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A B S T R A C T

Globally, approximately 46.4% of saltmarsh has been lost or degraded. Sedimentation fields are one method of 
restoring and creating compensatory intertidal habitat, by enclosing mudflat to reduce hydrological forcing, trap 
sediment, and encourage saltmarsh establishment. To date, sedimentation fields have predominantly been 
studied using numerical models or with a focus on the initial deposition of sediment and plant colonisation. 
Consequently, it remains unknown whether the created habitat in sedimentation fields can become self- 
sustaining or whether there is a need for continued maintenance to prevent subsequent erosion. Here, we pre
sent a novel empirical investigation of Rumney Great Wharf, Wales, where sedimentation fields were constructed 
between 1989 and 2005 but no maintenance has been carried out since 2010. Hydrodynamic measurements 
indicate greater spatial differences in current velocity during the summer, and that suspended particulate matter 
was higher outside the sedimentation fields in comparison to inside the enclosed area during the summer but not 
during the winter. Between May 2023 and 2024, 87% of the surface area of the sedimentation fields experienced 
erosion resulting in the net loss of 9531 m3 of sediment. This loss occurred despite indications from on-site 
sediment trap data that there is the potential for sediment to accrete at more than 10 cm/year at mudflat 
sites and up to 9 cm/year at saltmarsh sites. These results suggest that the created marsh is not self-sustaining, 
and continued maintenance of the sedimentation fields might be required. Further research is required into 
sedimentary processes in sedimentation fields, both to inform the management of such schemes and to identify 
suitable locations for future sedimentation field construction. Assessments of marsh functioning and ecosystem 
service delivery in sedimentation fields are also needed to provide justification for future implementations of this 
restoration method.

1. Introduction

Approximately 5.1 to 5.3 Mha of the Earth's surface is occupied by 
saltmarsh habitat (Pendleton et al., 2012; Worthington et al., 2024). 
These environments provide important ecosystem services such as flood 
defence, carbon sequestration, and water quality regulation (e.g. Barbier 
et al., 2011; Costanza et al., 1997). Despite the importance of this 
habitat, it is estimated that 46.4% of saltmarsh globally has been lost or 

degraded (Brook et al., 2025). These losses are largely due to the in
fluence of human activity such as land claim, erosion caused by rising 
sea levels, and reductions in sediment supply (e.g. Doody, 2004; Gedan 
et al., 2009; Schuerch et al., 2018). Consequently, several nature-based 
solutions have been employed to restore and create habitat to 
compensate for the loss of saltmarsh (Pontee et al., 2021). These 
methods either restore marsh that is eroding, degrading or has been lost 
through, for example, land claim, or create marsh in new locations 
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where it is currently not present. Approaches to marsh restoration and 
creation can be divided into three broad categories: (1) reintroduction of 
tidal inundation, (2) transplanting vegetation, (3) enhanced sediment 
deposition.

Reintroduction of tidal inundation to restore saltmarsh involves the 
breaching, lowering or removal of coastal flood defences such as sea 
walls and dykes, usually to reinstate tidal inundation to areas which 
have previously been embanked and drained through land claim. This 
can be achieved through either managed or unmanaged realignment, or 
regulated tidal exchange. However, it is not possible to allow tidal 
inundation in all previously reclaimed areas due to concerns such as soil 
contamination, infrastructure, and site elevation (e.g. Dale and Arnall, 
2024). Furthermore, issues such as poor drainage and reduced topo
graphic variability in these sites have been associated with anoxia and 
inhibited saltmarsh development (e.g. Lawrence et al., 2018; Mossman 
et al., 2012; Spencer et al., 2017; Tempest et al., 2015).

In areas where reintroduction of tidal inundation is not possible, 
marsh is already present, or restoration is envisioned without breaching 
defences, transplanting of vegetation has been carried out to stabilise 
marshes and reduce marsh recession (e.g. Liu et al., 2024). For example, 
species of Spartina have historically been used globally to stabilise 
marshes (Cao et al., 2018; Ladd, 2021), although there are now concerns 
in some regions that Spartina has become invasive and is impacting 
ecosystem functioning (e.g. Zhao et al., 2020). Recent attempts to 
transplant other marsh species that are more appropriate for the local 
environment have demonstrated some evidence of successfully restoring 
marsh biogeomorphic processes. This includes the transplanting of 
Bolboschoenus maritimus in the Eden estuary of Scotland, although as
sessments of this scheme have indicated that the restored marsh did not 
provide comparable rates of sediment retention to naturally vegetated 
areas (Taylor et al., 2019).

