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1. Introduction

1.1. Study Background

¢KA&d NBLR2NI O2yaARSNBR (GKS YSGK2R FyR 2dzi02YSa
End, Old Bursledon, River Hambig(re2.1). The site is private property, where the landowner has
been proactive in investigating opportunities to reduce saltmarsh erosion and to consider habitat
restoration trials, studies of ecolagal habitat and general opportunities to minimise erosion against a
background of human mediated impacts.

Accordingly irough a request for AQASi&ited to bid into the Solent Forum Natural Environment
Group (NEG) Funding Award, AQASS were succedsfeiirinid to trial a small scale passive sadtrsh
restoration study(confirmation letter, 18' May 2020) the funding award was matched by the
landowner.

The study award was made in 2020, however the impact of Covid19, necessitated thefdigkmyveork
until March2021 The bulk of the work was undertaken between March 2021 and M20&2,
however, the ground work fgplanning andbermissions was undertaketuring2020.

1.2. Proposaland AQASS Ltd

With agreement and backing from the landowner and Solent ot 2020AQASS proposed a small
scale placement giassive sediment retentiostructures within a creek system ptl y End, Qld
Bursledon This was in relation to the numerous studies and proposals that have been made for
declining saltmarsh sites ihe Solenfe.g. Copet al. 2008; Hudsoeet al., 2009; Williamet al., 2010;
Fosteret al., 2014; ABier, 2018 and ABRer, 2020)and the River Hamble (see Brtyal., 2016) of
which the majority have considered beneficial dredge spoilfastarger scale projectd.he proposal

was well received, with significant interest in the passive small scale approach potentially leading to
(appropriately considered) similar projects and an overall cumulative effect on saltmarsh integrity at
someSolentsites.After the positive reception to the proposal, the grant was awardenlyever as
above;the work was delayed untd021 due to COVID restrictions.

2 ¥

AQASS is a consultancy and research SME with strong academic links to the University of Southampton

where staff hold Visiting Researcher status and links to the Marine Biological Association (MBA) of the
United Kingdom. AQASS provideanagement, ecological, pollutigquidance relating to aquatic
marinehabitats and water resourceRegarding this projecDr Simon Bray of AQASS is a matine
aquaticecologist with ovee58 S NEQ SELISNA Sy OS AAedubkBon rojed® K | Y R
considering human impacts on marine ecosystérsgecies ranging from habitat lossestoration to

chroric and acute pltution episodesDr llse Steyl is a geomorphologist and anabysterial and satellite
geospatial data with a background in python programming sigdificantproject experiencen river
restorationschemesand theestuarine/ river interface. She is the leadithor of a bookconsidering
geospatiakhnalysis of polluted harbowedimentso whichSimoncontributed ecology and pollution
analysis aspects.

AQASS team members were involved in the indiaversity ofSouthampton 20Q Scoping Study
examining the potential for beneficial dredge spoil use within the Solent, as welf@sszbility Study
investigating possible River Hamble saltmarsh and soft sediment habitat retention opportunities in

RDO009_2020_LandsEnd_Saltmarsh 3
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2016. Of pertinent note, we have also recently assistéti habitat assessment, and saltmarsh creation
considerations, for a Chichester Harbour based study regarding coastal sqesdtrearsh creation in
relation to plans to future proof a residence sea wall against sea level rise.

AQASS®artneredSANDGeophysicawith whom AQASShares an officevho provided team members to
assist with drone flightsdata capture and prprocessingsee methods below)\e were also assisted
with field work by Mr Rayner Piper BhthomEcologywho had input to the placement of structures and
in-field input to overall design.

