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EXECUTIVE SUMMARY

This report presents the combined results of aimoeetl programme of research into the
ecology of the ‘managed realignment’ site at Tdiley, Essex, on the east coast of the UK.
The results should, therefore, be viewed in cortjonowith those from the earlier work that

was started in 1995, when the area was first exptmsenundation by sea-water, and reported
in 2002 (Reading et al., 2002). During 2007, timalfiyear of a 5 year monitoring programme,
research was completed on sediment accretion arettétorate colonisation by ecologists
from the Centre for Ecology & Hydrology (CEH) and soil/sediment strength and stability

by Rothamsted Research.

Invertebrate colonisation

The total number of invertebrate species recordeun fwithin the Tollesbury
managed realignment site (n=21) was higher thahammarsh (n=16).

The mean density, per sample, of all but one ofsgheries common to all eight sites
was highest in those from the managed realignment s

There was a gradient, between the upper and low@edevels, in the mean number
of species found per sample, with the highest nusnbecurring in the lower shore
samples.

After an initial high rate of increase in the totalimber of species found at Tollesbury,
each year between 1995 and 1998, the rate dedigteacben 1998 and 2007.

Sediment accretion studies

Accretion on the Old Hall and Tollesbury saltmasshadjacent to the Tollesbury
managed realignment site, continued at a ratedshByyear. There was no significant
difference in the rates of change before and d&fier creation of the Tollesbury
managed realignment site.

Within the realignment site the accretion rate nigr2006/07 (9.6mm) showed a
decrease over that reported for 2005/06 (11.2mmgeSL996 there has been a steady
decline in the annual rate of sediment accretiobh.@hnm (0.6-2.1mm).

Saltmarsh monitoring

Between 1995 and 2007 there were significant cheamgthe frequency of occurrence
of some plant species in the saltmarshes adjacahetrealignment site they were not
correlated with the creation of the realignmerd.sit

By 2007 13 ha of the 21 ha realignment site wekeEd by saltmarsh vegetation that
comprised 21 plant species. The upper elevationghef realignment site were
dominated byPuccinellia maritime whilst the lower elevations were dominated by
Salicornia europaea agg. andyartina anglica.



Soil studies

» Sediment strength and stability were measured dwarly September 2003 and
early September 2007, over five different vegetataones and along three
transects within the managed realignments siteode3bury during its continued
development as a saltmarsh and sediment ecosystem.

* Within the site, saltmarsh plants were found onirsedts with shear strengths
ranging from 5 to 70 kPa with botBalicornia europaea and Spartina anglica
occurring over this entire range. Greater specigsrsity occured where the
sediment was stronger than 30 kPa, but there waeresignificant plant
communities where shear strength fell below 5 kPa.

 The colonisation of the lower elevation vegetatmones (¢ & d) in 2007 by
Spartina anglica was associated with a reduction in shear streagthstability of
the surface sediments compared with 2003 wisalicornia europaea was
dominant. However, wher&artina anglica colonised the mud flat (zone e),
strength and stability both increased.

» Creeks formed once the weak rapidly accreting sediraxceeded a critical depth
of 20 — 30 cm on top of the much stronger undeggricultural soil.

* The lower extent of th&alicornia europaea extended along the faster draining,
stronger (up to 18 kPa) and more stable creek margihere was some evidence
that these plants may contribute to higher sedimsnéngth. In 2007 the
colonisation bySpartina anglica of the creek margins we characterised in 2003
resulted in the disappearance of these creeks. SMadf little evidence of
significant creek formation in areas wh&mrtina anglica dominated.



GENERAL INTRODUCTION

As part of its Flood and Coastal Defence researcgramme, Defra, the Department for
Environment, Food and Rural Affairs commissionestualy of the managed realignment of sea
defences at Tollesbury, Essex. This study wad-adale experiment in which new sea defences,
in the form of low embankments, were constructddrizbthe existing sea wall and surrounding
approximately 21ha of low-lying agricultural landjacent to Tollesbury Creek. Following the
completion of the new sea defences, the existingansdl was breached on 4 August 1995 and
the enclosed area of agricultural land behind oerd to tidal inundation for the first time in at
least 150 years.

It was expected that exposure of the agricultussdd| to seawater would result in the
accumulation of silt and, in the long-term, theabbtshment of its associated intertidal
invertebrate fauna and saltmarsh vegetation. Mulidisciplinary project involved, initially,
only studies of the vegetation and hydrology of stie. It was also realised that as the habitat
within the study area changed from terrestriahtertidal it would inevitably result in a change
in the invertebrate fauna from one characteristiagricultural and marginal biotopes to one
characteristic of intertidal or saltmarsh biotopes.

It was also crucially important to determine thieets on the adjacent creeks and saltmarshes of
setting back the sea defence. Therefore, detdiletiles of those areas immediately adjacent to
the breach were also undertaken.

This programme of research was initiated in 199% fatlowed on from previous work at the
site, by the Institute of Terrestrial Ecology (ITE*which started in October 1993. The
biological monitoring of both the realignment sited adjacent marshes was the responsibility
of ITE, studies of changes in soil structure witthe flooded area were done by the Silsoe
Research Institute, and the hydrology of both tteath and adjacent creeks was undertaken
by HR Wallingford Ltd.

In 1997, Defra authorised the continuation of tesearch for a further five years and also
approved additional research on the role of inteates in the establishment of saltmarsh
plants. This work was the responsibility of the @ueMary and Westfield College
Department of Biological Sciences. At the same tinresponsibility for the overall running
and co-ordination of this multi-disciplinary reselarwas given to ITE. The results of this 5
year multi-disciplinary research programme wereortgal to Defra in March 2002 (Reading
et al., 2002).

In 2003, Defra authorised a further 5 years (200382 of continued, but reduced, monitoring at
Tollesbury as it was recognised that changes imm&ed accretion rates and the colonisation of
the realignment area by saltmarsh plants and fiok&irinvertebrates were still occurring, albeit
at a much reduced rate than previously. Continaedlével monitoring of the changes in soil
structure was also authorised. CEH was given duwasponsibility for the extended project and
for monitoring sediment accretion (annually), batah(years 1, 3 & 5) and invertebrate (years 2
& 5) aspects of the work whilst the Silsoe Resednstitute (now Rathamsted Research) was
sub-contracted, by CEH, to do the soil monitoryepfs 1 & 5).

This report is the final report detailing reseaddne between 2003 and 2007 and views the
results in context with those obtained during twier projects (1995-2002).



* In 2000 the Institute of Terrestrial Ecology (Ifbecame the Centre for Ecology and
Hydrology (CEH).
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CHAPTER 1

COLONISATION OF THE TOLLESBURY MANAGED REALIGNMENT  SITE
BY INTERTIDAL ANIMALS.

C.J. READING, R.A. GARBUTT & G.M. JOFRE

1- Centre for Ecology & Hydrology, CEH WallingforBenson Lane, Crowmarsh Gifford,
Wallingford, Oxon. OX10 8BB. UKjr@ceh.ac.uk

2 - Centre for Ecology & Hydrology, CEH Bangor ionment Centre Wales, Deiniol Road,
Bangor. LL57 2UW. UK

11 SUMMARY

1 The intertidal invertebrates present within thdlégbury realignment area and in an
adjacent area of existing marsh were surveyed leetiee 2-4th October 2007.

2 Seven sites within the realignment area, corredipgnto those identified in the five
previous annual surveys (1995 - 2001), were samiplethtertidal invertebrates. Nine
core samples (15cm deep x 10cm diameter) were feteneach and from an additional
site on the existing marsh giving a total of 72 glas

3 The invertebrates present in each sample werdifiddrnto species (in most instances)
and counted.

4 A total of 22 species of invertebrates were idediffrom the 8 sites. Of these, 16
occurred in the marsh and 21 in the realignment.aWith the exception of
Gammarus all of the species found in the marsh samples vaése found in the
‘realignment’ samples.

5 With the exception ofCrangon wulgaris the mean density, per sample, of the 11
invertebrate species that occurred in all 8 samis was highest in the realignment
area.

6 Between 2004 and 2007 significant increases weserebd in the density of four of the

most common specie$i( ulvae, M. balthica, E. longa, Diptera maggots) within the
realignment area. Significant increases in the itle$ these four species were also
found between 1995 and 2007 within the realignraess.

7 Overall, during the 12 years between 1995 and i§7ficant increases in the mean
number of species per sample were recorded ineS §&, 4, 5, 6, 7) within the re-
alignment area.

8 Maps showing the distribution of each species aoayat all the 8 sites were drawn.
These suggest that many of the intertidal inveatels present within the realignment
area may now have reached a ‘plateau’ in the nuoflstes at which they occur.



1.2 INTRODUCTION

Although the original monitoring proposals for tle@alignment experiment were confined to the
vegetation, it was realised that the invertebratm#é& was an essential component of the pre- and
post-inundation communities and should, therefatep be monitored, particularly as their
response to habitat changes could be expectednutie more rapid than that of vegetation.

Additionally, the invertebrate fauna colonising gt during, and following, its transition from
a terrestrial to an intertidal biotope will comgrimany species that are important as food for
shore birds. As the range and abundance of thesetebrate species may be reflected in the
range and abundance of bird species attractecketsitih it is therefore important that the link
between the two be determined so that the mosbppate guidance can be given regarding the
future management of the site.

To these ends the intertidal invertebrate faunth®frealignment site was surveyed for the first
time in October 1995 (Reading 1996). This surveydpced a ‘baseline’ of information about
the intertidal invertebrates present within theligganent area from which changes could be
measured. Subsequent surveys were completed i@dtaber of 1996 (Reading 1997), 1997
(Reading 1998), 1998 (Reading 1999), 2001 (Readd@?) and 2004 (Reading 2005). The
results of the seventh and final annual surveydt 2007) are reported here with changes in
the invertebrate faunas of the realignment areaexigting marsh between all seven surveys
being highlighted. This work was funded by the @mwation and Woodlands Policy Division of
Defra (formerly MAFF) under the joint Defra / Enmimment Agency flood and coastal erosion
risk management R&D programme.

1.3  SITE DESCRIPTION

Prior to August 1995 the realignment site at Tolleg was an area of approximately 21 hectares
of agricultural land bounded to the north and égsan existing sea wall and to the south and
west by a new embankment (Map 1.1). Prior to thesitaction of the new sea defences behind
the existing sea wall, the area was dissected diyeam flowing west to east and entering the
saltmarsh through a sluice. Once the new embankwesmtompleted and the existing sea wall
breached, the sluice was permanently sealed ofttandtream diverted to leave the site via the
breach.

To the north of the stream the land was left fallerior to inundation resulting in a field of
overgrown clover and thistles. To the south of stream the land was sub-divided into three
sections (replicates R1, R2, R3) and within eactisethe land was further sub-divided into
four roughly parallel strips. Within each replicdltee strips were treated in four ways: left as
stubble following the last harvest, ploughed, a#dvio grow rye-grass and ‘cultivated’, (using a
cultivator pulled behind a tractor).

Within the study area, 7 sites were identified framich invertebrate core samples were taken
and these were compared with samples taken frorsitsneutside the study area (Map 1.1).

Site 1: The ‘borrow’ dyke to the south of the northeea svall was filled in with top
(‘Ditch’) soil from the study area. Although comped and firm enough to walk on it was,
nevertheless, less firm than in previous years wigimificant amounts of fine



mud having settled on it. During the first 5 yed@rsvas, for the most part,
covered in pools at low water. Its mean height W#&s1.5m above Ordnance
Datum (O.D.). By 2007 the pools had been largejlaced by a drainage
channel. The substrate was comprised of relativehgonsolidated fine

sediments.
Site 2: This was an area previously left fallow (clotigstle field) prior to inundation
(‘Lower and had a height not exceeding 1m above @tbw water it was largely
clover’) covered by surface water. The areas stogethe main drainage channel were

scoured of soft sediments leaving a firm compastduktrate that was greater in
area than in 1996. The amount of fine mud overtayims hard basal layer
increased in depth as the distance from the mainalye channel increased.

Site 3: This area was similar to site 2 (i.e. clovesitk) except that it occurred at a
(‘Upper higher level with a height mostly in exce$d..25m above O.D. Although
clover’) much of this area drained at low watartg did remain covered by surface water.

This area was covered in approximately 13-34crfinefmud.

Sites 4-7 Each of the four ‘treatments’ (see above) wepeasented by one strip of land
(‘Vegetation in each of the three replicates fahesite. Each strip sloped down the shore
plots’) from the new embankment (approx. 2.5mvab0.D.), to the south of the study

area, north to the stream (approx. 1.25-1.5m afbize). At the southern end of
these strips the land drained completely at lowewathilst at the northern end
the strips remained covered in surface water. @hd sloped down from R1 to
R3 and from the new sea wall above R1-3 towardsdlthi@ing stream. Thus, the
mid and lower levels of sites 4-7 were wetter andidier than the upper levels
and the mid and lower levels of R3 were much mudti@n those of R2 or R1.
The lower levels of R3 (sites 4-7) resembled suértidal mudflat similar to that
found outside the realignment area. SaltmarShligornia europaea, S
ramosissma) had developed on the upper levels of each repligy 2007 the
lowest parts of these sites was covered in 10-38dime mud.

Site 8: To provide a baseline from which to compareiiertidal invertebrate fauna

(‘Marsh’) within the study area with that outside) area of intertidal mud flat within the
marsh to the east of the existing sea wall wastsele This comprised very fine
sediments which drained well at low water.

14 METHODS

Nine 10cm diameter core samples were taken fromn efihe eight sites (Map. 1.1). At sites 2,

3 and 8 they were taken in the form of a 3x3 gilst at site 1 they were taken in the form of a
line transect. In each of the four vegetation inegtt areas (sites 4-7) three samples were taken
in each treatment of each replicate such thatrigrgaven treatment there were, overall, nine
samples in the form of a grid with three taken rieartop of the shore (upper), three at the mid
shore level (mid) and three at the lowest levethef shore (lower). The depth to which each
sample was taken was determined by the hardnete cfubstrate such that full depth cores
(15cm) were taken in sites 1 (ditch) and 8 (mawdti)st in sites 2-7 they were taken to varying
depths up to 15cm. Examination of the substrathage sites where full depth core samples



could not be taken revealed that it was too coneplct allow intertidal invertebrates to colonise
below the soft surface layers.

Samples were sieved on site using a 0.5mmp@)drass sieve and the sieved part of each
sample preserved in 5% formal saline. All animealcépt oligochaetes) were identified to genus
and most to species. The number of individualsaohespecies/sample was recorded.

Data analysis was done using one-way analysisr@nae in MINITAB.

15 RESULTS
1.5.1 Distribution of species

Twenty two (22) invertebrate species were founthe 72 samples taken from the 8 sampling
areas at Tollesbury (Table 1.1, Maps 1.2-1.23}h&de, three molluscs, the gastroptydrobia
ulvae and the bivalve#\bra tenuis, and Scrobicularia plana; three errant polychaetéteone
longa, Nephtys hombergi, andNereis diversicolor; one sedentary polychad®ggospio eegans,
Oligochaetes; two crustacea@srcinus maenas and Crangon wvulgaris and diptera maggots
occurred in all 8 sampling areas. These specie® vago the most widely distributed
invertebrates, occurring in 19-70 (26-97%) of tbeecsamples. The bivalNdacoma balthica,
was also abundant, occurring in 7 of the samplregsaand 24 (33%) of the core samples. Six
(6) of the species were found in just one sama.ar

Sixteen (16) of the 22 invertebrate species idedtifwere found in the marsh samples (site 8)
and 21 in the realignment samples (sites z@nmarus sp. was the only invertebrate species
that occurred solely in the marsh samples (sitéV&hin the realignment area the 7 sites divided
into two groups as defined by the number of inv@etee species found within them. Sites 1, 2, 6
& 7 each had 11-13 species whilst sites 3, 4 &chdwad 15-16 species.

There was no significant difference between themmanbers of species found per sample in
each of the four treatments (sites 4-7). With tkeeption of site 3, the mean numbers of species
found in samples from sites within the realignmaeia (1, 2, 4, 5, 6 & 7) were all significantly
lower (p<0.036) than those found in the marsh samples8gitdowever, within the realignment
area (sites 1-7), the mean numbers of species fousdmples from sites 3, 4 & 5 were not
significantly different whilst the mean number gfesies found in samples from site 3 was
significantly higher (g0.039) than those found in samples from sites 6, &,7. Interestingly,
there were no significant differences in the meamimers of species found in samples from sites
4 and 5, and the other sites within the realignraezd (Table 1.2).

Within sites 4-7 where samples were taken fromutyger, mid and lower shore levels in each
replicate significantly fewer species per sampleewecorded from the upper shore than from
either the mid or lower shore (Table 1.3). Theres wia significant difference in the mean
number of species found per sample between thenagdower shore levels.

1.5.2 Density of species

The relative abundance of the 18 invertebrate spdound in 2007 in the marsh (site 8) and re-
alignment area (sites 1-7) is shown in Table 1He fost abundant invertebrate in both areas



was H. ulvae with a mean density of 63.9 individuals per sam@d36/nf) on the marsh
compared with 196.4 per sample (14,362/m sites 1-7 (range/site: 0-67,864JnThe other ten
species occurring at all 8 sites wétara tenuis with a mean sample density of 5.2 (669/in
the marsh and 11.9 (1,515)nin sites 1-7 (range/site: 0-16,176)pEcrobicularia plana with a
mean sample density of 1.3 (165Jron the marsh and 1.2 (14#nn sites 1-7 (range/site: O-
1273/nf), Eteone longa with a mean sample density of 1.6 (209/im the marsh and 1.0
(122/nf) in sites 1-7 (rangelsite: 0-637)mNephtys sp. with a mean sample density of 1.6
(204/nf) on the marsh and 1.0 (127)nn sites 1-7 (range/site: 0-89F)yIN. diversicolor with a
mean sample density of 1.2 (153Jron the marsh and 2.8 (353)nin sites 1-7 (range/site: O-
2,674/n), Pygospio elegans with a mean sample density of 6.3 (809/on the marsh and 2.8
(351/nf) in sites 1-7 (range/site: 0-3,692)Oligochaetes with a mean sample density of 70.9
(9,027/nf) on the marsh and 79.5 (10,124yrim sites 1-7 (range/site: 0-95,748)rCarcinas
maenas with a mean sample density of 0.8 (109/on the marsh and 0.5 (6(nin sites 1-7
(range/site: 0-509/f) Crangon vulgaris with a mean sample density of 12.6 (1,6(%4/am the
marsh and 4.0 (506/nin sites 1-7 (range/site: 0-4,074)mDiptera maggots with a mean
sample density of 0.1 (13fjron the marsh and 0.6 (8()nin sites 1-7 (range/site: 0-50%)m

1.5.3 Comparing the results of the 1995, 1996, 199998, 2001, 2004 and 2007surveys
1.5.3.1 Species number and distribution

The total number of intertidal invertebrate spetoesd within the realignment area in 2007 was
21, and with the exception of 2004 (18 specieg)resents an increasing and significant
(p=0.046, T = 58.1%, n = 7) trend in the species diversitthefstudy area since 1995 (Fig. 1.1).
With the exception of the gastropadorina littorea, that was found for the first time in 2007,
the overall composition of mollusc species recor@fgdvas essentially similar to that found in
previous years. The number of locations where spelties occurred also followed the same
trend as in the previous three surveys (1998, 220004) with H. ulvae being the most
abundant gastropod aAdtenuis being the most abundant bivalte.ulvae was the only species
that occurred at all sites during each of the gixey years since 1995 and over the same period
increased its overall distribution from 74% of sésp(n=53) in 1995 to 100% (n=72) in 2004
(Table 1.4). SimilarlyM. balthica was found at two sites (11 samples) in 1995 adreigiit sites
(30 samples) in 2004, though not in site 1 in 2@er the ten years since 1995 the distribution
of M. balthica was greatest in 2001 (44 samples) and fell back9&y levels in 2007. The
distribution ofA. tenuis also peaked in 2001 (62 samples) and returneditaslevels as those
found in 1998 (45 samples) in 2007. The relativalge bivalve S plana, was found each year
and the number of sites at which it occurred irsddrom one in 1995 to all eight in 2004 and
2007. The number of samples in which it was fouasl &lso increased steadily from 16 in 2001
to 34 in 2004, showing a continued trend towardsnarease in its distribution since 1995.
Although the number of sites, and samples, com@@i edule both increased between 1995 and
2004, they declined back to 1998 levels in 20&7oWerall density and distribution has remained
relatively low.

