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1330 | Atlantic salt meadows (Glauco-Puccinellietalia maritimae) 
This document is primarily prepared for the Atlantic salt meadows (1330) but most of the 
recommendations are relevant also for the Boreal Baltic coastal meadows (*1630). To the extent that 
information is explicitly relevant for only one of the habitats, this is indicated in the text. 

A typical Atlantic ungrazed/lightly grazed salt meadow with Limonium spp, 
South Walney Island, north-west  England. Photo:  Dr  J. P.  Doody 

 
 

13 Atlantic and continental salt 
marshes and meadows 

EUNIS classification:  
A2.511 Atlantic saltmarsh and 
drift rough grass communities, 
A2.541 Atlantic saltmarsh grass 
lawns 

 
Summary 
 
Atlantic salt meadows are communities of herbaceous halophytic (salt-tolerant) plants growing on the 
margins of tidally inundated shores. They lie at the upper end of a succession between the early 
colonising species such as Salicornia europaea and transitions to vegetation where tidal influence is 
limited. Colonisation begins at Mean High Water of Neap tides extending to the upper limit of normal 
tides. Distributed along the eastern shores of the Atlantic and along the Baltic, there is a marked north-
south variation in the plant community of salt marshes and coastal meadows. The main features that 
separate the Baltic coastal meadows (*1630) from the Atlantic salt marshes are their lower salinity levels 
and the very limited impact of the tide but, otherwise, many of the management recommendations are 
relevant to both habitat types. Management issues can be considered in two key categories associated 
with the: 

1. Nature of the vegetation in relation to grazing management. The level of grazing pressure has a 
profound impact on the nature of the vegetation. These range from short, species-poor swards 
associated with heavily, often sheep-grazed salt marshes to lightly or historically ungrazed ones. The 
former may support large numbers of wintering herbivorous ducks and geese, and are preferred 
breeding sites for several species of wader birds. The latter, more structurally diverse swards have a 
higher diversity of plants and associated animals (especially invertebrates). They also provide habitat 
for passerines and other birds requiring nesting cover. Much depends on the historical grazing regime. 
In some cases, abandonment of grazing on sites that are historically grazed results in impoverishment, 
particularly of the avian fauna. Overgrazing on historically ungrazed or lightly grazed sites can also 
result in loss of interest with a reduction in biodiversity. A key question for the manager is whether to 
graze or not and if so the extent, number and type of animals, and period of grazing. 

2. The physical structure of the habitat: notably whether it is eroding of accreting. This issue essentially 
concerns Atlantic salt marshes, which are highly influenced by tidal pressure and sea level rise. Boreal 
Baltic coastal meadows are, on the other hand, located in a region of Europe with isostatic land 
upheaval and micro tidal ranges. This means that problems related to erosion and 'salt marsh squeeze' 
are less pronounced for the sites along the Baltic Sea compared to those in the Atlantic.  

 
There are many techniques to promote salt marsh accretion. Notable amongst these is planting of various 
species of native and non-native Spartina. Physical structures (polders) built to seaward of existing salt 
marsh helped to promote accretion as well as protecting the embankments enclosing created land. Other 
methods designed to ‘hold the sea defence line’ include sediment recharge of the beach. In areas where 
this is uneconomic, managing a realignment of the coast to re-create salt marsh is an alternative option. 
These and other similar activities take place, especially where relative sea levels are rising or where there 
is a depleted sediment budget. 
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1. Description of habitat and related species 
 
 
Salt marshes and coastal meadows are characterised by communities of herbaceous salt-tolerant vascular 
plants, mostly in a zonation with the most saline-tolerant species closest to the sea. 
 
 
Distribution 
 
Salt marshes and coastal meadows are widespread along the coasts of Western Europe and the Baltic Sea. 
Main features that distinguish the Baltic coastal meadows (*1630) from the Atlantic salt meadows (1330) 
are lower salinity (>1.5%) and a much smaller tidal range. 
 
 

 

Percentage distribution of the total surface of Atlantic salt meadows (1330) and *Boreal Baltic coastal 
meadows (1630) in Natura 2000 
 
 
 
Atlantic salt meadows and *Boreal Baltic coastal meadows in Natura 2000 sites 
 
The following data have been extracted from the Natura 2000 Network database, elaborated by the 
European Commission with data updated on December 2006. The surface was estimated on the basis of 
the habitat cover indicated for each protected site and should be considered only as indicative of the 
habitat surface included in Natura 2000. 
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Nº of sites Estimated surface 
in Natura 2000 (ha) 

% of total surface 
in Natura 2000 

 
 
Biogeographical region 1330 1630 1330 1630 1330 1630 
Atlantic  194 - 89,938  77.93  
Continental  110 33 25,166 733 21.81 4.05 
Boreal  12 278 199 17,348 0.17 95.95 
Mediterranean  2 - 103 - 0.09  
Countries 1330 1630 1330 1630 1330 1630 
Denmark  58  29,583  25.63  
France  56  26,367  22.85  
Germany  40  20,269  17.56  
United Kingdom 23  19,986  17.32  
Netherlands  9  8,981  7.78  
Ireland 38  3,416  2.96  
Spain  38  2,108  1.83  
Poland  3  1,990  1.72  
Estonia   44  12,102  66.93 
Sweden  45 173 1,815 3,321 1.57 18.37 
Finland   88  2,497  13.81 
Belgium  3  479  0.41  
Portugal  5  412  0.37  
Latvia  6  161  0.89 
TOTAL 318 311 115,406 18,081 100 100 

 
 
 
 
Main habitat features, ecology and variability 
 
Salt marshes and coastal meadows are widespread, occurring in tidal estuaries and behind barrier islands, 
as well as on open coasts and in lagoons. They are at their most extensive in the macro-meso tidal 
estuaries (spring tidal range >4 and 2-4m respectively) of Britain and in the Danish, German and Dutch 
Wadden Sea. Outside this geographical area individual estuaries can also support large salt marshes 
(>500 ha) where physical conditions and sediment availability favour their development.  
 
They are also present in the micro-tidal (<2 m spring tidal range) Baltic Sea. They extend into the rocky 
coasts in the north occurring as smaller scattered examples at the head of sea lochs, on rocky beach 
plains and on exposed cliffs where salt spray drenches the shallow soils on the cliff slopes and tops. The 
community rarely exists in isolation, and represents the upper part of the succession from open tidal flats 
to high-level salt marsh. 
 
A similar management approach is applicable for both the Atlantic salt meadows (habitat 1330) and the 
Boreal Baltic coastal meadows (habitat *1630). Boreal Baltic meadows differ in that they have a lower 
salinity (for Sweden, 1.5% is given as an indicative limit; Naturvårdsverket 1997), and are much less 
influenced by tides. In practice, it means that sites located along the Swedish coastline east of the 
southern mouth of the Sound (Öresund) are all classified as Baltic coastal meadows.  
 
Atlantic salt meadows (1330) 
 
Atlantic salt meadows are communities of herbaceous halophytic (salt-tolerant) plants growing on the 
margins of tidally inundated shores. So long as there is a reasonable supply of sediment and a low energy 
wave environment, their development depends on the following: 
 
• normally, twice-daily tidal cycles; 
• sediment transport across the shore; 
• sediment accumulation; 
• establishment of salt tolerant plants 
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The development of vegetation determines the nature and extent of the habitat in relation to: 
 
• tidal range and/or wave energy; 
• sediment availability, type, method of deposition and cohesion; 
• degree of protection (from storms and wave action); 
• tidal flat topography and extent; 
• distance from coast/main estuary channel; 
• distance from creek banks; 
• relative sea level change. 

 
The establishment of salt-tolerant plants on sheltered tidal flats is the first stage in the colonisation of this 
highly specialised community. Sedimentation, aided by the presence of plants, raises the shoreline such 
that progressively fewer inundations of the tide take place. Atlantic salt meadows lie at the upper end of a 
succession between the early colonising species such as Salicornia europaea and transitions to vegetation 
where tidal influence is limited. Colonisation begins at Mean High Water of Neap tides when seedlings of 
the annual, salt-tolerant colonising species remain free from tidal agitation for several days on neap tides.  
 
These communities belong to the EU Habitat group 1310 Salicornia and other annuals colonising mud 
and sand and 1320 Spartina swards (Spartinion maritimae). Succession leads to the development of 1330 
Atlantic salt meadow (Glauco-Puccinellietalia maritimae) and in the absence of human interference, 
merges at higher levels into transitions with Phragmites communis swamp, willow scrub and very 
occasionally, woodland. The height of the shoreline determines the number of tidal submergences, which 
in turn influences the plant species that occur along the shore (Figure 1). 
 
