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Introduction

Over the past century, 67% of the eastern coastline of the UK has exhibited landward
retreat of the low-water mark (Taylor, Murdock & Pontee 2004). In south-east
England (Fig. 2.1) large areas of salt marsh have been lost as a result of rapid lateral
erosion of the seaward margin and internal dissection of marshes (Cooper, Cooper &
Burd 2001). At present, these marshes occupy an area of 7261 ha, which is 33% of
the total salt-marsh area on the North Sea coast of the UK (Barne et al. 1998). Half of
the area of these marshes consists of the low and mid-marsh plant communities
Puccinellietum maritimae [coded SM10 and SM13 in the National Vegetation
Classification (NVC)] and Halimionetum portulacoidis (SM14) (Burd 1989; Rodwell
2000). Upper-marsh and driftline communities with Juncus gerardi, Festuce rubra and
Elytrigia atherica or E. repens are rare, occupying less than 10% of the salt-marsh area
in the region (Burd 1989).
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Salt-marsh erosion and restoration in south-east England:
squeezing the evidence requires realignment

The previous chapter outlined the impetus for conserving and restoring salt marshes.
In south-east England, severe erosion of salt marshes has been attributed to a
combination of sea-level rise and the presence of fixed embankments that prevent
salt marshes from migrating inland, a process termed coastal squeeze. Managed-
realignment schemes have been implemented to compensate for salt-marsh loss by
providing accommodation space for salt marshes through de-embankment of pre-
viously reclaimed land. However, the concept of coastal squeeze and the effectiveness
of managed realignment have caused serious debate, especially with regard to the
effect of burrowing invertebrates on erosion and plant establishment. In this chapter
an overview of physical and biological processes relevant to the above three issues is
presented, and the relative importance of these processes at different spatial and tem-
poral scales discussed.

Mineke Wolters, Jan P. Bakker, Mark D. Bertness, Robert L. Jefferies & Iris Möller

Journal of Applied Ecology (2005) 42, 844-851.
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Salt marshes not only provide a habitat for nationally scarce plants, winter and
migratory birds (Barne et al. 1998), but are also important natural dissipaters of tidal
currents and waves (Möller & Spencer 2002), thus protecting landward sea defences
from scour and wave erosion. Hence, increased rates of salt-marsh erosion have
become a major conservation and coastal management concern on the UK south-east
coast. Unfortunately, there is no general consensus regarding the causes of the
increased rates of erosion, as a complex set of both natural and anthropogenic factors
influence coastal hydrodynamics, salt-marsh development and sedimentation rates
within the area. Nevertheless, in an attempt to restore and to promote salt-marsh
development, the procedure of managed realignment was introduced in order to over-
come loss of biodiversity and to maintain flood protection (English Nature 1992), and
it is now widely adopted by different organizations and agencies in the UK and else-
where (Hughes & Paramor 2004; Morris et al. 2004).  Existing seawalls are breached
to provide new intertidal habitat inland and new seawalls may be constructed some
distance inland. Managed-realignment schemes have been carried out in response to
the effects of coastal squeeze (c.f. Doody 2004), where the landward growth of an
estuarine floodplain and the development of salt marsh are assumed to be con-
strained by land claim and the building of sea defences. In south-east England coastal
squeeze is associated with marsh erosion at the seaward margin (lateral erosion)

CHAPTER 2
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Figure 2.1. Location of estuaries in south-east England (UK)
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and/or increased creek dissection (Burd 1992). These latter processes may be instiga-
ted or accelerated by a rise in sea level and an increase in hydrological flow in a
restricted area. 

