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1 Description of measure

» Measure Category: Biology/Ecology

e Estuary: Scheldt

» Salinity zone: Mesohaline

» Pressure: Habitat loss and degradation

e Status: Implemented (in 2003-2004)

* River km: Scheldt-km 58-71; TIDE-km 89-99

*  Country: Belgium

» Specific location: Sea Scheldt, Flanders, providagwerp, Beveren, between
Zoetenberm and left bank of Scheldt, north of naicfgant Doel

* Responsible authority: Antwerp Port Authority

» Costs:/

» Cost category: > 5,000,000 €

polyhaline

Nr. Measures

13 Lippenbmoek - flood control area with controlled reduced tide
(FCA-CRT)

14 Groynesat Waarde:

15 Ketenisse wetland - small scale tidal wetland restoration in
the brackish part of the estuary

16 Paddebeek wetland- small scale tidal wetland restoration in
the freshwater zone of the Seascheldt

17 Paardenschor-small scale brackish fidal wetland resioration
in the Seascheldt

18 Heusden LO -small scale tidal wetland restoration in the
freshwater zone of the Seascheldt

19 Schelde pilot project 2: Relocation of dredged sediment to
deep areas of the navigation channel

20 TIDE pilot: Relocation of dredged sediment to a shallow:
water area at the edge of the Walsoorden sandbar (2004)

21 TIDE pilot: Relocation of dredged sediment to a shallow
water area at the edge of the Walsoorden sandbar (2006)

22 TIDE pilot: Relocation of dredged sediment to four shaiow
water areas at the edge of sandbars (2010) r

23 Vispaaiplaats — Fish spawning pond 13
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Figure 1. Location Paardenschor wetland
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1.1 Measuredescription

The restoration of the Paardenschor was a compengatasure for lost intertidal marshes
by building a new tidal dock (Deurganckdok) in tRert of Antwerp. To restore the
Paardenschor, an area of 12ha was separated feoml#md by the construction of a new
dike (Sigma dike 11mTAW) and the area itself wawdmed (had been elevated for the
building of the nuclear plant in Doel in the 196&0sl was diked in the 1980s, but there was
never built on it). A faint slope was created betwé&m TAW and the level of the mudflat
already in front of it, to create a good situation marsh formation. The new dike was
constructed next to the old dike and afterwards dlte dike was excavated. This site
resembled a breached site because some existalgmniciflats remained between the river
and the restored area.

Developing this kind of habitat is expected to cimite in de reduction of tidal energy,
increase of flood protection, improvement of oxygemdition, improvement of nutrient
conditions, and improvement of self-purifying power

Analysis of the evolution after restoration fitswith the decisions about the Development
outline 2010 and Long Term Vision 2030 (Dutch ardnkish agreement on integrating
accessibility, naturalness and flood safety) arel updated Sigmaplan (Flemish plan for
flood protection combined with ecological objectiye of the Dutch and Flemish
governments, that committed them to leap forwarth whe ecological rehabilitation of the
Scheldt estuary. An important challenge is thatioa of tidal wetlands by transformation
of woods or agricultural land into tidal mudflatsda marshes. In order to assess the
feasibility and to identify possible problems amyitar small scale projects already in place,
such as Paardenschor, are studied in detail toowepour apprehension of the larger scale
future plans.

1.2 Monitoring

The monitoring program is still in progress. In 204 second report on the project
monitoring for the period 2006-2009 was publish&dgybroeck et al. 2011).

The monitoring program is included in the globalnitoring of the Scheldt estuary (Moneos)
plus monitoring of variables that give informatiabout evolution and success of restoration,
most intensively immediately after restoration wdtclining frequency thereafter. At each of
the project sites changes in geomorphology, sedincbaracteristics, sediment quality,
vegetation, macrozoobenthos, avifauna and fish wstwglied in the first years after
restoration. Eight monitoring locations were usedtee Paardenschor for sampling sediment
and benthos (Figure 3).
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Figure 3. Overview of Paardenschor wih'-monitorlngations: restored site of the
Paardenschor (DO1-DO3) and original mudflat (DO4-BYOOrthophoto of January
2009.(Speybroeck et al. 2011)

Changes in geomorphology (sedimentation and erpsiere evaluated on three different
spatial scales: locally with sedimentation/erogitots (‘sederplots’), along trajectories
perpendicular to the river with Real Time KinemaB®S and full cover with LIDAR (Laser
Imaging Detection And Ranging) and aerial photobyaf® TMs - Digital Terrain Models).