As an alternative method to compensate for saltmarsh loss, the bed 
elevation can be increased to a position within the tidal frame which is 
more suitable for saltmarsh growth by enhancing the deposition of 
sediment. This can be achieved using three approaches: (1) sediment can 
be deposited artificially, for example through the beneficial use and 
disposal of dredge material (e.g. Baptist et al., 2019); (2) artificial 
structures can be erected to retain deposited material and enhance 
sedimentation rates by reducing current velocity and wave height (e.g. 
Siemes et al., 2020); (3) a combination of both structures and dredge 
material (Baptist et al., 2021). Sedimentation enhancing structures can 
either be constructed within or outside of areas of pre-existing salt
marsh. For example, coir rolls can be installed in channels within the 
saltmarsh to create a partial dam and encourage sediment accumulation 
in smaller creeks to restore the marsh (e.g. Pontee et al., 2021). Alter
natively, structures can be built to create saltmarsh in areas of mudflat, 
including small-scale interventions such as sandbags (e.g. Gonçalves 
et al., 2025) or larger scale features including breakwaters (e.g. Vona 
et al., 2020), net structures such as the ‘derosion lattice’ (Hung et al., 
2025), and sedimentation fields (Scarton et al., 2000; Siegersma et al., 
2023).

This study focuses on sedimentation fields, which are typically 
constructed using brushwood groynes and fencing to (partially) enclose 
an area of intertidal mudflat with the intention of trapping sediment and 
encouraging saltmarsh to grow (e.g. Boumans et al., 1997; Reeder et al., 
2021). Historically, they have been used extensively in areas of the 
Danish, Dutch and German Wadden Sea for agricultural land claim, 
where approximately 50% of the saltmarsh has been created or managed 
in this way (Pontee et al., 2021). More recently, similar schemes have 
been used to create and stabilise eroding saltmarsh (Scarton et al., 2000; 
Siegersma et al., 2023). Whilst creating saltmarsh in areas that are 
already tidally connected may mitigate issues associated with 
re-inundating agricultural land, the use of sedimentation fields for 
saltmarsh creation is not without limitations. For example, it might be 
necessary to maintain fencing until saltmarsh has become established, or 
permanently if a marsh would not otherwise have established at a given 

location without human intervention (e.g. Reed et al., 2018). This is 
dependent on the created marsh becoming self-sustaining and resilient 
to storms, erosion and sea level rise (e.g. Ganju, 2019; Kirwan et al., 
2010) by crossing a vegetation cover threshold (e.g. D'Alpaos, 2011) and 
through biophysical feedback processes accelerating vertical marsh 
buildup (e.g. Kirwan et al., 2016). Ensuring sediment accretion to in
crease the bed elevation and enable saltmarsh vegetation to become 
established is, therefore, one of the key factors in determining the suc
cess of sedimentation fields.

Despite the importance of sedimentation, investigations into the 
sedimentary processes associated with saltmarsh created in sedimenta
tion fields have predominantly been modelling studies or have focused 
on the initial sediment deposition and early saltmarsh development (e.g. 
Hung et al., 2025; Scarton et al., 2000; Siegersma et al., 2023; Siemes 
et al., 2020). Consequently, there is a need for empirical assessments of 
the stability of the created marsh and the sources, mechanisms, and 
timescales of sediment delivery and accretion once saltmarsh has 
become established. Through these assessments, the appropriateness of 
the design and location, the influences on the stability of the created 
marsh, and the requirement for continued maintenance can then be 
evaluated. This understanding is urgently needed to inform the man
agement of future sedimentation field sites to ensure maximum salt
marsh development and ecosystem service delivery, and to maintain 
saltmarsh growth and prevent erosion at locations already created using 
this method. This is particularly important for relatively exposed sites, 
where large tidal ranges and high exposure to storm surges may make 
maintaining sedimentation fields especially challenging.

To address these knowledge gaps, this study presents a novel com
bination of measurements of hydrodynamics, sediment properties and 
accumulation, and elevation change. These measurements were taken 
from an area where saltmarsh has developed following sedimentation 
field construction between 1989 and 2005 at Rumney Great Wharf 
(Fig. 1) in the macrotidal Severn Estuary, Wales, to: 

1. Assess spatial and temporal variations in the hydrodynamics, and the 
movement and availability of sediment.

2. Determine the composition of the sediment that has accumulated 
following sedimentation field construction.

3. Examine spatial patterns in the accretion and erosion of sediment to 
evaluate whether the created marsh is self-sustaining.

4. Evaluate the potential for further saltmarsh development at Rumney, 
and the requirements for successful future saltmarsh creation using 
sedimentation fields at other locations.

2. Methods

2.1. Study site

The geology of the site comprises a series of early to mid-Holocene 
estuarine and peat sediment deposits, known collectively as the Wen
tlooge Formation (Bell et al., 2000). Sediment has accreted in intertidal 
areas, and saltmarsh has developed on top of the Wentlooge Formation. 
On exposed mudflats, the Formation is topped by a fine silt layer, with a 
peat shelf dating from 6000 to 2500 BP (Allen, 1997) exposed in some 
locations (Supplementary Fig. 1). The site has a long history of human 
influence with evidence of small-scale human activity at the site during 
the Bronze Age (Bell, 2013) and early land reclamation during the 
Roman period (Allen and Fulford, 1986). The site is backed by an 
embankment (Supplementary Fig. 1) constructed prior to the 13th 
century AD (Fulford et al., 1994), which protects the Wentlooge Levels 
from tidal inundation, with a spring tidal range of over 11 m.

