-water sand plain 
*  Cold deep-water sand plain 

Warm deep-water mud plain 
Cold deep-water mud plain

UKSeaMap 
Seabed landscapes 
southern North Sea

Marine landscape map for the southern North Sea
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Annex 7 : Relationship between marine landscape types
and the EU N IS habitat classification

To prepare fo r th e  biological analysis, th o se  EUNIS Level 4  habitats th a t appear to  fall within th e  expected  definition of th e  
landscape type w ere  identified.These relationships are based upon th e  expected  character o r  definition of each modelled seabed 
type, coastal physiographic feature  and topographic feature (particularly substratum  and depth zone) and are sum m arised below 
within a sem antic Look-Up Table (LUT) which is a way to  define relationships betw een tw o  different classification schem es. In 
this case it is required to  define how  a m arine habitat relates to  a m arine landscape as these  are  tw o  different concepts.T hree 
possible relationships w ere  defined:

I = Expected relationship (Samples from  H abitat X  match Landscape typeY )
-I = U nexpected relationship (Samples from H abitat X  do n o t match Landscape typeY )

•  0 = U ncertain relationship (the relationship betw een H abitat X  and Landscape typeY  is unclear. In certain circum stances, 
samples from H abitat X  may match Landscape typeY )

A sem antic LUT is required to  carry  o u t this analysis as th e  tw o  data sets cannot be com pared directly, one  data se t being 
landscape features, th e  o th e r  being habitat types. Such a com parison is unavoidable as th e  concept o f m arine landscape features 
is both recen t and novel, and as a consequence th e re  are  no similar data with which to  com pare th e  new  map. The only data 
available fo r th e  com parison are  point sample biological data, which can be identified to  a habitat type (within EUNIS), but it 
w ould no t be possible to  directly assign such a sample to  a landscape feature as th e  la tte r is a concept related to  a b roader 
scale than th a t rep resen ted  by a single point. The sem antic LUT th erefo re  allows a com parison to  be m ade betw een th e  tw o 
classification system s based on ex p ert opinion o f th e  relationship betw een th e  tw o  classification systems. Such techniques have 
been used recently with considerable success in research com paring different land cover classification schem es in terrestria l 
environm ents (C om ber et al 2004).

Using th re e  values in th e  sem antic LUT allows th e  analysis to  utilise a rough se t approach in com paring th e  tw o classifications 
(Ahlqvist et al. 2000).This technique moves away from  th e  m ore traditional Boolean com parison (w here som ething is e ither a 
m em ber o f a se t o r  it is not) by allowing an uncertain m em bership function (given th e  value 0 above). In a Boolean analysis, th e  
relationship is very clear, such th a t certain habitats should occur, fo r example, in th e  landscape type Shallow mud plain, and all 
o th e rs  should definitely not. Using a rough se t approach, however, th e re  may be o th e r  habitats th a t while no t specifically related 
to  a Shallow mud plain, could possibly be found in such locations.This technique allows th e  production o f a maximum (including 
definite and uncertain relationships) and a minimum (including definite relationships only) approxim ation o f th e  relationship 
betw een th e  tw o  data sets; it also recognises th a t n o t all such relationships in biology are  clear-cut.

In this way, it was possible to  assess w h e th e r each sample had an ‘expected ’ ‘unexpected ’ o r ‘uncertain’ relationship w ith the  
underlying landscape type and thus both a conservative (minimum) (the p roportion  of data falling into expected  definitions only) 
and an optim istic (maximum) (the p roportion  of data falling into either expected  o r  uncertain definitions) estim ate of 
correlation was made fo r each landscape type.