During 2007 a total of eight annelid species wertsil in the eight sites and, with the exception
of 1995 (6 species) was essentially similar to thand in previous years (nine in 1996, 1997 &
2001, eight in 1998 and seven in 2004). With theeption ofSpio filicornis, which was again
absent from all samples in 2007, as in the threeiqus surveys, all the species found in 1995
were also found during subsequent surveys. OnatgyadychaetelPhyllodoce maculata, which
was found at very low densities within the realigmiarea in 1997 and 1998, but was absent in



2001, was again present at a very low density lower shore sample in 2007 (Table 1.4, Map
1.10). Oligochates continued to be found at alhiegites though their distribution in 2007 (59
samples) was slightly lower than in 2004( 63 sas)ple

The shore cralGarcinus maenas) continued to increase its distribution within gtady area and
was found in all eight sites in 2007 and in 19 das)pan increase of 12 samples over 2004
(Table 1.4).

Dipteran maggots were again relatively widespre@a2007 and continued to an increase in the
number of sites, and total number of samples, irchvit was found compared with previous
years (Table 1.4).

The number of species common to all 8 sites inece&ts®m a minimum of two in 1995 to eleven
in 2007. One specied( balthica) occurred at seven of the eight sites in 2007 IETaA).
Overall, the distribution of many species, in tewhshe total number of samples in which they
were found, increased, or remained relatively @rsn 2007 compared with 2004 (Table 1.4)
continuing the trend for increasing colonisatiorotime. In each of the seven years of survey,
the gastropod H. ulvae) has consistently remained the most common andespréad
invertebrate. It has also been recorded from pssgrely more samples in each survey to the
point where it was recorded from every sample d128nd 2004 though not in 2007 (Table 1.4).
Three bivalve molluscs and four annelids are alsothy of note. AlthoughA. tenuis has
continued to occur in all eight sites, the totainfwer of samples in which it was found decreased
between 2001 and 2007 suggesting a slight decrease overall distribution. However, the
decline between 2004 and 2007 was small and aleedstinly not significant. The Baltic telling
M. balthica also occurred in fewer sites and fewer samplesatan 2007 compared with both
2004 and 2001 suggesting that this may be a deglinend. The opposite was true $plana,
which was found in all eight sites and in more dasmn 2007 than in 2004. This species has
shown a continued trend for range expansion withé study area since 1995. The apparent
decline in the distribution of the rag woriN, diversicolor, between 1997 and 2004 was not
continued into 2007 when it was found in slightlpne samples than in 2004 (Table 1.4). The
smallerE. longa that showed a decline in its distribution withire tstudy area between 2001 and
2004 increased its range in 2007, occurring in &hpmes compared with 28 in 2004. The
distribution ofNephtys sp. in 2007 showed no change over 2004 or since dl998.

The total numbers of species recorded in eacheogitijht sites during each survey are shown in
Fig. 1.2. The total number of intertidal speciesorded within the realignment area, increased at
two sites (3 & 5) between 2004 and 2007, decreasede site (1) and remained unchanged at
four sites (2, 4,6 & 7). The numbers of speciendbin each of the seven sites, within the
realignment area, were all equal to or less thangg=11-15) than the number found in the
marsh samples (n=16). Overall, the eight sitesrfaltwo groups. The first comprised of sites 3,
4, 5 & 8, all with either 15 or 16 species. Theosecgroup comprised of sites 1, 2, 6 & 7, all
with between 11-13 species.

The mean number of species recorded for each samitpi@ the eight sites is shown in Table
1.5a where differences between years at eachrsitprasented. Between 2004 and 2007 there
were two significant changes (p>0.05) in the meaanlver of species per sample at sites 5 and 8.
Overall, during the 12 years between 1995 and 2@§hificant increases (p<0.05) in the mean
number of species per sample were recorded irofitlee re-alignment sites (sites 3, 4,5, 6 & 7;
Table 1.5b).
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One of the original aims of the annual surveys tgagetermine the length of time required for
farmland to become indistinguishable from establishntertidal mud-flat in terms of its
invertebrate fauna. This was done by comparingntlrebers of species occurring in the marsh
(site 8) with the individual sites within the maedgrealignment area (Fig. 1.3). Over the 12
years since inundation by sea-water, in 1995, timaber of ‘marsh species’ that have been
recorded from within the realignment area has shamvaverall increase that was relatively rapid
between 1995 and 2001 and then much slower uri ¥#hen there was another apparent rapid
increase. The mean number of species, per sitg,(nwithin the managed realignment area was
also compared with the mean number of speciesmwitie marsh (Fig. 1.4). This showed a
relatively stable situation within the marsh betw&895 and 2007 whilst within the realignment
area there was a rapid increase over the firstdorueys (1995-1998) followed by a less rapid
increase between 1998 and 2007. The data suggesalthough there appears to be relative
stability in the number of species occurring in th&rsh the number of species occurring within
the realignment area is still increasing, albed atuch reduced rate, and may exceed that of the
marsh in the future.

The mean numbers of invertebrate species foundlsadysing each survey at each site are
shown in Fig. 1.5. Taken individually, each of #ites within the realignment area, with the
exception of site 3, showed a relatively steadyease in the number of species found in them
between the first and last surveys. However, tlvems an overall tendency for the rate of
increase to slow down during the latter years. Alse total number of species found in each of
the realignment sites, with the single exceptiosit 3, remained below that of the marsh (site
8). At site 3, there was a rapid increase in thaber of species found between 1995 and 1998
followed by a relatively ‘steady state’. When tlaenples from the seven realignment sites were
analysed together (sites 1-7 in Fig. 1.5), for cangon with the marsh site it is clear that,
overall, the mean number of species/sample witterréalignment site is still lower than that of
the marsh site.

The invertebrate sample data were also analyséd@gpect to shore level (Fig. 1.5). These data
do not include the samples from site 1 which weresabdivided by shore level as the site ran
parallel to the sea wall. The mean number of ieeete species found in upper, mid and lower
shore samples has increased steadily throughostutlg period (1995-2007). This increase was
highest in the mid and lower shore samples betvi®&% and 1998, after which the rate of
increase slowed down. The rate of increase inppernshore samples was highest between 1995
and 2001 before slowing down. During the first ¢hseirveys (1995-1997) the mean number of
invertebrate species found in the upper, mid amelcshore samples from sites 2-7 were all
significantly (p<0.0001) lower than that found letmarsh. In the surveys of 1998, 2001 and
2004 there was no significant (p>0.05) differenetwieen the mid and lower shore samples
from sites 2-7 and the marsh whilst there remasiguificant (p<0.03) differences between the
upper samples from sites 2-7 and the marsh. Inrasintthere were significant (p<0.05)
differences in the number of invertebrate speaesd in the upper and lower shore samples
from sites 2-7 and the marsh in 2007 but not betvilee mid shore samples and the marsh. As
might be expected, the mean number of invertelspeeies/sample in sites 2-7 showed a
gradient between upper and lower shore levels tvéHowest values occurring in samples from
the top of the shore and the highest values framaettat the bottom of the shore. Overall, the
pattern of annual fluctuations in the mean numbb@nvertebrate species per sample from sites
2-7 and site 8 were similar between 1998 and 2007.

Similarly, comparisons between the mean numbepe€iss found in samples from the upper,
mid and lower shore levels of sites 4-7 (treatn)donts1995, 1996, 1997, 1998, 2001, 2004 and
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2007 are shown in Table 1.6. The mean number afiepdéound in the upper shore samples
from sites 4-7 increased annually with the greatdgfgrence occurring between 1995 and 2004
(p<0.0001). Although increases between consecstiveeys were also found for the mid and

lower shore levels they were not all significantween consecutive years. Nevertheless, highly
significant increases (p<0.0001) in the mid andeloshore samples were found between 1995
and 2007.

1.5.3.2 Density of species

A comparison of the mean number of individuals @ff Bhe most abundant invertebrate species
found in samples from all 7 sites inside the reaignt area and the marsh site for 1995, 1996,
1997, 1998, 2001, 2004 & 2007 are shown in Tabla&b respectively. In the realignment area
(sites 1-7) no significant (p>0.05) increases vieuad in any of the 5 species between 2004 and
2007. In contrast, there was a significant (p=0)@lE&rease in the density ldf ulvae between
2004 and 2007. Between 1995 and 2007 the densiyl tifie species, except diversicolor,
increased significantly (p<0.01). Following a sfg@nt increase in the density Mif diversicolor
between 1995 and 1997 their density is now sigmtly lower than in 1996/97 but,
nevertheless, appears to have stabilised ovemagtddur surveys (1998, 2001, 2004 & 2007).
The density otliptera larvae has remained relatively constant and loaesi996.

In the marsh samples, the pattern of change idehsity of the 5 invertebrate species reflected
that found within the realignment area. Betweens51&3d 2007 the densities M balthica and

N. diversicolor both declined significantly (p<0.05) whilst in thealignment area they either
increased significantlyM. balthica; p=0.007) or showed no significant chanljediversicolor;
p>0.05).

1.6 DISCUSSION

With the exception of one small area in the nodbt®f the Tollesbury realignment site which
contained a large number of experimental areag, samples were obtained from most of the
realignment site allowing the distribution of caking intertidal invertebrates to be roughly
mapped. The results show that the areas beingisetbare generally those that are lowest on
the shore. This was not unexpected as these asetiaones covered for the longest time by sea
water at high tide and also the ones that havehitiigest rates of accretion by fine ‘muddy’
sediments which many intertidal estuarine invedtsds prefer/require.

In common with previous surveys (1995, 1996, 190998, 2001 & 2004) all except one
(Gammarus sp.) of the species found within the marsh site in 20g&re also found in the
realignment area (Reading 1996, 1997, 1998, 193@2,2005). Some additional invertebrate
species e.g. the mollusck: littorea and C. edule; the crustaceanP. varians; the insect:
Coleoptera larvae; the nemertine and the anemone, were fouti@ realignment area but not in
the marsh, perhaps reflecting the greater hahitatsity of the realignment area sites compared
with that of the marsh site. In addition, more sgeevere found in the realignment area in 2007
(21) than in the marsh (16). During the twelve gesince 1995 the number of species found in
the marsh samples has fluctuated between 11 andith6the least fluctuation (n=11-13)
between 1995-2004. In contrast the number of iebeate species found in the realignment area
was initially low (n=14) but then increased andegp to have stabilised at between 18 and 21.
Diversity, as measured by the number of differgueicges present, remains greater within the
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realignment area than in the marsh and probablNectsf the greater diversity of
sediment/substrate types and elevation levelsmitie area compared to outside. Alternatively,
the greater diversity may be the result of an ixed probability of finding more species due to
the larger number of samples taken from withinrdaignment area compared with the marsh.

Although the number of species recorded from e&theosites (1-7) within the realignment area
is now very similar to that for the marsh theirtalmution is ‘patchy’, as illustrated by the mean
number of species per sample from each site (F4g. This patchy distribution is probably the
result of differences in rates of accretion of sefliments within the realignment area, with high
rates on the lower shore and lower rates, or sopuri soft sediments, on the upper shore and
areas close to the breach (site 2). The associatittveen high levels of soft sediment accretion
on the lower shore and higher numbers of invertelspecies and higher densities of many of
these species is demonstrated by the data shawig.ifh.6. The particularly high total number of
species found in site 3 is probably due to theelagea of this site resulting in a more varied
habitat structure than that found in the marsh. r@lethe lower shore levels within the
realignment area are more similar to the marshtti@anpper shore levels.

The continuing trend for species common to bothré¢ladignment area and the marsh to occur at
higher densities in the realignment area than e rttarsh has continued into 2007. This is
probably the result of a combination of the strrestof the substrate within the realignment area
and the time elapsed since the sea wall (and dloglifig of the area) was breached and is an
indication of the rate at which the realignmentaarg transforming into intertidal mud flat
through the deposition of fine sediments. In 1988 was particularly noticeable at the lower
levels of sites 2, 3, 4-7 whilst in 2001 this effe@as also apparent at mid shore levels. In 2004 it
was noticeable on most the upper shore, partigutariongst the colonising saltmarsh, which
had extended its downshore range significantlyesi@01. The accretion of fine sediments on
all levels of the shore was very marked in 200%yas the continued downshore progress of the
saltmarsh. Much of the realignment area is nowisibly different from many saltmarshes and
intertidal mudflats found elsewhere in the UK thiouigstill lacks the creek systems found in the
mature saltmarsh outside the realignment site.

As a result of the baseline survey carried outdu@ctober 1995 it has been possible to monitor
and quantify the changes in the intertidal invedtsh fauna of the realignment area from the
subsequent invertebrate surveys completed duran@titober of 1996, 1997, 1998, 2001, 2004
and 2007. The mean numbers of invertebrate spdoiesd in samples from within the
realignment site are continuing to rise, albeiteduced rates compared with the first three years
following initial inundation of the area, but, iI0Q@7, were still below that of the marsh samples.
This process of change is likely to continue fanuanber of years, its rate being determined
largely by the degree to which sediment accretmnticues to occur within the realignment area
and the rate at which the saltmarsh extends dowesks the sediment levels within the
realignment area rise it is likely that the aresatmarsh will increase and the area of intertidal
mud flat decrease. The loss of intertidal mudfldk ieduce the feeding/roosting area available
for wading birds at low water and this is likely be reflected in a decline, over time, in the
number and/or species diversity of birds usingatiea.

The October 2007 survey of the managed realignieneat at Tollesbury, Essex is the seventh,
and final, survey planned to monitor the rate ofowation of the area, following tidal

inundation (1995), by intertidal invertebrates. tAs length of time, since the sea wall was first
breached (1995), increases, it is likely that #te of colonisation of the realignment area, by

13



intertidal invertebrates, will continue to decliaad that the density of successful colonisers
within the realignment area will increase.
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Table 1.1 Mean number of individuals/sample of each intaitidvertebrate species in
each of the areas sampled at Tollesbury, Ess@g¢tober 2007.

SPECIES S I T E
1| 2| 3| a| 5| 6| 7| 8|S
MOLLUSCS
1 Hydrobia ulvae 137.9| 86.6| 1654 98.6 1594 800 62.0 63.98(70)
2 Littorina littorea - - - 0.1 - - - - 1( 1)
3 Abra tenuis 0.8 0.3 11.0| 111 7.1 358 172 5P 8(43)
4 Cerastoderma edule - 0.1 0.2 0.1 - - - - 3( 4)
5 Macoma balthica - 0.3 2.0 2.8 0.4 3.7 0.9 0.4 7(24)
6 Scrobicularia plana 0.3 0.2 2.1 1.2 0.9 2.2 1.2 1.3 8(34)
ANNELIDS
7 Ampharete grubei - - 0.2 0.1 - - - 0.1 3( 4)
8 Eteone longa 0.9 0.6 0.2 1.8 1.8 1.3 0.1 1.6 8(31)
9 Phyllodoce maculata - - 0.1 - - - - 0.1 2( 2)
10 | Nephtyssp. 03| 01| 27| 08| 12| 11 08 1.6 831
11 Nereis diversicolor 7.3 2.0 0.1 1.3 2.8 3.8 2.1 1.2 8(43)
12 Pygospio elegans 2.8 0.3 6.2 1.8 0.7 7.2 0.3 6.3 8(32)
13 Cirratulid sp. - - - 0.2 0.1 - - 1.7 3( 6)
14 Oligochaetes 21.1 | 219.2] 123.0 53.7 51.8 748 130 70.9 8(59)
CRUSTACEANS
15 Carcinus maenas 0.1 0.7 0.2 0.9 0.1 0.2 0.3 0.8 8(19)
16 Crangon vulgaris 4.8 2.4 9.3 1.7 2.8 1.6 5.2 12)6 8(56)
17 Palaemonetes varians - - 0.3 - - - - - 1( 3)
18 Gammarus sp. - - - - - - - 0.1 1( 1)
OTHER
19 Diptera : maggots 0.8 1.0 0.1 0.9 0.7 0.f 0J2 0l1 8(26)
20 Coleoptera larvae - - - - 0.1 - - - 1( 1)
21 Nemertine - - - - 0.1 - - - 1( 1)
22 Anemone sp. - - - - - - 0.2 - 1( 2)
TOTAL SPECIES 11 13 16 16 15 12 13 16

Mean No. species/sample 5.0 5.6 8|8 6.9 1.1 5.3 5.9.2

Nos. in parenthesis are the total number of saniplesich a species was found (Total=72)
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Table 1.2

Differences between the mean number of speciesgpeple (in parenthesis)

for each site (Table 1.1) at Tollesbury, Essexctober 2007.

Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

(5.56) (8.78) (6.89) (7.112) (6.33) (5.89) (9.22)

Sitel | t=-0.53 | t=-4.09 | t=-1.61 | t=-2.04 | t=-1.07 | t=-0.68 | t=-4.49
(5.00) NS P=0.001 NS NS NS NS P=<0.001

DF=16 | DF=16 | DF=16 | DF=16 | DF=16 | DF=16 | DF=16

Site 2 t=-3.73 | t=-1.19 | t=-1.59 | t=-0.65 | t=-0.26 | t=-4.17
(5.56) - P=0.002 NS NS NS NS P=0.001

DF=16 | DF=16 | DF=16 | DF=16 | DF=16 DF=16

Site 3 t=1.88 | t=1.99 | t=2.24 | t=2.50 | t=-0.62

(8.78) - - NS NS P=0.039| P=0.030 NS

DF=16 | DF=16 | DF=16 | DF=11 | DF=16

Site 4 t=-0.20 | t=0.43 | t=0.73 | t=-2.29
(6.89) - - - NS NS NS P=0.036

DF=16 | DF=16 | DF=16 DF=16

Site 5 t=0.66 | t=0.98 | t=-2.47
(7.11) - - - - NS NS P=0.025

DF=16 | DF=16 | DF=16

Site 6 t=0.31 | t=-2.62
(6.33) - - - - - NS P=0.019

DF=16 DF=16

Site 7 t=-2.85
(5.89) - - - - - - P=0.016

DF=11

NS = Non-significant (P>0.05)

Table 1.3 Differences between the mean number of speciesgmple (in parenthesis)

for upper, mid and lower shore levels in sitesa-Tollesbury, Essex, in

October 2007.
Mid (sites 4-7) Lower (sites 4-7)
(Mean = 7.67) (Mean = 7.50)
Upper (sites 4-7) t=-3.68 t=-3.59
P =0.001 P =0.002
(Mean = 4.50) DF =22 DF =22
Mid (sites 4-7) t=0.16
- NS
(Mean = 7.67) DF = 22

NS = Non-significant (P>0.05)
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years 1995, 1996, 1997, 1998, 2001, 2004 & 2007l Thamber of samples taken each year = 72.