The upper marsh is separated from the lower marsh by a pronounced 
cliff, or wharf, which is over 3m high in places (Ladd, 2021). In 2005, 
boulders were added to create a revetment and stabilise the cliff between 
the upper and lower marsh (Supplementary Fig. 1). The boulders were 
also used to infill the channels which dissected the upper marsh and 
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connected the lower and upper marsh. The site is relatively exposed to 
the prevailing wind from the southwest, though is sheltered from the 
Atlantic swell (Armstrong et al., 2021). The site is inundated during 
most tides apart from during lower neap tides, with the wharf marking 
the position of mean high water. This study focuses on the lower marsh 
and tidal flat seawards of the revetment where sedimentation fields have 
been constructed.

To decelerate and reverse the loss of lower saltmarsh, five sedi
mentation fields numbered one to five in a west to east direction (Fig. 1) 
were constructed at Rumney Great Wharf. Initially, a single sedimen
tation field was constructed to the west of an area of pre-existing marsh 
in 1989 (Ferns, 1990). This sedimentation field is now known as Sedi
mentation Field 5 (SF5). In 2005, the fencing was extended to the west 
(Burgess-Gamble et al., 2017) through the construction of Sedimenta
tion Fields 1 to 4 (SF1 to SF4). Brushwood fencing was constructed 
through the erection of two rows of larch stakes driven into the mudflat 
with willow bundles woven between the rows. Sediment has accreted 
and marsh has developed following sedimentation field construction, 
predominantly in the eastern sedimentation fields (SF3, SF4 and SF5; 
Fig. 1) where elevation has increased by over 0.5 m (Armstrong et al., 
2021). Most of the created marsh has formed with a ridges and groove 
morphology, similar to other sites in the Severn Estuary (Allen, 2000). 
Some saltmarsh vegetation has also colonised in SF2, although this is 
mainly establishing on the exposed peat shelf. The fencing has not been 
maintained since 2010 and, as a result, the willow bundles have washed 
away leaving only the larch stakes in situ.

2.2. Field measurements

Variations in hydrodynamics across the site were assessed during 
two monitoring periods: a summer deployment from 18th May to 30th 
June 2023 and a winter deployment from 31st October to 15th 
December 2023. Four YSI EXO2 Sondes were deployed, three along the 
front fencing of SF1, SF2 and SF3 and one to the west outside of the 

sedimentation fields (Fig. 1). Each Sonde measured water depth, salinity 
and turbidity at a 10-min logging frequency, with turbidity later cali
brated for suspended particulate matter (SPM) in the laboratory using 
filtered local water samples. To assess variations in current and wave 
orbital velocity during each measurement period, Mini Buoys measuring 
at 2 s logging frequency were deployed. Mini Buoys are battery-powered 
accelerometer data loggers, contained in a sealed centrifuge tube float 
tethered to the bed. Mini Buoys float upright whilst inundated and move 
freely, with the acceleration motion used to measure inundation, current 
velocity and wave orbital velocity. Details of the Mini Buoys calibration 
and validation, including differentiation between current and wave 
orbital velocity, were reported by Ladd and Balke (2024) and Ladd et al. 
(2024). In our study, the B4+ design with MSR145W B4 accelerometers 
(accuracy =± 0.15 G at 25 ◦C; resolution = 0.004 G; range =± 2 G) was 
used. Three Mini Buoys were deployed inside the sedimentation fields, 
in SF1, SF2 and SF3, and two were deployed outside of the sedimenta
tion fields: one alongside the Sonde to the west, and one in front of the 
fencing at SF3 (Fig. 1). Each Sonde and Mini Buoy were deployed at the 
same location for the duration of the two monitoring periods, except for 
the Sonde and Mini Buoys inside and outside of SF3 which were moved 
80 m to the west for the winter deployment.

To determine the rate of sediment accumulation, sediment traps 
were deployed during both measurement periods following the method 
of Baranes et al. (2022). Sediment traps are a method of indicating the 
available sediment that could potentially be accreted and do not account 
for the tidal pattern of accretion and erosion or the overall trend of 
accretion or erosion. Five sediment traps were deployed at each of 12 
locations (Fig. 1), along a shore parallel transect which extended from 
the mudflat outside of the sedimentation fields to the west, used as a 
control site, moving through the unvegetated areas inside SF1 and onto 
the marsh that has developed following fence construction. The transect 
continued across the marsh platform to the east, to a second control site 
on the marsh that existed outside the sedimentation fields prior to site 
construction. Sediment traps were deployed at two locations within each 

Fig. 1. Location of Rumney Great Wharf and equipment deployed during two measurement periods (*summer deployment only, **winter deployment only). 
Sedimentation fields 1 to 4 were constructed in 2005, and sedimentation field 5 was constructed in 1989.
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sedimentation field, and each trap was named according to sedimenta
tion field number and the position of the traps within the sedimentation 
field (west or east). On retrieval, sediment traps were capped and stored 
in a cold store at 3.5 ◦C prior to laboratory analysis.