T he following table provides (in tw o parts) a provisional correlation betw een EUNIS habitat types (levels 1-3) and th e  marine 
landscape types, indicating th a t many landscape types may include multiple habitat types. N o te  th a t th e  table only show s a 
sum m ary of th e  full LUT, showing EUNIS types only down to  level 3, w hilst th e  biological sample data w ere  assigned to  th e  
m ore  detailed EUNIS level 4  (biotope com plex level). G reyed o u t cells in th e  table indicate th e  habitat is n o t expected  to  occur 
in UK w aters (as these  are  defined as Baltic o r  M editerranean types).
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Annex 8: Biological validation of the seabed features
The following table provides fu r th e r detail on th e  results o f th e  seabed biological validation process.This information is provided 
in sum m ary in Table 7.
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Annex 9: Map illustrating distribution of benthic
sample data for rock habitats

with rock habitat
UKSeaMap 
Sample data

C onsideration w as given as to  w h e th e r these  data could be used to  modify th e  seabed substratum  data se t p rio r to  undertaking 
th e  modelling analysis. However, th e  significant differences In scale o f th e  tw o data sets m eant th a t It was Inappropriate to  
com bine th e  data.



Annex 10: Data sets used in UKSeaMap

Bottom
temperature

Minimum bottom 
temperature

1973-1999 ICES Spline interpolation 4°C isotherm (Warm 
deep water, Cold deep 
water)

Fronts Front probability IO year simulation 
of POLCOMS

POL Inverse distance
weighted
interpolation

0.15 (Non-frontal 
and Frontal)

Photic depth Annual mean light 
attenuation

1998-2004 for 
January to  August 
and 1997-2003 for 
September to 
December

Data supplied by 
POL, derived from 
SeaWiFS.

Inverse distance
weighted
interpolation

1 % of light reaches 
seabed (Photic and 
Aphotic zones)

Salinity Sea surface salinity 10 year simulation 
of POLCOMS

POL Inverse distance
weighted
interpolation

30 ppt, 34 ppt and 35 
ppt (Estuarine, R.OFI, 
Shelf and Oceanic)

Seabed
disturbance (tides)

Maximum seabed 
tide stress

2000-2004 POL Inverse distance
weighted
interpolation

1.8 Newtons/m2 
and 4.0 Newtons/m2 
(Weak, Moderate 
and Strong)

Seabed
disturbance (waves)

Maximum wave 
length

O ver 10-year period POL Inverse distance
weighted
interpolation

Wave base 
(Shallow and Shelf)

Stratification Surface to seabed
temperature
difference

10 year simulation 
of POLCOMS

POL Inverse distance
weighted
interpolation

0.5°C and 2.0°C 
(Well mixed, Frontal 
and Stratified)

Substrata DigSBS250 
seabed sediments

NA British
Geological
Survey

Simplification of 
the Folk categories; 
supplemented with 
o ther data

Mud and sandy mud, 
Sand and muddy sand, 
Mixed sediment, Coarse 
sediment and Rock

Topography Digital Elevation 
Models and 
bathymetric contour 
data (DigBath250)

NA Gebco, SeaZone, 
BGS

Slope calculation Various topographic 
features

UKSeaMap IÖT



Annex 11 : Other water column data sets

T he following data sets w ere  no t used in the  w a te r column analysis.

Surface sea  tem p eratu re

T em perature is an im portan t p aram eter fo r many biological p rocesses which ultimately determ ine biological comm unity 
characteristics and can be used to  describe biogeographic changes. It w as considered th a t maximum and minimum tem pera tu res 
may be th e  m ost biologically meaningful aspect o f tem pera tu re , as species are influenced by low tem p era tu re  through m ortality 
and th e ir  inability to  reproduce and by high tem pera tu res  which influence breeding and larval survival.This includes benthic 
species which often have a larval stage.

Sea surface tem perature (SST) data, based on 8-day composites on an equal angle grid (~9km resolution) from the NASA/NOAA 
pathfinder Advanced High Resolution Radiometer w ere obtained (see http://podaac.jpl.nasa.gov/products/productl02.htm l).
The 15 years (1985-1999) of satellite measurements w ere averaged to  give seasonal means and standard deviation.

U nfortunately th e re  is no simple relationship betw een tem p era tu re  and biology as som e species distributions are  influenced 
by low est tem p era tu re  and som e by highest.The UK is in th e  middle of m ajor biogeographic provinces: m ost species extend 
fu rth e r n o rth  and south than th e  British Isles in th e  no rth -east Atlantic so th e re  are  few clear boundaries.