 

 
 
Figure 1 Relationship between salt marsh species, tidal height and number of tidal inundations. The middle 
and high marsh equate, approximately, to Atlantic salt meadows (adapted from various sources). Note this 
linear depiction is a highly simplified representation of the nature of salt marsh where tidal creeks, saltpans, 
drift lines, patterns of erosion and accretion create a complex mosaic of habitat and vegetations types. 
 
 
Actively accreting marshes with annuals (Community 1310) or Spartina spp. (Community 1320) border 
the more mature Atlantic salt meadows. These in their turn may have the full sequence of community 
types represented within them depending on their age and freedom from enclosure. Atlantic salt 
meadows include species such as Puccinellia maritima, Halimione portulacoides, Halimione pedunculata, 
Aster tripolium, Armeria maritima, Glaux maritima, Plantago maritima, Frankenia laevis, Artemisia maritima, 
Festuca rubra, Agrostis stolonifera, Juncus gerardii, Carex extensa, Blysmus rufus, Eleocharis spp., Spergularia 
marina, Puccinellia distans, P. fasciculata, P. retroflexa, P. maritima, Triglochin maritima, Potentilla anserina, 
Halimione portulacoides, Elymus pycnanthus (= Agropyron pungens) or E. repens, Atriplex littoralis, A. hastata, 
Beta maritima, Matricaria maritima, occurring at successively higher levels across the salt marsh transition 
(EC 2007).  
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The physical structure of the salt marsh varies considerably. Under favourable conditions (abundant 
sediment and a sheltered shoreline), salt marsh can accrete rapidly both vertically and horizontally. Some 
of the largest examples occur where abundant sediment is swept into estuaries and bays; such as the Bay 
of Saint Michel (France), the Wash (England) and in the Wadden Sea (Netherlands, Germany and 
Denmark). 
 
Once established, although rates of vertical accretion decrease, sediment deposition can still be several 
mm per year. On rocky and exposed coasts, sediment may be much less plentiful and locations where salt 
marshes become established are more restricted. These tend to develop as small fringing salt marshes in 
narrow drowned river valleys (rias) such as those in south west England and on the coast of Brittany, at 
the head of sea lochs (fjords, in Scotland and Scandinavia) and along other predominantly cliffed 
coastlines. 
 
Erosion of established salt marsh begins when the balance of the forces promoting accretion is reversed, 
such as an increase in wave action, reduced sediment availability or decrease in the degree of protection 
from storms. Both accretion and erosion may naturally occur on the same site responding to changes in 
the forcing factors. Human activities may initiate and/or accelerate erosion and at many sites have done 
so, see below the ‘salt marsh squeeze’. 
 
Atlantic salt meadows are intimately associated with other coastal habitats, in some cases their existence 
depends on the shelter they provide. Thus, salt marshes also occur on open coast high-level beach plains, 
behind sand dune or shingle spits, bars or barrier islands and in the lee of islands and other protective 
structures.  
 
Sediment availability is a key requirement. It is derived from land-based sources (erosion of uplands), 
erosion of coastal cliffs and re-mobilisation of sediment in salt marshes and sand dunes or erosion of 
offshore sand banks. Rivers transport the sediment to the coast. Tidal movement and wave energy drive 
the sediment along the shore and landward. The final position of the salt marsh depends on the balance 
between these forces and the amount of sediment available for deposition (Figure 2). 
 

Figure 2. Some of the factors delivering and moving sediment on the coast, which ultimately provide 
conditions for salt marsh development (after Doody 2008) 
 
There is a marked north-south variation in the plant community on the Atlantic coast from southern 
Portugal to northern Norway. In northerly locations, they are often sheep-grazed and include Salicornia 
europaea, Armeria maritima, Triglochin maritima and Blymus rufus, as for example in northern Scotland. 
This community may include free-living fucoids and is characteristic of the northern geographical zone, 
extending from south west Scotland into Scandinavia. Puccinellia maritima and Juncus maritimus help to 
define the northern limit of temperate Atlantic salt meadows (Adam 1990). 
 
In the south, the native Spartina maritima can be the main colonising species. The shrub Atriplex 
portulacoides is also prominent in the ungrazed Atlantic salt meadow community. Both species are frost 
sensitive and reach their northern limit in southern Denmark and northern England. The following 
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publications provide detailed descriptions of the wide range of communities encompassed by this 
complex community (Adam 1978, Adam 1981, Adam 1990, Rodwell 2000). 
 
The vegetation can be highly modified when grazed by high densities of domestic stock, which has a 
knock-on effect on other species utilising the habitat. As a result, there are different management 
prescriptions for the conservation of some plant species, birds and invertebrates, dealt with below.  
 
 
Boreal Baltic coastal meadows (*1630) 
 
The main feature that distinguishes the Baltic coastal meadows from the Atlantic salt marshes is lower 
salinity (<1.5 %, Naturvårdsverket 1997) and a micro-tidal range. There is a marked south-north variation 
in the plant communities, from those similar to the Atlantic salt marshes in the south, to more brackish 
water influenced meadows further to the north. Land upheaval increases along a gradient from zero in 
the south to around 0.9 cm per year in the northern part of the Baltic Sea (Gulf of Bothnia). 
 
As for the Atlantic salt meadows, the vegetation mostly occurs in zones, with species tolerant of sea water 
closest to the sea (e.g. Johansson et al. 1986, Naturvårdsverket 1997, EC 2007). But note the comment in 
Figure 1 above.: 
 
• Closest to shoreline: Eleocharis. parvula, Scoenoplectus (Bolboschoenus) maritimus, S. tabernaemontani. 
• Middle zone: Agrostis stolonifera, Elocharis uniglumis, Festuca rubra, Juncus gerardii. 
• Uppermost zone: Carex nigra, Centaurium littorale, C. pulchellum, Odontites littoralis, Ophioglossum 

vulgatum, Plantago maritima,  
 
For the northern parts of the Baltic Sea (i.e. Gulf of Bothnia) with lower salinity, a slightly different 
zonation is typical with Eleocharis acicularis and Scoenoplectus tabernaemontani closest to the shoreline 
and Eleocharis palustris in the transition to a zone with Carex aquatilis, C. nigra and Calamagrostis stricta. 
 
The vegetation of the Baltic coastal meadows also includes some endemics, such as *Alisma wahlenbergii, 
Deschampsia bottnica and Euphrasia bottnica plus endemic subspecies of various more wide-spread 
vascular plant species. 
 
 
Species that depend on the habitat 
 
Vegetation
 
In Europe lightly grazed or ungrazed salt meadows support a rich community of halophytic plants. The 
geographical variation of the main vegetation communities provides the basis for the selection of Special 
Areas of Conservation. Sub divisions within national boundaries modify the selection, reflecting local 
climatic and physical conditions. In the United Kingdom, there are no less than 12 recognised community 
types within Atlantic salt meadows. Together with the pioneer and transitional communities, they include 
up to 28 distinct types (Rodwell 2000).  
 
The specialist flora also includes rare species with distinct geographical distributions. Amongst those are 
Blymus rufus, a species of northern latitudes and Shrubby Sea-blite Suaeda vera and several species of Sea 
Lavender such as Matted Sea-lavender Limonium bellidifolium with a much more southerly distribution, 
including the Mediterranean. 
 
Some rare and threatened vascular plants, listed in Annex II of the EU Habitats Directive, have their main 
or only locations in Europe at coastal meadows along the Baltic Sea, e.g.: Arctophila fulva, Alisma 
wahlenbergii∗, Hippuris tetraphylla and Primula nutans ssp. finnmarchia. 
 

                                                 
∗ Priority species 
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Birds
 
Salt marshes and coastal meadows are key habitats for several bird species listed in Annex I of the EU 
Birds Directive. Their occurrence is often the main justification for their designation as Special Protected 
Areas (SPAs). 
 
Stop-over and wintering sites: the grassy salt marshes are a main food resource for many wildfowl birds 
during autumn or spring migration such as Branta bernicla (brent goose) or Cygnus columbianus bewickii 
(tundra swan). Both are judged to have an unfavourable conservation status in Europe (BirdLife 
International 2004). 
 