The above statements imply that anthropogenic events promote hydrodynamic
and other physical changes in these coastal systems that result in erosion. However,
recently Hughes and Paramor (2004) and Paramor & Hughes (2004) have suggested
that biological processes must be considered alongside physical processes in the pro-
motion of salt-marsh erosion. Two recent studies from the Atlantic coast of Argentina
(Iribarne et al. subm.) and the Pacific coast of North America (Talley, Crooks & Levin
2001) have shown convincingly that crabs and burrowing copepods, respectively, can
erode and destroy existing marsh structures. Hughes & Paramor (2004) have pro-
posed that in south-east England, bioturbation and herbivory from increased numbers
of ragworm, Nereis diversicolor (O.F. Müller) on intertidal flats immediately seaward
of salt marshes and in tidal marsh creeks may also cause the loss of pioneer zone
species (e.g. Salicornia spp.), increased sediment instability and enhanced rates of
erosion. These authors further suggest that new salt marshes will not develop in
realignment sites because bioturbation will prevent the establishment of pioneer
species, a suggestion strongly disputed by Morris et al. (2004). 

The aim of the present Chapter was to bring together biological and physical stu-
dies addressing erosion in salt marshes. Focussing on salt marshes in south-east
England, we present a brief overview of rates and physical causes of salt-marsh ero-
sion, discuss the concept of coastal squeeze, examine the hypothesis that bioturbation
and herbivory from Nereis restricts plant establishment and results in erosion of sedi-
ment, and discuss the implications for managed realignment. 

Rates of salt-marsh erosion and accretion

Excellent overviews of erosion rates for different estuaries in south-east England (Fig.
2.1) have been presented by Burd (1992), Cooper, Cooper & Burd  (2001) and by van
der Wal & Pye (2004) for the Greater Thames region (i.e. Colne to Swale estuary).
These studies show that salt marshes have experienced a net loss in area for most of
the last century. Net salt-marsh loss from 1973 to 1998 was c. 1000 ha, or 33% of the
total area present in 1973, but recent erosion rates (1988-98) have been slower com-
pared to previous rates (1973-88) (Cooper, Cooper & Burd 2001). Erosion has mani-
fested itself mainly in lateral retreat of the seaward edge of salt marshes, in some
cases by several metres per year since the mid-20th century (Harmsworth & Long
1986). Areas particularly affected are the outer estuaries and wider parts of inner
estuaries (van der Wal & Pye 2004). The less exposed sites have experienced internal
dissection because of widening of creeks (Pethick 1993). 

During the last three decades, average accretion rates on mature and immature
marshes in the Greater Thames region were 2-3 mm yr-1 and greater than 3 mm yr-1
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respectively, but locally much higher rates have occurred (van der Wal & Pye 2004).
With an estimated sediment load of 1 x 106 m3, sediment availability is assumed to be
sufficient to enable salt-marsh growth to occur in the region (van der Wal & Pye
2004). Newly developed salt marshes have been reported for the Medway and Swale
estuaries (Fig. 2.1), but these recently accreted salt marshes may be particularly sus-
ceptible to increased rates of erosion associated with storminess, because of their low
bulk density and low sheer strength (Pye 2000; van der Wal & Pye 2004).  

The above studies imply that erosion and accretion rates are different processes,
affecting different parts of the salt marsh. Accretion rates may be sufficient to raise
the salt-marsh surface in response to sea-level rise, but at the same time lateral ero-
sion of the seaward edge of salt marshes may lead to a net reduction of salt-marsh
area.

Physical causes of salt-marsh erosion

A useful review of possible physical causes of salt-marsh erosion in south-east
England is provided by Pye (2000) and, more recently, van der Wal & Pye (2004) and
we will briefly discuss the main issues arising from these studies. Salt-marsh erosion
has often been associated with sea-level rise (French & Spencer 2001), but the actual
response of salt marshes to rising sea levels can vary from shrinkage to maintenance
or even expansion of the salt-marsh area, depending on the available sediment
(Phillips 1986). As shown above, vertical accretion rates on salt marshes in south-east
England have been in the order of 2-3 mm yr-1, which is sufficient to compensate for
the estimated relative sea-level rise of between 1.22 mm yr-1 (Woodworth et al. 1999)
and 3.4 mm yr-1 (Rossiter 1972). Any spatial variation in erosion could not be linked
to regional differences in the relative rise in sea level (van der Wal & Pye 2004),
although statistical testing was not performed. It should be noted, however, that sedi-
ment eroded from seaward marsh cliffs on the Dengie open coast has contributed sig-
nificantly to vertical accretion on salt marshes in that area (Reed 1988), thus leading
to a general steepening of the shore profile. 

