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1 Description of measure

Measure Category: Biology/Ecology

Estuary: Scheldt

Salinity zone: Mesohaline

Pressure: Habitat loss and degradation

Status: Implemented (in 2002-2003)

River km: TIDE-km 92

Country: Belgium

Specific location: Sea Scheldt (Zeeschelde), Flemd®ovince Antwerp,
left bank of Scheldt between fort Liefkenshoek &adlo sluice
Responsible authority: Waterwegen en Zeekanaal NV
Costs: /

Cost category: 1,000,000 — 5,000,000 €

polyhaline

Lippenbroek - flood control area with controlled reduced fide
(FCA-CRT)
Groynes at Waarde

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

Paddebee k wetland- small scale tidal wetland restoration in
the freshwater zone of the Seascheldt
Paardenschor- small scale brackish fidal wetland resioration
in the Seascheldt

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

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

TIDE pilot: Relocation of dredged sediment to a shallow:
water area at the edge of the Walsoorden sandbar (2004)
TIDE pilot: Relocation of dredged sediment to a shallow
water area at the edge of the Walscorden sandbar (2006)
TIDE pilol: Relocation of dredged sediment to four shallow
water areas at the edge of sandbars (2010)

Vispaaiplaats — Fish spawning pond

oligohaline
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Figure 1. Location Ketenisse wetland.

18

Tidal River Developn"nent

Beveren,



Basic analysis report, nr°l5, Ketenisse wetlang ABA
23.01.2013 I n :
| B | Sy

Figure 2. Air view Ketenisse wetland

1.1 Measuredescription

The Ketenisse marsh is located in an industriad atehe left bank of the Lower Sea Scheldt
(along 4km of the river), between the fortress @ffkenshoek and the Kallo sluice (Van den
Neucker et al. 2007, Speybroeck et al. 2011). THjeative was to restore processes that lead
to the development of a brackish tidal wetland. Témtoration was a compensation for the
North Sea Container Terminal on a mudflat in 19985Lin the Port of Antwerp. To restore
the tidal wetland, the area was separated frominlaed by the construction of a new dike
with Sigma height (at the site of the old wintekaji and the area itself was lowered back
slightly under Mean High Water level (embanked gmHler in second half 1800s and over
the years elevated mainly with specie from consisacworks in second half 1900s). The
plan was to remove the rubble of the summer dilkethe dumped material and to level the
area with a weak slope below mean high water lerehting the optimal starting conditions
for new intertidal mudflats and marshes (60 haybich 35.5 ha restored). Some parts have
however not been lowered as planned, resultingrigel variation in height and slope leaving
supratidal vegetated parts, lower bare mud andhenrateep slope along the summer dike
remnants. The total area can be divided in sevzeras with different historical and starting
situation (LHT, ABC, D, E, F, G; Table 1 & Figuré.4

This area was surrounded by two dikes: winter- sindmer dike. The winter dike (from the
north to the south) was elevated and broadenedngSheight and -width). The summer dike
(central zone D-E) was partly excavated.

Table 1. Description of the 7 zones of the Ketenisarsh (Van den Neucker et al. 2007).

Zone | Description: history and starting situation for monitoring

LHT The most downstream part of the study area masexcavated to protect the environment of
the tunnel (Liefkenshoek).

ABC Section ABC was levelled according to plan exdepsome hard exposed peat layers, which
also created a differentiated resistance to watieraalong the slope. The slope of the levelled
part was relative steep (from 5 m TAW at the dikehte level of the present mudflat) because
of insufficient space for a more gradual transitidhstart of the monitoring, this area was not
embanked and the sediment was rather sandy mud.

D Section D is part of the former Ketenisse poldeated downstream of some pipelines whjch
are defended by surrounding dikes. Section D ihénpast never elevated and now left at| its
original relatively low level (almost 1m below MHWThe summer dike around it was only
partly removed and breached, leaving a relativéigltered intertidal mudflat because
vegetation rapidly disappeared after the breach.

Polder | This area is not under tidal influence aexde preserved the characteristics of a polder.