Table 1.4 Total number of sites and samples from Tollesbbpgex, in which each intertidal invertebrate spewras recorded for the

SPECIES 1995 1996 1997 1998 2001 2004 2007
No. No. No. No. No. No. No. No. No. No. No. No. No. No.
Sites | Samples| Sites | Samples| Sites | Samples| Sites | Samples| Sites | Samples| Sites | Samples| Sites | Samples
Hydrobia ulvae 8 53 8 58 8 65 8 69 8 72 8 72 8 7(
Littorina littorea - - - - - - - - - - - - 1 1
Retusa obtuse 1 1 - - - - 1 2 1 2 - - - -
Abra tenuis - - - - - - 8 45 8 62 8 45 8 43
Cerastoderma edule 1 1 1 1 2 2 5 5 5 13 7 17 3 4
Macoma balthica 2 11 8 30 8 24 8 38 8 44 8 30 7 24
Mya arenaria - - 3 11 8 34 - - - - - - - -
Nucula sp. - - 1 1 - - - - - - - - - -
Scrobicularia plana 1 9 5 15 6 11 6 10 7 16 8 31 8 34
Amphar ete grubei - - 3 9 2 3 5 9 6 10 2 2 3 4
Arenicola marina - - 1 2 - - - - 1 1 - - - -
Cirratulid sp. - - 4 12 3 7 3 10 3 4 - - 3 6
Eteone longa 3 14 7 18 6 11 7 20 8 39 8 27| 8 3]
Mellina cristata - - - - - - - - 1 1 - - - -
Nephtys homber gi 4 12 2 5 6 15 7 33 8 32 8 28 8 31
Nereis diversicolor 8 40 8 63 8 63 8 48 8 46 8 40 8 43
Phyllodoce maculata - - - - 1 2 1 1 - - 1 1 2 2
Pygospio elegans 7 34 5 14 4 11 6 12 5 16 7 31 8 32
Soiofilicornis 3 14 2 10 3 4 - - - - - - - -
Oligochaetes 2 13 3 13 2 15 3 19 8 54 8 63 8 54
Carcinus maenas 3 3 1 1 3 3 2 2 2 2 5 7 8 19
Crangon vulgaris 3 5 2 2 1 2 2 2 1 1 - - 8 56
Palaemonetes varians - - - - - - - - - - - - 1 3
Cyathura carinata - - - - - - - - 1 2 - - - -
Gammarus sp. 1 1 - - - - 1 3 - - 1 1 1 1
Coleoptera larvae - - - - - - 1 1 - - 2 2 1 1
Diptera : chironomids 5 8 - - - - - - - - - - - -
Diptera : maggots 5 11 8 24 8 18 7 14 7 22 7 23 8 26
Collembola sp. - - - - - - - - - - 1 1 - -
Nemertine - - - - 1 3 3 4 1 2 4 6 1 1
Anemone sp. - - - - - - - - - - - - 1 2
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Table 1.5a Comparisons between the mean number of speciesapw®le for each site (Table 1) at Tollesbury, E&stween October 1995

and October 2007. Standard errors of the mearharersin parenthesis.

Mean | Comparing| Mean | Comparing| Mean | Comparing| Mean | Comparing| Mean | Comparing| Mean | Comparing| Mean
1995 | 1995-1996| 1996 | 1996-1997| 1997 | 1997-1998| 1998 | 1998-2001| 2001 | 2001-2004| 2004 | 2004-2007| 2007
Site—1 | 367 | t=-1.10 | 444 | t=217 | 267 | t=090 | 344 | t=-340 | 656 | t=159 | 478 | t=-0.19 | 5.00
(0.47) NS (0.53)| P=0.046 | (0.62) NS (0.60)| P =0.004 | (0.69) NS (0.88) NS (0.78)

Ditch DF =15 DF =15 DF =15 DF =15 DF =15 DF =16
Site—2 | 400 | t=-0.80 | 467 | t=0.89 | 4.00 t=0.0 400 | t=-247 | 667 | t=138 | 511 | t=-045 | 556
Lower | (0.55) NS (0.62) NS (0.41) NS (0.60)| P =0.028 | (0.90) NS (0.68) NS (0.71)

clover DF = 15 DF =13 DF =14 DF = 13 DF = 14 DF =16
Site—-3 | 289 | t=-184 | 367 | t=-236 | 511 | t=351 | 800 | t=0.15 | 7.89 | t=0.36 | 811 | t=-0.96 | 8.78
Upper | (0.31) NS (0.29)| P=0.036| (0.54)| P =0.003| (0.62) NS (0.39) NS (0.48) NS (0.49)

clover DF =15 DF =12 DF =15 DF =13 DF =15 DF =16
Site—4 | 167 | t=-1.74 | 3.22 t=0.0 322 | t=092 | 400 | t=-062 | 467 | t=0.68 | 556 | t=-1.00 | 6.89
(0.55) NS (0.70) NS (0.46) NS (0.71) NS (0.82) NS (1.00) NS (0.87)

Stubble DF =15 DF =13 DF =13 DF =15 DF =15 DF =16
Site-5 | 1.67 | t=-217 | 289 | t=-049 | 333 | t=043 | 3.78 | t=-139 | 500 | t=053 | 456 | t=-292 | 7.11
(0.41)| P =0.047 | (0.39) NS (0.82) NS (0.62) NS (0.62) NS (0.56)| P =0.010 | (0.68)

Ploughed DF =15 DF =11 DF =14 DF =15 DF =15 DF = 16
Site—-6 | 144 | t=-144 | 278 | t=-093 | 367 | t=059 | 422 | t=-1.08 | 544 | t=063 | 6.22 | t=-0.08 | 6.33
(0.53) NS (0.76 NS (0.58) NS (0.74) NS (0.85) NS (0.89) NS (0.97)

Rye grass DF =14 DF =14 DF =15 DF =15 DF =15 DF =16
Site—7 | 1.78 | t=-1.00 | 244 | t=-127 | 344 | t=119 | 444 | t=-119 | 556 | t=0.11 | 567 | t=-0.18 | 5.89
(0.40) NS (0.53) NS (0.58) NS (0.60) NS (0.71) NS (0.71) NS (1.05)

Cultivated DF =14 DF =15 DF =15 DF =15 DF =15 DF =16
Site—-8 | 878 | t=214 | 789 | t=192 | 711 | t=-105 | 6.67 | t=-141 | 767 | t=0.15 | 756 | t=-2.79 | 9.22
(0.36)| P =0.054 | (0.20) NS (0.35) NS (0.24) NS (0.67) NS (0.29)| P=0.013 | (0.52)

Marsh DF =12 DF =12 DF =13 DF=9 DF =10 DF =16

%n = mean; DF = degrees of freedom; NS = Non-sigafi¢P>0.05)
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Table 1.5Bomparisons between the mean number of speciesapw®ale for each site (Table 1) at Tollesbury, Esse

between October 1995 and October 2007. Standaycsef the mean are shown in parenthesis.

Comparing Comparing Comparing Comparing Comparing
1995-1997 1995-1998 1995-2001 1995-2004 1995-2007
Site—1 t=1.28 t=-0.29 t=3.46 t=-1.11 t=-1.46
NS NS P =0.004 NS NS
Ditch DF =14 DF =15 DF =14 DF =12 DF =16
Site — 2 t=0.0 t=0.0 t=2.53 t=-1.27 t=-1.73
NS NS P =0.025 NS NS
Lower clover DF =14 DF =15 DF =13 DF =15 DF =16
Site — 3 t=-3.58 t=7.34 t=10.06 t=-9.09 t=-10.11
P =0.004 P <0.001 P <0.001 P <0.001 P <0.001
Upper clover DF =12 DF =11 DF =15 DF =13 DF =16
Site—4 t=-2.15 t=2.49 t=2.94 t=-3.28 t=-4.96
P =0.048 P =0.025 P =0.012 P =0.007 P <0.001
Stubble DF =15 DF =15 DF =13 DF =12 DF =16
Site — 5 t=-1.83 t=2.85 t=4.47 t=-4.19 t=-6.90
NS P=0.014 P =0.001 P =0.001 P <0.001
Ploughed DF =11 DF =13 DF =13 DF =14 DF =16
Site —6 t=-2.84 t=3.05 t=3.99 t=-4.60 t=-4.42
P =0.013 P =0.009 P =0.002 P =0.001 P <0.001
Rye grass DF =15 DF =14 DF =13 DF =13 DF =16
Site — 7 t=-2.36 t=3.56 t=4.53 t=-4.68 t=-3.58
P =0.033 P =0.003 P =0.001 P =0.001 P =0.005
Cultivated DF =14 DF =13 DF =12 DF =12 DF =10
Site—8 t=3.29 t=-4.87 t=-1.46 t=2.61 t=-0.70
P =0.005 P <0.001 NS P =0.020 NS
Marsh DF =15 DF =13 DF =12 DF =15 DF =16

= mean; DF = degrees of freedom; NS = Non-sigaifi¢P>0.05)




Table 1.6

between October 1995 and October 2007.

Comparing the mean number of species per samplépier, Mid and Lower shore levels in sites 4-Taltesbury, Essex,

Shore 1995 Comparing 1996 Comparing 1997 Comparing 1998 Comparing 2001 Comparing 2004 Comparing 2007
level 1995-1996 1996-1997 1997-1998 1998-2001 2001-2004 2004-2007
Xm=0.83| t=-0.67 | X,=1.08| t=-1.38 | X,=1.67| t=-047 | X,=183| t=-3.24 | X,=358| t=0.15 | X,=3.67| t=1.70 | X,=4.50
Upper n=12 NS n=12 NS n=12 NS n=12 P =0.006 n=12 NS n=12 NS n=12
SD=0.72| DF=19 | SD=1.08| DF=21 | SD=0.98] DF=20 | SD=0.72| DF=14 | SD=1.73| DF=16 | SD=0.89| DF=22 | SD=1.45
Xm=175| t=-298 | X,=3.42| t=-1.34 | Xp,=4.25| t=-1.22 | X,=5.08| t=-0.64 | X,,=5.50 t=0.0 Xm=5.50| t=233 | X,=7.67
Mid n=12 | P=0.0071 n=12 NS n=12 NS n=12 NS n=12 NS n=12 P =0.029 n=12
SD=148| DF=21 | SD=124| DF=19 | SD=176| DF=21 | SD=156| DF=21 | SD=162| DF=21 | SD=1.88| DF=22 | SD=2.61
Xm=250| t=-2.63 | Xp,=4.00| t=-0.63 | X, =433 | t=-297 | X,=542| t=-146 | X,=6.42| t=092 | X,=7.33| t=0.16 | X,=7.50
Lower n=12 P =0.016 n=12 NS n=12 P =0.008 n=12 NS n=12 NS n=12 NS n=12
SD=131| DF=21 | SD=148| DF=20 | SD=107| DF=82 | SD=0.67| DF=12 | SD=2.27| DF=21 | SD=2.61| DF=22 | SD=251
N
N Shore | Comparing| Comparing| Comparing| Comparing| Comparing
level 1995-1997| 1995-1998| 1995-2001| 1995-2004| 1995-2007
t=-2.37 t=-3.41 t=-5.09 t=-8.60 t=-7.87
Upper P =0.028 | P =0.0025| P <0.0001| P <0.0001| P <0.0001
DF =20 DF =22 DF =14 DF =21 DF =16
t=-3.76 t=-5.35 t=-5.90 t=-5.42 t=-6.83
Mid P =0.0012| P <0.0001| P <0.0001| P <0.0001| P <0.0001
DF =21 DF =21 DF =21 DF =20 DF =22
t=-3.74 t=-6.85 t=-5.16 t=-5.74 t=-6.12
Lower P =0.0012| P <0.0001| P <0.0001| P <0.0001| P <0.0001
DF =21 DF =16 DF =17 DF =16 DF =16

Xm = mean; SD = standard deviation; DF = degreeseefdiom; NS = Non-significant (P>0.05)




Table 1.7a

€¢

realignment area (‘set-back’: sites 1-7) betwee®bl®nd 2007.

Comparison between the mean number of individoaisample of 5 of the most abundant invertebageiss found within the

Species ‘Set-back’
1995 1996 1997 1998 2001 2004 2007
Hydrobia | X,=12.59| X,,=23.21| X,=45.37| X,,=123.1| X,=102.2| X,=196.4| X,,=112.8
ulvae n =63 n=~63 n =63 n=~63 n =63 n =63 n=~63
SD =19.81| SD=36.62| SD=60.02| SD=128.2| SD=83.2 | SD=240.5| SD=124.1
Macoma Xm=0.03 | Xp=1.19 | X,=119 | X,=6.14 | X,=3.73 | Xp=2.02 | X,=1.44
balthica n==63 n==63 n=63 n==63 n==63 n==63 n==63
SD=0.018| SD=280| SD=2.63| SD=10.33] SD=5.72| SD=3.84| SD=3.99
Eteone Xm=0.09 | Xp=0.22 | X,=0.11 | X,=0.68 | X,=1.27 | X,,=0.71 | X,=0.95
longa n =63 n=~63 n =63 n=~63 n =63 n =63 n=~63
SD=0.29| SD=052| SD=0.32| SD=1.27| SD=175| SD=1.18 | SD=1.45
Nereis Xm=159 | X;,=22.35| X=15.94| X,=256 | X,=251 | X,=195 | X,=2.78
diversicolor n=63 n =63 n=63 n==63 n=63 n=63 n==63
SD=226| SD=16.52| SD=1257| SD=4.27| SD=451| SD=2.93 | SD=4.66
Diptera: Xm=0.16 | Xpn=0.73 | X;3=0.36 | X3=0.24 | X,=046 | X,=0.59 | X,=0.62
maggots n =63 n=~63 n =63 n=~63 n =63 n =63 n=~63
SD=051| SD=126| SD=0.75| SD=059| SD=0.89| SD=1.04| SD=0.94
Species ‘Set-back’
Comparing meang Comparing meang Comparing meang Comparing means Comparing means Comparing means Comparing means
1995-1996 1996-1997 1997-1998 1998-2001 2001-2004 2004-2007 1995-2007
Hydrobia t=-2.02 t=-2.50 t=-4.36 t=1.09 t=2.94 t=2.45 t=-6.33
ulvae P =0.05 P=0.014 P <0.0001 NS P <0.004 P =0.016 P <0.0001
DF =95 DF =102 DF =87 DF =106 DF =76 DF =92 DF = 65
Macoma t=-3.27 t=0.0 t=-3.69 t=1.62 t=-1.97 t=0.82 t=-2.81
balthica P =0.002 NS P =0.0004 NS P <0.051 NS P =0.007
DF = 62 DF =123 DF =69 DF = 96 DF =108 DF =124 DF =62
Eteone t=-1.68 t=1.44 t=-3.47 t=-2.16 t=-2.09 t=-1.01 t=-4.59
longa NS NS P = 0.0009 P =0.033 P <0.039 NS P <0.0001
DF =98 DF =102 DF =69 DF =112 DF =108 DF =124 DF = 67
Nereis t=-9.88 t=2.45 t=8.00 t=0.06 t=-0.82 t=-1.19 t=-1.82
diversicolor P <0.0001 P =0.016 P <0.0001 NS NS NS NS
DF =64 DF =115 DF =76 DF =123 DF = 106 DF =104 DF =89
Diptera: t=-3.33 t=1.98 t=1.06 t=-1.65 t=0.73 t=-0.18 t=-3.41
maggots P =0.001 NS NS NS NS NS P =0.001
DF =82 DF =100 DF =117 DF =107 DF =121 DF =124 DF = 96

Xm = mean; SD = standard deviation; DF = degreeseefdiom; NS = Non-significant (P>0.05)




Table 1.7b  Comparison between the mean number of individp@tsample of 5 of the most abundant invertebageiss found within the
Marsh (site 8) between 1995 and 2007.

ve

Species Marsh
1995 1996 1997 1998 2001 2004 2007
Hydrobia | X,=141.6| X,,=63.67| X,,=142.7| X,=189.6| X,,=180.9| X,,=161.7| X,,=63.9
ulvae n=9 n=9 n=9 n=9 n=9 n=9 n=9
SD=103.1| SD=23.07| SD=65.4| SD=148.2| SD=73.0 | SD=104.1| SD=36.7
Macoma Xm=5.67 | Xp=133 | X,=056 | X,=3.22 | X,=167 | X,=111 | X,=0.78
balthica n=9 n=9 n=9 n=9 n=9 n=9 n=9
SD=461| SD=1.80| SD=0.88| SD=2.77| SD=0.87 | SD=0.78| SD=1.39
Eteone Xm=144 | X,=1.78 | X,=1.0 Xm=022 | X,=133 | X,=0.22 | X,=1.56
longa n=9 n=9 n=9 n=9 n=9 n=9 n=9
SD=124| SD=156| SD=141| SD=044| SD=1.12| SD=0.44| SD=2.24
Nereis Xmn=3.78 | Xp=878 | X, =578 | Xn,=3.00 | Xp=244 | X,,=1.78 | X,=1.22
diversicolor n=9 n=9 n=9 n=9 n=9 n=9 n=9
SD=239| SD=9.20| SD=5.67| SD=141| SD=3.36| SD=1.64| SD=2.28
Diptera: | Xm=122 | Xu=033 | Xp=0.33 | X3=0.22 | Xn=1.00 Xm=0 Xm=0.11
rnaggots n=9 n=9 =9 n=9 =9 n=9 =9
SD=179| SD=0.71| SD=0.50| SD=0.67 | SD=1.12 SD=0 SD =0.33
Species Marsh
Comparing means| Comparing means| Comparing means| Comparing means| Comparing means| Comparing means| Comparing means
1995-1996 1996-1997 1997-1998 1998-2001 2001-2004 2004-2007 1995-2007
Hydrobia t=2.21 t=-3.42 t=-0.87 t=-0.16 t=-0.45 t=2.66 t=2.13
ulvae NS P =0.008 NS NS NS P =0.026 NS
DF=8 DF=9 DF =10 DF =11 DF =14 DF=9 DF=9
Macoma t=2.63 t=1.16 t=-2.75 t=-1.61 t=-1.43 t=0.63 t=3.05
balthica P =0.02 NS P =0.023 NS NS NS P=0.014
DF =10 DF =11 DF=9 DF=9 DF =15 DF =16 DF=9
Eteone t=-0.50 t=1.11 t=1.58 t=2.77 t=-2.77 t=-1.75 t=-0.13
longa NS NS NS P =0.02 P =0.02 NS NS
DF =15 DF =15 DF=9 DF =10 DF =10 DF=8 DF =16
Nereis t=-1.58 t=0.83 t=1.43 t=-0.46 t=-0.54 t=0.59 t=2.32
diversicolor NS NS NS NS NS NS P =0.034
DF=9 DF =13 DF=8 DF =10 DF =11 DF =16 DF =16
Diptera : t=1.39 t=0.0 t=0.40 t=1.79 t=1.83
DF =10 DF =14 DF =14 DF =13 DF =16

Xm = mean; SD = standard deviation; DF = degreeseefdiom; NS = Non-significant (P>0.05)
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Figures 1.1 - 1.6
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Fig 1.1  Total number of invertebrate species recorded at Tollesbury each year
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Fig 1.2 Total number of species recorded in each of the 8 sample sites in
1995, 1996, 1997, 1998, 2001, 2004 and 2007.
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Fig 1.3  Number of species recorded in sites 1-7 in 1995, 1996, 1997, 1998, 2001,
2004 and 2007 that also occurred in the marsh (site 8).
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Fig 1.4 Mean number of species/site (+/- SD) within the Tollesbury managed re-alignment
site (blue : sites 1-7) compared with outside the site (red : site 8) for 1995, 1996,

1997, 1998, 2001, 2004 and 2007.