In May 2023, sediment cores were taken at each location to a depth 
of between 40 and 80 cm using a 5 cm diameter gouge auger to assess the 
properties of the created marsh. Each core was visually examined, log
ged stratigraphically and sub-sampled at 2 cm intervals in the field. Each 
sub-sample was placed in a polythene bag and stored in a cold store at 
3.5 ◦C prior to laboratory analysis.

To determine spatial patterns in sediment accretion and erosion, a 
DJI Mavic 3e with Real-Time Kinematic (RTK) uncrewed aerial system 
(UAS) was used to survey the site in May 2023 and May 2024. RGB 
images were collected from an altitude of 45 m, giving a ground sam
pling resolution of 1.16 cm/pixel. For the purposes of model accuracy, 
three ground control points were recorded using a Trimble Catalyst DA2. 
Three additional independent points were recorded to be used as check 
points to assess model quality. All points had a reported horizontal and 
vertical positional quality of <0.02m.

2.3. Laboratory analysis

Subsamples from sediment cores were analysed in the laboratory for 
dry bulk density, moisture content and organic content. A known vol
ume of sediment was extracted from each sub-sample and dried at 
105 ◦C for 48 h. Dry bulk density was calculated as the dry mass per unit 
volume, and moisture content as the percentage weight lost following 
drying. Loss on ignition was used as a proxy for organic content, 
measured following combustion of the dry sediment at 450 ◦C for 6 h. 
Sediment accumulation rates were calculated following Baranes et al. 
(2022). Materials that had accumulated within the sediment traps were 
decanted, rinsed to remove salt, and dried at 105 ◦C for 48 h. Accu
mulation rates were calculated by dividing the dry mass of sediment by 
the sediment trap cross-sectional area, divided by the deployment time.

2.4. Data analysis

Average SPM, current velocities, and wave orbital velocities were 
calculated for each flood and ebb tide. Differences between sites were 
assessed for current velocity and suspended sediment concentration 
during the flood and ebb tidal phases separately using a Kruskal-Wallis 
test suitable for non-parametric data (Anderson-Darling test, p < 0.05). 
Differences between the flood and ebb tide SPM and current velocity at 
each site were also assessed via a Mann-Whitney U test. Differences in 
wave orbital velocity between the flood and ebb tide were not assessed 
as it was assumed wave activity would be a product of extrinsic condi
tions such as wind strength and direction rather than flood/ebb tidal 
variations. Instead, the daily average wave orbital velocity was used to 
evaluate variations in waves, with differences between sites assessed 
using a Kruskal-Wallis test. The correlation between SPM and both 
current and wave orbital velocity during flood and ebb tidal phases was 
assessed through a Spearman's Rank test to determine the relationship 
between site hydrodynamics and SPM.

Differences in sediment properties between areas where saltmarsh 
has become established and sites which have remained mudflat were 
confirmed through Principal Component Analysis (PCA) of the param
eters measured from the sediment cores. PCA was used as the technique 
has previously been shown to (partially) discriminate differences in 
intertidal sediments (Cundy et al., 2006; Dale et al., 2019, 2021). All 
statistical analysis was conducted in Minitab (21.2.0).

UAS imagery was processed using Agisoft Metashape Professional 
(1.8.4). For each survey, a dense point cloud was produced using mild- 
depth filtering from which an orthophoto and digital surface model 
(DSM) were constructed. Root mean square error values of 0.04 m and 
0.03 m were calculated for 2023 and 2024 DSMs respectively using the 
independent check points recorded in the field (see Section 2.2). DEMs 

of Difference (DoD) analysis provides a method of identifying and 
quantifying areas experiencing either erosion or accretion (Dale et al., 
2020, 2021; Strick et al., 2019; Williams, 2012) and was performed in 
this study for the two DSMs using QGIS (3.34.14). When conducting 
DoD analysis, it is important to consider the potential propagation of 
error. Therefore, a specified level of detection (LoD) was calculated 
using the independent check points (Lane et al., 2003), with any change 
smaller than the LoD not included in the analysis (James et al., 2017). In 
this study, we calculated the LoD to be 0.01 m. We recognise that 
comparing DSMs containing vegetation may introduce error into the 
calculation, although this is expected to be minimal given that surveying 
took place in May before the growth of any tall canopied annual species 
such as Spartina. Furthermore, any error introduced is likely to be within 
the error of the reconstruction (e.g. Hladik and Alber, 2014) and 
removed once the LoD has been applied.

