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Abstract 
Comparisons between saltmarshes restored through managed realignment (MR) and pre-existing reference sites might 
be influenced by livestock grazing. This study assessed the vegetation and sediment properties at four sites: two MR sites, 
a grazed reference site and an un-grazed reference site. Results indicate the grazed reference site had the lowest canopy 
height and biomass, whereas the MR sites had differences in sediment properties in comparison to the pre-existing sites. The 
role of grazing in MR is discussed, identifying that further research is required to evaluate the temporal influence to inform 
assessments and the post-breach management of MR sites.
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Introduction
Saltmarshes provide a range of important ecosystem 
services, including carbon storage, habitat for wading 
and migratory birds, nursery grounds for commercial fish 
species, and coastal flood defence (e.g. Barbier et al., 2011). 
However, these environments are threatened by erosion 
caused by sea level rise, reductions in sediment supply, and 
anthropogenic activities such as land claim (e.g. Burden et al., 
2020). These threats result in habitat loss and degradation. 
A number of approaches have been implemented to restore 
saltmarsh habitat, including managed realignment (MR), the 
processes of deliberately breaching, removing or lowering 
coastal flood defences to allow intertidal inundation of the 
coastal hinterland, typically in areas that have previously 
been drained and reclaimed for agricultural purposes 
(French, 2006). 

Despite the global popularity of MR, with schemes 
implemented in countries such as the UK, Belgium, USA, 
Canada, and China, there is evidence to suggest that MR 
sites have a lower abundance of key plant species and 
more areas of bare ground in comparison to pre-existing 
reference sites (Mossman et al., 2012). These differences 
have been attributed to alterations in the sediment structure 
following reclamation, including ploughing and dewatering, 

resulting in poor drainage and anoxia due to higher levels 
of compaction and reduced hydrological connectivity 
(Spencer et al., 2017; Tempest et al., 2015). Differences in the 
vegetation found in MR sites have also be linked to the sites 
being topographically less variable than pre-existing sites 
(Lawrence et al., 2018), meaning MR sites may not have 
the range of elevation niches saltmarsh vegetation requires 
(Kim et al., 2013). 

Whilst sediment structure and site topography are 
likely to affect vegetation colonisation in MR sites, there is 
also the possibility that variations in land use and habitat 
management have an influence. For example, livestock 
grazing of saltmarshes occurs globally (Bakker et al., 2020) 
and has been demonstrated to reduce aboveground biomass 
and canopy heights (e.g. Nolte et al., 2013). Grazing also 
causes changes to the sediment, including increasing the 
bulk density (Nolte et al., 2015), although there is evidence 
to suggest that grazing may result in increased carbon 
sequestration (Elschot et al., 2015; Mueller et al., 2017). 
However, the influence of grazing has typically been 
overlooked when assessing vegetation and ecosystem 
service delivery in restored sites. For example, despite 
grazing being common practice in saltmarsh conservation 
management and encouraged through agri-environment 
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Figure 1: Location of the study sites, sampling locations and the Ribble Estuary (insert) © Getmapping Plc

schemes (e.g. Mason et al., 2019), only three of the 34 
reference sites were actively grazed in the study by Mossman 
et al. (2012) into the vegetation colonisation in MR sites. 

There is, therefore, a need to evaluate the extent 
to which differences in grazing regimes may influence 
ecological and sedimentological comparisons between 
MR and pre-existing reference sites. To address this need, 
the study presented herein provides an assessment of the 
difference in vegetation and sediment properties at grazed 
and un-grazed areas of a saltmarsh site, Crossens Marsh, 
on the Ribble Estuary, Lancashire, in comparison to two 
neighbouring MR sites of different ages, Hesketh Out Marsh 
West and Hesketh Out Marsh East (Figure 1), breached in 
2008 and 2017 respectively. 