Number

4 \ \ \ \ \ \ \ \
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year



T€

Fig 1.5 Annual variation in the mean number of species/sample at sites 1-8
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Fig 1.6 Annual variation in the mean number of species/sample at Top, Middle & Bottom shore levels
(sites 2-7) and in the Marsh (site 8) between 1995 and 2007.
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Diagrammatic layout of the realignment site at Toll
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Distribution of intertidal animals (2007) at the To  llesbury 'set back’ site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back' site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back’ site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back' site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back' site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back’ site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back’ site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back'’ site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back’ site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back' site, Essex
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Distribution of intertidal animals (2007) at the To  llesbury 'set back’ site, Essex
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CHAPTER 2

BOTANICAL AND SEDIMENT MONITORING OF THE TOLLESBURY
MANAGED REALIGNMENT SITE AND ADJACENT SALTMARSHES

R.A.GARBUTT, C.J. READING, A.TURK? M.YATES? & P. ROTHERY

1- Centre for Ecology and Hydrology, CEH BangoryiEmnment Centre Wales,
Deiniol Road, Bangor, Gwynedd, LL57 2UW, U&kg@ceh.ac.uk

2- Centre for Ecology & Hydrology, CEH WallingforBenson Lane, Crowmarsh
Gifford, Wallingford, Oxon. OX10 8BB. UK

3- Centre for Ecology & Hydrology, Monks Wood, AlibdRipton, Huntingdon,
Cambs. PE28 2LS. UK

2.1 SUMMARY

This report presents the results of botanical aedinsent monitoring at the
Tollesbury managed realignment site and adjacemshea in 2007. The monitoring
forms part of a larger study investigating the demin soil characteristics and
ecology of the site over time, from terrestrialnfidgaind to intertidal salt marsh and
mud flat.

Throughout the monitoring programme, the mean chandhe bed level of the Old
Hall and Tollesbury salt marshes remained constrdround 3mm yedrand 4mm
yeaf' respectively. There was no significant differeeween the rates of change
before and after the creation of the managed maalant site.

Initial rates of accretion within the managed rgafhent site were linear and
relatively high at 21mm ye@r Since 2003, there was evidence of a slow dovthen
build up of sediment within the realignment sitbeTreduction in sedimentation was
thought to be a function of increasing elevatiorthimi the site over time and
subsequent reduction in inundation frequency amtimsant supply. The long-term
consequences of sediment infilling are predictetdan increase in the area of the
site suitable for colonisation by plants and a odidm in water storage capacity.

Over the fourteen years species frequency was mezhan the natural marshes
adjacent to the managed realignment site, mostgp$owed some degree of change.
There was no evidence to suggest that the creafitine managed realignment site
was the cause of this change. Pre- and post-brdiffehences appear to be part of
longer-term trends.

Approximately thirteen hectares of the 21 ha Thllegy managed realignment site
were covered in saltmarsh vegetation by 2007. UpO@7 a total of 21 species of
saltmarsh plant recorded within the site. All specivere typical of the region and
included the nationally scar¢eula crithmoides, Spartina maritima andSuaeda vera.
Several plant species growing on the marshes adjacdhe site, at low frequency,
were not present within the site, even thoughhehighest areas, the elevation was
suitable. This was thought to be due to the lowudsncy of seeds and a dense cover
of Puccinellia maritima within the realignment site, excluding other spsci
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The majority of the vegetated area of the realigmnsée was dominated [Spartina
anglica, in 2007. The establishment &partina, early in the development of
saltmarsh within managed realignment sites, givesregenerate marshes a very
different starting point to that of natural marshesd may affect the eventual
outcome of creation efforts. The expansion of tecies within the site raises
important issues for the creation of other realignmsites, particularly those
commissioned as part of compensatory measures ofes bf intertidal habitat
elsewhere.

2.2 INTRODUCTION

This report presents the final results from botanand sedimentation monitoring at
the Tollesbury managed realignment site and adjacershes, Essex, UK. The
monitoring formed part of a larger study investiggt the changes in soil
characteristics and ecology of the site over tiften terrestrial farmland to intertidal
salt marsh and mud flat. The work was a continmatiba programme of research,
initially commissioned by MAFF in 1993, to removense of the uncertainties
surrounding the creation of intertidal habitatsagmicultural land (Boorman, Garbutt
et al. 1997; Reading, Gray et al. 2002).

The Tollesbury study area is located on a side @frthe Blackwater estuary on its
north shore (TL 960 110). Earth embankments baekntlarshes, some lengths of
which are re-enforced with concrete blocks to negaosion damage. Brushwood
groins have been used to halt erosion of the sedtma some areas. The marshes are
mature and dissected by a dendritic creek systdmyavsaltpans are common. The
marsh edge is cliffed and there are areas of muthd® The vegetation communities
are dominated by mid marsh flora. Pioneer and lomersh flora are generally
restricted to creek edges. Upper marsh and transgsttmmunities are rare. The mean
tidal range for Bradwell, the nearest referencenptr the Blackwater estuary, is
4.7m on spring tides and 3.0m on neap tides. Mégim water springs (MHWS) are
2.60m O.D.N (MHWN) and mean high water neaps aB&Orh. O.D.N (Pye and
French 1993).

In August 1995, a breach was made in the sea degeatcTollesbury and reclaimed
land, previously under cultivation, was exposetidal inundation for the first time in
over 150 years. Tidal inundation was limited to Hidna site by the construction of a
counter wall, built on the 3m contour. The elevat@f the site ranged from 0.90m
O.D.N to 3.00m O.D.N before flooding, although mests less than 2.00m O.D.N.
Apart from a channel cut from an existing drainalijiegh to the breach, no other
engineering work was undertaken on the site.

A list of scientific and common names for saltmapants used in this report is
provided in Appendix 2.1.
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2.3 MONITORING SEDIMENTATION PATTERNS WITHIN THE
REALIGNMENT SITE AND ADJACENT SALTMARSHES

2.3.1 Introduction

The effect of compaction and dewatering on embankadsh sediments, coupled
with rising sea level, has accentuated the diffeeenbetween reclaimed land and
nearby salt marshes in south east England. In roasgs differences of 1.0 to 1.5 m
between the reclaimed land surface and adjacenshmarexist (Pethick and Burd
1995). Unless the surface elevation of low-lyinglignment sites is raised over time
by natural sedimentary processes, or raised aatlffausing imported sediment, low-

lying mud flat is likely to persist. Sedimentati@rnthin the Tollesbury realignment

site was measured to test the ability of the sitestain sediment and raise the low-
lying areas of the site to an elevation suitable galtmarsh plants to colonise.
Sedimentation rates of the existing salt marshdjacant to the realignment site, were
also monitored in an attempt to detect any chatiggscould be attributable to the
creation of the managed realignment site.

2.3.2 Methods

Changes in the bed level of the marsh were measusied) a network of 2m wide
sediment transects. Measurements were recorddtk toearest millimetre and taken
at fixed positions along each transect, relativanocaluminium bar placed across a
pair of permanent points at either end of eachstrain Recordings were taken on the
Old Hall marshes (on the north side of Old Hall ékefrom May 1993 and on the
Tollesbury marshes (adjacent to the experimentaé) sirom April 1994.
Measurements were taken monthly up to 1998, bintpntp to 2000 and then in
April and September to 2007.

Sediment transects on the Old Hall and Tollesbuaysimes were located in vegetated
areas, dominated by a mosaic @triplex portulacoides (sea-purslane) and
Puccinellia maritima (common saltmarsh-grass). Elevations of the saditnansects
ranged from 2.33m to 2.59m ODN (mean = 2.47m ODN}re Old Hall marshes
and 2.38m to 2.75m ODN (mean = 2.54m ODN) on théeSbury marshes.

Before the sea wall was breached in August 199%brther 20 sediment transects
were positioned at random within the experimeni& @igure 1). Data from these
transects were collected monthly from Septemberb1@91998, bimonthly up to
2000 and then in April and September to 2007. Eiena of these transects ranged
from 1.22m to 1.71m ODN (mean = 1.36m ODN).

In April 1999, five additional sediment transectsres/ set up inside the site in areas
thought to be eroding, and were not covered by2th&#ansects already in place. One
was positioned in each of the three original fieldsthe southern half of the site, on
the high ground close to the new sea wall (trass2tt 22 and 23). Two sediment
transects were placed near the breach in the séaome either side of the cut
channel (transects 24 and 25). Data from thessdcas were collected in April and
September to 2007.
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The changes in bed level are described using limegression analysis. For
differences between pre- and post breach rateest was used.

2.3.3 Results

Throughout the monitoring programme, the mean chamg¢he bed level of the Old
Hall and Tollesbury salt marshes remained consértround 3mm yearand 4mm

year' respectively (Figures 2.2 & 2.3). There was naiicant difference between
rates of change before and after the creationeofitnaged realignment site.

Initial rates of accretion within the managed rg@anent site were linear and
relatively high at 21mm ye@(Garbutt & Wolters 2004). Since 2003, there was
evidence of a slow down in the build up of sedimeithin the realignment site
(Figure 2.4). Table 2.1 shows the estimated ancheahge in bed level, by year, since
recording started, based on the quadratic equatoopthing out the variation, fitted
to the data in Figure 2.4.

Most transects used to measure changes in thesldeddf the managed realignment
site are situated below an elevation of 1.4m ODdflecting the low-lying nature of
the site. The greatest increases in the surfaad tmcurred on the transects below
this elevation (Figure 2.5; Table 2.&s transect elevation increased, the amount of
sediment deposited over the pre-inundation lanthserdecreased. Transects 6, 7 and
9 show smaller rates of change than might be prelicy their elevation, as a result
of greater water velocities around the breachriotisiy deposition.

Of the five additional sediment transects set ug909 transects 21, 22 and 23 all
showed small linear increases in bed level of betwle3mm yeat. Since April 2005
the mudflat surface at Transect 24 started to szsediment at a mean rate of 11mm
yeaf' where previously it was eroding at -8mm yeaBince April 2004 the mudflat
surface at Transect 25 started to accrete sediateatmean rate of 20mm yéar
where previously it was eroding at -15mm yegFigure 2.6).

2.3.4 Discussion

The Old Hall and Tollesbury salt marshes showedrstant rate of vertical accretion
throughout the 14 years of recording (at around &mm year). These rates are

typical for salt marshes in the Greater Thames &raa der Wal & Pye 2004), and

the marshes appear to be able to maintain theitigqosn the tidal frame, despite

projected mean eustatic sea level rise. There was/mence that the creation of the
managed realignment site had any effect on sedirdeposition on the marshes
adjacent to the site.

There is evidence that the amount of sediment bdempsited over the managed
realignment site is reducing over time. This resgowas predicted by Allen (1990)
who developed a model that predicted an elevatme-tcurve for mudflat/marsh
growth where sediment build up rises steeply duthwgy early stages but thereafter
flattens off. The detailed form of the curve deped the balance between several
parameters (sediment supply, tidal regime, compaainder sediment load etc). The
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rate of minerogenic sediment accretion is deterchickgefly by the tidal and fine-
sediment regimes and is expected to be a decreasiwogon of mudflat elevation.
This can be observed within the site where thers tha broadly expected inverse
relationship between initial mudflat elevation asediment accretion rates. As the
surface level builds up, the amount of sedimenbdié@d over the site will slow as
sediment supply is reduced by lower inundation desgies. In time, the surface of
the site would be expected to build up to a lewgliwalent to that of the adjacent
natural marshes. Around the breach area withinTibléesbury site, the mud flats
developed a ‘ridge/runnel’ morphology (see trars@et and 25). Water leaving the
site flows through the runnels, rather than aseetsfiow as happened in the early
stages of the sites development. This resultediditianal deposition on the ridges
and into the formerly eroding area, close to theabh.

The build up of sediment allowed more areas ofsiteeto be colonised by saltmarsh
vegetation as the elevation increased. Sedimeiliingfwill have a long-term impact
on the future of the site, both for the conservaiiterest and flood defence. First,
there has been a reduction in the area of mudidtthis will have consequences for
feeding and roosting birds that use the site. S&aor2007 there was transition from
mud flat, through pioneer to low and mid marsh vagen communities within the
site. This is uncommon in the Essex region wherstmsalt marshes are cliffed on
their seaward edge leading to a scarcity of pionemnmunities. However, if
deposition continues, as expected, there will geadual infilling of the site up to the
level of the surrounding marshes with the conseleess of the pioneer/low marsh
communities. This can be observed at the many daotal’ breach sites in Essex
where sea walls have been breached by storm ewetite past (e.g. the storms of
1953). The present level of the marshes regenevatadh these sites is comparable
to that of the adjacent natural marshes and is mimied by monotone climax
vegetation (Burd, 1992). If the Tollesbury site p@sds in a similar way to the
‘accidental’ breach sites it is possible that sitglling would not only lead to a
reduction in vegetation diversity but may also léa@ reduction in the water storage
capacity. This process is, of course, an entirekpeeted response to the
reintroduction of tidal flooding to low lying rectaed land, but is worth reiterating to
emphasise that sediment management is key to tigetéom sustainability of coastal
systems.

2.4 MONITORING CHANGES IN VEGETATION FREQUENCY ON T HE
SALTMARSHES ADJACENT TO THE REALIGNMENT SITE

2.4.1 Introduction

At the outset of the Tollesbury project, there wasacern that small scale breaching
of the sea wall, rather than the whole scale remof¥ahe embankment, would
increase the tidal prism without any compensatocydase in the cross-sectional area
of the estuarine channel and subsequently leadosiom of existing salt marshes
(Boorman 1997; Townend and Pethick 2002). Detaifeshitoring of the vegetation
on the natural marshes, adjacent to the realignsientwas carried out to determine
whether any changes detected in vegetation conuosibuld be attributed to the
creation of the managed realignment site (Garligt 2002).
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There were two distinct vegetation zones on thé sarshes adjacent to the
experimental site, referred to in this report ggper’ and ‘lower marsh’, which in a
wider context correspond to mid/low and pioneet s&rsh. There are two dominant
vegetation communities on the upper salt marsh. filse community isAtriplex
(Halimione) portulacoides salt marsh (coded as SM14 under the National \Atiget
Classification, (Rodwell 2000). At Tollesbury, this typically the Puccinellia
maritima sub-community (SM14c) which is widespread, formiagge stands of
often species poor vegetation. The second commuyyty is Puccinellia maritima
salt marsh, typically the SM13c sub-community, vahidten forms a mosaic with the
A. portulacoides salt marsh. Th@uccinellia salt marsh is species rich and forms one
of the most distinctive British saltmarsh commuesti especially whehimonium
vulgare (sea lavender) an&rmeria maritima (sea pink/thrift) are in flower and small
plants ofSalicornia spp. (common glasswort) adaeda maritima (annual sea blite)
turn red in the summer months.

The rayless asteAter tripolium var. discoideus) salt marsh (SM11) dominates the
lower marsh and often forms a mosaic with anrfsgicornia salt marsh (SM 8).
SM11 occurs mainly on the edges of creeks or on madnds at Tollesbury and is
species poor, usually only occurring wialicornia and annual sea-bliteSfaeda
maritima). Puccinellia maritima can occur at its upper limits.

2.4.2 Methods

Permanent quadrats were used at two scales, Smax&rhm x 1m, to ensure that an
adequate area of the salt marshes adjacent tit¢hsese sampled and that recording
was done in sufficient detail to pick up fine-scaleanges in the vegetation (Figure
2.7). Forty 5nif quadrats were used, each sub-divided into twemgy¥m x 1m cells.
The species present within each of these cells wecerded and their mean
percentage frequency calculated. Quadrats wereonalyd located. Sixty 1M
guadrats were used to monitor small-scale chang#seifrequency of plant species,
forty of which were located in the south west corokthe 5n quadrats. The 1
guadrats were each sub-divided into 100 0.1m x @&é&ls. Recording took place in
July 1994-2001, 2003, 2005 and 2007. The 1994 888 $urveys took place before
creation of the managed realignment site. The spgmiesent within each cell were
recorded and their mean percentage frequency eséculChange in frequency (post
breach — pre breach) was measured and analysegl aisine-sample t-test of zero
change.

Garbutt et al. (2002) used several physical parammedb test for changes in plant
frequency resulting from the creation of the mawdagmalignment site. This analysis
was repeated using all data up to 2007. A GIS vgasl to derive values for some of
the explanatory variables used in the analysetarie of each quadrat to breach, sea
wall, and to the nearest creek of a given minimuidthw Spearman et al (2002)
showed that after an initial period of morphologiadjustment, most creeks feeding
the realignment site had stabilised by 2001. Chamgpecies frequency, in relation
to bathymetric change between 1994 and 2000, aadgehin creek cross-sectional
area (CSA) was also analysed.
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2.4.3 Results

Over the fourteen years of the study species fregyueras measured on the natural
marshes adjacent to the managed realignment sitenaost plants showed some
degree of changeSarcocornia perennis (perennial glasswort)Jergularia media
(greater sea-spurreyAster tripolium, Limonium vulgare all increased in frequency
(Tables 2.3 and 2.4ppartina anglica (common cord grass) increased from 1.5% in
1994 to 18.2%, in 2007, in the 5m x 5m quadrAtsiplex portulacoides decline in
frequency from a high of 73.7% in 1994 down to 48.2n 2007, in the 1m x 1m
quadrats. The cover of mud and algae (>10%) waishhivariable throughout the
monitoring period.

Tables 2.5 and 2.6 show the correlation betweeartizal change in the Tnand

25nt quadrats (post- minus pre-breach) in relatiori¢gation, distance from breach,
distance to creeks of varying widths, bathymethange between 1994 and 2000 and
change in cross-sectional area (CSA). Certain spestiow a correlation with some
variables, such a&. portulacoides with breach distance in the fmuadrats.

However, no clear trends appear between botareaiges and any of the
explanatory variables.

2.4.4 Discussion

Whilst there were changes in the frequency of saiéimplant species growing on the
Tollesbury marshes, there was no evidence to stghes the creation of the
managed realignment site was the cause. Pre- astebpeach differences appear to
be part of longer-term trends. The decline in theqdiency ofA. portulacoides
appears to have occurred on a regional (Essex wad¢ and is not confined to the
Tollesbury marshes. There are several possibleomsafor this decline, such as a
natural cycle of maturation and decline, changesnimdation frequency or an
increase in the frequency of storn#s. portulacoides is usually confined to well-
drained, aerobic soil environments such as the sddecreeks. It is known that
seedlings and young plants cannot tolerate watging and standing water can Kill
mature plants (Chapman 1950). It is estimatedtti&total saltmarsh loss, in Essex,
between 1973 and 1998 exceeds 1,000 hectares (Q¥BB),2equivalent to
approximately 40ha per year. Between 1973 and 1®9@®Blackwater estuary alone
lost 196.6ha (22.3%) of its existing saltmarshegwihas been attributed to changes
in wind and wave climate (van der Wal and Pye 20043 possible that, even if the
marsh surface is able to maintain its positionhia tidal frame in the face of rising
sea levels, the physical effects of greater waviommcover marshes may be
detrimental.