Sediment budgets are also important in determining the effects of land claim and
dredging on salt-marsh erosion. Where sufficient sediment is available, land claim
may be followed by increased accretion in front of the new embankment and silting
up of the estuarine channels, decreasing the tidal prism and current velocities (Pye
2000). However, when the cross-sectional area of the entrance channel is not affected
by land claim, tidal range and current velocities will increase, and the remaining salt
marshes are likely to experience lateral erosion of the seaward edge and internal dis-
section as a result of extension and widening of the creeks (Pye 2000).  The latter si-
tuation appears to account at least partly for the erosion of salt marshes in the inner
Thames estuary (Pye 2000; van der Wal & Pye 2004), where tidal range has increased
since the 1950s (Rossiter 1972). Dredging may have a similar effect as land claim and
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it has been shown to be the main cause of lateral erosion of salt marshes in the
Westerschelde estuary, the Netherlands (Cox, Wadsworth & Thomson 2003).
However, for the Greater Thames region, the effect of dredging appears to be relative-
ly small and localized (Pye 2000; van der Wal & Pye 2004). 

Superimposed on sea-level rise and land claim is the effect of increased
wind/wave energy. Since the 1960s there has been a higher incidence of strong south
and south-westerly winds in southern UK (Pye 2000) and the frequency and intensity
of easterly winds increased between 1973 and 1997 (van der Wal & Pye 2004).
Simultaneously, mean wave heights in the North Sea increased and peaked in 1980
(Rye 1976; Bacon & Carter 1991), which coincided with the period of increased rates
of erosion reported for the marshes in south-east England (Pye 2000; van der Wal &
Pye 2004). In the last decade, rates of retreat of the seaward edge of marshes have
decreased concurrent with a decrease in the frequency and intensity of strong winds
(van der Wal & Pye 2004). The combination of wind action, high tides, and increased
wave height appears to be largely responsible for the increased rate of marsh erosion
and creek dissection in the 1970s (Pye 2000; van der Wal & Pye 2004). 

The role of Nereis in salt-marsh erosion

Part of the debate regarding the coastal squeeze hypothesis centres on the potential
role of Nereis and other invertebrates in salt-marsh erosion. Hughes & Paramor
(2004) postulated that the increase in the rate of salt-marsh erosion in recent decades
was related, at least in part, to an increase in the abundance of N. diversicolor.
Bioturbation and herbivory by this species are thought to be responsible for a loss of
pioneer plants, increased sediment instability and erosion of salt-marsh creeks. In the
Dutch and Danish Wadden Sea, there are indeed indications that the abundance of
Nereis has increased over the last decade (Beukema 1989; Jensen 1992), possibly as a
result of the indirect effects of eutrophication promoting algal growth on sediments
(Beardall, Gooch & Pilcher 1990). Nutrient loads have increased in many rivers in
south-east England, especially during the period from 1980 to 1986 (Parr & Mason
2003). But in the absence of published results on increased Nereis abundance in
south-east England over the last decades, the evidence that Nereis causes marsh ero-
sion is equivocal. Nevertheless, there is strong evidence from other marsh systems
that biological processes can cause marsh erosion (Talley, Crooks & Levin 2001;
Iribarne et al. subm.). 

Nereis is an omnivore, feeding on epipelic diatoms (Smith, Hughes & Cox 1996),
algae and marine vascular plants (Olivier et al. 1996), as well as small invertebrates
such as Corophium volutator (Scaps 2002). The polychaete obtains food by filter fee-
ding, surface-deposit feeding or active predation (Goerke 1966, 1971; Muus 1967).
The food is either ingested immediately or transported into the burrow, where it fre-
quently decomposes before ingestion (Scaps 2002). Nereis may have both a positive
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and negative effect on sediment stability (Jumars & Nowell 1984). In a laboratory
experiment, secretions produced by Nereis while making burrows increased the shear
strength of sediments (Meadows, Tait & Hussain 1990), and high densities of burrows
enhanced surface roughness of sediments and reduced erosion by dissipating wave
energy, similar to the effect of vegetation (Murray 2002). However, when sediment
was sprayed with insecticide to reduce Nereis abundance in a field experiment, it
resulted in increased sediment stability because of a reduction in bioturbation and
grazing pressure and a decrease in the water content of the sediment (de Deckere,
Tolhurst & de Brouwer 2001). A decrease in water content also occurred when the
abundances of other invertebrates were reduced (e.g. Macoma baltica, Widdows et al.
2004; C. volutator, Daborn et al. 1993; Gerdol & Hughes 1994; Hydrobia ulvae,
Austen, Andersen & Edelvang 1999). 