Methods

Study Site
Hesketh Out Marsh East and West consists of a total of 350 
ha of restored intertidal habitat which had previously been 
reclaimed for agricultural use, through the construction of a 
sea wall, in the early 1980s (Gregory, 1986; MacDonald et al., 
2020). Intertidal inundation was returned to Hesketh Out 
Marsh West in 2008, whereas MR at Hesketh Out Marsh East 
was implemented in 2017. Four breaches were constructed in 
the sea wall at both sites with a series of channels excavated 
to reinstate the historic pre-reclamation creek network, and 
the agricultural linear drainage ditches were infilled (Tovey 
et al., 2009). The sites are set back from the main estuary 
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channel and are fronted by a large, 500 m wide, area of 
saltmarsh (Figure 1). Both sites are also relatively high in the 
tidal frame, with most of the area for saltmarsh to colonise 
being at or around the elevation of mean high-water spring 
tides. Moderate seasonal summer grazing does occur at 
both sites, with cattle being allowed onto the sites in July. 
However, sampling took place on 26th (West) and 28th (East) 
June 2023, before grazing commenced at the sites. Sampling 
also took place at two pre-existing reference sites located at 
Crossens Marsh, to the west of Hesketh Out Marsh (Figure 
1). The eastern site at Crossens Marsh is subject to season 
cattle grazing, commencing in mid-May, whereas no grazing 
occurs on the western site. Both sites were sampled on 27th 
June 2023. 

Field and laboratory sampling
Sediment sampling and vegetation surveys were conducted 
along two transects per site with between four and eight 
sampling locations established on each transect, positioned 
to ensure coverage across the entirety of each site (Figure 
1). At each sampling location, measurements were made of 
the vegetation cover and percentage of bare ground using a 
0.5 x 0.5 m quadrat. The canopy height (five replicates) was 
measured and the vegetation from a 0.1 x 0.1 m sub-division 
of the quadrat was collected for above ground dry biomass 
analysis. Vegetation cover was recorded to the nearest 5%, 
with rare species assigned a value of 1%. The Simpson’s 
Diversity Index (Simpson, 1949) was then calculated using 
percentage cover to represent abundance (after Tomascik 
and Sander (1987)). A sediment sample was also collected 
at each sampling location using a bulk density ring (5 cm 
deep, 5 cm diameter). The samples were stored in a sealed 
polyethene bag at 3.5°C in the University of Reading’s cold 
store until analysis. 

In the laboratory, above ground dry biomass was 
measured by weighing vegetation samples after drying at 
40°C in an oven for 48 hours. Sediment moisture content 
was assessed by oven drying pre-weighed samples at 105°C 
for 48 hours, re-weighing, and calculating as a percentage of 
the dry mass. The dry bulk density (mass per unit volume) 
of each sediment sample was calculated using the dry 
sediment weight and the volume of the bulk density ring. 
Organic matter content was measured by quantifying mass 
lost following ignition in a muffle furnace at 450°C for six 
hours. Organic carbon concentration was measured using 
a Thermo Flash EA 1112 NC analyser and used to calculate 
organic carbon density by multiplying the organic carbon 
content by the dry bulk density (Howard et al., 2014).

Statistical Analysis 
To evaluate differences between the four sites, Kruskal-Wallis 
tests were conducted for each variable as data were not 
normally distributed (Anderson-Darling test, p < 0.05). The 
overall difference between the sites was assessed through 
Principal Component Analysis (PCA), which has been used 
previously to (partially) differentiate between saltmarsh 
sites (e.g. Reid and Spencer, 2009). Analysis was conducted 
in Minitab (version 21) and a 95% confidence interval was 
used throughout.

Results 
Fifteen plant species were identified across the four sites, 
although some species were not found at every site (Table 
1). Thirteen species were identified at the grazed Crossens 
Marsh site with mid-low marsh species such as Festuca rubra, 
Lysimachia maritima, Plantago maritima and Suaeda maritima 
found across the site. Ten species were found at both 
Hesketh Out Marsh West and the un-grazed Crossens Marsh 
site, with the sites containing more upper marsh species 
including Atriplex prostrata and Festuca Rubra. At Hesketh 
Out Marsh East seven species were identified with mid-
low marsh species Puccinellia maritima and Suaeda maritima 
identified at most sampling locations, and a higher coverage 
of bare ground found in comparison to the other three sites.   