Breeding sites: The salt marshes play an equally important role as breeding sites for a number of wader 
species listed in Annex I of the EC Birds Directive: 
 
• Charadrius alexandrinus (kentish plover) breeds in coastal areas in western and southern Europe. The 

species has suffered a moderate continuing decline and is considered to have an unfavourable 
conservation status in Europe (BirdLife International 2004). In connection to salt meadows, it also 
breeds on shell and mud banks, sandy shores and coastal lagoons and may temporally appear at 
land-fill sites. Habitat decline and increased predation pressure at salt meadow areas in south Sweden 
and Denmark has contributed to its negative trend (e.g. Jönsson 2007a). 

 
• Calidris alpina schinzii (dunlin): Taking Europe as a whole, this species has a large breeding 

population, but the subspecies C.a. schinzii is more restricted in its distribution and salt marshes along 
the coasts of the North Sea, Kattegat, Skagerrak and the Baltic Sea is one of its main habitats inside 
EU. The subspecies has been declining for a long period during the 20th century, and although there 
has been a recent increase in the UK, the overall trend is still negative. The decline is clearly linked to 
changes in the management (primarily grazing regime) on salt marshes and inland wet meadows. 
 

• Philomachus pugnax (ruff) is considered to have an unfavourable conservation status in Europe 
(BirdLife International 2004). Nowadays, salt meadows (outside the UK and Ireland) are one of the few 
habitats where this species is found breeding outside the mires and peatlands of the Boreal region 
where the main part of the breeding population in Europe is normally found. Although the decrease 
is thought to be primarily related to factors affecting the migration and wintering sites, it is clear that 
inappropriate grazing, both with reference to grazing pressure and grazing too early during the 
breeding season, has contributed to its decline at a local and regional level (Widemo 2007). 

 
In addition, the salt meadows still host viable populations of various widespread bird species not listed in 
Annex I of the EU Birds Directive but with an unfavourable conservation in Europe due to recent declines 
in the agricultural landscape. They include wader birds such as Vanellus vanellus (Northern lapwing), 
Gallinago gallingo (common snipe), Limosa limosa (black-tailed godwit) and Tringa totanus (common 
redshank). At least at a local and regional level, salt meadows are sometimes the only remaining habitats 
where these birds can still be found in important numbers. 
 
Amphibians
 
For some endangered amphibians (listed in Annex IV of the EC Habitats Directive), salt meadows 
represent an important refuge:  
 
• Bufo calamita (natterjack toad) is associated with breeding in warm, shallow seasonal pools that can 

be found in the upper part of salt marshes and coastal meadows at single sites all over its distribution 
range. Reproduction can take place in pools with salinities of up to 5-6 ‰; eggs and tadpoles may 
survive in salinity levels up to 10 ‰. The surrounding terrestrial environment is of equal importance, 
and needs to be kept open with short vegetation. This facilitates movement on land between pools 
and adjacent hibernation sites etc (e.g. Andrén & Nilsson 2000). 
 

• Bufo viridis (green toad) has a south-eastern distribution range and is found in coastal habitats in 
Denmark, southernmost Sweden and along the south-eastern Baltic coast up to Estonia. Here, it is 
dependant on warm and shallow pools with an inflow of ground-water (e.g. Andrén 2007). There has 
been a marked decline in numbers along the northernmost range during the latest decades. 
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Invertebrates 
 
Various invertebrate species inhabit salt marshes. They range from highly specialised species tolerant of 
rapid and prolonged tidal inundation to terrestrial species. The higher Atlantic salt meadows are 
especially favoured and have an especially good structural diversity in areas with low levels of domestic 
grazing. Several grazing-sensitive species such as Sea Purslane Atriplex portulacoides, Sea Lavender 
Limonium vulgare and Sea Wormwood Seriphidium maritimum provide an important food resource and 
shelter for a wide variety of species.  
 
 
Related habitats 
 
As indicated under the text on "main habitat features", salt marshes and coastal meadows often occur in a 
complex with other shore-line habitats, such as 1210 Annual vegetation of drift lines, 1310 Salicornia and 
other annuals colonising mud and sand and 1320 Spartina swards (Spartinion maritimae). They are also 
closely related to 1140 Mudflats and sandflats not covered by seawater at low tide where mean water 
level is often used as a somewhat arbitrary demarcation line. Further away from the shoreline, the salt 
marshes may merge into semi-natural humid meadow habitats (mostly 6410 or 6430), with fewer 
halophytic (salt-tolerant) vascular plants.  
 
 
Ecological services and benefits of the habitat 
 
Tidal salt marshes rarely exist in isolation, forming an integral part of many estuaries, other tidal inlets and 
bays and deltas. In this context, they contribute to: 
 
• natural processes and geomorphological patterns; 
• the trophic energy of the system through estuarine food chains and support for estuarine food 

webs; 
• the ability of the ecosystem to support recycling mechanisms for nutrients and other 

organic/inorganic compounds contributing to the healthy functioning of the ecosystem. 
 

As such, they have a number of different values associated with economic, cultural and environmental 
qualities.  
 
Economic values 
 
Salt marshes have been valued for the following: 
 
Sea and flood defence. Salt marshes provide protection of the hinterland from waves and storms, through 
their contribution to sea defence. Part of this value derives from the way salt marshes attenuate waves. 
This can be as much as 92% with most of the attenuation, > 40% taking place in the first 10m of 
permanently vegetated marsh (Möller et al. 2002, Möller & Spencer 2002). Wave height and wave energy 
are similarly reduced, by 71% and 92% respectively in North American salt marshes (Frey & Bason 1978). 
The type of vegetation and season may also be important. More robust plants particularly in the autumn 
when vegetation growth has reached a maximum, provide the highest wave attenuation (Bouma et al. 
2005, Möller 2003). 
 
Grazing. The use of salt marshes for grazing by domestic stock (cattle and sheep) is a long established 
practice. In northwest England, where some of the most extensive and intensively grazed sites in Europe 
occur, stocking densities up to 6.5 sheep (year round) or 2 cows (summer) per ha have been recorded 
(Gray 1972). Similar stocking levels occur in the Wadden Sea and on the French coast. The salt marshes of 
Normandy coast of France in particular, produce ‘Pré-Salé lamb’ long regarded as a delicacy in French 
restaurants. 

 
Fish and shellfish - A few detritus-feeding species such as species of Grey Mullets (e.g. Liza ramada) feed 
directly on material derived from the salt marsh. More significant is shelter from predation for juvenile Sea 
Bass Dicentrarchus labrax, which spend the first three or four years of their lives in estuaries. The salt 
marshes of the Wadden Sea are also vital for the reproduction and life cycle of other fish species such as 
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the Atlantic Herring Clupea harengus, European Plaice Pleuronectes platessa and Dover Sole Solea solea. 
The mudflats and creeks associated with a salt marsh in the Mira Estuary in Portugal act as a nursery area 
for more than 40% of the fish species present in the estuary (Costa et al. 1988). 
 
Water quality improvement - Salt marshes act as a nitrogen interceptor, especially where they lie adjacent 
to highly permeable uplands. As well as being sources and sinks of mineral nutrients and organic matter, 
salt marshes also function as a sink for pollutants that would otherwise be damaging to the environment. 
Through these and other functions, they act as dynamic living filters for various, ecologically important 
materials (Boorman 1999). 
 
Other more localised economic values include: 

• pipeline landfall sites 
• military training; 
• samphire gathering;  
• reed for thatching; 
• shooting areas. 

 
 
Cultural and environmental values 
 
Salt marshes have high scientific, landscape, recreational and cultural values. It is difficult to assign 
monetary values to many of these; more often, their worth is intangible. In this context, they can provide 
inspiration for literature, paintings or music. This value has no monetary equivalence, even if the outputs 
have. Other uses have a more direct value, as for example: 

• research and teaching; 
• recreation; 
• tourism and landscape; 
• archaeological conservation; 
• nature conservation 
• bird watching. 

 
 
Trends 
 
Trends affect salt marsh in two principle ways: 
 

1. the nature of the vegetation in relation to grazing management. 
2. the physical structure of the habitat, notably whether it is eroding of accreting and with 

reference to impact of enclosures; 
 
Grazing or no grazing. Grazing and haymaking are long established traditions on many salt marshes and 
coastal meadows in Europe. For the Baltic coastal meadows, a tradition of grazing and mowing can be 
traced back over a period of 4000-5000 years and due to the constant (isostatic) land uplift new land 
suitable for this kind of land-use was constantly made available (Johansson et al. 1986). 
 