It is possible that herbivory and bioturbation by Nereis may account for the loss of
salt-marsh vegetation from the pioneer zone (foraging, burial of seeds and seedlings)
and the high marsh (creek erosion and failure of seedling establishment). In laborato-
ry experiments, Nereis consumed and buried seeds and seedlings of Salicornia spp.
(Paramor & Hughes 2004), Zostera noltii (Hughes et al. 2000) and  Spartina anglica
(Emmerson 2000). These laboratory experiments, however, were highly artificial (i.e.
unnatural densities of Salicornia seeds and seedlings, 4540 m-2 compared with
506 m-2 adult plants in the field, and of Nereis, 681 m-2 compared with 452 m-2 in the
field, and presumably no alternative food source) and the applicability of the results
to the field situation is questionable. Moreover, a direct link between the removal of
Nereis and the establishment of Salicornia seedlings could not be made in a field
experiment. Nereis was excluded from the sediment by placing fine-mesh mats in
creeks and on creek banks but Salicornia failed to establish on the mats (Paramor &
Hughes 2004). These field experiments were flawed because they did not include a
procedural control. This is particularly troubling because the mats stabilize substrate
and thereby influence a key factor affecting seedling establishment. Proper controls
are absolutely essential and cannot be ignored. When the sediment was sprayed with
insecticide to remove the amphipod, C. volutator, it resulted in establishment of
Salicornia plants at a lower elevational level than where the species naturally
occurred (Gerdol & Hughes 1993). A comparable result was observed for the seagrass
Z. noltii, which was transplanted to areas of the intertidal flat that were devoid of the
seagrass and where the lugworm Arenicola marina occurred in mean densities of 68
individuals m-2.  Exclusion of the lugworm by fine-mesh mats inserted 5 cm deep into
the sediment resulted in increased biomass and density of the Zostera transplants
compared with areas where the lugworm was not excluded (Philippart 1994).
However, in areas where seagrasses had established naturally, bioturbation by
Arenicola was restricted, although this was largely attributed to the presence of a com-
pact clay layer inhibiting burrowing by the worm, rather than the actual presence of
the seagrasses (Philippart 1994). While seedling establishment at the boundary of the
intertidal mudflat and the salt marsh and in creeks may be affected adversely by the
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presence of invertebrates, this effect has to be seen in relation to the influence of
physical factors. Nearly 100% of the seeds of Spartina anglica and Salicornia
dolichostachya, for example, were lost from the intertidal flat during winter because of
mobility of the top layer of sediment (van Eerdt 1985; Houwing 2000). This result
was mainly attributed to the mud-sand ratio of the sediment with the sand fraction
being more susceptible to wind-induced wave erosion (Houwing et al. 1999; Houwing
2000). In early spring, large numbers of Salicornia seedlings were caught in nets used
for studying seed dispersal (Huiskes et al. 1995), and Wiehe (1935) observed that a
2-3 day period of relatively weak tidal currents greatly enhanced establishment of
Salicornia seedlings below the high water mark of neap tides. Hence, the effect of
invertebrate activity has to be seen in the context of, and relative to, the frequency
and intensity of a suite of physical processes that are spatially and temporally vari-
able. Critical experimental field studies are lacking at this time to assess the relative
contributions of physical and biological processes to the initiation and maintenance of
creek and lateral erosion in salt marshes. 

