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Acronyms and Abbreviations  

  
ASSI  Area of Special Scientific Interest 

BGS  British Geological Survey 

Cefas  Centre for Environment, Fisheries and Aquaculture Science 

CVBC  Coastal vegetated blue carbon (habitat) 

DAERA Department of Agriculture, Environment and Rural Affairs 

Defra  Department of Environment, Food and Rural Affairs 

DIC  Dissolved inorganic carbon 

DOC  Dissolved organic carbon 

EA  Environment Agency 

ECWA  English Channel and Western Approaches 

EEZ  Exclusive Economic Zone  

EUNIS  European Nature Information System  

GBIF  Global Biodiversity Information Facility 

GIS  Geographic information system  

HCRP  Habitat Compensation and Restoration Programmes(s) 

HPMA  Highly Protected Marine Area 

IC  Inorganic carbon  

ICES  International Council for the Exploration of the Sea  

JNCC  Joint Nature Conservation Committee  

MCZ  Marine Conservation Zone  

MMO  Marine Management Organisation  

MNR  Marine Nature Reserve 

MPA Marine protected area (general term for an area designated for protection); 

Marine Protected Area (a designated area in Scotland) 

Mt  Million tonnes 

NBN  National Biodiversity Network 

NBS  Nature-based solutions  

NE  Natural England 

OBIS  Ocean Biodiversity Information System 

OC  Organic carbon  

PIC  Particulate inorganic carbon  

POC  Particulate organic carbon  

RSPB  Royal Society for the Protection of Birds 

SAC  Special Area of Conservation  

SPA  Special Protection Area  

SSSI  Site of Special Scientific Interest 
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UK  United Kingdom 

UKCEH UK Centre for Ecology & Hydrology 

USA  United States of America 
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Table 2. Extent (km2) of seabed habitats in the four UK Regions studied (including the Isle of 
Man waters) and their MPAs. Estimates for the Scotland Region are based on EUSeaMap 
2019 data, whereas those for the Irish Sea, English Channel and Western Approaches and 
English North Sea Regions are based on Natural England Marine Habitats and Species Open 
Data. EUSeaMap 2019 data lack coverage of intertidal and nearshore habitats in Scotland, so 
are not comprehensive for that Region. Areas are summed for types of designation of MPA for 
each Region.  

Region  EUNIS name  All  MCZ MPA MNR SAC SPA SSSI 

Scotland  

Littoral 
habitats: 
physical 

Littoral rock and other hard 
substrata 

A1 0  0 0 0 0 0 

 Infralittoral rock and other 
hard substrata 
 

A3 1,336  144 0 227 43 1 

 Littoral coarse sediment A2.1 0  0 0 0 0 0 

 Littoral sand and muddy 
sand 
 

A2.2 0  0 0 0 0 0 

 Littoral mud A2.3 0  0 0 0 0 0 

 Littoral mixed sediments A2.4 0  0 0 0 0 0 

Littoral 
habitats: 
biogenic 

Coastal saltmarshes and 
saline reedbeds 

A2.5 0  0 0 0 0 0 

 Littoral sediments 
dominated by aquatic 
angiosperms 
 

A2.6 0  0 0 0 0 0 

 Littoral biogenic reefs A2.7 0  0 0 0 0 0 

 Features of littoral sediment A2.8 0  0 0 0 0 0 

Sublittoral 
habitats 

Sublittoral rock and other 
hard substrata 
 

A4 14  2 0 3 0 0 

 Sublittoral sediment A5 5,480  77 1 170 233 2 

 Sublittoral coarse sediment A5.1 68,276  10,919 6,983 4,140 3,881 3 

 Sublittoral sand A5.2 110,712  8,522 5,240 2,879 3,367 79 

 Sublittoral mud A5.3 59,575  8,214 1,608 6,703 1,134 18 

 Sublittoral mixed sediments A5.4 3,431  841 93 1,337 316 3 

 Angiosperm communities in 
reduced salinity 
 

A5.5 0  0 0 0 0 0 

 Sublittoral biogenic reefs A5.6 0  0 0 0 0 0 

 Deep seabed A6 35,331  6,882 831 2,749 292 0 

 Deep-sea mixed A6.2 47,096  18,256 7,560 1,609 0 0 

 Deep-sea sand A6.3 52,570  9,743 968 3,300 442 0 

 Deep-sea mud A6.5 223,922  109,847 27,136 4,366 8 0 

 Habitat not assigned NA* 5,646  1,474 0 2,981 15 70 

Irish Sea  

 Littoral rock and other hard 
substrata 
 

A1.2 73 5  0 44 1 31 

Littoral 
habitats: 
physical 

Infralittoral rock and other 
hard substrata 

A3.1 104 7  0 104 5 2 

 Littoral coarse sediment A2.1 16 1  0 9 0 5 

 Littoral sand and muddy 
sand 
 

A2.2 891 96  0 638 81 612 
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Region  EUNIS name  All  MCZ MPA MNR SAC SPA SSSI 
 Littoral mud A2.3 233 30  0 166 1 196 