Stratification  data  se ts

T hese data are ex trac ted  from a 10-year simulation of th e  Proudm an O ceanographic L aboratory Coastal O cean Modelling 
System (POLCOMS; H olt and James 2001) applied to  th e  no rth -w est European Shelf.This is th e  ‘Medium Resolution 
C ontinental Shelf domain described by H olt et al., (2005) and run operationally at th e  Met. Office in a 7-day hind cast 
m ode (see http://w w w .m etoffice.gov.uk/research/ncof/m rcs/brow ser.htm l).

Stratification  probability

T he stratification probability density function is defined as th e  num ber o f days th e  surface to  bed tem p era tu re  difference a t this 
cell exceeds 0.5°C divided by th e  num ber of days in this season over th e  10-year run .T he stratification data se t has no t been 
incorporated  into th e  classification process as th e  fron t probability and th e  surface to  bed tem p era tu re  difference data sets 
provide a m ore detailed description of w a te r column stratification.

Potential en ergy  anom aly

T he potential energy anomaly is a m easure o f th e  energy required to  overcom e stable stratification and com pletely mix th e  
w a te r column (see Simpson and Bowers 1981). Potential energy anomaly w ere  n o t used within th e  w a te r column classification 
analysis as both surface to  bed tem p era tu re  difference and fron t probability have been used to  describe th e  level o f stratification 
in th e  w a te r column.

Mixed layer depth

Mixed layer depth (i.e. th e  depth to  which surface w aters are mixed) replicates categories described above using surface to  bed 
tem p era tu re  difference data and does n o t appear to  bring anything ex tra  to  th e  w a te r column type classification so it has no t 
been included.

UKSeaMap
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Annex 12: Glossary

ArcGIS Spatial A nalyst -  A se t o f spatial modelling and analysis too ls produced by ESRI.

C lassification Tree -  A table o f decisions and th e ir  possible consequences used to  crea te  a plan to  reach a goal.

Digital Elevation Model (DEM) -  A digital file, usually in ra s te r form, describing th e  terrain  and elevation of a given area.

D ata layer -  A collection of similar geographic features, such as estuaries, carbonate  m ounds and rock, referenced to g e th e r for 
display on a map.

G eographic Inform ation  S ystem  (GIS) -  A collection of com puter hardw are, softw are, and geographic data fo r capturing, 
managing, analyzing, and displaying all form s of geographically referenced information. The UKSeaMap pro ject w as undertaken 
using ESRI’s ArcGIS 8.3 softw are application.

H ighest A stron om ical T ide (HAT) -  The highest level to  which th e  tide can be expected  to  occu r under average 
m eteorological conditions.

Inverse distance w eighted  interpolation - W ithin ArcGIS data points can be interpolated into continuous raster layers using 
a set of Spatial Analyst functions th a t predict values for a surface from a limited num ber of data points. Inverse distance weighted 
interpolation estim ates values by averaging the values of sample data points in th e  vicinity of each cell. The closer a point is to  the
centre  of the cell being estim ated the m ore influence it has in the averaging process. A minimum num ber of m easured points, to
use within each neighbourhood, need to  be defined.W hen th ere  are few er m easured points than the specified minimum, the search 
radius will increase until it can encompass the minimum num ber of points. The pow er function used in the  algorithm controls the 
weighting of known points on the interpolated values based on their distance from th e  ou tpu t point. A pow er of tw o was used in 
UKSeaMap to  ensure a balance betw een weightings of near and distant points, and results in a relatively sm ooth surface.

Mean High W a ter  D atum  -  The average o f th e  high w a te r heights over a period.

M etadata -  S tructured, encoded data th a t describe characteristics o f inform ation-bearing entities to  aid in th e  identification, 
discovery, assessm ent, and m anagem ent o f th e  described entities.

N orth  A tlantic D r if t - A n  ocean cu rren t in th e  N orth  Atlantic, which is a branch of th e  Gulf Stream.