2. Short Review

2.1. Solent and River Hamble

The Solent is a body of water broadly in the centre of the English southamwédshe River Hamble is an
estuary running broadly north off of Southampton Water located at the western end of the Solent
(Figure2.1). The Solent isieavily influenced by one of the highest concentrations of recreational craft
(and associated infrastructure) in the UKajoroil terminals anchaval/ civil ports, general industry,
coastal protectior(with circa 8% of the coast hard engineeré@opeet al., 2009), housing and

socid/ recreational infrastructure. In contrasthe Solent isecognised for its natural habitatsd the
River Hamble is subject tational and international conservation designatiokgy(re2.2).

RDO009_2020_LandsEnd_Saltmarsh 4
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Numerous previous Solent saltmarsh studies have considered relationships between natural assets and
anthropogenic demands. Factors influencing saltmarsh decline have been variously considered as sea
level rise, coastal squeezedalgal smothering due to excess nitrate and phosphate nutrient loading in
estuarine waterwaysamongst others. Several UK based trials and practical projects have been
undertaken to restore saltmarsh to meet EU and UK Government goals. However, fotahg So
aspirations have still not yet led to major practical outcomes for significant beneficial use projects
(though see Lowe, 2012013), although well intentioned Solent specific research projects (Wilkams

al., 2010; Bragt al., 2016) and review®(g.Hudsonet al., 2009; Fosteet al.,2013; Fosteet al., 2014)

have taken place and research is ongoing into the issue in a UK context particularly considering physical
challenges and stakeholder engagement (e.g. Ladd, 20®0inajor grants have recdn been awarded

to look into saltmarsh restoratioamongst other habitatsnotably in theSolentregion EA, 202).

2.2. Site Context

2.2.1 Location andRegulatoryStatus

The location of th¢ | y Bhd $te, as an extension of the Hampshire County Cqit@Tjnanaged
Lincegrove tdHacketf@ Marshcomplex is shown irFigure2.2. The site has suffered from historic loss
and erosion which was assessed in Briagl. (2016)(Figure2.3).
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© Crown copyright and database rights (2015) 57,077 m

Figure2.3: Hacket@ Marsh, encompassingand<end showing historic erosion patterns
(From Brayet al., 2016)

| I O1 Bdrgh @ its entiretyhas a natural transition from saltmarsh to unimproved pastuith no
artificial delineatia or tidal control and as a result is very species rich.ni&esh is closed to the public

RDO009_2020_LandsEnd_Saltmarsh 7


https://environmentagency.blog.gov.uk/2022/12/15/restoring-sealife-in-the-solent-a-5-million-5-year-project/

PASSIVE SALTMARSH RESTORATION TRIAL, LANDS END, RIVER HAMBLE
DATA AND IMPLICATION ASSESMENT

with the western section managday HCC, whilst the easternsection] Y R& Q 9y RXI LISNI Ay
study)is privately owned.

The marsh systernas a number of desigtions, including Europea®PA (Special Protection Area) and
internationalRamsa(Wetland of International Importancestatus, whilst the mudflat area falls within

the EuropearSolent MaritimeSAC (Special Area of Conservatidtriy also a Local NatuReserve

(LNR), as wehs a SSSI (Site of Special Scientific Intefdst) SSSI is divided into two units, both of

which are classified as beinguinfavourable no changeondition (the condition assessment was

originally undertaken in 2014 and last updated in 2018}he presentatiord b I (G dzNJ £ 9y 3f | Y RC
0 KS | | Cfand (8044), noted that threats from diffuse water pollution and smothering from algal

mats were evident. As noted in the 2018 update, and previously recorded for the wider SSSI and for the

[ FYRAaQ 9yR aA0ST GKS YI 22 NifekogdiendpbsiibledvasIebn@aduk y 3 G KS
certainly tidal/ wind driven) and coupled within this, smothering by algal matts causes loss of pioneer

and mid marsh species resulting in enhanced erosion through loss of binding root structures.