A Riegl scanner was used for studying geomorpholdgihanges. Changes in the creek
pattern were studied using orthophotos. Other asileat were monitored primarily during
the first years after restoration were: developnoévegetation, sediment quality (grain size,
% organic, pigment concentration (chlorophyl akidpchemistry), colonisation by
macrozoobenthos (including oligochaeta), fish, tmeduse of the area by water birds. These
developments were compared as much as possiliie gittiation on nearby tidal wetlands.

1.3 Monitoring results

1.3.1 Geomor phology

The sedimentation-erosion trend on the Paardenslitiorot change significantly in the first
years after the restoration (Figure 4). The sediaigm rate was however positive and
increased over time: 1.8 cm/yr between 2004 ané 2P@ cm/yr between 2005 and 2006,
and 3.4 cm every year between 2006 and 2009. Tdimsatation rate is higher in the north-
western part and smaller in the southern parte@Ptardenschor (Figure 4 & Figure 5). The
spatial difference in sedimentation rate could jgaéned by the hydrodynamics: the north-
western part is, in the shadow of the Schor vaneQmgel, low hydrodynamic and the
southern part is, in the opening to the Scheldjh hiydrodynamic (turbulence, waves, etc).
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Figure 4. 3D-picture of the Paardenschor (left ingst 2004, right in April 2006). The red
circled zones are elevated relatively high, thecklaircled zones low. (Brys et al. 2005)
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Figure 5. Difference map of the Paardenschor betv2e06 and 2009. The positive values
refer to sedimentation (yellow to dark blue), tegative to erosion (orange to red).
(Speybroeck et al. 2011)

1.3.2 Sediment characteristics

The sedimentation at the Paardenschor influencedatiment composition over the years.
After the restoration, grain size was much largenpared to the original intertidal flat
(Figure 6). After three years, grain size was caiaipi@ on the restored and original intertidal
flat. Parallel, silt content and content of orgamiaterial in the restored area were lower in
the first years but increased gradually in theofelhg years (Figure 7 & Figure 8).
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Figure 6. Median grain size in function of timepfiag 2004 to autumn 2009: sedimentation
from 0 to 10 cm depth (left) and from 0 to 1 cmthépght) (Speybroeck et al. 2011).

= £
B a
\1 //\ A ”
" " -
x BM * h T =
= 81t 1 - v - =
£ % 1 ﬁ | / / . £
e T \ E et i 3 =
1,1 U A ANDGR [ = |
40 e - — a0
f | I.!_ Tk ¥ Vi ——DO§ E
31— t : e =
F x|
al fl ol ]
| . \
10 T" 10 2
g o
MAID48E0/04 MAIDS 88005 MAIDESEpDS VDT 50T MAIDESENTE MiDE sEni0R 180D S04 18RS AU/0Seh06 ALHTE B8/D7 BuQUDT LG UQDE feb(DR AugiDE

Figure 7. Silt content (volume percentage < 63umfuinction of time — spring 2004 to
autumn 2009: Sedimentation from 0 to 10 cm depft) @énd from O to 1 cm depth (right)
(Speybroeck et al. 2011).
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Figure 8.: Content of organic matter (mass percgedan function of time — spring 2004 to
autumn 2009: Sedimentation from 0 to 10 cm depft) @nd from 0 to 1 cm depth (right)
(Speybroeck et al. 2011).

1.3.3 Sediment quality

Immediately after the restoration of the Paardenistie calculated scores for total pollution
on the restored areas and the original mudflate wemparable (Brys et al. 2005) and did
not change significantly over time (Speybroeckle2@11). The most heavily polluted
samples were classified as “moderately polluted”.