However, during the last decades there has been a general trend in most parts of Europe to abandon 
marginal agricultural land, including these kinds of habitats. For example, cattle and sheep grazed the 
majority of the mainland salt marshes in the Wadden Sea but since the 1960s grazing has ceased on large 
areas, due to lack of interest from farmers (Dijkema & Wolf 1983). Similar trends occur across most of the 
Atlantic as well as Baltic coastal meadows. This habitat has also been exploited for other purpose, 
including land-fill for harbour construction as well as dredging for construction of marinas etc.  
 
Enclosure of salt meadows. For the Atlantic salt marshes, human activities, probably since Roman Times, 
have caused direct loss through extensive enclosure for agriculture and infrastructure. The historical 
trend towards enclosure (building a sea bank to exclude the tide) affects upper levels of salt marsh 
habitat first. More robust engineering structures, such as concrete sea walls, allow enclosure to extend 
further down the shoreline. The loss of habitat and its effect on tidal lands is well documented (see for 
example Allen 1997). In Great Britain an area, almost equivalent to the current extent of salt marsh (43000 
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ha, Burd 1989) has probably been enclosed in the last 300 years or so. In the Netherlands, the area of lost 
tidal land (including salt marshes) amounts to as much as 40% of the total land surface of the country, a 
large proportion of which is in agriculture use. 
 
It is the same in France, where during the last century over half the salt marshes of western France were 
enclosed (Géhu 1984). Géhu further reports that almost all salt marshes in France suffer from 
deterioration and ‘nibbling’, a process whereby small-scale enclosure, including dumping of rubbish 
slowly excludes the tide. In and around the estuaries of all the major harbours salt marshes are the first 
casualties of port and other infrastructure development. Atlantic salt meadows are enclosed first, 
especially as they can be rapidly converted to intensive agricultural use.  
 
 
Threats 
 
Grazing 
 
Introduction of grazing by domestic stock on formerly ungrazed or lightly grazed salt marshes can have a 
deleterious effect on Atlantic salt meadows. Several of the typical and rare plants are susceptible to 
grazing and may be eliminated them from the community. Loss of the upper parts of the plants will also 
remove potential food and shelter for a variety of invertebrates and breeding birds that reside there. 
 
Conversely reduction or cessation of grazing on historically heavily grazed salt marshes and coastal 
meadows results in a dense overgrown, species-poor sward unsuitable for the grazing ducks and geese 
that often occur in considerable numbers, as well as for wader birds belonging to the breeding bird fauna 
of these habitats.  
 
 
Accretion versus erosion 
 
Changes in those processes that help promote salt marsh accretion (such as sea level movement, tides 
and tidal range, sediment availability, freshwater flows and channel movements) also cause erosion. The 
two often exist in a dynamic interaction, with accretion and erosion occurring within the same site. The 
balance between the two results in a landward or seaward progression of the salt marsh front. Depending 
on this balance, management to promote the former and control the latter are key elements in any 
management or restoration strategy. This management operates at a different scale to the manipulation 
of the vegetation (see below). It involves consideration of the salt marsh itself, as well as the effect on the 
wider estuarine environment.  
 
Accreting salt marsh results from a number of interrelated processes. Areas with reduced tidal scour 
(sheltered), low intensity wave action and net sediment input will tend to support healthy vegetation. 
This will in turn help create net sediment deposition and a lateral expansion of the salt marsh. Associated 
factors such as drainage and tidal flushing help promote soil conditions that support vigorous vegetation 
and vertical accretion. An absence or reduction in these positive trends can cause reduced vegetation 
vigour, increase tidal scour resulting in undercutting and slumping, and lateral erosion.  
 
Where the erosion of salt marsh represents a progressive and permanent loss, there is a corresponding 
loss in the values associated with the habitat. This affects the Atlantic salt meadow community to a 
greater extent than those lower in the tidal frame because they are easier to embank.  
 
This process not only causes direct loss of habitat, but also has knock-on effects to seaward. As the land 
moves progressively seawards, it becomes more difficult for salt marsh to accrete and the intertidal zone 
becomes narrower. It is then less able to resist the erosive forces and slumping and landward movement 
of the salt marsh can occur.  
 
 
Enclosure of salt meadows 
 
Building a sea wall or earth embankment to exclude the tide (described above) is much less prevalent 
than before. In a few places where there is abundant sediment, salt marsh may continue to accrete 
outside the enclosing structure. However, more frequently enclosure exacerbates the loss of salt marsh, 
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especially in areas where there is a rise in sea level relative to the coast. This results in a salt marsh 
‘squeeze’, which is particularly significant in areas where there is a reduced sediment supply. Many salt 
marshes throughout the European Atlantic region are in this state, especially in the southern North Sea 
where the land is sinking because of isostatic change. Factors such as an increase in wave energy or the 
incidence of storms and storm surges puts greater stress on the depleted habitat, causing further erosion. 
In some cases, this can erode the salt marsh completely, exposing the sea wall or embankment to direct 
attack from the sea. For the Baltic coastal meadows exposed to land uplift, the 'squeeze' problem is less 
pronounced. 
 
 
Climate change effects 
 
Against the background of long term global changes in relative sea level the physical conditions, tides 
and storms determine whether salt marsh develops or not. [Note that changes in sea level as they 
influence a salt marsh result from a combination of factors, including changes in sea level (eustatic) 
and/or land level (isostatic), consolidation of sediments within the salt marsh itself and rate of accretion]. 
Given an adequate supply of sediment, up to a point, salt marsh can keep pace with sea level rise. This 
requires that the rate of accretion minus any lowering of the surface due to compaction is greater than or 
equal to the rate of sea level rise.  
 
In the early stages of colonisation, rates of vertical accretion can reach 10 mm per year or more, well in 
excess of the rate of sea level rise in most areas. For more mature Atlantic salt meadows there appears to 
be a limit, above which sea level rise outstrips salt marsh growth. This limit is around 6 mm per year in the 
Wadden Sea at least (Bakker et al. 2005). Thus, even in areas where land levels are sinking and the 
maximum rates of relative sea level rise approach 6 mm per year, as in parts of the southern North Sea, 
salt marsh accretion can theoretically keep pace.  
 
It is clear however, that in many areas accreting salt marshes are not the norm. The salt marshes of Essex, 
south east England, have been eroding for a number of years. Recent studies have shown that the 
combined effects of enclosure and erosion, net of any accretion, amount to between 12% and 59% of the 
salt marsh present in 1973 when compared with 1998 (Cooper et al. 2001). This is partly attributed to the 
fact that sea level is rising relative to the land at a rate of about 3 mm per year. This ‘drowns’ the salt 
marsh causing slumping of the salt marsh surface and erosion at the margins as a result of tidal scour and 
wave attack. 
 
It is unclear if there are other influences affecting Atlantic salt meadows associated with climate change. It 
seems likely that increased storminess will put greater pressure on individual areas, which will in turn 
increase the rates of erosion. There is evidence to suggest that an individual storm can initiate erosion, 
after which the salt marsh enters a state where erosion continues through internal processes, which 
operate irrespective of any external driving forces (Van de Koppel et al. 2005).  
 
Other factors such as changes in CO2 concentrations are unlikely to affect this habitat because of the 
overriding influence of the tidal salt water. 

 11



 
2. Conservation management 
 
 
General recommendations 
 
The two main issues that are important to salt marsh and coastal meadow management are erosion 
control and grazing management. For most of the values associated with Atlantic salt meadows (1330) 
preventing erosion or stimulating accretion are the principle options. However, it is becoming 
increasingly clear in some areas that the methods associated with these are unsustainable because of the 
combined impact of enclosure and sea level rise. Under these conditions a third option, managed 
realignment (re-integration - with the sea), is an important and growing alternative.  
 
For Baltic Boreal coastal meadows (*1630) that are less or not at all exposed to tides but affected by land 
uplift, problems with erosion are mostly of less importance. 
 
As far as grazing (and locally mowing) is concerned, the options are complex and include decisions on 
reducing or re-introducing grazing by domestic stock. The historical management of the site and existing 
nature conservation interest helps to determine the most appropriate form of ongoing management. 
Grazing by domestic stock can have an especially profound effect, which at higher intensities causes loss 
of structural diversity and decrease in the biodiversity of the salt marsh itself.  
 
This is particularly important for Atlantic salt meadows where many of the interest features (rare and 
specialist plants, invertebrates and breeding birds) can be eliminated from the habitat. Conversely, sites 
with heavily grazed swards can support large populations of wintering and breeding wader birds 
favouring short open turf. 
 
The balance between grazing pressure and nature conservation values is a particular issue for salt 
marshes and coastal meadows as grazing by domestic stock has diminished in recent years. This gives rise 
to an important management question, whether to graze the community or not and if so at what stock 
density and with what animals. The key to making sound decisions on management requires a good 
knowledge of historical patterns of grazing and changes to established grazing regimes. 
 