The expansion dBpartina is interesting and not easily explained. In thpargmarsh,
at Tollesbury,P. maritima would be expected to be competitively dominanmdty
simply be thaSpartina is colonising the gaps left bA. portulacoides. Alternatively,
Gray and Mogg (2001) postulated th&partina is able to profit from higher
temperatures, particularly in early spring, and nimy able to out-compet®.
maritima and other salt marsh species. Either way, theea@ss inSpartina and
decline inA. portulacoides in the upper marsh poses questions about the tengr
stability of the saltmarsh communities and theolegy.
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Whilst there were significant increases in the diesacy of certain species, and
decreases in others, the changes detected coulden@lated to the creation of the
realignment site. The data probably show the pajumadynamics and natural
variability of saltmarsh plant communities over ¢éimin response to interactions
between different species and external physicaledsi As the lower limit of salt
marsh is defined by tolerance to physical factsugh as salinity, and the upper limit
by competition, plant communities of saltmarshesallg represent a fluctuating
equilibrium with the intertidal environment (Adan®90). As plants die, others will
replace them, either from the same or differentigse Over time, the abundance of
different species may vary, but overall compositgmould remain stable, if the
physical parameters remain constant. The balaneesba sedimentation and erosion
primarily determines this. Whether the increasingqfiency ofSartina into the
system alters this balance, and the natural dyrsawiiche plant communities, is
uncertain. The results of the monitoring programsm®w that the interactions
between saltmarsh plants and their environment@rglex and, without monitoring
the physical environment simultaneously, are oftéfircult to explain.

2.5 MONITORING THE DEVELOPMENT OF SALTMARSH WITHIN
THE REALIGNMENT SITE

2.5.1 Introduction

As part of the initial research programme at Tdlley, saltmarsh plants, seeds and
turfs of saltmarsh vegetation were planted or sowithe site to assess whether a
rapid cover of vegetation could be establisheayrga natural colonisation (Garbutt
et al. 2006). Establishment of the introduced @amd seeds was poor, and it was
recommended that managed realignment sites in th@ngg environments, located
near natural marshes should be left to regenesadteally. Experience from other
sites around the UK has confirmed this and fourd, ih most cases, natural plant
colonisation within managed realignment sites Bddless than 5 years). Because of
the relative newness of the method, however, tivere still uncertainties around the
timescale needed for plant assemblages, that réseratural communities, to
develop, if at all. The Defra funded research dleBbury represents the longest
systematic monitoring scheme for a managed reakgmsite in the UK, and aimed
to answer this.

2.5.2 Methods

A permanent transect, 20 metres wide and 125 mieingsvas laid out in each of
three fields within the realignment site, startirgm the foot of the new seawall and
extending down the slope into the unvegetated ru@figure 2.8). Fields were
numbered 1-3 from the west to the east. Each tcamsses divided into 2500 cells of
1n? and in each cell the species presence was rec(firde 2.9)Recording was
first undertaken in September 1997, the secondaféarthe breach, and repeated
annually until 2003, and then again in 2005 and72@EH funded the recording in
2002; an interim period between contracts. A pairest was used to compare
difference in species frequency between years.
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Vegetation data from three elevations along eackhefvegetation transects were
used to describe the development of plant commamitiithin the realignment site,
over time. Three elevational zones were used (Zon&.25m +MHWN; zone 2:
0.50m +MHWN; zone 3: MHWN) to represent typical e&glion communities of the
region. Mean high water neap tide (MHWN) is at in5ODN. The data from a 20m
row of 1m x 1m cells in each transect were combitzedive a frequency value for
each species, from 1997 to 2007, at the three tdeda The vegetation were
compared with all other British Plant Communities described by the National
Vegetation Classification (NVC; Rodwell 2000) usirtbe Tablefit computer
programme (Hill 1996).

Because the natural saltmarshes, adjacent to gligmment site, are cliffed at the
seaward edge and backed by earth embankments,uheohational range of
saltmarsh plants is restricted. To compare thetglammunities of the realignment
site over their full elavational range, data fromoBman (1992) were used.

2.5.3 Results

In 2007, twelve years after the Tollesbury realignirsite was first re-exposed to
tidal inundation, approximately 13ha of the 21ta sias covered by saltmarsh
vegetation. Thirteen species were recorded withemonitoring transects (Table
2.7) and 21 species were recorded over the whiddagppendix 2.1)nula
crithmoides (golden samphirefpartina maritima (small cord grassfuaeda vera
(shrubby sea blite) antriglochin maritima (sea arrow grass) were also recorded
growing within the site. There continued to be demin plant species frequency, up
to 2007.P. maritima increased in frequency year on year, becomingldmeinant
species at the highest elevations of the Sakcornia europaea agg. andartina
anglica dominated the vegetation, expanding their rangmlonise previously
unvegetated areas of the site (Figure 2.30nglica was first recorded within the
site in 1997, where it remained at a low frequamatyl 2001. From 2001, there was
a rapid expansion @partina across all levels of the site where, by 2007, the
frequency was 65%.

The NVC analysis showed that there were two distregetation communities within
the realignment site, by 2007 (Figure 2.11).

2.5.3.1 Zone 1: 2.75m ODN
SM13 —Puccinellia maritima saltmarsh - 96% goodness of fit to the NVC

The Puccindlia saltmarsh occupied a narrow zone at the foot@hw sea wall, on
the southern edge of the site, in 2007. This mietllesalt marsh community was
dominated byP. maritima (cover typically 90%) with a variety of associatguecies
(7-8 species/quadrat), though europaea agg. was the only other constant. Other
species included individual plants of sea laver{lenonium vulgare), low growing
bushes ofA. portulacoides and scattered plants of greater sea-spur@grdularia
media). The nationally scarce, perennial glassw&dr¢ocornia perennis) was also
associated with this community. The vegetation geserally closed, with little bare
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mud or surface water at low tide. At the upper t&of this community, there was
very little sediment deposition. The plants at tl@sel were growing in the pre-
inundation, agricultural substrate, with only anthweneer of marine sediment
covering the surface.

2.5.3.2 Zone 2: 2.00m ODN
SM6 —Spartina anglica saltmarsh — 90% goodness of fit to NVC

Spartina saltmarsh was the dominant vegetation communityhefTollesbury site in
2007. This pioneer saltmarsh community was chanigetk by tall tussocks of
Spartina anglica (cover typically 70%) with a constant under stafySalicornia
europaea agg. and bare mud. Up to 2005, the vegetationisfzibne was dominated
by SM 8,Salicornia salt marsh, wher§partina had a cover of only 20%.

At the boundary with the SM13Puccinedlia saltmarsh,Suaeda maritima and
Puccinellia maritima, in association withfSpartina and Salicornia europaea agg.,
formed a narrow transition zone between the twoomammunities of the site.

2.5.3.3 Zone 3: 1.50m ODN
SM6 —Spartina anglica salt marsh - 70% goodness of fit to NVC

Spartina was not recorded at this elevation until 2005, iehé occurred as single
plants or small tussocks. By 2007, the numberSadrtina plants at this level
remained sparsely scattered, although the indivithssocks recorded in 2005 had
expanded.

Figure 2.12 shows the vegetation communities of thalesbury managed
realignment site in 2007, and the natural saltnessbf the region (after Boorman
1992). By 2007, the plant communities of the siBrewnot as diverse as the natural
marshes of the region, at similar elevations, aifférédd in species composition. It
appears that the plant communities of the realigriraige occupy a zone higher than
that of the equivalent natural marsh community. Fexample, the
Puccinellia/Atriplex dominated community of the natural marshes ocsupiegone
between 2.35-2.75m ODN. Within the realignment,sttee Puccinellia/Atriplex
dominated community was recorded at 2.35-3.00m ODN

2.5.4 Discussion

Approximately thirteen hectares of the 21 ha Thlleg managed realignment site
were covered in saltmarsh vegetation by 2007. Thene 17 species of saltmarsh
plant recorded within the site, up to 2007. All gps were typical of the region and
included the nationally scar¢eula crithmoides, Spartina maritima andSuaeda vera.
Some species recorded in the monitoring on theralatnarshes were not recorded
with in the managed realignment site, howevameria maritima, Festuca rubra,
Juncus maritimus, Juncus gerardii, Plantago maritima and Seriphidium maritimum
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all grow on the marshes adjacent to the site, wtftequency, but were not present
within the site, even though, in the highest ardesglevation was suitable.

The lack of certain species within the site couddafunction of either unsuitable
abiotic conditions, their relative scarcity in tloeal species pool leading to a low
abundance of seeds, or a lack of dispersal albdityndividual species. Despite the
potential for long-distance transport of propaguleg tidal water, there is a
predominance for local dispersal in coastal settifiduiskes et al., 1995). In a study
of seed dispersal into the Tollesbury site, Wolgdral. (2005) found that the seeds of
saltmarsh plants are predominantly dispersed dwat slistances, and colonisation of
de-embankment sites probably occurs via steppimigest Wolters et al. (2005)
recorded seeds éfestuca rubra andPlantago maritima within the site, where these
species were not recorded as adult plants. The afdhe site that were at a suitable
elevation to support the less frequent species Weneinated by a closed sward of
Puccinellia maritima, providing few gaps for other species to coloniseaddition to
the potential scarcity of seeds entering the $lte,vigorous growth oPuccinellia
maritima is likely to out-compete other species.

Within the Tollesbury siteSalicornia europaea agg. grew down to its expected lower
limit (MHWN), fulfilling the predicted extent of $amarsh development. However, it
appears that the plant communities of the realigriraige occupy a zone higher than
that of the equivalent natural saltmarsh commuritya similar elevation. Garbutt et
al. (2006) found that the lower elevational limit saltmarsh plants within the

realignment site were, on average, 0.19m higher ttiese of the adjacent natural
marshes, after six years of tidal inundation. Wattal. (2003) found that the newly
accreted sediments within the site were charaetfy high water content, low dry
bulk density and low resistance to erosion. This ¢@nsiderable implications for the
development of vegetation, as waterlogged sedimam@smportant in determining

the lower limits of plants in the tidal frame am tcourse of vegetation succession.

By 2007 the majority of the vegetated area of ga@ignment site was dominated by
Spartina anglica. The sparsely vegetated mudflats that typify thdyephases of
saltmarsh development within realignment sites jpl@vdeal conditions for the
establishment of this invasive speci8gartina can drastically alter the sedimentary
and drainage characteristics of its surroundingdifeg to the creation of waterlogged
and anoxic soils (Doody 1984). Whil§partina is now currently accepted as an
integral part of the flora of European saltmarsfh@sambra et al. 2004), the presence
of this species in the early stages of saltmarstoration may be less desirable. The
establishment oBpartina, early in the development of saltmarsh within nggath
realignment sites, gives the regenerate saltmamshesy different starting point to
that of natural saltmarshes, and may affect theteaé outcome of creation efforts.
The expansion of this species within the site saiggortant issues for the creation of
other realignment sites, particularly those whiale @ommissioned as part of
compensatory measures for loss of intertidal habkiseewhere. Careful consideration
should be given, in such cases, to the objectives saiccess criteria of individual
schemes and the quality of habitat created.

The Tollesbury managed realignment project has lsexessful in regenerating

saltmarsh vegetation on formerly reclaimed, agtizal land. This has been achieved
by the natural colonisation of plants from the lospecies pool. The site supports
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three nationally scarce species and two recogmsdbitish saltmarsh plant
communities. However, several species of plantwmatld be expected to be present,
as predicted by their elevation were lacking. ldiadn, these plant communities are
less diverse and dominated by one speélasginellia maritima or Spartina anglica.
The results presented here should not be inteprage a failure of managed
realignment to create saltmarsh that matches rataralitions, but as a cautionary
note that in fact, restoration efforts may nevdlyfteplace natural wetland functions.
Whether saltmarshes regenerated within managedgmesnt sites are any less
valuable for nature conservation in their own righbuld be considered. It may be
that from a functional aspect regenerated marsteesa that different from natural
systems, although this remains untested.
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2.8  Appendix 2.1

Scientific and common names of saltmarsh plantsrded within the Tollesbury
managed realignment site (nomenclature followsestag97).

Scientific names Common names
Aster tripolium Sea aster

Atriplex littoralis Grass-leaved orache
Atriplex portulacoides  Sea-purslane
Atriplex prostrata Spear-leaved orache
Beta maritima Sea beet

Cochlearia anglica English scurvy-grass
Elytrigia atherica Sea couch

Hordeum marinum Sea barley

Inula crithmoides Golden samphire
Limonium vulgare Common sea-lavender

Puccinellia maritima Common salt marsh-grass
Salicornia europaea Common glasswort
Sarcocornia perennis  Perennial glasswort
Seriphidium maritimum  Sea wormwood

Spartina anglica Common cord-grass
Spartina maritima Small cord-grass
Soergularia marina Lesser sea-spurrey
Soergularia media Greater sea-spurrey
Suaeda maritima Annual sea-blite
Suaeda vera Shrubby sea-blite
Triglochin maritima Sea arrow-grass
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2.9

Appendix 2.2

Figures 2.1 — 2.11
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Figure 2.1

Position of the sediment transects within the rgadaealignment site at Tollesbury.
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Figure 2.2  Mean sedimentation (n=12) for the Old Hall salrshas between May
1993 and October 2007 with best fit line. Mean riate8.1mm yeat (regression
equation: y = - 1.136 + 0.008529 da3z97.1%, p<0.001).
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Figure 2.3  Mean sedimentation (n=16) for the Tollesbury sadirshes between
April 1994 and October 2007 with best fit line. Meate is 4.2mm year(regression
equation: y = -7.505 + 0.01162 da$z97.9%, p<0.001).
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Figure 2.4 Mean sediment accretion (n=20) within the Tollegbunanaged
realignment site between 1995 and 2007. Line sHatesl quadratic model used to
account for the simple curvature in the data (yX.85 + 0.07650 day - 0.000006
day2; F=99.2%, p-value for quadratic effect <0.001).

400+
11
8@ 1.3
[ J
_. 3004
£
£
=
-
3 200+
whd
2
£
&
100+
17
[ J
0_

T T T
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Elevation (mOD)

Figure 2.5 Depth of sediment over pre-inundation land surfac®ctober 2007 at
sediment transects 1-20 within the experimental sibwess smoother line is shown
to indicate underlying trend.
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Figure 2.6  Change in bed level at five additional sedimeansects within the
managed realignment site. Transects 21, 22, 23 sigrated in the highest parts of
the site, whilst transects 24 and 25 were closhddreach.
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used for botanical monitoring.
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Figure 2.8  Approximate location of transects with in the E&slbury managed
realignment site (not to scale). Each transectOoh 2vide and 125m long, is divided
into 2500 plots of 1/,
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Figure 2.9 Lay-out of the three transects, each 20m wide &88m long,
extending from the foot of the seawall to the miat, fused to monitor natural

colonisation within the managed realignment sitectiEtransect is divided into 2500
plots of 1n¥.
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Figure 2.10 Looking north into the Tollesbury managed realigmisite from the
counter wall. The Puccinellia maritima (common sa#irsh grass) in the foreground
occupies a narrow band of marsh at the foot ofnthke. The rest of the vegetation is
dominated by Salicornia europaea agg. (common wtass and Spartina anglica
(common cord grass). Salicornia europaea agg. eaeén encroaching onto the mud
flats.
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Figure 2.11 The British Plant Communities, as described by tRational
Vegetation Classification, recorded within the €sbury managed realignment site,
at three elevational zones, between 1997 and 20 elevation for each zone was;
zone 1: 1.25m +MHWN; zone 2: 0.50m +MHWN; zone 34HWIN. See text for a
description of plant communities.
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Figure 2.12 A comparison between the vegetation communitiethefTollesbury
managed realignment site, recorded in 2007, anddheal salt marshes of the region
(adapted from Boorman, 1992) at different rangema@lan elevational gradient.
Dominant species are highlighted in bold.
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2.10 Appendix 2.3

Tables 2.1 -2.7
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Table 2.1 Estimated annual change in bed level, by yeahiwthe Tollesbury
managed realignment site (using the quadratic equgt= 4.113 + 0.07561 day -
0.000006 day?2:?99.3%; p <0.001).

Change in bed level
Year
(mm/year)

1995-1996 31.6
1996-1997 25.6
1997-1998 23.9
1998-1999 22.3
1999-2000 20.7
2000-2001 19.1
2001-2002 17.5
2002-2003 15.4
2003-2004 14.8
2004-2005| 12.7
2005-2006 11.2
2006-2007 9.6

Table 2.2 Depth of marine sediment over the pre-inundatioml Isurface at
sediment transects within the managed realignmtmtts2007.

Transect Depth (mm) Transect Depth (mm)

1 192 11 354
2 246 12 136
3 255 13 348
4 212 14 240
5 133 15 233
6 103 16 252
7 144 17 22
8 337 18 202
9 129 19 200
10 278 20 100
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9.

Table 2.3 Means (s.e.) of percentage frequency data in“5qmadrats on upper (n=30) and lower (n=10) marsho#lesbury. Species
occurring with a frequency of less than 5.0 % atrtfaximum are excluded. For differences betweengme post-breach frequencies a paired
t-test was used; * p < 0.05; ** p < 0.01; *** p<@D. There was no monitoring in 2002, 2004 or 2006.