Againstthis backgound o erosion atll y FEadQand wider saltmardbss hroughoutthe UK in many
locations some saltmarsh restoration projects have been successful with benefigiakrefdredge
spoil projects, flooding of former agricultural areaad sediment reention structures. In the Solent
however,muchdiscourse has currently led to limited progress though signs are improving with
significant studies such &JDSnd the grant detaile@dbove for Solent habitat

3. Methodology

3.1. Proposal and acquiring permissions

AQASS, in conjunction with the landowrélandSEnd, Hacketts Marsh Old Bursledgut in place a
proposal to the Solent Forum Natural Environment Group (NEG) for a grant to undertake a small scale
passive saltmarsh restoration tridlhe Solent region has seen much discussion on saltmarsh restoration
goals, but little practical progss, largely due to considerati@md cautionof regulatory aspects.
Accordingly, little progress has been made (though see work at Lymington), such that it was felt that a
small scale passive method may encourage others to trial this based on limitedafuchdegulatory
aspectsThe NEG kindly awardé@,500in 202Q which was matched kihe landowner Feld work was
delayed bythe COVIEL9 pandemic restrictions on movementraordingly, regulatorynatterswere

dealt withduring2020.

As discussedhe prgposal was developed based on small scale passive sediment trapping methodology
used in an area of significant erosid this area, the marsh decliningsignificantly(e.g. see Bragt

al., 2016)andis almost bifurcated throughignificanttidal and wind driven ingres@gigure2.3). In
additionas mentioned erosion and loss in the site is also driven by algal smothering and subsequent
marsh binding flora Iss; this is listed as the major factor in the unfavourable condition assessment by
Naural EnglandNE) Where the erosion is significant, there is little or no pioneer marsh left, with a
rapid andtruncatedtransitionfrom mudflatto lower-mid marshtypified by sea purslané{riplex
portulacoide$ (Figure3.1) which grades to mid and upper marspeciesin terms of habitat function,

the mud and saltmarsh flats@important grazing habitat for overwintering birds and foraging areas for
fish species (notably grewullet) during the tidal cycld=urthermore the marshesprovide valuable
ecosystem services (e.g. see Cloaghl., 2009), not least passive coagpabtection.

RDO009_2020_LandsEnd_Saltmarsh 8
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Figure3.1: [ I Y R & Qint@wériion kité

(Photo: AQASS, 20p
Followingselection of thd 2 OF 1A 2y @A (KA Y talukdertakelth@riabatd pRigémRentol NB& K X
structures, it was proposed to undertake temporally independdnmuine survegto map change in
vegetation and sediment levels through GIS / photogrammetry analysis. On the latter, the matter of
regulatory consultation has been viewed imany as the main barrier to effective saltmarsh / mudflat
enhancement in the region; the same has also been commented upon elsewhere in the UK and has also
been noted in EU countries (PIANC conference, 2019).

For regulatory permissions, during the 2Q20@cess towards thistudy, an initial contact to NE resulted
in a suggestion thaan approach was made the Marine Management Organisation (MMt@)check
the status of a Marine Licence requirement. The online system of the MMO did not fit this case /
requirement well, thusa direct email query was sent.

This resulted in approximatetwo months of queriesafter whichit was established by a team member

from the MMO that a licence was not required as materials were being transferred by road and being
placed by hand. Having established this, NE undertook a Habitat Regulations Assessment (HRA) and gave
requisite restrictions on activities (e.g. minimisimgmber (five) and duration (max 30 min)drbne

flights, minimumaltitude of 30m and avoiding overwitering bird behaviour) The team then received
permission to proceedith the study Finally the River Hamble Harbour AuthofRHHAuNndertook a

prompt assessment with regard to Harbour regulations alstgave permission to proceed.

3.2. Baseline survey anthstallation of structures

As overwintering birds were in place by the end of the permissions period, sediment retention
structures were put in place in late March 20Fligure3.2 and Figure3.3); this wadollowing a baseline
drone flight and overview habitat assessment in early Marespectinghe NE requirecdHRA
restrictionson drone activity.