 Littoral mixed sediments A2.4 15 7  0 12 0 11 

 Coastal saltmarshes and 
saline reedbeds 
 

A2.5 146 6  0 75 0 48 

Littoral 
habitats: 
biogenic  

Littoral sediments 
dominated by aquatic 
angiosperms 
 

A2.6 5 0  0 5 0 5 

 Littoral biogenic reefs A2.7 34 7  0 19 0 14 

 Features of littoral sediment A2.8 2 0   0 1 0 1 

Sublittoral 
habitats  

Sublittoral rock and other 
hard substrata 
 

A4 1,152 0  0 1 0 0 

 Sublittoral sediment A5 513 12  13 217 3 0 

 Sublittoral coarse sediment A5.1 19,860 105  293 7,770 576 10 

 Sublittoral sand A5.2 9,379 270  39 4,235 2,134 90 

 Sublittoral mud A5.3 6,594 277  1 1,113 154 30 

 Sublittoral mixed sediments A5.4 2,361 15  2 847 26 0 

 Angiosperm communities in 
reduced salinity 
 

A5.5 0 0  0 9 0 1 

 Sublittoral biogenic reefs A5.6 ,0 2  0 15 0 1 

 Deep seabed A6 0 0  0 0 0 0 

 Deep-sea sand A6.3 0 0  0 0 0 0 

 Deep-sea mud A6.5 0 0  0 0 0 0 

English Channel and Western Approaches  

Littoral 
habitats: 
physical 

Littoral rock and other hard 
substrata 

A1 58.9 59 21   0 0 

 Infralittoral rock and other 
hard substrata 
 

A3 514 100   0 0 0 

 Littoral coarse sediment A2.1 19 3   0 0 0 

 Littoral sand and muddy 
sand 
 

A2.2 135 26   1 1 1 

 Littoral mud A2.3 390 171   0 1 1 

 Littoral mixed sediments A2.4 21 2   0 1 1 

 Coastal saltmarshes and 
saline reedbeds 
 

A2.5 121 15   1 0 0 

 Littoral sediments 
dominated by aquatic 
angiosperms 
 

A2.6 10 0   0 1 1 

 Littoral biogenic reefs A2.7 3 0   1 1 1 

 Features of littoral sediment A2.8 1 0     0 1 1 

Sublittoral 
habitats 

Sublittoral rock and other 
hard substrata 
 

A4 3,505 993   0 0 0 

 Sublittoral sediment A5 619 82   0 0 0 

 Sublittoral coarse sediment A5.1 15,194 3,541   0 0 0 

 Sublittoral sand A5.2 69,720 11,674   0 0 0 

 Sublittoral mud A5.3 9,300 1,212   0 0 0 

 Sublittoral mixed sediments A5.4 4,281 769   0 0 0 

 Angiosperm communities in 
reduced salinity 
 

A5.5 27 4   1 1 0 



 
 

21 

 

Region  EUNIS name  All  MCZ MPA MNR SAC SPA SSSI 
 Sublittoral biogenic reefs A5.6 130 47   1 0 0 

 Deep seabed A6 1,376 330   0 0 0 

 Deep-sea sand A6.3 82 68   0 0 0 

 Deep-sea mud A6.5 363 70   0 0 0 

English North Sea  

 Littoral rock and other hard 
substrata 
 

A1.2 13 9 0 0 5 13 11 

Littoral 
habitats: 
physical 

Infralittoral rock and other 
hard substrata 

A3.1 141 105 0 0 82 91 4 

 Littoral coarse sediment A2.1 6 1 0 0 2 4 3 

 Littoral sand and muddy 
sand 
 

A2.2 248 15 0 0 198 257 198 

 Littoral mud A2.3 147 0 0 0 128 113 109 

 Littoral mixed sediments A2.4 11 3 0 0 6 10 3 

Littoral 
habitats: 
biogenic  

Coastal saltmarshes and 
saline reedbeds 

A2.5 127 0 0 0 112 55 46 

 Littoral sediments 
dominated by aquatic 
angiosperms 
 

A2.6 6 0 0 0 6 12 6 

 Littoral biogenic reefs A2.7 3 0 0 0 3 4 3 

 Features of littoral sediment A2.8 1 0 0 0 0 1 1 

Sublittoral 
habitats 

Infralittoral rock and other 
hard substrata 
 

A3 141 105 0 0 82 91 4 

 Sublittoral rock and other 
hard substrata 
 

A4 655 276 0 0 179 197 2 

 Sublittoral sediment A5 45 7 0 0 14 34 3 

 Sublittoral coarse sediment A5.1 19,514 2,385 0 0 11,711 2,141 31 

 Sublittoral sand A5.2 81,421 7,644 1 1 40,987 2,416 361 

 Sublittoral mud A5.3 5,444 249 0 0 431 308 115 

 Sublittoral mixed sediments A5.4 5,105 903 0 0 1,669 1,723 54 

Sublittoral 
habitats: 
biogenic 

Sublittoral biogenic reefs A5.6 272 0 0 0 324 126 3 

* NA indicates not applicable. 