Species Marsh 1994 1995 Breach 1996 1997 1998 1999 2000 2001 2003 2005 2007 Mean difference
Type (post-pre breach)
Limonium vulgare Upper 64.8 68.5 715 69.7 709 728 72.0 699 712 753 755(5.9) 5.1 (2.1)*
Lower - - - - - - - - - - - -
Plantago maritima Upper 14.7 13.3 149 13.1 124 13.7 16.7 152 127 13.7 13.2(4.1) -0.1(1.2)
Lower - - - - - - - - - - - -
Sarcocornia perennis Upper 10.7 21.7 27.7 30.7 237 30.0 237 221 225 30.8 33.5(5.8) 10.8 (2.1)***
Lower - - - - - - - - - - - -
Triglochin maritima Upper 449 51.6 51.2 519 525 51.3 543 527 49.6 615 48.4(6.8) 4.2 (1.9)*
Lower - - - - - - - - - - - -
Spergularia media Upper 40.8 38.1 36.3 379 368 439 451 503 479 66.0 51.2(7.3) 6.5 (2.9)*
Lower - - - - - - - - - - - -
Spartina anglica Upper 15 20 20 36 43 3.9 45 59 99 139 18.2(4.4) 4.3 (1.1)**
Lower - - - - - - - - - - - -
Puccinellia maritima Upper 96.3 99.2 99.9 993 99.2 988 975 956 927 92.8 92.3(3.7) -1.6 (1.3)
Lower 80 11.2 72 56 7.2 4.8 52 48 28 04 0.4(0.4) -4.9 (1.9)*
Atriplex portulacoides Upper 90.8 90.5 90.0 89.7 844 751 80.8 80.8 66.0 66.0 76.0(7.4) -10.5 (2.9)***
Lower 80 6.8 36 56 36 2.4 40 40 08 24 36(3.2 -4.1(3.2)
Aster tripolium Upper 39.7 384 39.7 384 447 524 583 575 61.3 59.6 59.6(6.2) 13.4 (2.7)***
Lower 59.2 58.0 56.8 54.0 47.2 536 548 56.4 50.8 50.8 52.4(12.3) -5.6 (2.1)*
Suaeda maritima Upper 72.7 80.4 86.7 875 84.1 823 681 627 73.1 94.1 80.0(5.5) 3.2(2.9)
Lower 52.0 50.0 540 60.0 440 36.0 16.8 20.8 228 46.4 57.2(7.7) -11.2 (4.0)*
Salicornia europaea Upper 60.1 75.3 86.1 88.3 87.6 825 875 91.2 87.9 84.8 80.3(6.6) 18.6 (4.3)***
Lower 96.0 96.0 98.0 96.4 948 92.0 90.0 88.8 90.4 96.4 89.6(2.1) 1.4 (3.1)
Algae >10% Upper 1.7 0.8 0.3 111 159 18.0 121 272 52 16.7 14.3(6.1) 11.5 (3.6)**
Lower 212 27.2 58.4 80.8 452 476 512 272 0.0 22.0 22.0(8.6) 15.2 (10.2)
Mud >10% Upper 24 0.9 81 92 108 148 19.7 83 40.3 257 19.3(6.0) 15.6 (3.5)***

Lower 73.2 91.6 93.6 98.8 96.8 97.6 100 100 100 100 100 (0) 16.1 (5.7)*
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Table 2.4

Means (s.e.) of percentage frequency data in“lqguadrats on upper (n=43) and lower (n=17) marsho#lesbury. Species

occurring with a frequency of less than 5.0 % atrtfaximum are excluded. For differences betweengme post-breach frequencies a paired
t-test was used: - * p < 0.05; ** p < 0.01; *** p<€4D1. There was no monitoring in 2002, 2004 or 2006

Species

Marsh Type 1994 1995 Breach 1996 1997 1998 1999 2000 2001 2003

2005 2007

Mean difference
(post-pre breach)

Atriplex portulacoides

Limonium vulgare

Puccinellia maritima

Triglochin maritima

Aster tripolium

Salicornia europaea

Suaeda maritima

Algae >10%

Mud >10%

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

Upper
Lower

73.7 66.1

215 221

86.3 84.5

165 17.6

105 104
225 21.2

30.0 38.1
64.2 61.8

43.1 429
123 5.9

51 10.0
19.8 33.8

3.7 10.8
86.9 86.9

69.0

24.6

80.7

175

9.77
19.1

51.6
65.5

53.2
11.4

10.9
40.8

19.0
80.9

64.6

25.4

80.6

17.4

10.5
22.5

51.1
72.7

47.4
14.9

30.7
81.3

19.2
85.1

58.3

25.9

76.9

17.6

10.8
16.5

47.3
60.1

37.7
9.7

26.5
65.8

6.3
65.2

50.1

28.2

81.6

18.7

17.0
16.9

51.2
53.5

30.3
7.4

20.1
51.1

7.1
90.1

53.2

29.7

81.3

18.4

14.4
21.9

55.2
49.3

15.0
3.4

12.6
47.6

13.9
91.8

50.0

31.3

80.7

18.4

15.9
17.9

55.4
57.1

18.2
2.7

13.7
45.2

10.7
92.7

42.5

31.5

77.0

17.7

20.3
15.7

59.1
60.2

27.3
4.0

11.2
0.0

32.9
58.7

46.7 49.2 (5.8)

30.1 35.4(6.1)

73.7 79.4(5.3)

155 17.5 (4.4)

18.3 16.9 (2.6)
17.7 18.7(7.1)

55.9 37.4(5.2)
67.7 52.5(9.7)

39.5 46.8 (4.7)
114 11.1(5.7)

16.7 14.6 (4.1)
26.9 55.5(11.9)

19.5 11.5(3.7)
99.5 88.2(8.1)

-15.5 (2.8)%*

6.7 (2.5)*

6.0 (L5)**

0.6 (1.2)

43 (L4)*
-3.7 (2.0)

19.6 (3.6)**
2.2 (4.1)

9.3 (2.6)*
1.0 (2.7)

10.2 (3.0)**
18.0 (7.1)*

8.9 (2.5)
3.9 (4.6)
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Table 2.5

Correlation between botanical change (post — peadh) in 1rf quadrats in relation to marsh type; elevationfatise of

guadrats to breach; distance to nearest creekldf, 20, and 50m width; and change in bathymetrg; @eek cross-sectional area (CSA).
*p <0.05; * p <0.01; ** p<0.001.

Species Marsh Elevation Breach  Distance to creek of minimum width Bathymeathange

type distance 5m 10m 20m 50m min mean max
Atriplex Upper 0.24 0.43** 0.08 0.17 0.17 0.19 0.26 0.33 .130 -0.07
portulacoides
Limonium vulgare Upper 0.15 -0.15 -0.05 0.06 0.13 0.12 0.06 0.12 .240 0.19
Puccinelliamaritima Upper 0.08 -0.14 0.13 0.22 0.22 0.11 0.3 0.18 0.270.01
Triglochin maritima  Upper 0.13 -0.05 0.01 -0.3 0.04 0.14 0.01 0.24 430G. -0.38*
Aster tripolium Upper 0.09 0.22 0.02 0.12 -0.80 -0.90 -0.31* -0.17 -0.05 -0.12

Lower 0.27 -0.09 -0.20 -0.30 0.12 0.41 0.58* 0.54* -0.54 -0.15
Salicorniaeuropaea  Upper -0.23 -0.25 -0.22 -0.28 -0.22 -0.18 -0.15 .060 -0.16 -0.19
agg.

Lower -0.18 0.05 0.06 0.20 0.34 0.33 -0.11 0.12 .020 -0.35
Suaeda maritima Upper -0.05 0.24 0.24 0.04 0.03 0.02 0.14 0.11 12-0. 0.04

Lower 0.33 -0.06 0.03 -0.56* -0.30 -0.13 -0.01 8.0 -0.05 0.01
Algae Upper  -0.31* 0.00 -0.21 -0.20  -0.36* -0.48** -0.58*** -0.616 0.44*  0.00

Lower -0.16 0.03 0.03 0.25 0.03 -0.55 -0.53 -0.58 0.02 0.10
Bare mud Upper -0.58*** -0.19 -0.19 -0.18 -0.30 3®. -0.23 -0.27 0.14 0.05

Lower 0.43 0.12 -0.02 0.41 0.55* 0.42 0.32 0.46 060. 0.08

CSA



Table 2.6 Correlation between botanical change (post — peadt) in 5rif quadrats in relation to marsh type; elevationfadise of
guadrats to breach; distance to nearest creekldf, 20, and 50m width; and change in bathymetrg; @eek cross-sectional area (CSA).
*p <0.05; * p <0.01; ** p<0.001.

6.

Marsh  Elevation Breach Distance to creek Bathymetry
Species type distance 5m 10m 20m 50m min mean max CSA
Atriplex portulacoides Upper 0.06 -0.04 0.23 0.23 0.27 0.38* 0.26 0.34 .380 -0.08
Limonium vulgare Upper 0.04 -0.35 0.03 0.02 0.16 0.39* 0.22 0.40* 0.55** -0.24
Puccinellia maritima Upper 0.05 -0.24 0.06 0.14 0.24 0.28 0.31 0.28 18-0. -0.06
Triglochin maritima Upper 0.17 -0.21 -0.05 -0.13 -0.01 0.12 0.12 0.07 -0.18 0.09
Aster tripolium Upper 0.09 -0.29 -0.22 -0.24 -0.22 0.02 -0.42* 240. 0.01 -0.25
Lower 0.38 0.23 0.27 0.26 0.32 -0.07 0.35 0.17 410. 0.58
Spergularia media Upper -0.02 -0.54 -0.02 0.02 0.11 0.22 -0.05 -0.04 -0.19 -0.07
Plantago maritima Upper -0.14 -0.23 0.02 -0.10 0.10 0.30 -0.06 0.27 -0.50 -0.60
Sarcocornia perennis Upper 0.13 0.28 -0.21 -0.25 -0.39* -0.50 0.06 00.3 0.50** 0.56
Salicornia europacaagg.  Upper -0.12 -0.46 -0.07 -0.12 0.03 0.28 0.01 0.23 -0.45* -0.32
Lower 0.58 -0.16 -0.05 0.41 0.89*** 0.71* 0.34 .5 -0.05 -0.41
Suaeda maritima Upper 0.04 0.15 0.09 -0.02 -0.06 -0.13 -0.09 -0.21 0.22 0.02
Lower -0.26 0.13 -0.26 0.35 0.16 -0.19 0.26 0.03 440 0.14
Algae Upper -0.39* 0.21 -0.25 -0.27 -0.39* -0.56** -0.42* -0.48** 0.42* 0.12
Lower -0.28 0.27 0.13 -0.00 -0.21 -0.7* -0.43 D5 -0.11 0.46
Bare mud Upper -0.52** 0.05 -0.36 -0.43* -0.50**  .5@** -0.31 -0.31 0.21 0.07
Lower 0.03 -0.46 0.31 0.02 -0.3 0.33 -0.17 0.09 .050 -0.48
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Table 2.7 Mean percentage frequency (s.e.) of species redarder three transects within the realignmentatiteollesbury. For
differences between 2003 and 2005 frequenciesradtest was used: - * p < 0.05; ** p < 0.01; *%0.001; ns — not significant.

1997| 1998| 1999| 2000| 2001 | 2002 | 2003 | 2005 2007 Difference
2007-2005
Slicorniaeuropaea | 15.6 | 57.5| 66.5 63.2 58.4 583 557 668 68.4(04) *
Suaeda maritima 0.5 | 19.4] 139 135 11.2 108 8.( 8.2 7.0(0.2) *
Sarcocorniaperennis |0.01| 05 | 0.3 | 14| 14| 18/ 3.1 2. 5.2 (0.2 *rk
Soartina anglica 001|021 | 03] 19| 52| 182 359 579 65.1(0{4) ok
Soergularia marina 15 |15 | 24| 25| 25| 05| - - ns
Puccinellia maritima 1.0 |29 | 54| 78| 122 146 205 23.0(0.4) ol
Atriplex portulacoides 03 |09 | 08| 13| 13| 13| 27 33(01 *x
Aster tripolium 03 |09 | 25| 38| 57| 55 97 9.6(0.2 ns
0 Atriplex littoralis 0.2 | - 03 | 04| - 0.01 - 0.1 (0.1) ns
© Limonium vulgare 04 |07 | 10| 13| 11| 15 20(0.1) ns
Cochlearia anglica 0.1 | - - 0.1 | 0.03 - 0.01(0.01) ns
Soergularia media 05 |13 | 28| 28| 57| 5.3(0.2 ns
Elytrigia atherica 02 |06 | 07| 13| 1.6(0.1) ns
Hordeum marinum 02 | 0.1 | - - - -
Atriplex prostrata 0.01| - - - - -
Beta maritima 0.01| - 0.03] 0.2(0.2) ns
Inula crithmoides 0.03| -




CHAPTER 3

FURTHER MONITORING OF THE STRENGTH AND STABILITY OF SEDIMENTS
AND SOILS ON THE TOLLESBURY MANAGED REALIGNMENT SIT E

C.W. WATTS

Cross Institute Programme for Sustainable Soil EancRothamsted Research, Harpenden,
Herts., AL5 2JQchris.watts@bbsrc.ac.uk

3.1 SUMMARY

Measurements of sediment strength (using the éale@and cone penetrometer) and stability
(critical shear stress measured using the cohesigrgth meter) were performed in
September 2003 and 2007 over five different vegetatones within the managed
realignments site at Tollesbury with the purposseek links between measures of strength
and stability with the development of the saltmaast sediment ecosystems. Critical shear
stress (above which erosion is likely to occur) ahdar strength vary significantly between
the different vegetation zones. In general, soith Wigher shear strength in the surface layers
also have higher critical shear strengths. Saltmplants were found on sediments with shear
strengths ranging from 5 to 70 kPa w&icornia andSpartina anglica occurring over this
entire range. Greater species diversity occurs evtier sediment is stronger than 30 kPa.
There were no significant plant communities whéreas strength was below 5 kPa. The
colonisation by§partina anglica of vegetation zonesandd in 2007 was associated with a
reduction in shear strength and stability of thease sediments, but where it colonised the
mud flat, strength and stability increased. Creaats gullies began forming once sediment
exceeded a critical depth 20 — 30 cm. The lowesrexafSalicornia is extended along the
faster draining and stronger (up to 18 kPa) margirieese creeks and there is some evidence
that these plants may contribute slightly to higbeatiment strength. In 2007 pioneer clumps
of Spartina colonised the area where we had claisetl the creek margins resulting in the
loss of these creeks. We found no evidence of feignit creek formation whergartina

anglica dominated. However, we observ@alicornia continuing to grow along creek

margins at several locations; in particular innlogeth east of the site on deep sediment with
an original elevation of 1.25 m.

3.2 INTRODUCTION

The success of managed realignment depends obittg af the soils and sediments within
the site to resist the eroding action of wavestates, and to allow the accretion of sediment,
at least at the rate of the effective sea level @ediment stability is a key factor in
determining the success of a managed realignmbaetrsz because of the role it plays in the
erosion, deposition, transport and consolidatialec{yEDTC). Previous monitoring work on
the managed realignment site at Tollesbury has shibat the development of saltmarsh is a
dynamic process (Readimgal., 2003). Sediment is still accreting and the afesaltmarsh
continues to expand. As the older sediments begoomsolidate and a complex system of
creeks had started to develop, draining and helirfigrther stabilise the marsh (Wadtsal.,
2003). Monitoring of the physical status of thershaso far has shown that: (i) the stronger
sediments are to be found at the higher elevati@h#hat the faster the sediment accretes the
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weaker it is, (iii) that the strength and stabilifythe new creek walls is substantially greater
than the surrounding sediments and (iv) sedimegdrsstrength provides a good indication of
its ability to resist erosion.

3.3 OBJECTIVES

During this phase of the study we aim to link measwf strength and stability with the
development of the saltmarsh and sediment ecosgstémnstly, we will investigate whether
more stable sediments encourage the establishrheattanarsh plants and find out the level
of additional sediment stability that we can exdeain saltmarsh plants of different species,
maturity and density as the site evolves. In addjtive aim to investigate to what extent the
ability of the sediment to drain quickly as a reésoil creek formation is a factor in the
conversion of a system dominated by benthic inbesttes to one dominated by salt marsh
plants. Finally we aim to better understand to twetent creek formation speeds the
development of stronger sediments and the desisabteh to saltmarsh vegetation.

Monitoring strength and stability within the readigent site at Tollesbury will be conducted
at the same locations and times as the vegetatiove\s (done by CEH). This will provides
information on the processes that determine theldpment of saltmarsh communities on
former agricultural soils after managed realignmeéfére we describe measurements of
sediment strength and stability performed during first week September 2003 and again
during the first week of September 2007, 8 and é&ry respectively after the old sea wall
was breached. Strength and stability measuremeerts made on the sediment surface and
additional measurements using a cone penetrometeidp an indication of soil strength
down to 0.5 m.

3.4 METHODS
3.4.1 Site

The experimental managed realignment site justhnoftthe river Blackwater, Essex, in
south-east England was established in part to gy ienprove the understanding of the
processes involved and the practical techniquesinetfor successful managed realignment
in a typical UK situation. The site consists off2d of low-lying land between the 1.0 and 2.8
m contours (all elevations in this report are measgwith respect to ordinance datum) and is
approximately 1 km north of the Tollesbury {36.5'N @° 51.0’E). The site was originally
drained and set to grassland more than 150 yearsrad) part of it was converted for arable
use 25 — 30 years ago.

Prior to inundation, the site was divided into féetds. Along the seaward edge to the north,
and immediately behind the old sea-wall, was af@ rough grazing. This was separated
from the three remaining arable fields by an opgechdwhich linked up to the old sea-wall

borrow-dyke. Drainage from these ditches occurtddva tide through the old sea-wall via a

culvert fitted with a one-way valve. The three dedields (identified in this report as 1, 2 and
3 and numbered from west to east) rise slowly tdwatheir southern boundary, which

coincides with the position of the new sea-wallg(ffe 3.1). Construction of the new earth-
bank sea-wall, forming a boundary to the south &edt of the site was completed by July
1995 and a 40 m breach was made in the old seaawdll August 1995.
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Following breaching, the sea has been free to ¢héesite, twice a day with the high tides.
Mean high water neap tide (MHWN) is at approx. Inb@levation flooding 15 of the 21 ha.
Mean high water spring tide (MHWS) is at 3.0 m aawg virtually the entire site. The mean
tidal range at Tollesbury is around 4.5 m. Meaaltimmersion times within the site range
from around 45 % immersion time at the 1.0 m elewmatwith inundation twice a day to
around 10 % immersion time at 2.8 m elevation, Whscnot reached by the sea during neap
tides.

The underlying soil within the site was characeiss clayey marine alluvium (Claydon &
Hollis, 1984), belonging to the Wallasea seriesz@fiden & Boorman, 2001) and some key
physical characteristics (strength and stabilitg) r@ported by Wattg al. (2003).

3.4.2 Sampling zones

Five sampling zonesa(to €) were used for both soil and vegetation measuresndinese
were located on each of three transects (T1 tordi®)ing from a fixed datum at the foot of
the new sea wall, down to what was in 2003 an \getated mud flat (Figure 3.1). These
transects, which run approximately from south totman each of the former arable fields
were also used by CEH to monitor the natural celmn of vegetation (Table 3.1,
RA.Garbutt, personal communication). Four statiorese selected to represent a different
vegetation zone in 2003 (zoado d) and the fifth represented the mudflat (z&heSimilar
measurements were made at these same locationsptensber 2007 although significant
changes occurred in the vegetation during theveteng period (see Table 3.1).

Wattset al. (2003) reported that a series of creeks andeguliad begun forming for the first
time during 2001 and 2002 and that these draimévdy accreted sediment on the low lying
(northern) end of the former arable fields. Thesseks drained into the central drainage
ditch. Other creeks also formed in the deeper sealiran the south east and west edges of
Field 4.

3.4.2.1 Measurements along creek boundaries

Measurements of soil strength and stability werderecross a series of short transects set at
right angles to the direction of creeks in the lnenh end of Field 2. These measurements
were made on both in vegetated and on bare sedim&efptember 2003 (Figure 3.1 x, y and
z). Similar measurements were made in the vicini®007 although the vegetation had
changed and these particular creeks had disappeared

3.4.3 Strength and stability measurements

Currently it is not possible to predict the stabibf fine-grained intertidal sediments, such as
those at Tollesbury, from one or more easily mesdsiarcomponents such as grain size or
water content (Paterson & Black, 1999). Nor can @ambe removed to the laboratory,
because disturbance invariably influences the lgiabof the surface sediments in an
unpredictable fashion.
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Table 3.1 Elevation and corresponding vegetation zones optastations.

Sample Elevation Vegetation zones 2003 and (2007) Distance (m) along
zone (m) above OD  Angus Garbutt personal communicatioriransect from datum
T1 T2 T3

a 2.70-2.80 Diverse zone with 13 plant species 3 1 1
present in 2003. (Some loss of diversity
dominated byPuccinellia maritima or
Elytrigia atherica, 2007).

b 2.45-2.55 Zone dominated ISglicornia, 17 8 6
Puccinellia maritima, Suaeda & Aster
tripoliumin 2003 (Large increase in
Soartina anglica andPuccinellia
maritima at the expense &iaeda
maritima andAster tripoliumin 2007)

c 2.35-2.45 Salicornia europaea dominated with 23 22 10
Aster andPuccinelliain 2003. Goartina
anglica appears to displaclicornia
europaea andAster tripoliumin 2007)

d 2.00-2.10 Salicornia europaea zone 2003. 45 53 30
(Dominated bySpartina anglica 2007)

e 1.70-1.80 Mud flat 2003 Spartina anglica 97 71 59
colonised the mud flats in 2007)

3.4.3.1 Relative critical shear strength measuremés

In 2003 and 2007 the cohesive shear stress me®d, (Tolhurst, 1999) was used to provide
in-situ estimates of the critical stress above which sedingeeroded. These measurements
provide an index of the behaviour of the sedimetien subjected to stresses from turbulent
flowing water such as waves and tides. The CSMsasla vertical jet of water to erode the
sediment surface within a water-filled chamber. ekies of three measurements were made
with the CSM from each sampling zone and transedioth years. Erosion was deemed to
have occurred at the jet pressure that caused estisBuspension, leading to >10% reduction
in light transmission across the measuring cetlohsistencies in the original published CSM
calibration procedure required a completely nevibcation method (Vardgt al., 2007). This
calibrates the CSM jet pressure to an equivalesgqure on the surface sediment, known as
the stagnation pressure. The stagnation pressargrogy when erosion is detected is now
assumed to be a relative (but not an absolute) unead the erosion threshold. To facilitate
comparison between results obtained in the difteseyars, data collected in 2003 (and
reported in that year) was reworked and subjecid¢lde new calibration.
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_ Field 1

T4

X3y, 5
Established
“Saltmarsh

Arable Field

Figure 3.1  An aerial view of the Tollesbury managed realigntmeite (David Welsh,
Environment Agency). T1, T2 and T3 represent ther@agamate location of the three
sampling transects. Points prefixed with letter® e represent the approximate location of
the different vegetation zones (see Table 3.1ntBrjy andz show the approximate position
where the creek boundaries were measured.