Salt-marsh erosion and coastal squeeze

It is evident that a number of factors have contributed to the changes to the coastal
and estuarine marshes in south-east England. Van der Wal & Pye (2004) indicate that
the development of cliff edges at the seaward margins of marshes began in the 19th
century and that the timing and intensity of lateral erosion has varied throughout the
region. At most sites since 1960, rates of erosion were greater from 1973 to 1988 than
between 1988 and 1998 (van der Wal & Pye 2004). However, during these decades
intact marshes accreted sediment and maintained their height relative to the tidal
range (French 1993; Cahoon et al. 2000; van der Wal & Pye 2004),  in spite of modest
increases in relative mean sea level at the different sites (1.22-2.14 mm yr-1) (Wood-
worth et al. 1999). At some sites there has been an increase in marsh elevation rela-
tive to mean sea level (Allen & Duffy 1998; Allen 2000; French & Reed 2001).
Nevertheless, embankment constructions and land claims over the centuries have
reduced the width of the intertidal zone forcing water upstream and increasing tidal
ranges and current velocities (Pye 2000; van der Wal & Pye 2004). This process has
resulted in a narrowing and/or steepening of the shore profile (Davidson et al. 1991).
The changes can occur naturally, as a result of the accretionary processes on salt-
marsh surfaces leading to an increase in surface elevation of salt marshes with respect
to the adjacent intertidal mudflats (van de Koppel et al. 2005). 

The increase in extreme water levels and storminess since the 1960s, but especial-
ly between 1987 and 1990 (Pye 2000), accelerated lateral erosion and vertical marsh
accretion where marshes were exposed.  This phenomenon has also been observed for
salt marshes along the North Atlantic and Pacific coasts of the USA (Stumpf 1983;
Roman et al. 1997). Hughes and Paramor (2004) indicated that the loss of pioneer-
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plant communities at the seaward edge has not been accompanied by a loss of upper-
marsh plants, as predicted by the coastal squeeze hypothesis, except where increased
creek dissection has led to local erosion as a result of back flooding of the upper
marsh. These upper-marsh plants mainly consist of perennial species (predominantly
Atriplex (Halimione) portulacoides and Puccinellia maritima), which can survive as
adult plants during the winter and are less vulnerable to environmental changes than
pioneer species such as Salicornia spp. that establish from seed each spring and typi-
cally dominate the interface between the intertidal flat and the salt marsh. Moreover,
these perennial species are well known for their ability to attenuate wave and current
energy  (Möller & Spencer 2002). Puccinellia traps sediment efficiently (Andresen et
al. 1990; Langlois, Bonis, Bouzille 2003) at a rate that is sufficient to compensate for
prevailing sea-level rise (French & Reed 2001). Field studies of the process of wave-
height attenuation over surfaces of tidal salt marshes, intertidal sandflats, and inter-
tidal mudflats confirm that waves incident upon the salt-marsh edge are efficiently
attenuated within the first 20 m of permanent vegetation cover (Möller, French &
Spencer 1996; Möller et al. 1999; Möller & Spencer 2002).  Hence, as long as suffi-
cient sediment is available, salt marshes beyond the immediate seaward margin
appear able to maintain their vegetation cover in spite of modest rises in sea level and
increases in incident wave energy. 

A high degree of spatial variability characterizes intertidal surfaces (Dijkema 1987;
Pethick 1992; French & Reed 2001). The composition of the intertidal plant commu-
nity, creek morphology, and marsh-edge morphology all vary at a range of spatial
scales and account for differences in surface ‘roughness’ from smooth exposed mud to
algae-covered surfaces and surfaces colonized by macrophytes and incised by
drainage channels and salt pans. It is likely, therefore, that patterns of wave transfor-
mation and thus the degree to which wave energy may be responsible for marsh-sur-
face erosion, are dependent on marsh-edge configuration and the presence, density,
orientation and size of creeks and salt pans. Little information is available, however,
on the sustainability of marsh surfaces and vegetation cover under increased water
depths and current flows (French & Reed 2001; Möller & Spencer 2002). In addition,
seasonal variability in vegetative cover may lead to temporally varying patterns of
wave dissipation at the transition from unvegetated intertidal flats to vegetated salt
marshes (Möller & Spencer 2002). An extreme episodic tidal event may destroy the
vegetation growing at the marsh edge followed by the formation of a cliff (van de
Koppel et al. 2005). Subsequently, the wave energy on the cliff face may lead to fur-
ther lateral erosion, even when sea-level rise is minimal and there is no overall
change in the wave climate (van de Koppel et al. 2005). Further investigations on the
frequency of occurrence of extreme events that pass a threshold and trigger cliff for-
mation and creek erosion are sorely needed to resolve the debate on the processes
that initiate lateral erosion that can result in a narrowing of salt marshes. 
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Plant establishment after managed realignment