1.3.4 Vegetation

Five years after restoration, the Paardenschot stihsists mainly of bare mudflat.
However, every year 3.6% of the intertidal flat e vegetated. Vegetation grows mainly

9
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at the edges of the mudflat and along the channalsvelopment (Figure 9 & Figure 10).
Common vegetation in 2009 was mainly Sea club-fBslboschoenus maritimus or Scirpus
maritimus) with on the higher parts also Creepirentyrass (Agrostis stolonifera) and
Common Reed (Phragmites australis) (
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Figure 11). At lower parts, in the direction of there mudflat, pioneer vegetation appears
dominated by Sea Aster (Aster tripolium) or Vaudh€¥aucheria spec.).
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Figure 9. Vegetation map of the Paardenschor in2@0d 2006 (Brys et al. 2005)
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Figure 11. Trend in coverage of the main vegetasipecies in four permanent squares at the
Paardenschor from 2005 to 2009 (Speybroeck etCdl1p

1.3.5 Macrozoobenthos

In an average sample of the Paardenschor, 57% miongis{Corophium volutatoy, 19%
earthworms Qligochaetg and 17% RagwormNereis diversicolorwas found (Figure 12).
Those three taxa determine 93% of the present masbenthos. Other species that were
also found ar€yathura carinataBaltic tellin (Macoma balthicaandHeteromastus
filiformis. The diversity in macrozoobenthos is really poor.
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The biomass of macrozoobenthos is mainly determizyeldagworm Rereis diversicolor
and also a little by mudshrimg@érophium volutatoy (Figure 12).
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Figure 12. Average density (left) and biomass @igter specie per year (Speybroeck et al.
2011)

After the restoration of the Paardenschor, a dgmsirease was identified both on the
restored area (DO1-3) and on the original mudfed4-5) (Speybroeck et al. 2011).
Immediately after the restoration of the Paardems(diuring the first measurement
campaign), almost no macrozoobenthos is presetiteorestored mudflat (Figure 13). This is
followed by a strong increase both on the restaratithe original mudflat (Van den Neucker
et al. 2007, Speybroeck et al. 2011).

One outlier is visible on Figure 13 (red circleheThigh density in the autumn of 2006 at
location DO3 is due to the presence of Vaucheriddsgch: Nopjeswier) at the sample
location. High densities of living Oligochaeten daruse in this weed. However, the
presence of this weed is highly dynamic with tHeafof large variation in Oligochaeten
densities. Location DO3 is also highly dynamic a®asequence of the development and
morphologic changes of a creek channel that deedlaply randomly at location DOS3.

The evolution in biomass (Figure 13) is similaeaty increase in the new restored mudflat
to a level of dynamic equilibrium. The first periatter restoration shows however no initial
peak compared to the evolution of the density. déwsity peak in combination with no
biomass peak indicates a large amount of lightterde small young organisms. This is
typical for young systems occupied by a large nunatb@ewcomers, followed by a density
decrease but a steady asymptotic biomass evolution.

12
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Figure 13. Density (left) and biomass (right) imétion of time — spring 2004 — autumn
2009. The red circle indicates the Vacheria-relatedier. (Speybroeck et al. 2011)

1.3.6 Avifauna

A total of 19 species of water birds were recordethe Paardenschor (Table 1) (Van den
Neucker et al. 2007). Common Sheldutkdorna tadorng Mallard (Anas platyrhynchgs
Curlew Numenius arquateand OystercatcheH@gematopus ostralegusiere almost always
observed. The restored site is used for foragingedlas roosting. Benthic invertebrates are
abundant and the inundation time of the newly ecatudflat is limited. Only few suitable
breeding sites were available throughout the shetiod. The importance of the
Paardenschor as a breeding ground is expectedreaise as parts of it develop into tidal
marsh.

Table 1. Number of water birds identified on theenschor between October 2004 and
December 2006 (Van den Neucker et al. 2007)
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1.3.7 Fish

No monitoring results available.
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2 Execution of main effectivenesscriteria

2.1 Effectiveness according to development tar gets of
measur e

Step 1: Definition of development target

The creation of new ecological valuable intertidatlands can contribute to estuarine
restoration as it enables habitat development &diversity. Success factors are related to
the improvement of estuarine processes (such ameethtion-erosion, creek formation and
soil development).