5
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Section E is the widest part, also part of threnfer Ketenisse polder and located upstrean
the pipelines. In this zone most construction weds done of the entire area: remains of
summer dike and elevation specie was removed amdtba was levelled to almost 0.5
below MHW. Areas with specie not useful for dikexstruction work remained untouched &
some areas were deeper excavated than others. A shagee to the river was developed f
optimal start conditions for the development otititlal area. At start of the monitoring th
zone was a non-embanked mudflat and marsh areduiithsilt rich and more sandy mud.

n of
the
m
nd
or
is

Section F was already non-embanked before thieddtéhe monitoring and remained main
untouched and supratidal. However, during the cansbn work a temporary elevation w.
built near the shoreline for the excavators. Inlérgest part of this zone, reed rhizomes w

ly
1S
ere

scraped. Only at a smaller part the original resgktation remained unaffected.

Section G was excavated with a relatively stéepesbecause of insufficient space for a m
gradual transition (similar to zone ABC). At start thie monitoring this area was a ng
embanked sandy mudflat. In the more upstream p&neocG section a steep cliff, with a heig
between 0.3 and 1.5m developed over a length ahl@gure 3 (Van den Bergh 2005, Val
den Neucker et al. 2007).

Figure 3. CIi at one G (March 2003) (Van den blaar et al. 2007).

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

1.2 Monitoring

The monitoring program is included in global moriitg of Scheldt estuary (Moneos) plus

monitoring of variables that give information abewblution and success of restoration. The
evolutions have been studied since 2002, intensiveinediately after restoration and with

declining effort over the years. Aspects of interese geomorphological changes
(sederoplots, profile measurements, orthophotesjingent characteristics (granulometry,
organic %, pigment, physicochemistry) and colomizaby phyto- and zoobenthos (benthos,
oligochaeta) are studied. Also vegetation (PQsjaama (water and breeding birds) and fish
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were studied. These developments were comparedual as possible to the situation on

nearby tidal wetlands.

Monitoring of all aspects is done near 20 sampditagions along 6 transects perpendicular to
the shoreline (Figure 4), from which 11 at the oe=d site, 8 at the original mudflat and 1 at
the remains of the original marsh. For the birdnteuhe area was divided in sections around
these transects.

» g
ot

Figure Overview differet zbnes and monitoringaltions: sedimentation-erosionplots
(red triangles) and vegetation PQ (yellow block3jthophoto January 2009. (Speybroeck et
al. 2011)

1.3 Monitoring results

1.3.1 Geomor phological changes

(1) Sedimentation-erosion

Sedimentation-erosion processes are very localifgpetice the combination of the shape
index, the presence of peat layers and the velgdaopography of the site along its length
resulted in varied exposure and resistance to \aatien (tidal, wind and from ships) across
the site. Detailed graphs with elevation profiled aedimentation/erosion results per transect
can be found in attachment A.

In general, sedimentation and erosion processesgyr vary in the study area (Table 2), as
well in the different zones of the area (Figure @t sedimentation and erosion both varied
between 0 and 30cm in the first year after resmmafvVan den Bergh 2005) and between 0
and 15cm per year between November 2003 and A2§@& (Van den Bergh 2005).

Minimal changes were noticed at the supratidaimtatKpfl and Kpel. The more exposed
intertidal stations clearly eroded (Kpal, Kpb2, Rp&pd4 and Kpe5). The lower and
sheltered stations (Kpd1-3 and Kpe2-4) showed ar agiet sedimentation; at these stations
some depressions filled up relatively quickly. Deeintation and erosion generally occurred
gradually, however some ‘sudden’ net erosion ofertban 10cm between two consecutive
measurements was observed in the very low and egpsmmpling stations (Van den Bergh
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2005). The top of the cliff (site G) moved land amds as a consequence of erosion (Figure
6), already up to 2m in less than 6 months (VanBknmgh 2005).

Based on the sedimentation-erosion measurementthdndifferent zones and some
geomorphological variables, relations were studigad. a causal relation was only observed
between the percentage of slope grade of the mudilad the intensity of
sedimentation/erosion (Van den Neucker et al. 2@8peybroeck et al. 2011). Sedimentation
shifts to erosion from a slope grade of 2.5% oran®an den Neucker et al. 2007). Indeed,
zone ABC and G are characterised by a steep slpplebconstruction work (Table 1) and
globally under influence of erosion (Table 2). bne DEF erosion is mainly restricted to the
shoreline (Figure 5).