2.1.3 Seabed habitats and sediment types and their rates of accumulation of organic 
carbon  

All the estimates of the rates of sequestration of OC across regions and types of MPA in this 
series of reports were based on mapped information on the distribution of seabed types (see 
Table 2). 

After extensive reviews of the literature (see regional reports), the most up-to-date and relevant 
published rates of sediment accumulation and OC content for seabed types were combined 
across the areas of interest (region or MPA) using the estimated area of each type of habitat 
present to give rates of carbon accumulation across whole areas as t C/yr (also expressed as 
kt C/yr or Mt C/yr). Area-average rates of accumulation were obtained by dividing the summed 
yearly accumulation by the total area of habitats within each region or MPA boundary, and 
expressed as g C/m2/yr. 
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Figure 4. Seabed sediment types from Natural England Marine Habitats and Species Open 
Data. Classes show the major types from muds and sands, through mixed and coarse 
sediments to rock habitats. Rates of OC accumulation approximately follow the sequence of 
high rates in mud habitats, lower rates in sand and coarse sediments, and zero accumulation 
in rock habitats. Biogenic reefs including mussels and Sabellaria reefs, seagrasses and maerl 
beds are too small to be visible at this scale. Note that data are missing for some geographical 
areas (see Figure 5 for more complete coverage of the seabed). 
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Figure 5. Seabed sediment types from EMODnet Seabed Habitats data (EUSeaMap 2019). 
Classes show the major seabed types with their EUNIS Level 3 codes, with shading and 
colours aligned with Figure 4. EUSeaMap 2019 lacks detailed information on inshore biogenic 
and coastal vegetated habitats, but gives more complete coverage offshore than Natural 
England Habitats and Species Open Data. 
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2.2 Coastal vegetated habitats : blue carbon habitats sensu stricto   

2.2.1 Estimating habitat extents  

Certainty about the extents of coastal vegetated blue carbon habitats varies. Because of their 
accessibility and their amenability to remote sensing, saltmarsh extents are well known, 
extensively documented (Austin et al., 2021; Environment Agency, 2022; Haynes, 2016; 
Smeaton et al., 2021b) and GIS data on their occurrence are available from several sources, 
including the UK Centre for Ecology & Hydrology (UKCEH) Land Use data, the Environment 
Agency and Natural England Habitats and Species Open Data. In contrast, relatively little is 
known about intertidal macroalgae, seagrass beds and kelp beds, with estimates of their 
known extents limited to a very small number of explicitly mapped locations, such as the 
NatureScot GeMS Scottish Priority Marine Features (PMF) database, but supplemented by 
much larger datasets on the occurrence of these habitats at point locations, namely the 
National Biodiversity Network (NBN) Gateway, Ocean Biodiversity Information System (OBIS), 
Global Biodiversity Information Facility (GBIF) and GeMS Species Point Dataset. In the 
absence of mapped habitat data, extents for seagrass beds and kelp habitats have been 
estimated using the output of habitat suitability models. For seagrass, the Joint Nature 
Conservation Committee (JNCC) has habitat suitability models that predict Zostera marina 
habitats (Castle et al., 2022), with extensive areas predicted to be suitable for seagrass around 
the sandy coastal areas of England and Wales, much greater than the known extent of such 
habitats. The mismatch between predictions and observations has reinforced the perception 
of widespread loss of this particular habitat (Green et al., 2021). The reduction in seagrass 
area compared with its historical extent is real, but only partially revealed by the models. Similar 
modelling efforts in the UK (Burrows et al., 2014, 2018) and in Norway (Bekkby et al., 2009) 
also give estimates of the likely extent of kelp habitats; the extents thus derived underpin the 
extent values used in this series of reports. Modelled data are highly uncertain, especially 
without good prediction layers, even when the uncertainty in the statistical parameters is 
evaluated. Habitat extent estimates from models usually require a threshold level of predicted 
abundance or likelihood of presence to be set before summing areas across a model grid. 
When these thresholds are set low, the extent predicted can be quite large. Yesson et al. 
(2015) predicted that an area of 19,000km2