The general management approach recommended for salt marshes along the Atlantic coast of France is 
non-intervention and to prevent over-grazing (Bensetitti et al. 2004). 
 
The descriptions that follow consider management prescriptions concerned with the vegetative and 
physical condition of the salt marsh respectively. A simple model representing the pathways for change 
for each condition provides the basis for discussion.  
 
 
Active management 
 
Grazing 
 
Different grazing pressures affect the salt marsh and its component nature conservation interests to 
create four main states. Each state has a different set of values according to the following levels of 
grazing:  
 

1. Historically high levels, particularly sheep, support a low sward dominated by grasses such as 
Puccinellia maritima and Festuca rubra. These are favoured by avian herbivores such as wigeon and 
brent geese; 

2. Moderate grazing by cattle and sheep provide a structurally more diverse sward and a range of 
interests combining avian herbivores, invertebrates, nesting birds and diverse plants; 

3. Historically ungrazed or lightly grazed swards have high plant species diversity, provide nesting 
sites for a variety of passerines and waders e.g. redshank; 

4. Formerly heavily grazed and abandoned salt marshes loose many attributes requiring intervention 
to reverse the process. 
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Figure 3. Summary of grazing options within an individual salt marsh. Open arrows denote possible adverse 
management, grey arrows a combination of states where wet fences (e.g. creeks) allow access to some parts of 
the salt marsh but not others and black arrows the route to restoring the habitat. 
 
 
The model shows two conservation management issues. These relate to maintaining historical levels of 
grazing appropriate to the wildlife values identified for each state and the return of ‘abandoned’ salt 
meadows to a moderate or heavily grazed state. 
 
The key to assessing the need for intervention lies in understanding the historical pattern of 
management. The level of standing crop can help define current grazing management, as follows: 
 
State 1 heavily grazed  - height <10cm, all standing crop removed; 
State 2 moderately grazed  - standing crop almost completely removed; 
State 3 lightly grazed  - most of the standing crop remains; 
State 4 abandoned  - matted vegetation, no standing crop removed. 
 
Taking each of these in turn, it is possible to identify the historical grazing regimes appropriate to each 
state. Deviations from the historical patterns may suggest intervention. If so then the following provide 
indicative values of stocking rates. 
 
Heavily grazed (State 1) salt meadows have stock densities of up to 6.5 sheep per ha year round, 9-10 
sheep or 2 cows per ha in summer, as for example on the heavily grazed salt marshes in northwest 
England (especially Morecambe Bay). They approach those of inland intensively grazed grassland. If this is 
the traditional use of the salt marsh and the site has important populations of avian herbivores, then the 
presumption should be one of maintaining the regime at or around these levels.  
 
For Atlantic salt meadows as well as Baltic coastal meadows along the coasts of Sweden, a grazing 
pressure corresponding to 1-2 cattle per ha has been found to be required in order to maintain a 
breeding fauna of typical wader birds. At grazing densities >4 cattle per ha, damage to birds' nests due to 
trampling may also have an adverse effect (>50% of the nests destroyed, Johansson et al. 1986). 
 
Thus, traditionally heavily grazed marshes, particularly with high sheep stocking rates, favour short 
swards and benefit winter grazing ducks and geese. A reduction in grazing levels will increase the 
potential value of the marsh for other interests but these must be set against the loss of suitable grazing 
for wildfowl and some breeding wading bird species. If no such interest exists or is of limited value then 
consideration of reducing levels to those suggested for moderately and lightly grazed salt meadows 
might be appropriate. 
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Moderately grazed (State 2) salt meadows have stocking densities of 5-6 sheep, 1.0-1.5 young cattle per 
ha from April - October (Beeftink 1977) or 0.6 cattle year round (Kleyer et al. 2003). At these levels, the salt 
marsh has the best chance of supporting a wide range of species with reasonable structural diversity. On 
many salt marshes, this state occurs because of the physical structure of the salt marsh with creeks 
forming wet fences allowing a mosaic of different grazing intensities across the site. 
 
Salt marshes with stocking levels ranging from low intensity regimes to moderate stocking rates provide 
a range of opportunities for nature conservation interests, these can encompass both State 1 and State 3 
salt marsh. Unless the salt marsh clearly belongs to the heavily grazed or lightly grazed categories then 
the moderate grazing stock densities provide a useful benchmark for management. 
 
Ungrazed (State 3) salt meadows, when compared with grazed areas, probably represent a more natural 
form of the habitat. They also tend to support some of the most biologically diverse examples of the 
habitat in Europe. Although locally native herbivores such as hares (in Great Britain) may change the 
species composition this is limited. There are very few salt marshes supporting Atlantic salt meadow 
communities, which are historically ungrazed. These tend to be associated with inaccessible offshore 
barrier islands such as those off the North Norfolk coast in the United Kingdom and in the Wadden Sea. 
 
Historically ungrazed salt marshes should remain so. Do not introduce grazing, as it is likely that even low 
levels may have an adverse impact on some grazing sensitive species. 
 
Lightly grazed (State 3) salt meadows are those with no more than 2.0 sheep or 0.3 cattle per ha grazing 
for 6 months of the year (Beeftink 1977).  
 
As with historically ungrazed sites, maintaining the interest requires a continuation of the existing regime. 
 
 
Reintroducing domestic stock 
 
Abandonment (State 4) represents the most frequently encountered situation affecting salt marshes and 
coastal meadow communities. Abandoned, formerly grazed salt marsh becomes less suitable for grazing 
ducks and geese, as well as for breeding wader birds, often the main reason for their nature conservation 
designation. This represents a major trend in salt marsh management leading to a requirement to restore 
the vegetation through the reintroduction of grazing or mowing. Intermediate, ‘moderately’ grazed salt 
marshes that combine elements of State 1 ‘Heavily’ grazed and State 3 ‘Lightly’ grazed might have the 
greatest nature conservation benefit.  
 
This is referred to as ‘mosaic grazing’ and is being introduced as part of the restoration programme for the 
salt marshes in Groningen where the climax vegetation includes unpalatable ‘woody’ plants A prudent 
restoration regime, therefore, might include reintroducing grazing levels appropriate to State 2 
moderately grazed salt marsh. Open range, grazing regimes will help create a diverse nature conservation 
interest by virtue of the both the structural and species diversity of the vegetation.  
 
In Sweden, burning during early spring has been tested in order to get rid of overgrowth at salt meadows 
left without grazing for some years. The method has turned out to be effective in order to control e.g. 
Phragmites australis, Deschampsia cespitosa, Elytrigia repens and Filipendula ulmaria, but is highly 
dependent on weather conditions. The burnt areas can be opened for grazing by low densities of 
livestock the same season (e.g. Johansson et al. 1986). 
 
Within an on-going LIFE-Nature project in Denmark, 'Restoration of meadow bird habitats' 
(LIFE06NAT/DK/000158, started in 2005), restoration and grazing will be carried out on more than 900 ha 
of salt meadows, with the aim to reverse the declining trend in wader birds including Philomachus pugnax 
(ruff) and Calidris alpina schinzii (dunlin). Measures include clearing of tree and scrub encroachment, 
overgrowth of reeds and restoration of hydrology at four Natura 2000 sites and it is based on a previous 
nationwide action plan for threatened meadow birds (Asbirk & Pitter 2005). 
 
The reintroduction of grazing on abandoned salt marshes is a necessary requirement for the successful 
reversal of adverse trends in species composition and structural diversity. High initial stocking levels help 
open up dense turf at long abandoned sites. Moderate to low-level open range grazing regimes, 
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thereafter, will help establish a diverse nature conservation interest. Note the importance of deciding on 
the desired end point before embarking on remedial treatment.  
 
 
Spartina management 
 
The several species of Spartina pose an interesting dilemma for the conservationist and coastal manager 
alike. Native species of Spartina in their own environment provide a significant contribution to the 
functioning of the coastal ecosystem in which they occur.  
 
In the Atlantic salt meadow community, the native Spartina maritima is an important colonising species, 
especially in the south. However, aggressive hybrids such as Spartina anglica can cause the rapid loss of 
tidal flats, posing a threat to the feeding ground of wintering waterfowl. This has often elicited a first 
response (adopted worldwide) to eradicate the colonising species. Given the speed and scale of invasion 
and the known effects on many features of nature conservation and economic interests this is entirely 
understandable. However, this initial response requires modification in order to avoid costly and 
ineffective management. 
 