3. Results

3.1. Hydrodynamics

SPM was significantly greater (Mann-Whitney U test, p < 0.05) on 
the flood tide than the ebb at all sites (Fig. 2), both in and outside of the 
sedimentation fields, except for SF3 during the winter measurement 
period where the difference was not statistically significant. At this site, 
the deployment location was changed for the winter measurement 
period due to the considerably higher SPM values observed in the 
summer deployment. These are likely the result of the proximity of the 
summer deployment site to the marsh platform and localised variations 
in hydrodynamics, resulting in the decision to move the instrument 80 m 
to the west for the winter deployment.

Significant differences in SPM were detected during the summer 
measurement period between SF1, SF2, and the deployment sites 
outside to the west of the sedimentation fields (Kruskal-Wallis test, p <
0.05) on both the flood and on the ebb tides. Post-hoc testing indicated 
this difference was between the deployment site outside to the west of 
the sedimentation fields and the other two sites, with higher SPM con
centrations detected outside of the fields in comparison to inside. 
Summer SPM data from SF3 was not included in comparisons between 
sites due to concerns regarding the influence of localised hydrodynamics 
and the data not being representative of the whole sediment field. SPM 
did not differ significantly between sites on either the flood or the ebb 
tides during the winter measurement period.

Current velocity was significantly greater (Mann-Whitney U test, p <
0.05) on the ebb tide than the flood inside SF1, SF3, and outside to the 
west of the site, during the summer measurement period (Fig. 2). Cur
rent velocities did not differ significantly between the flood and ebb tide 
inside SF2 and outside in front of SF3, where lower current velocities 
were typically measured. In contrast, significant differences in current 
velocity were only detected between the flood and ebb tides at the site to 
the west outside of the sedimentation fields and at SF1 in the winter 
measurement period (Mann-Whitney U test, p < 0.05), when current 
velocities were typically higher across the sites. At both locations the 
current velocity was greater on the ebb tide than the flood. Kruskal- 
Wallis tests indicated significant differences (p < 0.05) between sites 
on both the flood and ebb tides across both measurement periods. Post- 
hoc testing suggested more similarity between sites (fewer groups) 
during the winter measurements (Supplementary Table 1).

Wave orbital velocity differed significantly between sites during the 
summer measurement period (Kruskal-Wallis test, p = 0.02). This dif
ference was the result of typically lower wave orbital velocities outside 
of SF3, the most seaward site, with no significant differences detected 
between the other four sites. In comparison, higher wave orbital ve
locities were measured in the winter (Fig. 2) with no significant differ
ences detected. Spearman's rank correlation coefficients indicated that 
during the summer measurement period wave orbital velocity generally 
had the strongest relationship with SPM across the site (Table 1). During 
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the winter measurement period, current velocity had a stronger rela
tionship with SPM in comparison to the summer measurement period, 
although wave orbital velocity also maintained a strong relationship 
during the winter.

3.2. Sediment properties and accumulation

Sediment cores, in general, indicated a typical profile for both the 
vegetated saltmarsh and non-vegetated mudflat sites. Charcoal frag
ments were identified in some cores, as found in other Severn Estuary 
sediment records (French, 1998), and in deeper cores larger wood 
fragments were found at depths greater than 68 cm. Fig. 3 presents the 
average bulk density, moisture content and organic content for each 
sediment core. PCA analysis demonstrated clear segregation in the first 
component (Fig. 4), which explained 91% of the variability (eigenvalue 
= 2.7) between the saltmarsh and the mudflat sites. Each variable made 
even contributions to Component 1, demonstrated by the calculated 
eigenvectors (bulk density = − 0.6, moisture content = 0.6, organic 
content = 0.6). The second component explained 6% of the variability 
(eigenvalue = 0.2) and was associated with moisture content (eigen
vector = − 0.79) and organic content (eigenvector = 0.58).

Sediment trap measurements detected greater accumulation rates 
(Fig. 5) in the unvegetated mudflat sites compared to the vegetated 
saltmarsh sites in both the summer and winter measurement periods. 
Average accumulation was 0.05 g/cm2/day higher in the summer and 

0.02 g/cm2/day higher in the winter at mudflat sites compared to salt
marsh sites. During both the summer and winter deployments, a greater 
sediment accumulation rate was also generally detected at mudflat sites 
within the sedimentation fields in comparison to the mudflat outside of 
the fields. To calculate the equivalent potential accretion rate, the 
average bulk density measured from the equivalent sediment core was 
divided by the summer and winter sediment accumulation rates. Find
ings suggest that there is potential for sediment accretion of greater than 
10 cm per year at some unvegetated mudflat sites and up to 9 cm per 
year at vegetated saltmarsh sites (Fig. 6).