RDO009_2020_LandsEnd_Saltmarsh 9
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Figure3.2: Study site before installation of coir rolls
(Photo: AQASS, 2021)

Figure3.3: Study site after installation of coir rolls
(Photo: AQASS, 2021)

The sediment retention features were minimal in size in an attempt to assess if small scale passive

sediment retention was an option. The design was also aimed to optimise what may require more in
depth regulatory assessment in the &of limited funding. Structures comprisedrlong coir fibre

rolls, held in place with 2n length chestnut posts upright into mud, and the resulting assemblage was
bound with natural fibre rope thus ensuring all structures will decay over (ifgure3.4 and Figure

RD009_2020_LandsEnd_Saltmarsh 10
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3.5). The rolls were placed angle back slightly toward the head of the creek with varying degrees of
distance from the creek bank. Four coffee sacks were filled with brush wood and placecdtatens

at the head of the creekgure3.3). The design was considered with input from sedimentologist Dr
Dafydd Lloydlones of Marine Space (now ERM).

Figure3.4: Placement of coir rolls
(Photo: AQASS, 2021)

Figure3.5: Coir roll after installation
(Photo: AQASS, 2021)

After the baseline drone flight, an assessment of flora status, and placement of the sediment retention
structures,photographic record weretaken.

RDO009_2020_LandsEnd_Saltmarsh 11
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3.3. Drone surveys

The drone surveys followed the restrictions specified byMlElights were undertaken bygualified
and licensed drone operator with appropriate insurances in place. The drone used for all surveys was a
multirotor DJI Mavic Pro Platinurfifure 3.6).

Figure 3.6: Drone during takeoff at start of survey

(Photo: AQASS, 2021)
Hight plamingwasmanaged through the open source software DroneDejlag the flight plan
generatedensured coverage of both the survey and control sfiggure3.7). Six ground control points
(GCPsyvere distributed across the area covered by the flight, which eetsthateach orthomosaic
generated from the photofor each flightcouldbe overlaid to assist with monitoring chanfiggure
3.8). The geographic position of the Bwere all referenced usil@obal Navigation Satellite System
RealTime Kinematic (GNSS RTK) positioning, ensuring a positional accuracyngFiglire3.9).

The flight plan assured that photo overlap was between 70% and 80%. This allows imagery to be
processed using photogrammetry software to generate elevation models. This in turn assists with
analysing elevation change across the study site and between different time periods.

Thesixgeoreferenced orthomosaics had@edianabsolute horizontaind vertical accuraayf <1.5cm
and <2cmrespectively

RDO009_2020_LandsEnd_Saltmarsh 12
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(Image: SAND Geophysics, 2021)
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Figure3.8: Three of the GCPs positioned across the flight area
(Image: AQASS, 2021)
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Figure3.9: GCP positioning
(Photo: AQASS, 2021)

Following the permitted five flight&ending March 2022permission fora final flight forcontext was
requested from NE and undertaken in December 2@2:to a change in flighparameters as requéd

by NE, the flight was at 4@ altitude rather thanthe 30m of previousflights. This was to ensure that
disturbance was minimdbr birds in the SPARamsar designated habitas the survey was in the
overwintering period. The datiom this flight were further added to the developed GIS analysis dataset
and allowed further consideration of temporal change.

Data were analysed and results presented here and in a talk to the NEG group, April 2023.
4, Results

4.1. Baseline survey

The baselinsurvey identified the marsh loss within the creek system showing former attempts at
minimising erosion by previous landowners; these comprised a rubble bund placed at the creek
entrance and old iron work at the creek heg@tigure4.1).