Step 2: Degree of target achievement

Immediately after restoration (2004), the Paardemsexisted of 12ha bare mudflat. Under
influence of the tidal floods twice a day with bkesh water from the Scheldt, the
Paardenschor rapidly transformed to a tidal wetlaitd a Good Ecological Potential (Brys
et al. 2005), with clear creek formation in the rftets and typical marsh vegetation at the
higher areas (such as Common GlassweatiCornia europaeg Sea AsterAster tripolium
and Common Cordgra¢Spartina anglicd®). The sediment is colonised by benthic
invertebrates, predated on by water birds and Tibk. site is functional as a roost and
foraging site rather than as a breeding site. fiipie of low dynamic mudflats, relatively

high in the tidal frame adds valuable foraging tiamel space for water birds. However, its
design could have been adapted to enhance itsahélitctions for fish.

The initial tidal elevation and site slope were lvedlosen (Van den Neucker et al. 2007).
Creek network systems seem to establish withouspleeific excavation of a creek onset.
However, creek onset might have enhanced the halifferentiation within the site and its
suitability as fish habitat. The old dike could ba&ween excavated more, but this might have
led to erosion on the transition to the adjacentsméSchor Ouden Doel). Overall there is net
sedimentation, with local erosion in the developingek network system.
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2.2 Impact on ecosystem services

Step 1: Involved habitats

The measure Paardenschor in the mesohaline zotieeoBcheldt estuary was about the
creation of intertidal habitat by transforming adgfjat land (agricultural land) into mainly
intertidal flat habitat and also marshland with ighhchange in the habitat quality. The
transformation was realized by separating the &ga the inland by the construction of a
new dike (Sigma dike 11mTAW) and the area itsel§ \eavered.

m Change in habitat surface (%)
Change in habitat quality (score)

Change in habitat quality (score 1to 5)
-5 -4 -3 -2 -1 0 1 2 3 4 5

subtidal deep

subtidal moderately deep
subtidal shallow
intertidal steep

intertidal flat |
marsh ===

m———adjacentiand—
-100% -50% 0% 50%

Change in habitat surface (%)

100%

Score habitat quality

1 = very low quality

2 = low quality

3 = medium quality

4 = high quality

5 = very high quality

Figure 14. Ecosystem services analysis for Paarctemswetland: Indication of habitat
surface and quality change, i.e. situation befa¥esus after measure implementation. The
change in habitat quality, i.e. situation after tiieasure is implemented corrected for the
situation before the measure, is ‘1’ in case otayMow quality shift, and ‘5’ in case of a
very high quality shift.

Step 2: Expected impact on ecosystem services, compared with targeted ecosystem
services, and expected impact on beneficiaries

More information about the methodology and the ecrinterpretation of the results could be
found in the overall measures report (Saathoff.€2Gi 3).

(1) Overall expected impact on ES:

From the ES assessment it is concluded that thiasome generates overall a positive
expected impact for many ES, with a very positixpeeted impact for the ES “biodiversity”;
cultural services (Aesthetic information; and Imafion for culture, art and design); and the
regulating service Erosion and sedimentation reguigby water bodies).

(2) Expected impact on targeted ES

The key objective of this measure is the creatioa iwew intertidal wetland to improve the
general functioning of the Scheldt estuary (halsiéavices “biodiversity”). The expected
impact for the development target “biodiversity'Visry positive.

(3) Expected impact on beneficiaries

The expected impact for the different beneficiamyups is overall positive, with a very
positive expected impact for future use.
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Table 2. Ecosystem services analysis for Paardemsebtland: (1) expected impact on ES
supply in the measure site and (2) expected impadifferent beneficiaries as a
consequence of the measure

|Paardenschor— small scale brackish tidal wetland restoration in the Seascheldt

Cat. |Ecosystem Service [score | Beneficiaries:

S "Biodiversity" Direct users 0
R1 [Erosion and sedimentation regulation by water bodies Indirect users 2
R2 (Water quality regulation: reduction of excess loads coming from the catchment Future users 3
R3 [Water quality regulation: transport of polutants and excess nutriénts Local users 2
R4  [Water quantity regulation: drainage of river water Regional users 1
R5  |Erosion and sedimentation regulation by biological mediation Global users 1
R6 |Water quantity regulation: transportation