3.3. Spatial sedimentary processes

In the 12 months between the 2023 and 2024 UAS surveys, a net loss 
of 9531 m3 of sediment was eroded from inside the sedimentation fields 
(Fig. 7). In total, 87% of the surface area of the sedimentation fields 
experienced erosion with an average erosion depth of 8.61 cm. Accre
tion occurred across 7% of the sedimentation fields and the remaining 
6% experienced change below the LoD (0.01 m). The average accretion 
depth was 5.38 cm. The greatest erosion occurred in the unvegetated 
mudflat areas, particularly in the centre of SF3. The rest of the erosion 
typically occurred on the marsh platform in SF4 and SF5 and along the 
edge of the peat shelf, particularly in SF2 and the northeast corner of 
SF1.

Fig. 2. Variations in summer (a) suspended particulate matter (SPM), (b) current velocity, and (c) wave orbital velocity and winter (d) SPM, (e) current velocity, and 
(f) wave orbital velocity (SF = sedimentation field). Average flood (clear bars) and ebb (filled bars) tide values were used for SPM and current velocity measurements. 
Average daily values were used for wave orbital velocity. Error bars represent the standard deviation.

Table 1 
Spearman's rank correlation coefficients between flood and ebb tide average suspended particulate matter (SPM) and current and wave orbital velocity during the 
summer and winter measurement periods (SF = sedimentation field). All correlations were statistically significant (P < 0.05). Summer SPM data from SF3 was not 
included due to concerns that the data were not representative of the sedimentation field as a whole.

Outside SF1 SF2 Inside SF3 Outside SF3

SPM Flood SPM Ebb SPM Flood SPM Ebb SPM Flood SPM Ebb SPM Flood SPM Ebb SPM Flood SPM Ebb

Summer Current Velocity 0.48 0.50 0.40 0.45 0.80 0.69 - - - -
Wave Orbital Velocity 0.66 0.70 0.56 0.81 0.80 0.70 - - - -

Winter Current Velocity 0.77 0.79 0.78 0.85 0.77 0.85 0.91 0.90 0.92 0.86
Wave Orbital Velocity 0.74 0.76 0.75 0.92 0.76 0.87 0.92 0.90 0.91 0.93
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4. Discussion

The sedimentation fields at Rumney Great Wharf were not main
tained beyond 2010, with the brushwood lost and only stakes remaining 
at the time of this study. Given the lack of maintenance, the level of 
current reduction and wave sheltering is likely to have been reduced 
from the ‘as-built’ protection, allowing for assessments to be made of the 
functioning, stability and resilience of the created marsh without 
continued human intervention.

4.1. Hydrodynamics and sediment movement

Our findings suggest greater heterogeneity between sites at Rumney 
Great Wharf during the summer in terms of the current velocity and 
sediment accumulation, although wave orbital velocity had the stron
gest relationship with SPM during the summer. In contrast, higher SPM 
concentrations, current velocities and wave orbital velocities were 

detected during the winter measurement period, with more consistency 
between sites. We acknowledge that Ladd et al. (2024) only found a 
reasonable relationship between wave orbital velocity measurements 
collected by the B4+ Mini Buoy and measurements taken using 
industry-standard sensors. However, Mini Buoys still provide an infor
mative indication of the wave climate and its influence on the supply of 
sediment to, and stability of, the created marsh. This is demonstrated by 
the seasonal differences detected at Rumney Great Wharf, as well as the 
relationship between wave orbital velocity and SPM. Hydrodynamic 
forcing by tidal currents and wave action play an important role in the 
movement and accumulation of sediment, and the potential for marsh 
vegetation to become established (e.g. Bouma et al., 2016; Cao et al., 
2018; Möller and Christie, 2019). Consequently, an understanding of the 
hydrodynamics is required to ensure sedimentation fields are designed 
to capture and consolidate deposited sediment when it is available 
(Oosterlee et al., 2020).

Understanding site hydrodynamics is also important when 

Fig. 3. Average bulk density (a), moisture content (b), and organic content (c) for each site sampled within and outside (control sites) the sedimentation fields (SF) at 
Rumney Great Wharf. Filled bars represent unvegetated mudflat sites and clear bars represent vegetated saltmarsh sites.
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evaluating the stability of the created marsh and the need for continued 
intervention until the marsh is established and able to sustain itself. 
Between May 2023 and May 2024, we observed a net loss of sediment at 
Rumney Great Wharf (Fig. 7), suggesting that the marsh is not self- 
sustaining and might have reverted to having an erosive trend. Appro
priate sedimentation field design is needed to ensure sites are resilient 
and to encourage the created marsh to become self-sustaining. This 
typically occurs once a threshold in vegetation cover is crossed (e.g. 
D'Alpaos, 2011), although how this threshold is determined and 

detected for sedimentation fields requires further investigation. Sedi
mentation field design can differ considerably. The traditional design, 
which was used at Rumney Great Wharf, involves the construction of 
cross-shore brushwood groynes fronted by a shore-parallel fence, which 
can contain a tidal opening (Pontee et al., 2021). Numerical modelling 
simulations by Siemes et al. (2020) found this design to be the most 
effective for stimulating saltmarsh growth. There does, however, remain 
a need to consider height, width, and spacing between groynes, 
depending on the local processes and environment (Pontee et al., 2021) 
to maximise sediment accretion for saltmarsh establishment. Sediment 
accumulation rates measured at Rumney Great Wharf indicated 
increased sediment delivery to the marsh platform during the winter in 
comparison to the summer. However, lower accumulation rates were 
measured on the mudflat in the winter, likely due to higher hydrody
namic forcing preventing the sediment from settling. Without continued 
maintenance of the fencing to reduce current velocity and wave heights 
during the winter, and to encourage sediment deposition in the summer, 
it is likely that the erosive trend will continue.