RDO009_2020_LandsEnd_Saltmarsh 14
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3

Old iron work

Rubble bund

Metres 1 Saureer Drone flight - 24 March 2021, SAND Geophysics & AQASS Ltd

Figured4.1: Study area on 24 March 2021baseline survey

As noted in original site visits, the marsh was found to be cliffigtin the creek with limited gradient,
more a sudden step change from isolated clumps of pioneer marsh Spartina species or bare mudflat to
mid marsh dominated by sea purslamérfplex portulacoides

Figure4.2 demonstrates the steep slogat the top of the study areas an example of the cliffed edges
between the vegetation and the mudflat area.

RDO009_2020_LandsEnd_Saltmarsh 15
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Elevation (mAOD)

10.0
Distance (m)

Figure4.2: Example of ertical cliffsat vegetation edggMarch 2021)
The red ellipses depict the equivalent areas on the map and the chart

LiDARLight Detection and Rangindgta captured by the Environment Agency in November 2007 was
also accessed to demonstratew erosion of the saltmarsh area compare to the data captured during
the baseline survey in 2021. The data captured during the drone survey were resampled to a resolution

of 1 m to allow for comparison with the Environment Agency data, which was onlybleait a
resolution of 1m.

Figure4.3 demonstrates the erosion along the edges of the vegetated areas over the 14 year period,
with increased fragmentation of thealtmarsh area.

RDO009_2020_LandsEnd_Saltmarsh 16
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November 2007

March 2021
Figure4.3. Erosion at study area between in 2007 and 2021
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4.2. Monitoring surveys

After thebaseline flight and subsequeimtstallation of the coir roles in Marc2021, monitoring surveys
were undertaken at the following intervals:

June 2021;

September 2021,
December 2021,
March 2022; and
1 December 2022.

= =4 -4 A

Figured.4 depicts the six orthophotos generated from the drone imagery collected during the flights.
Digital surface models (DSMs) were created from the photogrammetry images, which were
subsequently ged to analyse the change in elevation along the edges of the saltmarsh, as well as
directly in front of and behind the locations of the coir roles.

Saltmarsh extentor March 2021 (prior to the installation of the coir rolls) and December 2022 (the last
monitoring drone survey undertakemjas also digitis#; this canbe viewed inFigure4.5.

RDO009_2020_LandsEnd_Saltmarsh 18
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RIVER HAMBLE
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Figure4.4: Orthophotos of the baseline flight (March 2021) and the five monitoring flights
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D Saltmarsh | December 2022

Saltmarsh | March 2021
0 3 6 12 18 24 .
— Metres Coir Rolls

Figure4.5: Saltmarsh extent change between March 2021 and December 2022

The location of the coir rolls are includedrigure4.5 (they can be viewed iRigure4.4, June onwards),
with the baseline saltmarsh extent of March 2021 depicted in greentlaadinal survey data of
December 2022 depicted as a purple line. The continuing erosion along the southern edges of the
saltmarsh is evident, whilst some saltmarsh growth has been obsateed the north western edge of
the study locatior(black ellipse)

The data were also used to assess bupdof sediment around the coir roll$he cross section depicted

in Figure4.6 showsa comparison between December 2021 (blue area in chart) and December 2022
(green area in chart). The position of the cross section is shown as the blue line across the surface image
in the top of the figure, going from left to right.

The three spikes in elevation betweent8and 26m are the three coir rolls. The elevation of all three
has stayed very similar. There is a slight increase in elevation in front of and behind the firsi ,dmirt
after the third coir roll there is a reduction in elevation, which continues along to the end of the profile
line.
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Figure4.6: Cross section of data showing elevation change between Decer@0&l and December

2022

A change detection image between the two dates clearly demonstrates the areas of increase and

decrease in elevatiorkigure4.7 focusses on thécation where the coir rolls were installedith the
profile line included

Along the southwestern part of the image, elevation increase could be due to the reflection from water,
where water in the December 2022 flight did not drain completely. Theedese in elevation along over

the vegetation areas to the north of the image will be due to flattened vegetation rather than a true
reflection of reduction in surface height. However, #levation changealong the edges of the
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vegetation growth (black Bbses)coincideswith the increase in saltmarsh growth depictedrigure
45.