 (nearly the area of Wales) is suitable for kelp 
around the UK, based on the threshold of presence of species in 3 × 3 km areas. For this 
report, thresholds of kelp biomass were used that were typical of places where experimental 
studies have measured production rates (Smale et al., 2020), yet these thresholds may have 
produced overestimates. For the Scotland Region report, a threshold of predicted kelp biomass 
of 0.5 kg/m2 produced an estimate of kelp habitat extent of 4,778 km2 for the Region (see 
Figure 6). A more typical biomass of 10 kg/m2 for a dense kelp bed gave a smaller estimate of 
993 km2. Whichever is the most appropriate, the plot in Figure 6 shows the extreme sensitivity 
of extent estimates to chosen thresholds. 
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Figure 6. Effects of changing thresholds on extent estimation for kelp (Laminaria hyperborea) 
habitat in Scotland. The plot shows the dependence of the predicted extent of kelp habitat on 
the threshold of predicted abundance. Broken vertical lines show 0.5 kg/m2 and 10 kg/m2, the 
latter value being typical for dense kelp beds. Solid horizontal lines show kelp habitat extents 
estimated for the same region in previous studies (Burrows et al., 2014), with the extent 
estimate for kelp habitats taken from the area where presence of kelp was more likely than not 
(p(kelp) > 0.5). 

For seagrass beds, modelled values were used not to express habitat extents, but rather the 
known extents of existing beds. Seagrass has been the focus of a greater research and survey 
effort in recent years, including citizen science (https://seagrassspotter.org/explore/map) and 
academic studies (Jones and Unsworth, 2016). In contrast with the use of models to estimate 
kelp habitats, using known records alone is likely to have resulted in an underestimate of the 
true extent of subtidal (Zostera marina) and intertidal (Zostera noltii) beds across the UK 
Regions.

https://seagrassspotter.org/explore/map
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(a)       (b)        (c) 

 
Figure 7. Coastal vegetated blue carbon and biogenic habitats summarised across UK Regions. (a) Habitat extent. (b) Rates of organic carbon storage (kt OC/yr). 
(c) Imports (positive values) and exports (negative values) of organic carbon summed across all habitats within each Region.
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A different approach was taken to assess the likely extent of intertidal macroalgae. Low and 
high tide lines are available as mapped layers from Ordnance Survey Open Data in 
shapefile format. Here an assumption of 30% cover of intertidal rock by macroalgae was 
combined to give estimates of carbon in long-term stores in living material and to scale 
production rates to carbon totals for whole Regions. 

2.2.2 Carbon in long -term stores  and rates of accumulation  

Carbon densities (g OC/m2 and g IC g/m2), accumulation rates (per unit area in g C/m2/yr 
and totals in t C/yr) have been estimated for each of the coastal vegetated blue carbon 
habitats from reported values in published studies considered to be most relevant at the UK 
and regional scales (see Table 3), and can be compared with sediment carbon in long-term 
stores for each Region (see Table 1). 

Overall these data show that kelp beds are the most extensive of the coastal vegetated 
habitats (see Table 4 and Figure 7a), albeit with the caveat that habitat extents for kelp are 
uncertain and subject to the arbitrary selection of an abundance threshold. Kelp habitats 
are predicted to be most extensive in Scotland, reflecting the much greater extent of shallow 
rocky coastlines suitable for kelps as well as most of the historical records of kelp habitats 
across the UK. After kelp habitats, saltmarshes are the most extensive coastal vegetated 
habitats in all regions except for Scotland, where intertidal macroalgae cover a greater area. 

Saltmarshes are much larger stores of carbon than seagrass beds, due to their greater 
extent rather than to any large difference in the rates of carbon accumulation (see Table 4 
and Figure 7b). The Irish Sea Region has much more extensive saltmarshes than the other 
three Regions, and consequently a much greater estimated storage rate. The extent of 
seagrass beds in the English North Sea Region was revised downwards from 49.3 km2 in 
the original report for that study Region (Burrows et al., 2021) to 8.9 km2 following a more 
recent review (Green et al., 2021). Higher values for habitat extents usually result from the 
use of habitat suitability models rather than direct mapping data.  

A useful way to picture the dynamics of carbon exchanges among habitats is to compare 
the carbon exported from habitats as plant or algal detritus (outflux in Table 4 and exports 
in Figure 7c) with the amount stored across all the habitats in each Region (influx in Table 
4 and imports in Figure 7c). Coastal vegetated blue carbon habitats in the Irish Sea are 
dominated by the import of OC to saltmarshes, with import to saltmarshes considerably 
greater than export of detritus from kelp beds and seagrasses. This contrasts with the 
balance in Scotland, where coastal vegetated blue carbon habitats are net exporters of OC 
due to the extensive and highly productive kelp beds in the Region. 
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Table 3. Organic carbon in long-term stores and sequestration capacity in the UK. The 
values shown summarise carbon store and extent estimates presented in the habitat 
reviews (see Sections 2.1 to 2.6), and the description of sediment carbon stores (see 
Section 2.7). Grey tinted cells indicate that no data were available or there was insufficient 
evidence to present values with confidence.  
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Scotland Phytoplankton  617,385   81 50,233 5,023    
 All sediment a 437,883 151.8 346.8    9,471 15.7 9,471 

 
CVBC*/ biogenic 
habitats 5,228 1.5 289.6 328 1,736 174 8 1.5 8 

Irish Sea Phytoplankton  43,112   81 3,508 351    
 All sediment 43,112 14.7 341.4    1,145 30.2 1,145 