Managed realignment is when the coastal defence line is moved further inland in
order to allow intertidal habitat to develop on previously reclaimed land. A major
incentive for this practice is coastal defence, as a well-developed salt marsh in front of
a seawall efficiently dissipates wave energy (Brampton 1992; Möller & Spencer
2002), thereby reducing sediment erosion and maintenance costs of the seawall.
Other objectives of managed realignment include specific nature conservation targets,
meeting economic and social demands, and achieving environmental sustainability at
the landscape level (DEFRA/EA, 2002). Managed-realignment schemes have been
implemented in at least 17 sites in the UK since 1991 (Wolters, Garbutt & Bakker
2005b). Recently, Hughes & Paramor (2004) have raised concern about the effective-
ness of managed realignment in creating salt-marsh habitat, as many sites have sub-
sided considerably during their period of embankment and require high rates of sedi-
ment accretion, in order to raise the elevation to levels at which salt-marsh vegetation
can establish. The authors believe that this newly accreted sediment will first be colo-
nized by invertebrates that will prevent plant establishment because of the effects of
bioturbation and herbivory. Although we do not dispute this possibility, there appears
to be little evidence to support the concerns raised by Hughes & Paramor (2004). In a
review of 37 accidental and deliberate changes to the position of embankments where
the developing salt marshes were monitored for plant species assemblages, a mini-
mum of six salt-marsh species had established at the different sites over periods ran-
ging from 1 to 193 years (Wolters, Garbutt & Bakker 2005b). Pioneer species were
most commonly recorded and 65% and 95% of the sites contained plants of Spartina
anglica and Salicornia spp. respectively. Plants of Salicornia often occurred at high fre-
quencies within sites where these annual species were recorded. Results from other
studies describing vegetational development during salt-marsh restoration following
managed realignment, dredging and excavating, also indicate rapid plant establish-
ment (Alphin & Posey 2000; Edwards & Proffitt 2003). Nevertheless, authors of seve-
ral studies point out that the resultant species abundances do not resemble those in
established marshes and that rates of establishment of the different species largely
depend on initial site elevation (Cornu & Sadro 2002; Williams & Orr 2002; Thom,
Zeigler & Borde 2002). Sites with surface elevation levels that are too low for pioneer
salt-marsh species to establish (because of dewatering and compaction of sediments
and limited sediment supply during the period of embankment), may revert to inter-
tidal flats or standing water after managed realignment (Pye 2000), unless positive
sediment budgets can significantly raise the elevation (Morris et al. 2004). At the
transition from intertidal flat to pioneer zone, the success or failure of salt-marsh
plant establishment is likely to be determined by stochastic events superimposed on a
combination of physical factors (Wiehe 1935; Houwing et al. 1999; Houwing 2000),
seed availability (Wolters, Garbutt & Bakker 2005a) and foraging by invertebrates
(Hughes & Paramor 2004).

SALT-MARSH EROSION AND RESTORATION

31

MWoltersdiss  04-04-2006  13:04  Pagina 31



Conclusions

The physical and biological processes discussed above operate at different spatial and
temporal scales, and the erosional processes do not necessarily occur concurrently or
at a similar rate within the different estuaries and coastlines. In addition, feedbacks
between physical and biological processes that operate at different scales are poorly
studied. If interactions between biotic and abiotic events in regulating erosional
processes are to be better understood, more attention has to be given to long-term
field experimental studies within the region. In addition, modelling studies of the
coastal dynamics need to accompany the experimental studies. 