Predictive models (e.g. Allen, 2000) and empirical measurements 
from other saltmarsh restoration schemes (e.g. Clapp, 2009; Dale et al., 
2021; Dale et al., 2017; McMahon et al., 2023; Mossman et al., 2022) 
suggest that rapid accretion would be expected following sedimentation 
field construction. Similar observations have been made by studies on 
sedimentation-enhancing structures (e.g. Gonçalves et al., 2025; Van 
Loon-Steensma and Slim, 2013), including the few studies on sedimen
tation fields (e.g. Scarton et al., 2000; Siegersma et al., 2023; Winter
werp et al., 2020). However, further research into the initial accretion of 
sediment, the time required for saltmarsh to become established, and the 
resilience of the created marsh is needed. This is of particular impor
tance in settings with high sediment availability such as the Severn Es
tuary, where high accretion rates may bury deposited sediment before it 
has consolidated, resulting in lower resistance to erosion (Oosterlee 
et al., 2020; Stoorvogel et al., 2024).

Fig. 4. Score plot for the first and second component calculated through 
Principal Component Analysis. Collectively, the first and second components 
explained 97% of the variability. Each site is labelled (SF = sedimentation field) 
with red squares indicating the saltmarsh and blue circles the mudflat sites. 
Outside East was the only site that was saltmarsh prior to sedimentation field 
construction.

Fig. 5. Sediment accumulation rates measured at each site (SF = sedimentation field) during (a) summer and (b) winter measurement periods. Filled bars represent 
unvegetated mudflat sites and clear bars represent vegetated saltmarsh sites. The elevation of each site is also indicated. No sediment traps were recovered from the 
Outside East site following the summer measurement period. Outside East was also the only site that was saltmarsh prior to sedimentation field construction.
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The spatial and temporal variability in the rate of sediment deposi
tion in sedimentation fields needs to be assessed not only to ensure that 
the bed elevation reaches the level required for saltmarsh to colonise, 
but also to outpace the rate of sea level rise. The longer-term bio
geomorphic evolution of the site should also be considered, as the 
mechanism of sediment accumulation (trapping vs bioaccumulation) 
may change over time as the site develops. There is, therefore, a 
requirement for investigations of changes in vegetation structure and 
composition, and the associated influence on hydrodynamics, sediment 
transport pathways and the success of the scheme (e.g. Silliman et al., 
2015). Implementing monitoring programmes such as these will help to 
ensure the dynamic adaptive capacity of the developing marsh to 
erosion and sea level rise (Ganju, 2019) and maintain the provision of 
important ecosystem services (Schuerch et al., 2022).

4.2. Sediment composition

Principle Component Analysis of sediment cores from Rumney Great 
Wharf suggested clear segregation between sites where saltmarsh has 
developed and sites that have remained mudflat (Fig. 4). These findings 
support suggestions that the use of sedimentation fields for saltmarsh 
creation might mitigate some of the limitations associated with other 
approaches (Dale and Farrell, 2026). For example, managed realign
ment sites have been shown to have lower diversity and abundance of 
key plant species than pre-existing reference sites due to reduced topo
graphic complexity and decreased sub-surface hydrological connectiv
ity, leading to anoxia (Lawrence et al., 2018; Mossman et al., 2012; 
Tempest et al., 2015). This has been associated with alterations to the 
sediment structure caused by former (terrestrial) land use (e.g. Spencer 
et al., 2017).

Fig. 6. Potential summer (clear bars), winter (dash filled bars) and average (block filled bars) accretion rates based on the measured sediment accumulation and 
average bulk density measurements at each site (SF = sedimentation field). No sediment traps were recovered from the Outside East site following the summer 
measurement period.

Fig. 7. DEM of Difference analysis of digital surface models produced in May 2023 and May 2024.
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Despite the limited evidence of any segregation between the pre- 
existing and the created marsh, further research should still consider 
the sedimentological differences between pre-existing marshes and 
those created using sedimentation fields, especially as sediment accu
mulates and saltmarsh starts to become established. Specifically, the 
composition and properties of the accreted sediment should be investi
gated in future assessments of sedimentation schemes. For example, 
sedimentation fields could store contaminated sediment (Henry et al., 
1999), delivering benefits such as water quality improvements and 
providing additional justification for the expense associated with their 
continued maintenance. Any elevation changes caused by subsidence as 
the deposited sediment consolidates (Saintilan et al., 2022) should also 
be considered.