Introduced Spartina species can help create substantial areas of Atlantic salt meadows. In the Odiel 
Estuary, southern Spain S. densiflora, introduced from South America in the 16th century (Castillo et al. 
2000) may have helped create the large expanse of salt marsh at this site. Today it dominates some 18% 
of the salt marsh community (Mateos Naranjo et al. 2006) but elsewhere it is scattered throughout the 
vegetation. The salt marshes form a significant component of this important site, which is a Natural Park, 
Ramsar Site and Special Protection Area designated under the European Union, Birds Directive.  
 
In north west England expansion of Spartina anglica onto tidal flats between 1981 and 2005 has helped 
create typical Atlantic salt meadow communities (Doody 2008). These form an important component of 
the Morecambe Bay, Special Area of Conservation. In Ireland, it is now an endemic ‘native’ in the Atlas of 
the British & Irish Flora (Preston et al. 2002). Thus, whilst control might continue to be the first response this 
should be tempered with consideration that the non-native species (including the hybrid S. anglica) may 
become an acceptable precursor to the Atlantic salt meadow community. 
 
 
Predator control 
 
Problems with high losses of nests and chicks of nestling wader birds due to predation, primarily from 
foxes, ravens, crows, kestrels, harriers and gulls is a problem that has raised increased attention and 
concern during recent years, with reference the management of breeding populations of wader birds 
under decline in Denmark and Sweden (e.g. Asbirk & Pitter 2005, Widemo & Holmquist 2007)). High 
predation losses have been recorded e.g. for Philomachus pugnax, Calidris alpina schinzii and Limosa 
limosa, which all suffer from an unfavourable conservation status and breed only at a limited number of 
sites. This problem has to be tackled by managing salt meadows where high breeding success by wader 
birds is a main issue.  
 
Proposed mitigation measures are primarily of three kinds: 
 
1) Adjustment of the management of a site, including a slightly reduced grazing pressure in combination 
with a delayed grazing start and/or shift from grazing to mowing (e.g. Widemo & Holmquist 2007). 
 
2) Various kinds of non-lethal control of predation, including: 

- Protective cages over the nests. This has been found to work out for e.g. Charadrius 
alexandrinus (Jönsson 2007a) but still needs to be tested if effective for other wader species. 

- Removal of trees and other perching sites for avian predators (may sometimes be 
contradictory with reference to other conservation targets), and not to erect nest-boxes or 
artificial nesting platforms in the vicinity of salt and coastal meadows with good population of 
breeding waders (in Denmark, a recommendation not to erect nest-boxes for kestrels Falco 
tinninculus within a zone of 1 km from salt marshes with breeding waders has been made, 
Asbirk & Pitter 2005). 

- In order to reduce predation from foxes, electric fencing as well as gates or other kinds of 
barriers along roads leading to islands with high numbers of breeding birds (e.g. Asbirk & Pitter 
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2005, also tested in the Danish LIFE-Nature project on 'Restoration of meadow bird habitats', 
see above).  

 
3) Active control of predators. A method using artificial fox dens that attract the foxes and where culling 
will be undertaken is currently being tested in the above-mentioned LIFE-Nature project on 'Restoration 
of meadow bird habitats'. 
 
 
Prevention of loss and restoration of salt marshes 
 
Promoting salt marsh accretion 
 
A ‘Physical State Evaluation Model’ (Figure 4, Doody 2008) provides a simple illustration of the possible 
directions of change. Adverse change is represented by a move from an accretional to an erosional salt 
marsh (open arrows), which although affecting the earlier stages of succession first, eventually results in 
loss of the older mature Atlantic salt meadow vegetation. A salt marsh in a dynamic but stable state 
overall is both eroding and accreting (grey arrows). Restoring the habitat requires actions to promote 
accretion (black arrows).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. A summary of the ‘pathways for physical change’ within an individual salt marsh. Note ‘creating 
erosion’ i.e. moving directly from a State 1 to State 3 mostly involves controlling invading Spartina and is dealt 
with below. 
 
 
Several different techniques promote salt marsh accretion. Historically these have been associated with 
land claim for agriculture. Notable amongst these is planting Spartina anglica, a hybrid between the 
European native species S. maritima and the American S. alterniflora introduced in ships ballast to 
southern England in the late 1880s. Physical structures (polders) built to seaward of existing salt marsh 
helped to promote accretion as well as protecting the embankments enclosing newly created land. 
 
The techniques involve building brushwood groynes, as for example in the Wadden Sea (southern North 
Sea). These helped to extend the salt marsh beyond the normal limits imposed by sediment availability, 
tides and waves. The processes involve creating a system of ‘sediment fields’ made of brushwood groynes 
and low earth embankments intersected by ditches dug in the tidal flats. The increase in sedimentation 
‘warping’ resulting from the enclosed tidal flats with their restricted opening and planting salt marsh 
plants such as Spartina anglica, helped to promote the establishment of vegetation. Sediment fields 
continue to perform an important function by promoting the development of a pioneer zone in front of 
eroding cliffed Atlantic salt meadows, helping to maintain their sea defence function.  
 
Techniques to promote accretion in the Dutch part of the Wadden Sea are much less prevalent today and 
the labour intensive process all but ceased in many areas from the 1940s (Beeftink 1977). In areas where 
sea level is rising and/or there is sediment depletion, the approach is not sustainable. Experiments using 
techniques borrowed from those used in the Wadden Sea to combat erosion on the Essex coast, England 
during the 1980s had mixed results and were abandoned.  
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Erosion control 
 
Where salt marshes are retreating there are several measures that can be taken either separately or in 
combination. These include the promotion of pioneer salt marsh as described above as well as the 
following: 
 

1. Creating wave breaks to seaward; 
2. Use of dredged material to ‘feed’ the eroding shoreline and promote salt marsh accretion; 
3. Planting salt marsh grasses on tidal mud/sand flats with or without protective groynes; 
4. Protecting the eroding, often ‘cliffed’ edge of the salt marsh with ‘rip rap’ or other material. 

 
All these methods have been used at locations along the Atlantic coast. At a few, several occur in 
combination. A case study at Horsey Island in Hamford Water on the Essex coast, England includes 
examples of the use of wave breaks, polders and sediment recharge (Figure 5). The wave breaks reduce 
the impact of onshore waves. The polder-like structures moderate the wave climate allowing fine 
sediment to deposit and accrete tidal flats. The deposition of additional sediment acts in combination 
with the other methods to encourage pioneer salt marsh, the precursor to the development of Atlantic 
salt meadows.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. An example of the principle methods used to prevent erosion and/or promote salt marsh accretion, 
Horsey Island, Hamford Water, Essex, England. Barges filled with sand and sunk in situ, polders and sediment 
recharge (fine sediments deposited above mean low water, neap tides, shown by a dotted line) in relation to 
extant salt marsh and earthen embankments.  
 
 
Reintegration (with the sea), managed realignment, regulated tidal exchange 
 
Conditions may be unfavourable for salt marsh development because of relative sea level rise, a depleted 
sediment supply, increased wave attack or a combination of all three. The alternative considered here is 
to move landward, re-creating habitat on enclosed former tidal land, converted to agricultural use. The 
process involves giving up the created land to the sea by realigning the coast. Various terminology is 
used, ‘managed retreat’, ‘set back’ and more recently ‘managed realignment’ in the United Kingdom or in 
Continental Europe ‘re-integration’ (with the sea) and ‘depoldering’ in the Netherlands.  
 
The process can include regulated tidal exchange either as a precursor to a full realignment or as part of 
it. The methods employed are, in principle, relatively straightforward. They involve engineering a breach 
in the existing seaward sea wall. This may include building a new sea defence, or reinforcing an existing 
one landward of the breach. Several important features help to secure successful realignment and salt 
marsh establishment, namely: 
 

• an appropriate elevation in relation to the tidal regime. The limit of terrestrial vegetation 
(normally reached by species of Spartina) defines the lower vertical range for salt marsh; 
transitions to non-saline vegetation defines the upper limit (Hough et al. 1999); 

• a degree of protection from wave exposure enables pioneer plants to become established; 
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• a supply of sediment and adequate drainage for the vertical and horizontal growth of the 
vegetation. 

 
The location and size of the breaches help to establish former tidal conditions and creek patterns. In some 
instances, the breach may involve a reduction in height of the seaward bank to create a spillway similar to 
help regulate tidal flow. In a few locations, tidal flaps fulfil a similar role.  
 