2.4.3.2 Measurement of in situ geotechnical shearength (7, )

Sediment geotechnical shear strength is defineth@asmaximum resistance to a vertical
shearing stress and was measured using a modiBedds fall-cone penetrometer (Waéts
al., 2003). It is a macroscopic measure of the unddhisediment shear strength integrated
over the upper 1-2 cm of the sediment, in contiashe measurements provided by the CSM
which relate to erosion within the surface few nirhe fall-cone penetrometer operates by
allowing a metal cone, the tip of which is initialh contact with the sediment surface, to fall
under its own weight into the sediment. The deptbemetration of the cone is then measured
(0.1 mm). The shear strength of sediment is therutaked using the relationship derived by
Hansbo (1957):

g :*;—?, (1)

where 7, , is shear strength (kP& is a constant which depends on the angle of tine co

used,Q is the mass of the cone (g) amd the depth of penetration (mm). The device used
this work was adapted from the laboratory apparasesl to measure the liquid limit of soil
(British Standard BS 1377, 1975) so that it coutdusedn-situ on the sediment surface. A
200 mm diameter flat plate and a spike replacedithé base. The spike is pushed into the
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sediment until the plate is in contact with theface. A small adjustment is then made with
the aid of a bubble gauge until the apparatus lisca¢ The original 80 g fall-cone and stem

were replaced by one of four different cone andhséerangements, so that a wide range of
surface shear strengths (2 to 20 mm penetratianiylde measured (Table 3.2). Ten replicate
measurements were made on each plot.

Table 3.2 Fall-cone characteristics

Cone Weight, Stem Total Cone Shear  Strength, r
No. Weight, Weight,  Angle, Max Min.
Q) (K) (h=4mm) (h=20mm)
g g g ° KPa kPa
1 8.6 16.7 25.3 60 2.46 4.0 0.6
2 59.2 16.7 75.9 60 2.42 11.5 1.7
3 98.6 16.7 115.3 30 9.91 714 5.4

3.4.3.3 Cone penetrometer

A Bush recording cone penetrometer fitted with 8 20.3 mm diameter cone was used to
measure the variation in shear strength in 3.8rmrements down to a depth of >50 cm. This
allows us to compare strength changes in the sediams underlying previously agricultural
soil with depth and also to compare the strengthilps of the managed realignment site with
the adjacent, established saltmarsh.

3.5 RESULTS AND DISCUSSION

As described above, the results reported here geptestrength and stability measurements
made at Tollesbury in both early September 2003eany September 2007. In general terms
during this period plant populations taken at tighést point (zon&) in each of the three
fields has remained relatively stable, dominated Rugcinellia or Elytrigia that also
dominates the new sea wall. Further down the slbpebig change between 2003 and 2007
has been a change between a dominanc&lafornia to a dominance of the much larger
Spoartina. Spartina has also colonised all three of the lowest elewsti(zones) of each
transect previously mudflat in 2003.

351 Critical shear stress

Figure 3.2 shows the stagnation pressures occuatitige critical shear stress (when erosion
is just starting) obtained using the CSM in bot@2@nd 2007. Measurements were made in
each vegetation zona {o €) and along each transect (T1 to T3). From thesit be seen that
critical shear stress is highly variable (largendtd errors) but that in 2003 it was
consistently greatest in zobewith zonea having greater value than zonéMean stagnation
pressure values in these three zones range frori @500 N m? and these can be
considered relatively resistant to erosion. Previoneasurements on the neighbouring

86



established saltmarsh show typical stagnation pressat critical shear stress of around 650
N m . During 2003, at zonabande (Salicornia zone and mudflat respectively) critical shear
stress values ranged from 500 down to 50 N?rmplying that erosion could occur at
relatively low flow velocities. In fact these vakimust have been exceeded where the surface
flow is concentrated into shallow depressions, Iteguin a stream flow which in turn cuts
out the new creeks in the sediment.

The measurements made in 2007 show a similar teetftbse obtained in 2003. The values
in zonea had very similar values in both years. There wasdver a significant reductions in
zoneb, in transects T1 and T2 with zon@gndb now having similar values; mostly in the
2000 to 3000 N nf range. From zoneto e, stagnation pressures at critical shear stress wer
significantly lower than the upper zones. Howevke, values in the lower three zones were
all generally similar, in the 800 to 300 N farange. Zonee, bare mud in 2003 and now
colonised bySpartina showed a consistent significant increase in staltlompared with
2003.

3.5.2 Shear strength of surface layers

Figure 3.3 represents shear strength values o$uhface sediment obtained using the fall-

cone apparatus. These values reflect the pattecnitmfal shear stress values obtained using
the CSM. We reported previously (Watisal., 2003) that surface shear strength may also
provide a good indication of critical shear strafthough the two mechanisms of sediment

failure are rather different. In general terms leightrength soils have a higher critical shear
stress threshold which must be exceeded beforearoan occur.

During 2003, mean shear strength values ranged 2@to 70 kPa in vegetation zoreeso c.
Zonesd and e had shear strengths less than 5 kPa. In fact, sedim zonee had a shear
strength below that used as a measure of theigoidl llimit (British Standard BS1377. 1975).
The sediment in this zone thus behaves ratherdikescous liquid. During 2007, the shear
strength values in vegetation zoreesindb remained broadly similar to those measured in
2003, all be it with some reduction in extreme ealuThere was a significant reduction in the
sediment shear strength in zanérom 25 kPa in 2003 to 9 kPa in 2007. In vegetationed,
shear strength values remained broadly similar ath byears. However, following the
colonisation of zone by Spartina anglica in 2007 there was a fourfold increase in shear
strength from 0.6 kPa to 2.5 kPa; although thisrsent still remains very weak.

3.5.3 Penetrometer resistance

Figure 3.4 shows the change in strength of thensenli and underlying soil with depth for
each of the vegetation zones measured in both 26632007. Penetrometer measurements
are also shown for the established adjacent satm{&igure 3.5)

In vegetation zone, adjacent to the new seawall there is a hard pamden about 15 and 30
cm; this is particularly noticeable in transectsaitl T3. This compact layer may result from

construction traffic during building of the new s&all.

In general, on the managed realignment site thseege progressive increase in strength with
depth to around between 1 and 1.5 MPa, which tearain fairly constant with increasing
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depth. For each vegetation zone, the depth at wihishconstant value is reached varies:
zonesa andb, 10 — 15 cm, zones andd, 20 to 30 cm and zone30-35 cm. These upper
horizons represent the depth of the much weakéawitayer, which is accounted for by the
accreted sediment. The lower horizon, which haerstant strength, represents the original
underlying soil.

In contrast to the managed realignment site, tihghbeuring and established saltmarsh has a
constant but much lower strength of between 2003@@dkPa over the entire measured depth
(Figure 3.5). Between the original reclamation sdrf@ years ago and 1995, the underlying
soils within the managed realignment sight will @a@hanged both physically and chemically;
they have ripened (dried out irreversibly) (Desttal., 1976), their density and strength have
increased and their porosity decreased (HazeldBo@&man, 2001). Soluble salts have been
leached from these soils, and fertilisers may Heeen added. Since the breaching of the old
seawall in 1995, there has been only a very sligi¢rsal of these processes. The soils have
once again become saturated with sea-water; thesdden an increase in both salinity and
sodium content, combined with changes in strengthsability (Readingt al., 2003). The
underlying soil of the realignment site remainsyveifferent to that of the established
saltmarsh. Much of the stability of the establisisaitmarsh is reliant on the binding of its
upper layer by a dense and diverse root mat.

An analysis of variance was used to compare pemeter measurements made in 2003 with
those made in 2007 and at each of the vegetatioeszd he mean penetrometer resistance in
the upper 15 cm for both years and in each vegetaibne is shown in Figure 3.6. For each
year there was a significant reduction in strenggiween each vegetation zone with the
exception of zoned ande in 2007, which were not significantly differenbi each other.
Both these zones were dominated $partina in 2007. There was rather surprisingly a
significant reduction in strength in zongsc andd in 2007, possibly due to continuing rapid
sediment accretion increasing the depth of the uppd weaker sediment and the expansion
of the Spartina dominated area.
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Figure 3.4  Penetrometer resistance (kPa) against depth melasu®03 and 2007 along
each of the three transects, T1, T2 and T3 (Fi§ute The different symbols on each graph
represent the different vegetation zones in 20@®I@ 3.1); zona, e; zoneb, o; zonec, V;
zoned, A; zonee, m.
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Figure 3.6  Mean penetrometer resistance (kPa) in the uppenifer 2003 and 2007.
Lettersa to e represent different vegetation zones (see Tatlile 3.

92



3.5.4 Estimation of the depth of accreted sediment

We have seen above that the underlying previoughcwtural soil remains substantially
stronger than the accreted sediment. During sagphn2007 we measured the depth of
sediment at six locations and found that thesehdemincided with penetrometer readings in
the range 600 to 800 kPa. Based on this premisprax@de an approximate estimate of the
depth of sediment at each station and very appratenestimate of the depth of sediment
accreted over the four year periadgm (see Table 3.3).

Transect T1 Transect T2 Transect T3
Vegetation 2007 2003 A 2007 2003 A 2007 2003 A
zone cm cm cm cm cm cm cm cm cm
a 3.5 3.5 0 11.3 7.5 3.8 7.5 3.8 3.7

b 7.5 3.8 3.7 26,3 150 113 7.5 7.5 0

c 113 75 3.8 30.0 225 7.5 17.0 150 2.0
d 159 188 -29 338 26.3 7.5 26.3 18.8 7.5
e 30.0 20.0 100 30.0 225 7.5 30.0 22.0 8.0

Table 3.3 Estimation of the depth of sediment based on thesttion between accreted
sediment and underlying agricultural soil occurraiga penetrometer resistance of 700 kPa.
represents depth of additional sediment accretawéden 2003 and 2007.

3.5.5 Measurements along creek boundaries

Wattset al., (2003) observed that these creeks appearednodoly in accreted soft
sediment that exceeded a certain critical depttwidzn 20 and 30 cm). During September
2001 there was no vegetation along these banksybdeptember 2003, we observed that
many of the creek boundaries had a ribborSabtornia europaea extending well beyond
their current seaward extent (Figures 3.7 & 3.8).

Stagnation pressures at critical shear stress meshsu2003 on the banks of the new creeks
(x, y andz;, see Figure 3.1) show values of around 1200 Kbt these higher values are
confined to the strip close to the gulley edge @rmpped rapidly to values of 100 N'frin a
distance of less than 1m.

Shear strength measurements were also made ind@0@3ansects at right angles to the new
creek and these values are shown in Figure 3.@ri&ssof transects were made both in areas
where Salicornia had colonised and areas of the creek margin whiehre free of any
saltmarsh plants. In both cases there is a ramd uir shear strength to between 0.3 and 0.4
kPa at distance of 1 m from the creek centre Hmwvever, within this strip strength values
varied considerably (high standard errors) buhagresence @alicornia mean values were
18 kPa compared with 10 kPa where the banks weee Wée believe that the large increase
in strength and stability in the creek margins ise do the rapid drainage and rapid
consolidation of these margins.
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Figure 3.7 A 2003 view from vegetation zonesandd looking out toward zone, the
mud flat. The new creeks cut through the accregelireent. The more rapid drainage along
the creek margins results in stronger more staddigngent allowingSalicornia to establish
well beyond its normal lower limit and into zoae

Figure 3.8 A close-up of a new creek margin showing both drere stable sediment
along its margins and newly establistgaticornia.
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Certainly the sediment has both a smaller wateterrand higher bulk density (Watisal.,
2003). The strength of sediment in the creek margrsimilar to that in zonesandd. In
2003 there was evidence of stream flow in shall@prdssions forming tributaries to these
new creeks which that may have in turn, encouraggid drainage along their margins
allowing the further colonisation of saltmarsh péathus extending the extent of zomesnd
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Figure 3.9  Shear strength of the surface sediment measuré&08 along a series of
transects of new creeks formed in the accretedrsadi Transects were established at right
angles to the creeks with measurements taken frmmcéntre of the creek. Comparisons
between bare creek margins and margins wHarernia was growing are shown.

We remain uncertain as to whether it was the rdpaghage reducing emersion times or the
sediment characteristics which are encouragingntsdtion bySalicornia well beyond its
current lower limit. In 2007 we observé&dlicornia growing along creek margins at several
locations within the site; in particular in the tioeast corner of the site where the original
elevation was around 1.25 m (Figure 3.10). Here sheounding accreted sediment is
substantially deeper than 30 cm making it difficidtapproachSalicornia has an extreme
lower limit of 1.50m but occurs on this site maitgtween 1.80m and 2.70m (Readagl .,
2003).

When we returned to re measure the creek margigar@=3.1;x, y anz) in 2007 we found

this area had been colonised by pioneer clum@@afina and there was then no sign of the
creeks. Thes&partina clumps appeared to have extended along the pdtieafreek and in

doing so removed all traces of them (Figure 3.Wijh the retreating tide, water remained in
pools on the sediment surface both around thesepdwand in their hollow centres. Around
the stems of these plants sediment appeared tddve mm above both the surrounding mud
flat and the sediment in the centre of the clumpsmall number of measurements of
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sediment stability and strength were made adjaietiteseSpartina clumps using the CSM
and fall cone apparatus. Stagnation pressure tatatrshear stress was typically around 200
kPa while shear stress was around 2 kPa — siribaties recorded for the mud flat in 2003.

3.6 SUMMARY AND PRINCIPAL FINDINGS

In-situ measurements of sediment strength (usiegfdh-cone and cone penetrometer) and
stability (critical shear stress measured usingctiteesive strength meter) were performed on
the surface sediments and underlying soil duringte&@eber 2003 and September 2007. These
measurements were made over a range of differeggtagon zones within the managed
realignments site at Tollesbury.

Critical shear stress (above which erosion is Viked occur) and shear strength vary
significantly between the different vegetation zanén general soils with higher shear
strength in the surface layers also have high#icarishear strengths. Saltmarsh plants were
found on sediments with shear strengths ranginghfioto 70 kPa withSalicornia and
Spartina anglica occurring over this entire range.

Greater species diversity occurs where the sedimestronger than 30 kPa. There were no
significant plant communities where shear strengés below 5 kPa. The colonisation by
Spartina anglica of vegetation zonesandd in 2007 was associated with a reduction in shear
strength and stability of the surface sedimentsiaihwdre it colonised the mud flat strength and
stability increased.

The physical characteristics of the underlying sathin the realignment site remain very
different and in particular stronger than the nbimlring, established saltmarsh.

3.6.1 Zonea. A zone with diverse vegetation at between 2.7 28dm elevation, with 13
plant species present in 2003. There was somefadigersity in this zone by 2007 which is
now dominated byPuccinellia maritima or Elytrigia atherica. There was no significant
change in shear strength (30-70 kPa) or stab#itsgghation pressure at critical shear stress
typically 2000 N mi?) over the period. Estimated sediment depth; 3BLtom.

3.6.2 Zoneb. This zone with an elevation between 2.4 and 2.&vas dominated by
Salicornia, Puccinellia maritima, Suaeda & Aster tripolium in 2003. There was a large
increase irfpartina anglica andPuccinellia maritima at the expense &iaeda

maritima andAster tripolium in 2007. This zone had the highest shear stremgthstability
values in 2003. However, there has been some reduict strength and stability and now
values generally similar to those in zand=stimated sediment depth 8 to 26 cm.
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Figure 3.10 Salicornia growing along creek margins at several locationthiw the site
during 2007. This is the north east corner of tke where the original elevation was around
1.25m

Figure 3.11 Photograph taken in September 2007 showing piookenps of Spartina
anglica colonising what was a creek in 2003 (shown by diditee).
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3.6.3 Zonec. This zone with an elevation of 2.3 to 2.5 m was ohated bySalicornia
europaea with Aster tripolium andPuccinellia in 2003. In 2007 partina anglica appeared to
have displace@alicornia europaea andAster tripolium. With the arrival ofSpartina anglica
there has been a marked reduction in shear strémgthbetween 15 and 30 kPa to less than
10 kPa. Similarly stability has been reduced frosteen 1000 and 2000 N ¥to around
700 N m.Sediment depths in this zone range from 10 ton30 ¢

3.6.4 Zoned. This zone with an elevation of between 2.0 arid . was dominated by
Salicornia europaea in 2003. By 2007Spartina anglica had take over dominance from
Salicornia europaea. This zone was considered to have relatively lowashsrength and
stability in 2003. In general terms these valuasaia the same in 2007 Sediment depth
estimates range from 15 to 34 cm.

3.6.5 Zonee. This zone with an elevation of 1.7 to 1.8 m waswdrflat in 2003 but has
subsequently been colonised Bgartina anglica. Between 2003 and 2007 there was a
significant increase in shear strength (from 0.6 kPa to 2.5 kPa) and stability (stagnation
pressure increase from less than 100 N m 2 to 400 N m ). The sediment in this zone
remained very weak with an estimated depth ran@®ad 30 cm.

3.6.6 Creeks and creek marginsCreeks and gullies had begun forming once sedimen
depth exceeded a critical depth 20 — 30 cm. Thegaed for the first time during 2001 and
2002 draining the newly accreted sediment. Thestaaxtent ofSalicornia was extended
along the faster draining and stronger (up to 1&) kRargins of newly formed creeks. There
is some evidence that these plants may contrithigtetly to higher sediment strength.

In 2007 pioneer clumps of Spartina colonised tlea avhere we had characterised the creek
margins and there was no longer any evidence afréeks. In addition, we found no
evidence of significant creek formation witH§partina anglica dominated areas. In 2007 we
observedsalicornia growing along creek margins at several locatioitBiwthe site; in
particular in the north east of the site on dee&jinsent where the original elevation was
around 1.25 m
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CHAPTER 4
MANAGED REALIGNMENT — AN OVERVIEW OF THE TOLLESBURY PROJECT
R.A. GARBUTT

Centre for Ecology and Hydrology, CEH Bangor, Eamiment Centre Wales, Deiniol
Road, Bangor, Gwynedd, LL57 2UW, UKg@ceh.ac.uk

4.1 INTRODUCTION

This chapter reviews some generic issues raisethéyTollesbury monitoring work. In
addition to summarising the key lessons learnenh fimllesbury, it attempts to draw some
wider conclusions about the environmental aspdatsamaged realignment.