R7 [Water quantity regulation: landscape maintenance

R8 |Climate regulation: Carbon sequestration and burial

R9 (Water quantity regulation: dissipation of tidal and river energy

R10 [Regulation extreme events or disturbance: Wave reduction Targeted ES

R11 [Regulation extreme events or disturbance: Water current reduction

NIN|R|WO|O(O|O|=NINININ|O|IN|O(O|N|wW

R12 [Regulation extreme events or disturbance: Flood water storage Legend: expected impact*
P1  [Water for industrial use 3 |wery positive

P2 (Water for navigation 2 |positive

P3 [Food: Animals 1 |slightly positive

C1_ |Aesthetic information 0 |neutral

C2 |Inspiration for culture, art and design -1 |slightly negative

C3 |Information for cognitive development -2 |negative

C4  |Opportunities for recreation & tourism -3 |wery negative

*: Indicative screening based on ES-supply surveys and estimated impact of measures on habitat quality and quantity. Quantitative socio-
economic conclusions require local supply and demand data to complement this assessment.

2.3 Degree of synergistic effects and conflicts according
to uses

The public acceptance during the planning processnather low. An important challenge in
the Sigmaplan measure program is the realisatidid&@fnature with projects by which
reasonable areas of forest or agriculture are atewvénto estuarine nature. The societal
sensitiveness of these projects is extremely highlacal actors want clarification on the
success rate and the effectiveness of the prowdedrine restoration projects. This became
clear during information sessions with local stakdbr during the planning phase were local
farmers became emotional (2002). This was alspia to public newspapers (March 2003),
for example with the title “licence for excavatiohthe Paardenschor despite heavy protests
by farmers.” The agricultural sector is worried abthe stability of the new dike and for
salinization of agricultural land.

In contrast, this measure also has some synergi$ticts between port development
(creation of Deurganckdok) and nature conservdtiem tidal wetland).
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3 Additional evaluation criteriain view of EU
environmental law

3.1 Degree of synergistic effects and conflicts according
to WFD aims

This measure, in the mesohaline zone of the Sclafded to create a new intertidal wetland
with a clear positive effect on habitat loss andrddation and this piece of land is given

back to the estuary. At a larger scale this typmeésure could also generate a positive effect
on the hydrographic regime, water and sediment atedmuality and relative sea level rise.
Finally, sedimentation on the wetland can redueeneied for maintenance dredging in the
main river.

Indi . . Effect?

cato | code Main pressuremesohaline Description

; zone Scheldt -- | - | O] +| ++

S.l. 1.1 Habitat loss and degradation X Newly created intertidal mudflat

during the last about 100 (small scale)
years: Intertidal

S.. 15 Gross change of the X Opportunity to give more “space” to

hydrographic regime during the river
the last about 100 years

S.. 3.1/3.2| Decrease of water and X Wetlands proved to improve the

sediment chemical quality water and sediment quality

D.l. 1.3 Land claim during the last X The land is given back to the estuary

about 100 years (small scale)

D.l. 1.7 Relative Sea Level Rise X Opportunity to increase the flood
areas at locations without (or with
less) socio-economic costs

D.l. 2.12 Port developments X Sedimentation on the wetland means
less sediment in the main river

S.I. = state indicator; D.l. = driver indicator

3.2 Degree of synergistic effects and conflicts according
to Natura 2000 aims

The Paardenschor is part of the ‘Scheldt and Dwsheary from the Dutch border to Gent’
(BE2300006), a protected area under the Habitattie. This measure is about the creation
of newly intertidal mudflats and hence contributeshe protection and conservation of
intertidal wetlands in this protected area.

The Paardenschor is also part of ‘marshes and rotdehe lower Scheldt’ (BE2301336), a
protected area under the bird directive. The sifenctional as a roost and foraging site
rather than as a breeding site. This type of lonadlyic mudflats, relatively high in the tidal
frame adds valuable foraging time and space foemi@tds. However, only few suitable
breeding sites were available throughout the spetiod because benthic invertebrates are
abundant and the inundation time of the newly ecatudflat is limited. The importance of
the Paardenschor as a breeding ground is expectedréase as parts of it develop into tidal
marsh. Frequent visitors on the Paardenschor amem@n ShelduckTadorna tadorng
Mallard (Anas platyrhynchgs Curlew Numenius arquajeand OystercatcheHaematopus
ostralegu} (Van den Neucker et al. 2007). But also somerdiird directive species
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(passage and winter birds) visit the Paardensthdotal nine of the 26 protected non-
breeding birds are identified multiple times betwé&xtober 2004 and December 2006.