 
CVBC/biogenic 
habitats 1,800 1.2 670.5 307 549 55 119 66.2 119 

English 
Channel and 
Western 
Approaches Phytoplankton  111,469   81 9,069 907    
 All sediment 111,469 35.8 321.5    1,730 17.4 1,730 

 
CVBC/biogenic 
habitats 1,318 0.7 503.0 315 416 42 67 51.2 67 

English North 
Sea Phytoplankton  113,947   81 9,271 927    
 All sediment 113,947 37.5 329.1    1,190 10.4 1,190 
  Biogenic habitats 584 0.8 1,299.1 285 165 17 77 131.0 77 

  
         

All UK Phytoplankton  885,913 0.0   72,081 7,208 0  0 

 All sediment 706,411 239.9   0 0 13,535  13,535 

  
CVBC/biogenic 
habitats 8,931 4.1   2,866 287 271  271 

a Extents of sediment habitats are derived from mapped areas in Smeaton et al. (2021a), and are mostly not 
overlapping with those of shallow inshore CVBC habitats. * CVBC, coastal vegetated blue carbon. 

  







http://www.daera-ni.gov.uk/articles/digital-datasets




http://www.dassh.ac.uk/
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Figure 10. Distribution of point-source records for three intertidal seaweeds across the UK, based on the Archive for Marine Species and Habitats 
Data (an open source available from DASSH at www.dassh.ac.uk).

http://www.dassh.ac.uk/




http://www.opendatani.gov.uk/
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2.2.7 Maerl  

Maerl is a term that covers calcareous coralline red algae that exist unattached in often 
deep beds in mixed or coarse sediment on open coastlines (Hall-Spencer et al., 2010). 
Maerl in the UK consists of Lithothamnion glaciale, Phymatolithon calcareum and a recently 
discovered species, Lithothamnion erinaceum (Melbourne et al., 2017). Lithothamnion 
soriferum is also present on Scottish and Irish coasts (Melbourne et al., 2023). 

As with kelp forests, water clarity determines the depth to which maerl beds are found. An 
earlier review (Burrows et al., 2014) estimated that there were 7.5 km2 of maerl beds in 
Scotland, but the most recent data on maerl in Scotland (NatureScot GEMS V10 i26 
dataset, 2023) records a larger area (31.4 km2, and an even greater area when mixed with 
Modiolus beds; see Table 4), mostly around the west coast and around Orkney and 
Shetland (see Figure 12). Maerl is also present in Northern Ireland, the Isle of Man and 
along the coast of the western English Channel (see Figure 12c). As most maerl beds 
across the UK have not yet been mapped, the exact extent of this habitat is unknown, but 
is likely to be much less than the areas of other coastal vegetated blue carbon habitats.  

The main role of maerl in carbon terms is as an accumulator of IC through calcification, 
which (as has been pointed out by Frankignoulle et al., 1994) is a source of CO2 in the 
ocean and therefore does not make a positive contribution to carbon mitigation, with 
implications for policy (Turrell et al., 2023). As well as the large quantities of IC stored in 
their carbonate skeletons, the complex matrix-like structure of maerl beds means that this 
habitat is a store for particulate organic material. In Loch Sween in the west of Scotland, for 
example, maerl beds have been found to contain 720 g C/m2 of OC in the top 25 cm of 
deposits (Mao et al., 2020), giving a total store of OC of 22,600 t C across the 31.4 km2 of 
such beds in Scotland.  

Maerl may not serve well as an OC store in the future due to its potential sensitivity to ocean 
acidification as a calcifying species (Raven, 2018) and its sensitivity to excessive 
sedimentation (Hall-Spencer et al., 2010; Joshi and Farrell, 2020). 
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Figure 12. Current distribution of maerl habitats around the UK: (a) mapped areas of extensive beds; (b) point-source-derived data from Joint Nature 
Conservation Committee (JNCC) databases; (c) observed locations of maerl using data from a combination of citizen science and surveys by various 
agencies. 
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3 Carbon Stores and Accumulation Rates in UK Marine Protected 
Areas 

 

Once the effect of double-counting introduced by overlapping designations has been removed 
(see Figure 13), the set of marine protected areas in UK and Isle of Man Territorial Seas (see 
Table 1), covers 27% of the English Channel and Western Approaches (ECWA) Region, 34% 
of the Scotland Region, 50% of the Irish Sea and Welsh Coast Region and 52% of the English 
North Sea Region. 

 

 

 

 
Figure 13. Areas covered by all types of MPA designations across the four blue carbon 
Regions in this study. Shapes show overlapping areas of MCZs, MPAs (in Scotland), MNRs, 
SACs and SPAs. SSSIs and ASSIs are not included but are generally small, coastal and make 
up less than 1% of the total area in each Region.  