Rising sea levels, coupled with the high cost ofntaéning sea defences, have led coastal
managers to look for more cost effective and soatde methods of coastal protection.
Managed realignment has, over the past decade, ibeegasingly used to fulfil these
requirements. Although the technique is now pradtiwidely throughout north-west Europe
(Wolters et al 2005a), the potential scale, anddésign and siting of particular schemes
remain fairly contentious issues, with some stalaggradisputes unresolved and disagreement
about the wider impacts remaining (Scott, 2007; femd & Pethick, 2002). Despite this,
there remains a strong case for its use as a g@gtateol for sustainable estuarine
management, on both economic and nature consemgibands.

When the Tollesbury project was conceived in thiyei090’s, the only previous experience
of managed realignment in the UK was the Northénis scheme, further up the Blackwater
estuary. Here, a short length of sea defence wasved, and 0.8 ha of grassland was re-
exposed to tidal inundation (Dagely, 1995). Althbue Northey Island site accumulated
sediment and, over time, salt marsh plants coldnilse area, uncertainties remained over the
implementation and viability of larger schemes aw lying agricultural land. The Tollesbury
site, along with the Orplands managed realignmiat was the first ‘large-scale’ managed
realignment scheme in the UK (see E.A., 1999, dsults from the Orplands project).

The main objective of the CEH-led research and toang programme, begun at Tollesbury
in 1994, was to remove some of the uncertaintiesitateturning agricultural land to intertidal
habitat, and specifically to address the followingstions (MAFF 1996):

. Will natural re-colonisation recreate saltmarshhwitthe managed realignment site
and, if so, over what time scale?

. Is it possible to aid the processes of naturalrasldion directly or indirectly?

. Will there be any deleterious effects to the ergsaltmarsh?

. Will the hydraulic effects on the estuary/coastlioeeas predicted by modelling? And
. Will the form and sequence of sea wall removal mise the possibility of any

adverse effects on the adjacent estuary?

101



Here we deal mainly with the first three questiarsch relate to the ecological studies (see
Reading et al 2002. for other results).

4.2 THE DEVELOPMENT OF SALT MARSH AND CHANGES IN PLANT
COMPOSITION

Although the reliability of managed realignment as appropriate technique for saltmarsh
restoration has been under debate (Hughes & Par2d@dr, Morriset al. 2004; Wolterst al.
2005b), experience so far has shown that, wherelthation has been suitable, vegetation
has colonised. The Tollesbury project has showt thigh fairly minimal pre-treatment and
management, allowing tidal ingress through a sim@ktively small breach onto low-lying
agricultural land will quickly produce intertidal udflats which are colonised by saltmarsh
plants.

After the sea defences were breached in 1995, Xiséirg terrestrial vegetation within the
realignment site was quickly killed with the reoduction of tidal inundation. As part of the
initial research programme, saltmarsh plants, seedsturfs of saltmarsh vegetation were
planted or sown on the site to assess whetherié caper of vegetation could be established,
prior to natural colonisation (Garbutt et al. 208&ading et al. 2002). Establishment of the
introduced plants and seeds was poor, and it wasm@ended that managed realignment
sites in low energy environments, located nearrahtmarshes should be left to regenerate
naturally. Prior to tidal inundation, four treatntgnreplicating possible land use scenario’s,
were trailed. The treatments were; stubble lefinfr@ wheat crop; ploughed land; cultivated
land (level, bare earth); and abandoned agricultaral with rye grass and ruderale species.
Plant colonisation on the four different land ugpes was measured, with results showing
shoot densities dgalicornia spp. were about 40% higher in the vegetated phais plots left
unvegetated. The remnants of the terrestrial végataeven when killed off by saltwater
inundation, provided the best surface for initiathapping propagules and subsequently
retaining seedlings. Future projects should comdliel@ving existing vegetation on the site
prior to inundation, either uncut or a high cutmbwn. Experience has shown that areas of
managed realignment sites compacted by construtitadinc take longer to be colonised by
saltmarsh plants in the early stages of site deweémt. It is recommended that these areas
are lightly cultivated prior to inundation.

The regeneration of saltmarsh vegetation after geshaealignment relies on regular tidal
inundation as the key agent for the dispersal @dseand plant fragments into a site.
Saltmarsh seeds can float in sea water for vargimgunts of time, from a few hours to
several months. Most seeds retain their viabihtgalt water and germinate when exposed to
freshwater conditions. Experience from UK sitesd&te has shown that, after realignment,
relatively rapid colonisation of pioneer and low rsfa species occurs, provided they are
present in a nearby source area and the elevaticuiiable. Although several nationally
scarce plant species were recorded within the Slolley site by 2007, colonisation of ‘high
marsh’ species (e.grmeria maritima, Plantago maritima, Juncus gerardii andJ. maritimus)
was restricted, even though the elevation of tteevgas within these species’ range. This was
thought to be a combination of the species’ re¢asearcity in the local species pool, and
subsequent low number of seeds available to caofWéolters et al. 2005c). In addition, a
dense cover oPuccinellia maritima restricted the ‘gaps’ within the vegetation inthigh
plants could colonise. The distribution of planeajes on salt marshes is a balance between
tolerance and competition and it appears that,imithe realignment site, this has not yet
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been achieved.

The lack of less common, ‘high marsh’ species isrestricted to the Tollesbury site. Several
studies have examined salt marshes that have megedeon reclaimed land following
breaches in embankments due to storm events asgaesl for managed realignment. These
reports show that, in some cases, it can take dsc&mr plant communities to reach
equilibrium with natural reference conditions, dhd regenerated plant communities can lack
certain species (Burd 1992; Onaindiaal. 2001). Garbutt & Wolters (2008) surveyed the
plant communities of regenerated salt marshes wittanaged realignment sites, and sites of
abandoned reclamations up to 107 years old, inxedsecommon with Tollesbury, plant
diversity within the regenerated marshes was Idan in adjacent natural marshes, and was
correlated with a greater abundanceSpértina anglica. The plant communities were, in
general, representative of less diverse commurutighose typical of lower elevations. It is
perhaps surprising that given the low levels ohpkpecies diversity found in the salt marsh
flora, differences were detectable over such lamggscales. This suggests that the vegetation
communities may be relatively static or that sevtksturbances are rare. Seedling recruitment
in salt marsh communities is generally precludedi@nse vegetation by competition from
adults, as the Tollesbury experience shows. lividgetation within the de-embankment sites
is relatively static there may be little opportigstfor new species to colonise.

The sparsely vegetated mudflats that typify théygarases of saltmarsh development within
realignment sites provide ideal conditions for @stablishment ofoartina anglica. Whilst
Soartina is now currently accepted as an integral part efftbra of European salt marshes
(Lacambra et al. 2004), its presence in the eaalges of saltmarsh regeneration may be less
desirable. The dominance &partina in the Tollesbury site, questions the ability o€ th
regenerated marshes to ‘function’ in a way thaeot$ natural marsh processes. Restoration
theory attempts to set criteria from which success be measured, such as composition,
sustainability, biotic interactions and nutrientergion relative to a ‘natural’ base line (Zedler,
2001). The establishment §partina early in the development of saltmarsh within maag
realignment sites gives the regenerate marshesyalifferent starting point to that of natural
marshes, and may affect the eventual outcome oitatabreation efforts. The results
presented here should not be interpreted as thatabke failure of saltmarsh creation
schemes in matching reference conditions, but esuéionary note that in fact, restoration
efforts may never fully replace natural wetland dilons. They will, however, almost
certainly fulfil their intended purpose of providirtoastal protection through the dissipation
of wave energy and the provision of bird feedingaat Whether managed realignment sites
are any less valuable for nature conservationn dhe services they provide, requires further
attention.

4.2.1 Effects on existing marshes

Whilst there were changes in the frequency of sakim plant species growing on the
Tollesbury marshes adjacent to the site, therenmasvidence to suggest that the creation of
the managed realignment site was the cause. Pdep@st-breach differences appear to be
part of longer-term trends. The changes in frequamay be part of a natural cycle in
response to population dynamics or may be a regponshanges in the natural environment.
The changes in plant frequency are occurring againsackground of large-scale loss of
saltmarsh in the region. It is estimated that ttaltsaltmarsh loss, in Essex, between 1973
and 1998 exceeds 1,000 hectares (Cooper et al.).200&re were increases Bpartina
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anglica and declines inAtriplex portulacoides between 1994 and 2007, on the marshes
adjacent to the site. Although these changes wetrdinked to the creation of the managed
realignment site, the results raise issues aboaitldhg-term stability of the saltmarsh
communities of the region and their ecology. Thtamee between sediment accretion and
erosion, in relation to elevation, primarily detémes the stability of saltmarsh communities.
Whether the increasing frequency $§fartina into the system alters this balance, and the
natural dynamics of the plant communities, remaimsertain.

4.3 SEDIMENTS

The rate of sediment deposition within managedgealent sites can be extremely rapid in
the early phases of implementation, with up to 50pen month being recorded at Paull
Holmes, the Humber estuary, UK (Boyes & Mazik 200Fhese rates are short lived
however, with low lying areas predicted to build sgdiment to find equilibrium profiles,
around that of relative sea level rise (Temmerrataal. 2004). The Tollesbury managed
realignment site appears to be responding in tlag where the amount of sediment being
deposited is reducing over time, from 31mm a y@dm995-96 to 9 mm a yehy 2006-07. In
time, the surface of the site would be expectebuitd up to a level equivalent to that of the
adjacent natural marshes. This can be observé abany ‘accidental’ breach sites in Essex,
where sea walls have been breached by storm ewvethits past (e.g. the storms of 1953). The
present level of the marshes regenerated withisetlgtes is comparable to that of the
adjacent natural marshes.

The build up of sediment within the site allowedraater area of mud flat to be colonised by
saltmarsh vegetation, presumably in response tm@ease in elevation. Sediment infilling
will have a long-term impact on the future of thie,sboth for the conservation interest and
flood defence. The reduction in the area of mut il impact on feeding areas and roost
sites used by birds within the site. By 2007, themes transition from mud flat through
pioneer to low and mid marsh vegetation communitvékin the site (albeit dominated by
Soartina anglica). This is uncommon in the Essex region where reakmarshes are cliffed
on their seaward edge leading to a scarcity ofggoicommunities. If deposition continues, as
expected, there will be a gradual infilling of tkde up to the level of the surrounding
marshes, with the consequent loss of the pioneemt@rsh communities. This process is
probably inevitable, given a constant supply ofiseat, but should be considered when
mitigating for losses of pioneer communities elsexeh

The natural salt marshes, adjacent to the Tollgsimanaged realignment site, appear to be
able to maintain their position in the tidal frandgspite projected eustatic changes. A
constant rate of vertical accretion was recordeautihout the 14 year monitoring programme
at around 3mm-4mm a year, similar to rates predibtesea level rise for the region. There
was no evidence that the creation of the managaiynenent site had any effect on sediment
deposition on the marshes adjacent to the site.

4.4  COLONISATION BY INVERTEBRATES
Whilst the creation of saltmarsh must be of primaoypcern when realigning seawalls for

coastal defence objectives, the creation of imtaltimudflats is none the less valuable.
Intertidal mud- and sand flats are important fegdineas for shorebirds, and some wildfowl,
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during the low water period when they are exposed, for diving ducks and fish when they
are submerged.

Initial colonisation of the Tollesbury managed rgaiment site by intertidal invertebrates was
rapid. Fourteen species were recorded within ttee 80 months after the breach and 18 to
19 species a year there after until 2007. In 2@Q7species were recorded in the site, with
Littorina littorea (edible periwinkle) andPalaemonetes varians (a crustacean) recorded for
the first time. In total, 31 species of invertebratere recorded between 1995 and 2007.
Species consistently recorded includéterastoderma edule (cockle), Macoma balthica
(baltic telin), Scrobicularia plana (peppery furrow shell)Eteone longa (a bristle worm)
Nephtys hombergii (cat worm),Nereis diversicolor (rag worm) and the common shore crab,
Carcinus maenas.

The rate of establishment of intertidal invertebsatan be related to their mobility, both as
adults and as juveniles, where many have planktam@l stages. Colonisation of a newly
created site also appears to be related to thé&abiry of suitable sediments. At Tollesbury it
was observed that invertebrate colonisation onlguoed in the newly accreted sediments
within the site, and were absent from the origicahsolidated agricultural substrate. Mazik
et al. (2007) recorded a species poor inverteltassemblage, one year after the creation of
the Paull Holme managed realignment site, compgsedominantly of early colonising
species of Oligochaeta and Nematoda (small wormthpugh a total of 20 species of
invertebrate were recorded. More sedentary spesigs) as bivalves, rely on planktonic
larval stages to colonise new sites and it maydveral years before a stable population of
these relatively long-lived species becomes estaddi.

Atkinson et al. (2004) found that birds were quiglcolonise the Tollesbury realignment site,
either for roosting or to feed. In the first feways after realignment, waterbird assemblages
were generally variable and large changes wererabdeadjusting to the biological and
physical evolution of the site. Numbers of wadingd® were low in the first year after
creation but increased thereafter, reflecting teeetbpment of the invertebrate community
within the mudflats of the site. Species such ast kand dunlin, which foraged on small
polychaetes (worms), colonised the area beforeiefesuch as oyster-catcher and black-
tailed godwit, which feed on larger bivalves. Thisequent development and establishment
of stable bird communities will be determined bg #volution of the site and the availability
of suitable prey species, or safe areas to roassediment infilling continues, and saltmarsh
plants continue to expand their range within the, shvertebrate diversity and abundance will
adjust accordingly, and will be reflected in thedps of birds that use the site.

4.5  SOIL STRENGTH AND STABILITY

Experience from the Tollesbury monitoring programhas shown that the key difference
between saltmarsh creation through managed readighand natural saltmarsh development
lies in the former being based on soils which, altgh marine in origin, have over many
years become terrestrial in their chemical and hysharacteristics. The changes that occur
during this process of desalination are many anted&abut the non-reversible changes are
critical. These changes include the consolidatibthe soil through irreversible drying and
the loss of organic matter through oxidation. Altgb prolonged flooding will increase the
moisture content, the soil may never return toitginal state. Following the first six years of
monitoring at the Tollesbury site, the underlyimggieultural sediments were both very strong
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and highly resistant to erosion (Watts et24l03). It is thought that this ‘over consolidation’
forms a soil horizon with low hydraulic conductirithat restricts sub-surface drainage within
the developing marsh sediments. As a result, tieelying, newly deposited marine sediments
have a high water content and low critical sheagsst (above which erosion is likely to
occur). Within the Tollesbury site, saltmarsh ptamtere found on sediments with shear
strengths ranging from 5 to 70 kF&alicornia spp. andSpartina anglica occurred over this
entire range. Greater species diversity occurregrg&vthe sediment was stronger than 30 kPa,
at the highest elevations.

The low strength and high water content of thersedt in the low lying areas of the site was
thought to be a constraint to plant colonisatioarfatt, 2006). Following an increase in the
abundance dfpartina between 2003 and 2007, there was a fourfold iser@ashear strength
of the sediments from 0.6 kPa to 2.5 kPa; howethes, sediment still remains very weak.
Whether dewatering, or plant colonisation, ledhe increase in soil strength is not clear. At
the lowest elevations of the site, the sedimeniabe# rather like a viscous liquid. If the
geography of the site changes, possibly as a resktcondary breaching in the original sea
wall, there could be movement of sediment overstiable former agricultural soils. In 2007,
there were several parts of the old sea wall tlreaevess than 1 m wide, eroded by internally
generated waves, and one area where the wall wasd0.75 m lower than the its original
height.

Creeks are an important and integral part of sathes, distributing sediments to the interior
of the marsh, allowing aquatic organisms’ accedsatuitat, and providing drainage following
tidal inundation. Because of the potential for seehts within managed realignment sites to
have high water content, the development of a crestiwvork appears fundamental to the
establishment of saltmarsh vegetation. Creeks appeared to form within the Tollesbury
site in the newly deposited marine sediments arig when the sediment exceeded a critical
depth (between 20 and 30 cm). This was probablytduke low velocity and sheet flow of
the water in the first few years after the creatbthe site. By 2003, the newly formed creeks
had ribbons ofSalicornia europaea growing on their banks, extending the lower liroft
Salicornia below its main range in the rest of the site. Tdugesponded with a rapid drop in
shear strength, 1 m from the creek centre linethén presence o%alicornia, mean shear
strength values were 18 kPa compared with 10 kPeravthe banks were bare. The large
increase in strength and stability in the creekgmmarwas thought to be due to rapid drainage
and consolidation of these margins. Here wateresurdand bulk density were similar to soils,
0.5 - 1.0 m higher in elevation.

4.6 KEY FINDINGS
< With minimal pre-treatment and management, allowidgl ingress through a simple,
relatively small breach onto low-lying agricultutahd will quickly produce intertidal
mudflats which are colonised by saltmarsh plants.

* Managed realignment sites in low energy environgydntated near natural marshes,
should be left to regenerate naturally.

* Future projects should consider leaving existingetation on the site prior to
inundation, either uncut or a high cut, if mown.
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4.7

Soils that are compacted during construction of agad realignment sites should be
lightly cultivated prior to inundation, as compat®ils restrict plant colonisation.

At Tollesbury, and other local managed realignnetds, plant diversity was lower
than in adjacent, natural saltmarshes. The saltmaraere, in general, representative
of less diverse communities than natural marshethiose typical of lower elevations.

The establishment @partina early in the development of saltmarsh gives regaae
marshes a very different starting point to thahafural marshes, and may affect the
eventual outcome of habitat creation efforts.

There was no evidence to suggest that the creafidhe managed realignment site
was the cause of pre- and post-breach differemcelant species frequency.

Sediment deposition rates within the realignmete sppeared to follow expected
patterns, where after initial high deposition, thevas evidence of a slow down
towards equilibrium profiles.

There were no differences in pre- and post-breaclingent deposition rates on the
natural marshes, adjacent to the site.

Colonisation of intertidal invertebrates was rapitl after 2-3 years species richness
had stabilised, although abundance changed thrdungé. Invertebrates did not
colonise the former agricultural soils.

The underlying agricultural sediments of the Tdiley site were very strong, highly
resistant to erosion and probably form a barriesub-surface drainage, leading to
water logging of newly accreted marine sediments.

The development of a creek network appears fundahém the establishment of
saltmarsh vegetation.
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5 PHOTO ALBUM — October 2007

2001 Aerial photograph of the Tollesbury Manageeakgnment site, supplied by the
Environment Agency, showing the location and vierection of site photographs in 2007.

-

1: Poplar tree killed by salt water when the site l@sded.
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2: Looking across the site to the breach in the seh w

2

3: The two dominant vegetation communities of the NtR; ®uccinellia salt marsh (from the
foot of the sea wall), arfgbartina/Salicornia salt marsh extending down the slope.

3




4: Puccinellia dominated salt marsh on the highest area of thenéih dead oak tree in the
centre.

5: Salicornia dolichostachya andSpartina anglica colonising the mud flats.




6: Transition fromPuccinellia to Spartina/Salicornia to mudflat withSpartina, from the foot
of the new sea wall towards the breach.

7: Salicornia dolichostachya andSpartina anglica colonising the mud flats.




8: View from one side of the breach to the other.

9: Eroded area of mudflat at the entrance to thedgged from the breach.

9
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10: Salicornia dolichostachya andSpartina anglica colonising the lowest parts of the site.
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11: Channel draining the ‘borrow ditch’ along the desiof old sea wall.
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12: View, facing south, showing the extent of the nfetdfat ‘invertebrate sampling site 3'.
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