Examples from the United Kingdom range from the first experimental site at Northey Island, Essex, 
England, which was only 0.8 ha to the 400 ha Alkborough site, on the Humber Estuary. In 2005 there were 
over 50 realignment sites in the UK, about 9 in the Netherlands, 2 in Belgium and 9 in Germany either 
completed or planned. In the Netherlands, four of the schemes were abandoned due to local opposition 
and one of the two schemes in Belgium (Wolters et al. 2005). In the UK, the majority combine deliberate 
breaches with strengthening of a defence landward. Figure 6 illustrates an example of a recent scheme at 
Abbots Hall on the Essex coast, England.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. A realignment scheme at Abbots Hall on the Essex coast, England. The breaches in the sea wall 
coincide with the locations of ancient creeks helping to re-establish natural patterns of tidal movement over 
the former salt marsh. The high-level breach on the left of the site, excavated to just above mean low water 
spring tides, helps to prevent sediment adversely affecting the remaining tidal flats and potentially creating 
problems for oyster cultivation. 
 
 
Many of the former attributes of the enclosed salt marsh are re-created, developing within just a few 
years after the re-introduction of the tide. Sediment rates ranging from 8 mm to 258 mm have been 
recorded at Tollesbury in Essex, England. Although the most rapidly accreting lower mudflats had not 
colonised after 7 years of tidal influence, approximately 6 ha of the 21 ha site had salt marsh vegetation, 
mainly of Salicornia europaea with Puccinellia maritima and Atriplex portulacoides.  
 
The last species was restricted to the highest elevations near the foot of the new sea wall. Invertebrate 
colonisation of the site was also rapid, with 14 species recorded after only two months of tidal inundation 
and between 18 and 19 species thereafter with the number remaining constant. The most abundant 
species was the Mud Snail Hydrobia ulvae recorded throughout 6 years after the breach (Garbutt et al. 
2006). Standardised bird monitoring showed that after 5 years the range of species using the site was 
similar, but not identical to nearby ‘natural’ areas. Four years after inundation, the bird populations were 
still evolving (Atkinson et al. 2004).  
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Generally, it is possible to re-create salt marsh through managed realignment. Colonisation is rapid and 
whilst it may take several years for the re-created habitat to become equivalent to Atlantic salt meadow 
vegetation, communities approaching this are already developing at some sites. For a more detailed 
review of salt marsh restoration through managed realignment see Garbutt et al. (2006) and Doody 
(2008). 
 
 
Other relevant measures 
 
It is clear from the situation in south east England that the combined effects of enclosure and sea level 
rise have resulted in the loss of considerable areas of Atlantic salt meadows. Lying at the upper levels of 
the succession they were the first to be enclosed to create agricultural land. The subsequent loss through 
erosion and the implications of salt marsh ‘squeeze’ came about because of surveillance using a series of 
aerial photographs taken at different dates. Satellite images could expand the frequency and 
geographical scale of surveillance.  
 
From 2002 to 2004 a project called EURosion, financed by the European Commission looked at coastal 
erosion from a wide perspective. In particular, it concluded that the phenomenon was one that cannot be 
completely controlled, but can be managed in an economically and ecologically sustainable way. See 
http://www.eurosion.org/index.html for details. The final report emphasises the value of looking at 
coastal management within sediment cells. These help to define coastal resilience of low-lying coasts in 
the face of enclosure (of tidal land), sediment availability and sea level rise.  
 
The reports provide key recommendations on the importance of allowing space for coastal systems to 
operate and, in the case of salt marshes, the availability of sediment of a suitable size and volume. The 
recommendations also include guidance on coastal erosion management practice based on lessons 
learned from a number of detailed case studies. Whilst these are not specifically aimed at salt marsh, the 
sites and ecosystems studied include the habitat. The reports also provide information on monitoring and 
surveillance techniques. 
 
A LIFE-Nature project, ‘Living with the sea’ (LIFE99 NAT/UK/006081, 1998-2001) also looked at a number 
of case study areas in England. The purpose of this work was to determine how sea level rise would affect 
the coast and influence coastal management of Special Areas of Conservation over a 30-100 period. 
 
Included within this study is a guide to the restoration of coastal habitats, including salt marsh. Seven 
individual case studies help provide information on management options and costs. These included a 
realignment of 38 ha site at Brancaster on the North Norfolk Coast, which cost approximately €865,000. 
Several of these schemes were part funded from this LIFE programme.  
 
 
Special requirements driven by relevant species 
 
Recreating or maintaining good conditions for foraging and breeding by various species of wetland bird 
is a main management objective for several salt and coastal meadow sites. Mostly, there are no specific 
requirements other than those described above in relation to grazing but sometimes species-specific 
consideration is needed with reference to grazing regimes. E.g. various species of wader birds, including 
Philmachus pugnax (ruff) and Calidris alpina schinzii (dunlin), mainly in the Baltic, may suffer from high 
nest predation on heavily grazed land.  
 
A moderate grazing pressure in combination with delayed grazing, until early summer (after mid-June for 
Philomachus pugnax) has been proposed to aid breeding for these species (Widemo & Holmquist 2007). 
Densities of grazing livestock have to be adjusted, taking local knowledge and traditions into account and 
need to be monitored and adjusted as required. For Calidris alpina schinzii a grazing pressure >2 
cattle/hectare and grazing during the nestling period should be avoided (Jönsson 2007b), to give just one 
example of the kind of local adjustments that might be needed. Where salt marshes and coastal meadows 
also are used as foraging sites for geese (e.g. Anser anser, A. fabalis and Branta leucopsis for many Baltic 
coastal meadows), this might be a complicating factor when considering the management of a particular 
site with reference to the best grazing regime for the conservation objectives set up for a particular site. 
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It is also important to recognise the good structural diversity of historically ungrazed (by domestic stock) 
or lightly grazed salt marsh vegetation to breeding waterfowl and other bird species that require nests to 
be hidden from predators. This and the plant species diversity often associated with it not only include 
breeding birds but also invertebrates.  
 
Conversely more heavily grazed sites lack this structural diversity, however as already stated they may 
have important wintering avian herbivores and a few open-ground nesting birds such as the Haematopus 
ostralegus (oystercatcher). - Generally, larger estuarine salt marshes, especially in the southern North Sea 
are truncated by land enclosure. The upper levels, less frequently inundated by the tide and hence 
suitable for nesting waders, are absent. Where species such as Tringa totanus (common redshank) nest 
these may be flooded on Spring tides. 
 
Atlantic salt meadows also support a range of other animals, some of which are rare and/or confined to 
this vegetation type. Towards the upper salt marsh levels, including those offering transitions to brackish 
and freshwater conditions there are a wide variety of species. For example, upper estuary reed beds or 
freshwater seepages, which dilute tidal seawater provide habitat for Botaurus stellaris (bittern). The 
endangered natterjack toad Bufo calamita lives in open pools on upper salt marsh at a few sites.  
 
Several upper Atlantic salt meadow plant species, such as sea wormwood Seriphidium maritimum and sea 
lavender Limonium spp. are especially attractive to phytophagous (plant eating) invertebrates that feed 
on different above ground parts of the plant. At least 15 species feed on sea wormwood in the United 
Kingdom, 11 are monophagous (feed only on this species). Rare invertebrates found in this habitat 
include the ground beetles Amara strenua and Saltmarsh shortspur Anisodactylus poeciloides and the 
Narrow-mouth whorl snail Vertigo angustior. The bee Colletes halophilus nests in the high transition zone 
but forages for pollen and nectar on sea aster Aster tripolium out on the salt marsh. A key requirement for 
most of these species is that the transitional zones to upper salt marsh remain intact, unenclosed and 
ungrazed or lightly grazed by domestic stock. 
 
Some rare plants confined to Baltic coastal meadows and listed in Annex II of the EU Habitats Directive 
may also deserve special attention at the sites where they occur (e.g. Cederberg & Löfroth 2000): 
 
• Alisma wahlenbergii∗ is a 10-45 cm submerged plant found in naturally nutrient-rich or brackish water 

on 20-350 cm depth. It is endemic to the Baltic Sea region and found in freshwater lakes and coastal 
meadows at a few sites in Finland, Sweden and Russia. Eutrophication is a main reason for the decline 
although decreased grazing pressure is a complementary factor. A carefully adjusted grazing regime 
may have a beneficial impact. 

• Arctophila fulva is a critically endangered grass of around 1 m height. The subspecies A.f. ssp. 
pendulina is endemic and found only along the coast and in some river valleys in northern Sweden 
and Finland. It is a weak competitor and has drastically decreased in abundance since the 1960s, 
overgrowth of coastal meadows being a main contributing factor. A carefully adjusted grazing or 
mowing regime is recommended at the few sites where the species is still found. 