The marsh was more diverse at the grazed section of 
Crossens Marsh and less diverse at Hesketh Out Marsh West 
(Figure 2a), although this site also had the greatest variability. 
Simpson’s Diversity Index did not differ significantly 
between the four sites (p = 0.29). Vegetation height (p = 
< 0.001) and above ground biomass (p = 0.013) differed 
significantly between sites (Figure 2b-c). Post-hoc testing 
indicated the Crossens Marsh grazed site had significant 
differences in the vegetation height compared to all other 
sites (Hesketh Out Marsh East: p = 0.035, Crossen Marsh 
ungrazed and Hesketh Out Marsh West: p = 0.001). The 
grazed Crossens Marsh site had significant differences in 
biomass in comparison to the Crossens ungrazed (p = 0.037) 
and Hesketh Out Marsh West (p = 0.044) sites. 

Moisture content (p = 0.003), organic content (p = 
0.001), and organic carbon density (p = 0.002) (Figure 2d-
f) differed significantly between sites. Values for all three 
variables were typically lower in the MR sites compared 
to the pre-existing reference marshes, with the lowest 
values found at Hesketh Out Marsh East; the more recently 
breached of the two sites. Post-hoc testing indicated that 
moisture content was only significantly different between 
the Crossens ungrazed site and Hesketh Out Marsh East 
(p = 0.002), whereas organic content differed between 
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Figure 2: Distribution (median, interquartile range, and range) of (a) Simpson’s Diversity Index, (b) vegetation height, 
(c) above ground dry biomass, (d) moisture content, (e) organic content, (f) carbon density, (g) dry bulk density for each 
site. Significant differences were found between sites for each variable apart from Simpson’s Diversity Index. Groupings of 
statistical significance are indicated by lower case letters.
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Crossen ungrazed and Hesketh Out Marsh East (p = 0.028), 
and between the Crossens grazed site and both Hesketh 
Out Marsh West (p = 0.023) and East (p = 0.009). Organic 
carbon content differed significantly between Hesketh Out 
Marsh East and both the Crossens reference sites (ungrazed: 
p = 0.041, grazed: p = 0.004). In contrast, although bulk 
density (Figure 2e) differed significantly between sites (p = 
0.001) and was greater at the MR sites in comparison to the 
reference sites, it was only significantly different between 
Hesketh Out Marsh East and the ungrazed Crossens site (p 
= 0.001). Between the two reference sites at Crossen Marsh, 
moisture content, organic content and organic carbon 
density were typically lower, and bulk density was greater, 
at the grazed site. 

Principal Component Analysis (Figure 3) indicated 
that the first two components accounted for 76% of the 
variability, with the first component (eigenvalue = 3.47, 
variability = 50%) showing clear discrimination between 
the pre-existing and MR sites (Figure 3). Eigenvectors 
demonstrated that organic content (0.50), organic carbon 
density (0.49), moisture content (0.49) and bulk density 
(-0.49) had the greatest contribution to the first component. 
Some differentiation was demonstrated between the grazed 
and un-grazed areas of the pre-existing Crossens Marsh in 
the second component (eigenvalue = 1.86, variability = 

26 %), which was associated with above ground biomass 
(eigenvector = -0.69) and canopy height (eigenvector = 
-0.67).