The presence of breeding birds is rare on the Raacthor. Only the Little Ringed Plover
(Charadrius dubius) is identified: 2 breeding p&r2005 and one pair in 2006 (Van den
Neucker et al. 2007). However, this species isonahe bird directive list.

Conservatio | Specification Effect? Short explanation
n objectives
Sea
(Scheldt; R R
Zeeschelde)
Protected Atlantic marshes X Newly created intertidal mudflat in the
habitats: (HD, code 1330) protected area BE2300006, and quality
Coast and improvement for this type of habitat.
brackish
habitats
Protected Acrocephalus X Not registered at the Paardenschor.
birds: non- paludicola
breeding Anas acuta X Water bird identified between October 2004
birds and December 2006: 2 individuals in total
(passage and| Anas clypeata X Not registered at the Paardenschor.
winter birds) [ Anas crecca X Water bird identified between October 2004
and December 2006: 117 individuals in total
Anas Penelope X Water bird identified between October 2004
and December 2006: 53 individuals in total
Anas strepera X Not registered at the Paardenschor.
Anser albifrons X Not registered at the Paardenschor.
Anser anser X Water bird identified between October 2004
and December 2006: 685 individuals in total
Anser X Not registered at the Paardenschor.
brachyrhynchus
Anser fabalis X Not registered at the Paardenschor.
Arenaria interpres X Not registered at the Paardenschor.
Recurvirostra X Water bird identified between October 2004
avosetta and December 2006: 207 individuals in total
Aythya ferina X Not registered at the Paardenschor.
Aythya fuligula X Not registered at the Paardenschor.
circus cyaneus X Not registered at the Paardenschor.
Circus bewickii X Not registered at the Paardenschor.
Egretta alba X Not registered at the Paardenschor.
Larus argentatus X Water bird identified between October 2004
and December 2006: 20 individuals in tota
Larus canus X Not registered at the Paardenschor.
Larus ridibundus X Water bird identified between October 2004
and December 2006: 287 individuals in total
Numenius arquata| X Water bird identified between October 2004
and December 2006: 138 individuals in total
Numenius X Not registered at the Paardenschor.
phaeopus
Philomachus X Not registered at the Paardenschor.
pugnax
Platalaea X Not registered at the Paardenschor.
leucorodia
Pluvialis apricaria X Not registered at the Paardenschor.
Tadorna tadorna X Water bird identified between October 2004
and December 2006: 758 individuals in total
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4 Crux of the matter

The restoration of the Paardenschor was a suazessdte a tidal wetland in the mesohaline
zone of the Sea Scheldt (Zeeschelde). The Paatuenspidly transformed to a tidal
wetland with a Good Ecological Potential (Brys le2805), with clear creek formation in the
mudflats and typical marsh vegetation at the higineas.

A detailed evaluation of the monitoring methodavailable. For future projects it is
recommended to start with the monitoring plan alyea the planning phase with clear cost
estimation and clear agreements on execution grattieg; make a clear distinction between
“site success monitoring” and “impact verificatiomonitoring”; make a photographic survey
on a yearly basis to improve interpretation of ecéd data; reduce the density of the
network to reduce the budget for monitoring sedinggrality; optimise the comparability of
monitoring results of zoobenthos with that of otbeuntries; monitoring of birds and fishes
needs to be done from the beginning following fixedtocol; investigate better the
contribution of the different variables that cobtrie to the changes in elevation; take into
account better the impact of local estuarine charatics such as sediment balance and
wave impact; experimental research is needed tatardsenthic primary production; and
investigate the monitoring of floristic quality ofarsh vegetation.

An important knowledge gap exists on the identtfara of factors that can explain all
changes in vegetation changes. The inundation émyucannot be the only factor. Also
changes in elevation should be investigated battdrthe impact of local estuarine
characteristics, such as sediment balance and wgpaet should be taken into account
better.
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