P hotop eriod ism  -  The physiological reaction of organisms to  th e  length of day o r  night.

R aster C alcu lator -  A Spatial Analyst function th a t provides a powerful too l fo r perform ing m athematical calculation.

R aster D ata -  R aster data refers to  th e  storage of spatial data in th e  form  of a continuous field o f uniform cells, each with an 
associated value.

Shapefile -  A se t o f files th a t contain a se t of points, arcs, o r  polygons (o r features) th a t hold tabular data and a spatial location.

Slope Function -  The slope function calculates th e  maximum ra te  o f change betw een each cell and its neighbour. Every cell in 
th e  o u tp u t ra s te r has a slope value. The low er th e  slope value, th e  fla tter th e  terrain; th e  higher th e  slope value, th e  s teep e r th e  
terra in .T he o u tp u t can be calculated as a percentage o r  degree.

Spline m eth od  - an interpolation m ethod in GIS in which cell values are  estim ated using a m athematical function th a t 
minimizes overall surface curvature, resulting in a sm ooth  surface th a t passes exactly through th e  input points.

Supervised  C lassification -  A classification system th a t allows th e  specialist to  choose and se t up discrete classes thus 
supervising th e  selection and assigning them  category names.

U nsupervised  C lassification -  A classification system th a t uses algorithms to  c luster multivariate data based solely on th e  
values of th e  inputs, w ithou t any training.

V ector D ata -V e c to r  data type refers to  th e  storage o f spatial data in th e  form  of points, lines and polygons.
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J O I N T í s f s  
NATURE W  
CONSERVATION 
COMMITTEE

T h e  Jo in t N a tu r e  C o n s e rv a t io n  C o m m it t e e  (JN C C ) is th e  
s ta t u to r y  a d v ise r  to  G o v e r n m e n t  on  U K  an d  in te rn a t io n a l  
n a tu r e  c o n s e rv a t io n .  Its  w o rk  c o n t r ib u te s  t o  m a in ta in in g  a n d  
e n r ic h in g  b io log ica l d iv e rs ity , c o n s e rv in g  g eo lo g ica l f e a tu r e s  a n d  
su s ta in in g  n a tu ra l  sy s te m s .

JN C C  delivers th e  UK and international responsibilities o f  th e  Council 
fo r N ature C onservation and th e  C ountryside (C N C C ), th e  C ountryside 
Council fo r W ales (C C W ), N atural England, and Scottish Natural 
Heritage (SNH).

T h e  fu n c t io n s  t h a t  a r is e  f ro m  th e s e  re s p o n s ib il i t ie s  a r e  
p r in c ip a lly  to :

* advise G overnm ent on th e  developm ent and im plem entation of 
policies for, o r  affecting, nature conservation in th e  UK and 
internationally;

* provide advice and disseminate knowledge on nature conservation 
issues affecting th e  UK and internationally;

* establish com m on standards th roughou t th e  UK fo r nature 
conservation, including monitoring, research, and th e  analysis 
o f results;

* commission o r  suppo rt research which it deem s relevant to  
these functions.

The C om m ittee com prises 14 mem bers: a Chairm an and five 
independent m em bers appointed by th e  S ecretary o f State; the  Chairman 
o f CN CC; th e  Chairm en o r  deputy Chairm en o f CCW , Natural England 
and SNH; and one  o th e r  m em ber from  each o f these  bodies.

JN CC, originally established under th e  Environmental Protection Act 
1990, was reconstituted by th e  Natural Environment and Rural 
Comm unities A ct 2006. Support is provided to  th e  JN C C  by a company 
limited by guarantee (JNCC Support Co) th a t th e  C om m ittee 
established in 2005.

Details o f publications produced by JN C C  are available from: 
Comm unications Team, JN CC, M onkstone H ouse, City Road, 
Peterborough PEI IJY, UK.
T e le p h o n e  0 1 7 3 3  5 6 2 6 2 6

Fax 01733 555948
Email communications@ jncc.gov.uk

W ebsite: www.jncc.gov.uk
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