Discussion 
Despite the extent of saltmarsh grazing for conservation 
management (e.g. Mason et al., 2019), the influence of 
grazing on the comparison between restored and pre-
existing natural marshes has been widely overlooked. In this 
study, lower canopy heights and biomass values were found 
at a grazed reference site in comparison to an un-grazed 
reference site and two MR sites, although a greater species 
richness was found at the grazed reference site. Differences 
in plant community composition between each site was 
also identified (Table 1). The ungrazed Crossens Marsh site 
and the older Hesketh Out Marsh West contained species 
typically found in the upper marsh, whereas mid-lower 
species dominated the grazed Crossens Marsh site and 
Hesketh Out Marsh East, the more recently breached of 
the two MR sites investigated. These findings are consistent 
with observations made at other sites (e.g. Bos et al., 2002; 
Esselink et al., 2000; Nolte et al., 2015; Nolte et al., 2013), and 
highlight the importance of considering site age and the 
influence of grazing when comparing between MR and 
pre-existing reference sites. This influence is particularly 

Figure 3: Principal component scores for the vegetation and sediment properties at the four sites. Collectively components 1 
and 2 accounted for 76% of the variability.
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important when evaluating the success of MR (Billah et al., 
2022) in terms of habitat loss compensation, restoration, and 
biodiversity net gain. 

Although lower canopy heights and biomass values 
were found at the grazed site (Figure 2), principal 
component analysis (Figure 3) indicated that variations in 
sediment properties between the MR sites and reference 
sites provided greater differentiation than the influence of 
grazing. Furthermore, the principal component analysis 
was only able to discriminate differences in canopy height 

and biomass at the reference sites in the second component, 
despite differences being found between the two MR sites. 
All vegetation and sediment property measurements at 
the older Hesketh Out Marsh West, except for Simpson’s 
Diversity Index, were similar to those at the pre-existing 
reference sites regardless of grazing activity (Figure 2). These 
trends are indicative of site evolution, and the transgression 
of the site towards physical and ecological functioning that 
is equivalent to the reference sites (e.g. Spencer et al., 2017), 
although further investigation is required to evaluate the 

Table 1: Percentage of sampling locations surveyed at each site where bare ground and each species were found, and the average 
percentage cover (± standard error) when present. 

Crossens Marsh 
ungrazed (n=10)

Crossens Marsh  
grazed (n=9)

Hesketh Out Marsh  
West (n=14)

Hesketh Out Marsh  
East (n=9)

Occurrence 
(%)

Average 
cover when 
present (%)

Occurrence 
(%)

Average 
cover when 
present (%)

Occurrence 
(%)

Average 
cover when 
present (%)

Occurrence 
(%)

Average 
cover when 
present (%)

Bare Ground 10 5 ± 0 67 31 ± 15 86 23 ± 0 89 55 ± 12

Aster tripolium 70 33 ± 11 33 9 ± 6 79 33 ± 5 56 40 ± 8

Atriplex 
prostrata

90 36 ± 8 11 79 13 ± 7 56 22 ± 9

Atriplex 
portulacoides

30 57 ± 29 0 7 80 ± 0 0

Festuca rubra 90 66 ± 7 89 38 ± 15 86 72 ± 10 0

Lysimachia 
maritima

0 78 0 0

Juncus geradi 0 33 40 ± 28 0 0

Lolium prenne 10 25 ± 0 11 5 ± 0 0 0

Plantago 
maritima

0 67 38 ± 0 7 35 ± 0 0

Puccinellia 
maritima

10 15 ± 0 0 7 1 ± 0 78 73 ± 12

Salicornia 
perennis

10 1 ± 0 44 19 ± 11 29 7 ± 2 44 10 ± 25

Spartina 
anglica

10 5 ± 0 11 5 ± 0 0 11 1 ± 0

Spergularia 
marinia

0 11 1 ± 0 21 5 ± 3 22 1 ± 0

Suaeda 
maritima

30 25 ± 5 67 19 ± 6 29 12 ± 5 89 24 ± 7

Trifolium 
repens

0 11 50 ± 0 0 0

Triglochin 
maritima

20 3 ± 2 22 10 ± 0 7 40 ± 0 0
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temporal influence of grazing as sites evolve following 
breaching. 