3.1 Habitat extents within  MPAs of the U K 

Different habitat types characterise the different types of marine protected area across the UK 
and Isle of Man blue carbon Regions. MPAs in Scotland have the greatest extent and 
percentage area of deep sediment habitats (see Figure 14, and Figure18 for overlapping 
designations), followed by SACs, with other types (MCZs in England and Wales, MNRs in the 
Isle of Man, and SACs and SPAs in all devolved administrations) including mostly sublittoral 
sediment. SSSIs (and ASSIs in Northern Ireland) differ from the other types in being focused 
on areas close inshore, with a much higher proportion of intertidal sediments and biogenic 
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habitats (primarily saltmarshes). Despite only being present in waters around Scotland, MPAs 
(also known as Nature Conservation MPAs) cover a far greater area than that covered by the 
other types of designation. 

Specific habitat composition of the different protected area types obviously reflects their 
geographical location, with the large offshore MPAs in Scotland having the most deep-sea 
sediment types (see Figure 15) and SSSIs with the highest proportion of littoral seabed types. 
Seabed type composition across protected areas drives their estimated rates of OC 
accumulation, with those protected area types with a larger area of littoral and sublittoral mud 
having higher rates of estimated OC accumulation (see Section 3.3). 

 

 

 

 
Figure 14. Broad classes of constituent habitats in different types of marine protected areas 
across the four study Regions. 



 

 

42 

 

 

 

 
 

Figure 15. Detailed composition of seabed habitats among different types of marine protected areas in UK seas (including the Isle of Man Territorial Seas).  
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3.2 Stored carbon in the MPAs of the U K and the Isle of Man Territorial Seas  

Organic carbon stored in the top 10 cm of sediment in marine protected areas was evaluated 
by multiplying the average carbon density (see Figure 2) inside the area boundaries by their 
total extent. SSSIs and ASSIs (see Figure 16a) are smaller but have more variable OC 
densities, as they span areas with rocky habitats with lower carbon densities as well as 
organically rich inshore muddy areas. Designated areas show no clear pattern of carbon 
density among the different types (see Figure 16a). It might be expected that marine protected 
areas with mostly mud habitats would have higher OC densities (expressed as g C/m2), but no 
clear differences emerged between protected areas based on their most extensive habitat type 
(see Figure 16b). Average sediment OC in designated areas was similar among the four 
Regions (see Figure 16c). 

The main driver of differences in carbon stored in designated areas was their extent (see 
Figure 17), with SSSIs storing the least carbon, and MPAs and MCZs storing the most OC.
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(a)       (b) 

  

 
(c)       (d) 

 
Figure 18. Areas and carbon in long-term stores covered by overlapping marine protected area 
designations (MCZs, MPAs in Scotland, MNRs, SACs and SPAs as shown in Figure 13, 
excluding SSSIs and ASSIs) in each blue carbon Region. (a) Regional and overlapping MPA 
extent (km2). (b) Proportions of area within designated marine protected areas by Region. (c) 
Total sediment organic carbon in long-term stores (kt, less than 0.1 m depth) across Regions 
inside and outside marine protected areas. (d) Average density of organic carbon inside and 
outside marine protected areas across Regions. Error bars show 25% and 75% quantile 
values. 
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Area-specific rates of OC accumulation in sediments in designated areas were obtained using 
habitat-specific accumulation rates for component habitats and summed across the within-
MPA habitat extents to obtain the values presented here.  

Rates of accumulation of OC among designated areas (see Figure 19c), like those for long-
term stores, followed differences in extents between the different types of area, with individual 
SSSIs storing the least carbon each year, followed by MNRs, MPAs, SACs and MCZs, with 
SPAs storing the most carbon. The dominant habitat type in each designated area (see Figure 
19a) influenced accumulation rates as expected. The marine protected areas with high OC 
density tended to be those with the highest estimated carbon accumulation rate (see Figure 
19a). This association was expected, as the latter measure was driven strongly by the 
presence of rapidly accumulating mud habitats in each MPA. The small amount of carbon 
stored annually in designated areas where seagrass was the dominant habitat was due to the 
small extent of such places (see Figure 19a, far right vertical bar).  
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4 Ecosystem-Scale Carbon Budget 

4.1 Organic carbon  

Summarising the dynamics of carbon in long-term stores (see Section 2.2.1 and Table 3) 
across the blue carbon habitats considered here, from seafloor sediments to saltmarshes, 
shows the relative importance of each component (see Section 2.1.3). Although some 
elements remain unknown, these values demonstrate the overriding importance of 
phytoplankton and sublittoral sediments as the primary carbon source and carbon store, 
respectively, in the Region. 