Hughes & Paramor (2004) have suggested that seasonal biological processes that
operate at  spatial scales of centimetres to metres may restrict plant colonization of
exposed intertidal mudflats and creek banks that are in fact the outcome of erosional
processes operating at much larger spatial and temporal scales. Their experimental
studies are incomplete, at least at the field level, but there is sufficient evidence to
warrant further investigations, including an attempt to scale-up the effects of biologi-
cal processes on salt-marsh erosion from a scale of metres to an entire estuary or coast-
line ecosystem. Where survey studies of plant colonization of exposed sediment at
managed-realignment sites have been conducted it appears that, at the larger spatial
scale, as distinct from the local scale (metres), there is very strong evidence that vege-
tative cover rapidly develops following sedimentation (Morris et al. 2004; Wolters,
Garbutt & Bakker 2005b). The observations highlight the inherent difficulties of extra-
polating results at one spatial scale to another in determining the causes of erosion.

There is no dispute that there has been a substantial loss of salt marsh within
south-east England in recent decades and earlier since estuarine and coastal flood-
plains were embanked. Whether the term coastal squeeze is appropriate to describe
the loss is likely to remain contentious until the quantitative contributions of the dif-
ferent erosional processes are evaluated. We agree with Hughes & Paramor (2004)
that salt marshes in the region are able to accrete vertically in spite of small rises in
sea level, that in recent decades the rise in sea level has been no higher than in the
past when the salt marshes developed, and that pioneer-zone species, as opposed to
the predicted loss of higher-marsh species, have disappeared as a result of lateral ero-
sion and creek widening.  Overall, the latter two processes largely account for the loss
of salt marshes and the extent to which biological processes sustain sediment instabi-
lity remains to be determined. If coastal squeeze is interpreted within this context,
there appears to be no difficulty.  However, to call into question the effectiveness of
managed realignment in re-creating salt marshes (Hughes & Paramor 2004) on the
basis of results from laboratory studies and field experiments (Paramor & Hughes
2004) that are open to criticism and have been conducted at a different spatial scale,
is not justified. The challenge now is to design suitable experiments at different scales
and using the appropriate controls to determine the relative impacts of abiotic and
biotic factors in the erosion and restoration of salt marshes.

CHAPTER 2

32

MWoltersdiss  04-04-2006  13:04  Pagina 32



Summary

Salt marshes in south-east England have been eroding rapidly since 1960. Recently,
Hughes & Paramor (2004) and Morris et al. (2004) have presented contrasting views
on the extent to which physical and biological processes might contribute to the ero-
sion.  There are three contentious issues: (i) salt-marsh erosion is the result of coastal
squeeze, where seawalls prevent a landward migration of a salt marsh in response to
a sea-level rise; (ii) salt-marsh erosion is linked to bioturbation and herbivory of
seedlings by the ragworm, Nereis diversicolor; (iii) new salt marshes will not develop
on managed-realignment sites where existing seawalls have been removed because of
the effects of ragworms. 

In this Chapter, we provide a literature review of physical and biological processes
relevant to the above three issues, and discuss the relative importance of these
processes at different spatial and temporal scales. Our synthesis shows that, at a
regional scale, the combination of strong winds, high tides, and increased wave height
appears to be responsible for the increased rate of marsh erosion and creek dissection
recorded in the 1970s. There is also some laboratory evidence that bioturbation and
herbivory from populations of Nereis can lead to sediment instability and loss of pio-
neer plant species, such as Salicornia spp. However, the field evidence is more equivo-
cal and has been conducted at small spatial scales. At a large number of different
managed-realignment sites there is strong evidence that even if bioturbation and her-
bivory by Nereis have occurred, overall the effects have been insufficient to restrict
plant succession of exposed sediment. 

There is an urgent need for long-term field studies that integrate and quantify
physical and biological processes and the related feedbacks at the different spatial and
temporal scales. Until this is completed, terms such as coastal squeeze will remain
contentious and management decisions will invite criticism.
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