Measurements in this study were taken before 
seasonal grazing was introduced at the MR sites. Further 
investigation is therefore required to evaluate the impact 
of grazing on restored sites over time, and the extent to 
which land use management after site breaching inhibits 
vegetation colonisation. Land management is particularly 
important for assessments of sediment compaction as 
grazing may contribute further to compaction and changes 
to sediment structure caused by the reclamation process 
and terrestrial land use, as observed at other MR sites 
such as Medmerry (Dale et al., 2019) and Orplands Farm 
(Spencer et al., 2017). Nevertheless, the sediment property 
measurements presented in this study, specifically higher 
bulk density values, provide some evidence of compaction 
at the Hesketh Out Marsh sites. This finding is despite 
Hesketh Out Marsh only being reclaimed in the 1980s 
(Gregory, 1986), and therefore being subject to terrestrial 
land use for considerably less time than both the Medmerry 
and Orplands Farm MR sites, which were reclaimed in the 
early nineteenth century (Bone, 1996; Tempest et al., 2015). 
Whilst these physical disturbances have been recognised 
to be irreversible (Spencer and Harvey, 2012; Viles et al., 
2008), the influence of how long a site is reclaimed for and 
the potential for further compaction by grazers following 
site breaching requires further study, in order to evaluate 
the influence of land management in MR sites on ecosystem 
functioning and recovery. 

Concerns have been raised during the design of other 
MR schemes that the area to be breached is considerably 
lower in elevation than the surrounding intertidal habitat, 
due to dewatering and sedimentation on the seaward side 
(e.g. Cox et al., 2006; Temmerman et al., 2003), and may not 
be suitable for supporting saltmarsh habitat. In contrast, this 
was not the case at Hesketh Out Marsh due to the comparably 
short period between reclamation and implementation of 
MR (Gregory, 1986), with the site remaining relatively high 
in the tidal frame. Consequently, most of both Hesketh sites 
were at an appropriate level to support saltmarsh habitat 
prior to breaching, which is unusual for a MR site and unlike 

other potential MR sites in the Ribble Estuary (Tovey et al., 
2009). However, the sites are unlikely to have experienced 
the high levels of accretion observed at other MR sites 
following site breaching (e.g. Dale et al., 2021; Dale et al., 2017; 
Mazik et al., 2007) as a result of the relatively high elevation 
and lack of available accommodation space. It is, therefore, 
also likely that the rapid accumulation of carbon observed at 
other MR sites (Mossman et al., 2022; Wollenberg et al., 2018) 
would have not occurred. This assertion is supported by the 
lower density of organic carbon found at both Hesketh Out 
Marsh sites, in comparison to both the grazed and un-grazed 
reference sites. Whilst this might limit the possibility of the 
site providing a net gain in ecosystem services, the short 
duration between reclamation and implementation of MR 
did allow the pre-reclamation drainage network to be re-
instated (Tovey et al., 2009). This approach contrasts with the 
use of agricultural drainage ditches or constructed channels, 
as has been the case at other MR sites, and the influence 
of re-instating the intertidal channel network remains 
unknown and requires further research to assess how site 
design influences site evolution and ecological functioning.

Conclusion 
This study provides an assessment of the difference in 
vegetation and sediment properties at two MR salt marsh 
sites and both a grazed and an un-grazed pre-existing 
reference site. Results are consistent with findings from 
elsewhere, with the grazed reference site having a lower 
canopy height and biomass, although no significant 
difference in diversity was found between sites. Further 
research is required to evaluate the influence of these factors 
on site functioning to inform assessments of site evolution 
and, along with temporal measurements of plant growth 
and colonisation, to ensure comparisons with pre-existing 
references sites are appropriate. Improved comparisons 
between sites will inform the post-breach management 
of restored sites to maximise the opportunity for plant 
colonisation and establishment of occur, and to support 
the development of a functioning intertidal ecosystem and 
ecosystem service provision. 
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