Depicting the transport and exchange of OC among coastal vegetated blue carbon habitats, 
pools of suspended particulate organic carbon (POC) and sediment stores diagrammatically 
(see Figures 20 and 21) shows more clearly the relative contributions of each source and store 
of carbon. Coastal vegetated blue carbon habitats (see Figure 20) supply less than 5% of the 
OC contributed by phytoplankton to the POC pool. Using a high value for rates of OC storage 
(see Section 4.1.2), a smaller proportion of the POC produced each year is stored in coastal 
vegetated blue carbon habitats (see Figure 21) than in seabed sediments. Most OC is 
accumulated annually in sublittoral mud (see Figure 21), but there is considerable uncertainty 
about the value of 13.6 Mt C/yr for this habitat. Recent studies (Diesing et al., 2021) suggest 
that, beyond areas of rapid sedimentation in fjordic environments (Smeaton et al., 2017), OC 
accumulation is much slower in offshore mud habitats, and the total quantity stored may be 
just 89,000 t C/yr (see Section 4.1.2 and Figure 25). 

 

 
Figure 20. Annual flows of organic carbon from sources to stores summed over all four Regions 
studied, based on values presented in Table 3, and shown as a Sankey diagram with flows 
from left to right. The heights of each block represent the flows into and out of each carbon 
source or sink. POC, particulate organic carbon; CVBC: coastal vegetated blue carbon. 
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more widely to all sublittoral muds. Given that fjords are identified as hotspots for carbon 
accumulation both globally and nationally (Smith et al., 2015; Smeaton et al., 2017), it seems 
likely that the estimate for carbon accumulation rate in fjords is an upper limit for rates of 
accumulation more generally in sublittoral muds. The resulting overestimate of OC 
accumulation in mud sediments reverses the apparent discrepancy between the rate of 
delivery of OC from phytoplankton and coastal vegetation to sediments (see Figure 21; 7.1 Mt 
C/yr as 10% of primary production delivered to sediments) and the estimated total buried in 
sediments (13.6 Mt C/yr using the higher estimated OC accumulation rate). If accumulation of 
OC in sublittoral mud is much less than was originally assumed, much more organic detritus 
is produced annually than is accumulated in sediments (see Figure 25). Diesing et al. (2021) 
showed that the Norwegian Trough (red area in top right corner of the left-hand map in Figure 
24) was the most important centre for OC deposition in the area. This suggests that, outside 
of the coastal vegetated blue carbon habitats, much of the OC fixed by phytoplankton may end 
up stored outside the UK region. 

This stark difference between assumed values for OC accumulation requires a re-evaluation 
of the relative quantities stored by different habitats each year (see Table 5 and Figure 25). 
Coastal vegetated blue carbon habitats become much more important as sinks for POC when 
using the lower rate of accumulation in sublittoral mud habitats, potentially accounting for 64% 
of total accumulation of OC in sediments (see Table 5).  

 

Table 5. Revised ecosystem summary (based on Table 3) using lower rates of sediment 
accumulation in sublittoral mud habitats.  
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Scotland 
Phytoplankton  617,385   81 50,233 5,023    

All sediment 437,883 151.8 346.8    90 0.2 90 

CVBC habitats 5,228 0.7 129.4 328 1,736 174 8 1.5 8 

Irish Sea 
Phytoplankton  43,112   81 3,508 351    

All sediment 43,112 14.7 341.4    10 1.8 10 

CVBC habitats 1,800 1.2 670.5 307 549 55 119 66.2 119 

English Channel 
and Western 
Approaches 

Phytoplankton  111,469   81 9,069 907    

All sediment 111,469 35.8 321.5    27 0.7 27 

CVBC habitats 1,318 0.7 503.0 315 414 42 67 51.2 67 

English North 
Sea 
  

Phytoplankton  113,947   81 9,271 927    

All sediment 113,947 37.5 329.1    25 0.2 25 

CVBC habitats 584 0.8 1,299.1 285 165 17 77 131.0 77 
 

 
         

All UK Phytoplankton  885,913 0.0   72,081 7,208 0  0 

 All sediment 706,411 239.9   0 0 153  153 

  CVBC habitats 8,931 3.3   2,864 286 271  271 

 Total 885,913 243.2   74,945 7,495 424  424 

Percentages Phytoplankton  100% 0%   96% 96% 0%  0% 

 All sediment 99% 99%   0% 0% 36%  36% 

 CVBC habitats 1.0% 1.4%   3.8% 4% 64%  64% 

CVBC, coastal vegetated blue carbon. 
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bars overlap. Vertical broken lines show quantiles of the distribution of estimates for total 
carbon sequestered (median value is 0.42 Mt C/yr). 

4.2 Inorganic carbon  

Habitats rich in IC are paradoxically important when considering marine carbon in long-term 
stores and sequestration capacity in a climate policy context (Howard et al., 2017, 2023; Turrell 
et al., 2023), as they are important habitats for biodiversity but may act as both sources and 
sinks for carbon. The quantity of carbon stored as IC in the top 10 cm of sediments in UK seas 
(1,610 Mt) far exceeds the amount stored as OC (240 Mt). The majority of IC in marine habitats 
is in the form of calcium carbonate (CaCO3) in shell material. Dissolution of calcium carbonate 
effectively removes dissolved CO2 from seawater and potentially from the atmosphere (Turrell 
et al., 2023). By absorbing dissolved CO2, the process of dissolution of calcium carbonate 
material can increase alkalinity and counter ocean acidification. However, the calcification 
process that produces the shell material which forms the bulk of this carbon store releases 
CO2, and therefore cannot make a positive contribution to a greenhouse gas inventory 
(Frankignoulle et al., 1994).  