• Hippuris tetrapfylla is a partly submerged plant with a circumpolar distribution. In Sweden and Finland 
(and hence inside the EU) it is found in shallow bays and pools in the land uplift zone of coastal 
meadows along the Gulf of Bothnia. Disappearance at single sites seems at least to be partly related 
to natural succession connected to land upheaval. 

• Primula nutans has a wide distribution in northern Europe and Asia. Inside the EU it is represented by 
the subspecies P.n. ssp. finnmarchia, which is found at coastal meadows at the northernmost parts of 
the Gulf of Bothnia in Finland in Sweden (and outside the EU at similar habitats in northern Norway 
and Russia). It is a weak competitor primarily found in the land uplift zone, where exposure to waves 
and ice keeps competitive vegetation away. Change in hydrology is a main problem to tackle, 
although the species is also favoured by grazing or mowing (which strengthens the natural impact by 
waves and ice). 

 

                                                 
∗ Priority species 
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Cost estimates and potential sources of EU financing 
 
Habitat re-creation on land taken out from agri-cultural production 
 
In the UK Atlantic salt meadows come under the England Rural Development Programme 2000 – 2006 
Habitat Scheme. Piloted in 1994 “coastal salt marsh” was included. It aimed to create or enhance certain 
valuable habitats by taking land out of agricultural production, or introducing extensive grazing, and 
managing it for the benefit of wildlife. 
 
Under the salt marsh option, farmers entered into 20 year agreements to refrain from agricultural 
production on coastal land which has the potential for establishing salt marsh vegetation. Salt marsh 
creation requires the controlled inundation of land with sea water, which is normally only possible by re-
aligning the sea defences inland. Prior to inundation, salt marsh option sites were managed in accordance 
with a programme which would help to prevent subsequent erosion. Throughout the period of the 
agreement participants were also required to comply with various management rules, including a 
requirement to remove any large accumulations of tidal debris. Salt marsh option applications were only 
accepted after full consultation with the relevant coastal defence authority.  
 
Payment rate per ha for different options are as follows: 
 

• Arable land, where the land is not counted as set-aside, €693 
• Arable land, where the land is counted as set-aside, €591 
• Permanent grassland, €330 

 
Since July 1995, arable land withdrawn from production under any Habitat Scheme option could be 
counted towards farmers' set-aside requirements under the Arable Area Payments Scheme. The Habitat 
Scheme was incorporated into the Countryside Stewardship Scheme from 1 January 2000. For more 
information, see http://www.defra.gov.uk/erdp/schemes/pre_erdp/habitat.htm  
 
 
Grazing management 
 
Cost estimates for re-introducing grazing are not available. Accessing stock of the correct type and 
number in areas where there has been considerable enclosure and conversion to arable land can be 
difficult. There are no available figures on the costs of acquiring suitable stock in these situations. There 
are however examples of grazing for conservation purposes at several sites in the United Kingdom, 
including the Wash, Lincolnshire and Morecambe Bay. Introduction of cattle grazing to reverse salt marsh 
‘ageing’ including the development of course grasses occurs in the Dutch and Danish parts of the 
Wadden Sea. Again, there are no available figures on costs. Useful cost examples might be expected from 
the on-going Danish LIFE Nature project on restoration of meadow bird habitats (LIFE06NAT/DK/00158) 
in due course. 
 
For Sweden, the current approximate levels (February 2008) within the agri-environmental scheme in 
Sweden is €120-270/ha for grazing and €120-380/ha for mowing, with the highest level for sites with high 
conservation values. 
 
 
Habitat re-creation in connection to infrastructure investments for flood-defence etc. 
 
The costs of management relating to the physical condition of salt marsh, particularly in relation to 
managed realignment (de-embankment) are, by comparison, relatively well documented. For example, 
the cost of developing and completing a scheme in the Wash (Freiston Shore) was €2.61 million. The 66 
ha site was included as part of a flood defence providing protection for the town of Boston, 80,000 
hectares of low-lying Grade 1 agricultural land and numerous isolated rural communities. The exposed 
sea wall was prone to wave attack at high spring tides and in the absence of work to improve flood 
defences, over €25 million worth of damage would occur.  
 
Repair and maintenance of the flood defences over a 50-year period was estimated at €3.26 million. The 
managed realignment option, estimated at €2.61 million, was a far more cost effective way to manage 
flood risk on the Wash, over a longer period. Funding came from a variety of UK Government sources and 
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attracted match funding of €1 million from the European Union Objective 5b fund to build a new bird 
watching hide at the Royal Society for the Protection of Birds Freiston Shore Reserve, establish a network 
of cycle paths and has helped stimulate the economic regeneration of the area. 
 
The Environment Agency for England and Wales is responsible, among other things, for protecting 
people from flooding, including from the sea. Part of the Agency long-term strategy for managing flood 
risk includes funding and managing coastal realignment schemes. One such on the Humber Estuary, was 
in 2006, the largest habitat re-creation scheme in the United Kingdom. The site lies on the southern shore 
of the Humber Estuary at Alkborough. It will deliver new areas of habitat, including Atlantic salt meadows, 
to compensate for losses of habitat from the Natura 2000 site resulting from sea level rise.  
 
Other major benefits include reducing extreme water levels in the estuary and tidal rivers. The 
Alkborough tidal defence scheme cost €13.5 million. More than 90,000 hectares of land and 300,000 
properties around the Humber are below high tide levels and rely on the system of flood defences around 
the estuary. Under the Humber Strategy, more than €105 million will be spent on flood defence 
improvement work over the next five years and investment will total around €1.32 billion over the next 
100 years. 
 
Funding for the scheme came from the Environment Agency via the Department for Environment, Food 
and Rural Affairs (Defra), Yorkshire Forward, the Heritage Lottery Fund and the European Union (EU). This 
is one of five projects being funded by the EU through the Interreg programme to promote new 
approaches to the impacts of sea level rise. 
 
In the rest of Europe, there are similar schemes, normally referred to as de-embankment (Wolters et al. 
2005). A detailed analysis of the costs and benefits of managed realignment schemes is available from the 
Department of Food and Rural Affairs web site: 
http://www.defra.gov.uk/science/project_data/DocumentLibrary/FD2008/FD2008_537_FRP.pdf. 
 
 
Potential sources of EU financing 
 
Among the diversity of sources for EU funding, the following funds might primarily be of interest for the 
management of Atlantic salt meadows: 
 
• The European Fund for Rural Development (EARDF): This program has a potential to cover several 

management activities that might be relevant for salt marshes and coastal meadows, although the 
measures have to be covered in the National Strategy and related Rural Development Plans (RDPs) in 
order to be eligible on a national basis. However, costs for mowing or grazing of the Atlantic salt 
meadows are mostly eligible for agri-environmental subsidies within this program. To some extent, 
also necessary infra-structure, such as fences and shelters may be eligible under this program. – 
LEADER projects may be designed to include management of sites in the Natura 2000 network. 

 
• The European Regional Development Fund (ERDF), The Cohesion Fund and Interreg: These funds 

might be relevant in single cases although activities related to Natura 2000 sites mostly need to be 
integrated into a broader development context, and for ERDF also related to productive investments 
(e.g. infrastructure). However, the Interreg approach is more flexible, but this needs a European 
objective and partnership. Different geographical levels are defined and all of them have their 
specific rules, eligibility criteria and objectives. 

 
• The Financial Instrument for the Environment (LIFE+): The 'Nature' component of LIFE+ supports best 

practise and demonstration projects contributing to the implementation of the Birds and Habitats 
Directives but only exceptionally outside Natura 2000 sites. The 'Biodiversity' component is for 
demonstration and innovation projects contributing to the objectives of the Commission 
Communication 'Halting the loss of biodiversity by 2010 – and beyond'. Both the 'Nature' and 
'Biodiversity' components emphasise on concrete non-recurring management actions (at least 25 % 
of the budget). When clearly justified compensation payments for restrictions in commercial land-use 
are eligible under 'Nature'. Recurring management is not eligible under LIFE+. 
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For more information on what management measures are eligible for financial support under from 
various EU funds, it is recommended to consult the "Financing Natura 2000 Guidance Handbook" (Torkler 
2007) is recommended.  
 
Furthermore an IT-tool is available on the EC web site: 
http://ec.europa.eu/environment/nature/natura2000/financing/index_en.htm.  
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