4.3. Future use of sedimentation fields

Sedimentation fields should be viewed as the artificial manipulation 
of hydrological functioning and sedimentary processes to encourage 
saltmarsh growth (e.g. Dale and Farrell, 2026). However, for sedimen
tation fields to be used more widely to compensate for saltmarsh loss, it 
is important that sites reach the required threshold (e.g. D'Alpaos, 2011) 
beyond which continued manipulation is no longer required. The sedi
mentary and hydrodynamic processes in newly constructed sedimenta
tion fields need to be investigated to understand the required frequency 
and duration of maintenance until this threshold is reached. Further 
assessments of the suitability of potential locations for future schemes, 
including locations where other methods of saltmarsh restoration are 
not possible, are also needed. For example, the presence of infrastruc
ture, urban development or other designated habitat types means that in 
some locations, flood defences either cannot be breached through 
managed realignment or be allowed to fail due to a policy of not 
maintaining defences, resulting in the formation of an unmanaged 
realignment site (Dale and Arnall, 2024). This is particularly pertinent 
given that only a comparatively small amount of the area where 
realignment is possible has so far been realised (Williams and Dale, 
2023), partially due to unfavourable public perceptions of realigning 
defences (Esteves, 2014).

Consideration of the ecological functioning and ecosystem service 
provision of newly created saltmarsh is required more widely. For 
example, it is possible that constructing sedimentation fields in front of 
coastal flood defences could create a buffer zone and reduce pressure on 
the defences through attenuation of high-water levels (e.g. Kiesel et al., 
2022; Wamsley et al., 2010) and waves (e.g. Moller et al., 2014; Rup
precht et al., 2017). It is also likely that the anticipated high sedimen
tation rates could result in rapid carbon accumulation, as seen in some 
managed realignment sites (McMahon et al., 2023; Mossman et al., 
2022). If this is confirmed, it could lead to increased availability of 
funding for future site construction through the move towards inte
grating saltmarshes into carbon markets (Friess et al., 2022; Mason 
et al., 2022). However, caution must be applied whilst the under
standing of sedimentary processes in sedimentation fields remains 
under-studied.

Since this research was conducted, Natural Resources Wales have 
installed new sedimentation fields at Rumney Great Wharf (Dale and 
Farrell, 2026). The new sedimentation fields were constructed in sum
mer 2024, covering the longshore extent of the previous scheme and 
extending further west. This new scheme will provide the opportunity to 
answer some of the outstanding questions relating to the hydrodynamic 
and sedimentary processes operating in sedimentation fields through 
additional morphological surveys, and further hydrodynamic and sedi
mentary measurements. Findings from the research reported here will 
provide an important baseline to assess the effectiveness of the new 
scheme when evaluating changes in site hydrodynamics, the subsequent 
deposition and transportation of sediment, and whether the current 
erosive trend can be reversed.

5. Conclusion

This study presents a novel assessment of the hydrodynamics, sedi
mentation patterns, and sediment properties in sedimentation fields 
which have not been maintained since 2010. Sediment accumulation 
was greater in areas of unvegetated mudflat in comparison to vegetated 
saltmarsh sites, although the difference between saltmarsh and mudflat 
was lower in the winter; during the winter more sediment accumulated 
in vegetated areas and less accumulated at mudflat locations. This is 
despite higher concentrations of SPM being measured during the winter, 
when higher current and wave orbital velocities were also measured 
which likely reduced the deposition of sediment from suspension. 
Despite the potential for there to be more than 10 cm per year of sedi
ment accretion at unvegetated mudflat sites and up to 9 cm at vegetated 
saltmarsh sites, 87% of the sedimentation field area at Rumney Great 
Wharf experienced erosion over a 12-month period, resulting in the 
removal of 9531 m3 of sediment. It is postulated that the amount of 
erosion would have been lower if the fences had been adequately 
maintained.

These findings suggest that the created saltmarsh is not self- 
sustaining, highlighting the importance of maintenance to ensure salt
marsh can successfully become established following sedimentation 
field construction. However, uncertainty remains regarding the sedi
mentary processes that are in operation immediately following sedi
mentation field construction and the longer-term processes required for 
saltmarsh to become self-sustaining (if at all). Addressing these short
comings in understanding by monitoring the newly repaired and 
extended sedimentation fields at Rumney Great Wharf, and elsewhere, 
will help coastal managers to identify suitable locations for future 
sedimentation field construction. This will potentially mitigate some of 
the limitations associated with other restoration approaches. In addition 
to further research into the sedimentary processes, there is also a need to 
evaluate the ecological functioning and ecosystem service delivery 
provided by sedimentation fields. This includes the level of coastal flood 
defence and carbon storage which, once quantified, could provide 
justification for wider sedimentation field construction globally.
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