Biogenic reefs formed from calcifying organisms, such as maerl, cold water corals, horse 
mussels (Modiolus modiolus), blue mussels (Mytilus edulis), native oysters and flame shells, 
release CO2 during shell growth but may also trap OC. It this trapped OC is ultimately buried, 
it may potentially offset the additional CO2 released during calcification.   

In summary, Turrell et al. (2023) make four key recommendations in this area: (1) a clear 
distinction should be made between OC and IC; (2) carbon stored as CaCO3 should not be 
seen as relevant for carbon offsetting; (3) carbon sequestration through the accumulation of 
shell material should always be presented alongside reports of the CO2 released, so that the 
net effect is properly represented; and (4) the effect of trapped OC on biogenic reefs should 
not be ignored. 
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Annex 1. Sources for Habitat Data 
 

Table A1. Sources for habitat data 

Title  Data source  
Data sub-
source  Data owner  Restrictions  

Permissions 
request 
needed?  

Seastar DORIS (DORset 
Integrated Seabed 
survey) 

Dorset Wildlife Trust: Peter 
Tinsley 
PTinsley@dorsetwildlifetrust.or
g.uk 

n/a Dorset Wildlife Trust Creative Commons by 
Attribution (CC-BY). Permission 
received from Peter Tinsley 
<PTinsley@dorsetwildlifetrust.or
g.uk> 

No 

Saltmarsh Extent & 
Zonation 

www.data.gov.uk  Environment 
Agency 

Environment Agency Open Government License 
http://www.data.gov.uk/dataset/
0e9982d3-1fef-47de-9af0-
4b1398330d88/saltmarsh-
extent-zonation 

No 

Saltmarsh Extents 
Natural Resources 
Wales 

https://datamap.gov.wales/laye
rs/inspire-
nrw:NRW_SALTMARSH_EXT
ENTS  

DataMapWales Welsh Government Open Government License 
www.nationalarchives.gov.uk/do
c/open-government-
licence/version/3/  

No 

EUSeaMap www.emodnet-
seabedhabitats.eu/about/eusea
map-broad-scale-maps/  

EMODnet European Marine 
Observation and 
Data Network 
(EMODnet) Seabed 
Habitats initiative 
(www.emodnet-
seabedhabitats.eu), 
funded by the 
European 
Commission 

Credit: Licensed under CC-BY 
4.0 from the European Marine 
Observation and Data Network 
(EMODnet) Seabed Habitats 
initiative (www.emodnet-
seabedhabitats.eu), funded by 
the European Commission 

No 

http://www.data.gov.uk/
http://www.data.gov.uk/dataset/0e9982d3-1fef-47de-9af0-4b1398330d88/saltmarsh-extent-zonation
http://www.data.gov.uk/dataset/0e9982d3-1fef-47de-9af0-4b1398330d88/saltmarsh-extent-zonation
http://www.data.gov.uk/dataset/0e9982d3-1fef-47de-9af0-4b1398330d88/saltmarsh-extent-zonation
http://www.data.gov.uk/dataset/0e9982d3-1fef-47de-9af0-4b1398330d88/saltmarsh-extent-zonation
https://datamap.gov.wales/layers/inspire-nrw:NRW_SALTMARSH_EXTENTS
https://datamap.gov.wales/layers/inspire-nrw:NRW_SALTMARSH_EXTENTS
https://datamap.gov.wales/layers/inspire-nrw:NRW_SALTMARSH_EXTENTS
https://datamap.gov.wales/layers/inspire-nrw:NRW_SALTMARSH_EXTENTS
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
http://www.emodnet-seabedhabitats.eu/about/euseamap-broad-scale-maps/
http://www.emodnet-seabedhabitats.eu/about/euseamap-broad-scale-maps/
http://www.emodnet-seabedhabitats.eu/about/euseamap-broad-scale-maps/
http://www.emodnet-seabedhabitats.eu/
http://www.emodnet-seabedhabitats.eu/


http://www.data.gov.uk/dataset/bfc23a6d-8879-4072-95ed-125b091f908a/marine-habitats-and-species-open-data
http://www.data.gov.uk/dataset/bfc23a6d-8879-4072-95ed-125b091f908a/marine-habitats-and-species-open-data
http://www.data.gov.uk/dataset/bfc23a6d-8879-4072-95ed-125b091f908a/marine-habitats-and-species-open-data
http://www.data.gov.uk/dataset/bfc23a6d-8879-4072-95ed-125b091f908a/marine-habitats-and-species-open-data
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