= Profile Line
Elevation (mAOD)

l 0.43
o052

Figure4.7. Change detection imagbetween December 2021 and December 2022
5. Discussion

¢KS o6laStAyS RIFGF FNBY al NOK Hnum akKz2gSR GKIG (K
the area depicted iffigure4.5) has reduced in size by approximat#)¢37m?when compared to the

2014 dataDuring the period of the study the saltmarsh area has reduced further in coverage by another
35m?, i.e. between tle baseline flight and the last flight in E@mber 2022Table5.1 belowshows the

F NBF OFft Odzf  GA2ya Foetderitie Searf2blyff 8@2092y R & f (Y I NAK

Table5.1: Saltmarsh area reduction for study area

YEAR SALTMARSH AREm?I
March 2014 3,535
March 2021 2,398
December 2022 2,363

This means that just in tH&892 m® area that represents the study areere has been a 35%
reduction in saltmarsh between 2014 and 2021. During the 22 months that the saltmarsh was
monitored, there was a reduction of 1.5% in saltmarsh coverage.
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This loss is mostly along the southern edge of the intertidal area where the/ wiave action will be
greatest. Additional factors that also have an impact are algal smothering. This reduces the ability of
saltmarsh plants to photosynthesise, reducing growth or in the worst case scenario, killing the plants.
This increases the vulrability of intertidal area to erosiorBased on data and observations, it is
possible that a more robust approach which minimises the impact of smothering algae will lead to
greater effect of such an approach; options are being explored including semepbte higher organic
fencing.

A number of lessons have been learnt during the course of the study. These are summarised below:

1 Itis a challenging environment to work in both physically and using remote sensing
technology, e.g. since the GCPs were tempgrie. they were not fixed to the same locations
during the course of the study, which is difficult to do in such a dynamic environment. A drone
with an inbuilt RTK sensor, used in conjunction with GCPs, will increase locational accuracy of
surveys.

1 Thesurveys only collected data in the RGB spectrum, which means that it can be difficult to
visually compare vegetation between repeat surveys. The resolution of the data made it easier
(i.e. 1cm x 1cm), but due to different light conditions at each surythe training of data for
automation purposes is more difficult. The inclusion of a multispectral sensor to assist with
differentiation between saltmarsh and algae will improve mapping of vegetation. This will
potentially add an additional benefit of asseng the health of vegetation.

1 The use of a LIDAR sensor to add accuracy to elevation data will also assist in monitoring
erosion and deposition more accurately, however along the exposed mudflat, areas
photogrammetry provides very useful insights.

1 Theexcess algal growth in the River Hamble has hampered growth of saltmarsh vegetation.
Including a structure that could reduce the algae entering the study area, might assist the
vegetation to grow better. This will trap more sediment, which in turn will agsiirther
saltmarsh vegetation increase.

6. Summary

1 A proposal was submitted to the Solent Forum NEG to trial a small scale saltmarsh sediment
retention method. This was successfully funded through the land owner and the NEG;

 ThesiteisatHackeé®a | NEKZ [ YRaQ 9yRX hfR . dz2NEf SR2YyT

1 Following permission@stablished during 2020goir role structures were put in place in March
2021.

1 Alimited impact design was chosen to see if small scale structures may have meaningful effect,
whilst minimisindegislation and permissions need in relation to limited funding and time;

1 Following a drone baseline survey in March 2021, further surveys were undertaken to establish
sediment retention and pioneer marsh species growth, throughout 2021 to March 2022, and
finally a one off flight in December 2022;

1 Surveys revealed brief spurts of pioneer species growth, but significant algal smothering (as a
sign of excess nutrients) confounded growth and thus enhanced sediment retention;

1 Owverall, a slight further decline inghmarsh was seen, further methods of a more robust
approach are being explored.
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