Table 2.Sedimentation and erosion per zone per year (ciatg, November 2003 — August
2005) and the effect on the relative flood frequyef\éan den Neucker et al. 2007)

Zone Erosion - Changein relative
sedimentation flood freguency
(cmiy) (%)

LHT +5 ?

ABC -6 From 92% to 94%
D +15 From 99% to 96%
E +6 From 68% to 63%
F -2 From 70% to 72%
G -7 From 98% to 100%

g %
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Figure 5. Difference map for all zones based onitigzlevation Maps, November 2003 -
August 2005. Green arrows indicate zones of sedatien and red arrows erosion (Van den
Neucker et al. 2007).
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Figure 6. Evolution of the top of the cliff at zoBe2003-2009 (Speybroeck et al. 2011).

(2) Creek network system

The creek network is important for wetland develepirbecause they arrange water supply
and drainage, for the supply of seeds and alsoah#alh for organisms like crustaceans
(Crustacey, fish and other (Van den Neucker et al. 2007)e Dnset for a creek network
system established relatively quickly in the widerd sheltered D and E sections of the
Ketenisse marsh where sedimentation was observaa &n Bergh 2005, Van den Neucker
et al. 2007). In zone F the creek network systetabéished moderately and in ABC it
established badly (Figure 7 & Figure 8). Once dithbd the main channels did not alter
their position very much but the sinuosity seenwethtrease very gradually (Van den Bergh
2005). Between 2003 and 2005 the density (m/hajedsed in zone DEF but not in ABC
(Figure 8).
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Desigabiaden Kotenisss Schod
Geulen en kreken Sept. 2003
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]

Geulen en kreken Auwg. 2005

3

Figure 7. Overview of channels and creeks at Kesmimarsh (Van den Neucker et al.
2007).

u September 2003 m Augustus 2005

2] E F ABC

Zones

Figure 8. Evolution of channels and creek densgityh@) within the zones of the Ketenisse
marsh (Van den Neucker et al. 2007).

160

G

Two relationships were observed at the Ketenisseshman exponential decreasing relation
between channel- and creek density and slope; alidear increasing relation between

channel density and the average width of the aFigaré 9). So besides an opportune slope,
also sufficient space is necessary for channelkca@ek development (Van den Neucker et al.
2007). Zone D and E are the most width zones ofsthdy area and have also the most
channel and creek development (D: 255.2m; E: 28D.@wne F has an average width of
153.8m, while zone ABC is a long small zone withearrrage width of 75.7m.
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Figure 9. Relationship between de average slopea(a) width (b) of the area and the
channel density in the zones of the Ketenisse n{&liesth den Neucker et al. 2007).

1.3.2 Sediment characteristics

(1) Median grain size and organic carbon content

Median grain size (MGS) showed large variation arghnic carbon content of the sediment
varied between 0.5 and 15% and was closely retatesddiment median grain size (Van den
Bergh 2005). The more sheltered stations alongDtlend E transects with the highest net
sedimentation rates were also the muddiest, witwar MGS (fine sediment) (Figure 10).
At the F stations, which were not levelled meredgduse of the high mud content, MGS was
also relatively low (fine sediment). The erosivengéing stations were generally sandier.
Along the narrow upstream part (at section ABC) MiB&eases with elevation. Sediment
composition along the B transect showed large tianig, changing from fine to rather sandy
sediments in a few weeks’ time. These changes pratgably related to occasional dredging
activities on the nearby ‘plaat van Lillo’. A clselationship was found between MGS and
organic matter content of the sediment. No relatigm was found between mean %OM and
net sedimentation/erosion over the first year (\dan Bergh 2005). Differences in organic
matter content between the upper (0-1cm) and Idasgr (0-10cm) are small, i.e. small
difference between new and old sediment.

e -| @0tot lem mO tot 10em

100

Median gr-.tit{ size tum)

50 H

ITHRY

KPa1 KPa2 KPa3 KPb1 KPb2 KPb3 KPc1 KPc2 KPc3 KPd1 KPd2 KPd3 KPd4 KPe1 KPe2 KPal KPed4 KPe5 KPf1 KPf2

Figure 10. Sediment: median grain size per locatiorpm, autumn 2009 (Speybroeck et al.
2011).
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(2) Sediment quality

At Ketenisse marsh some strong and extreme contéedrsites were observed (Figure 11),
mainly due to high concentrations of mercury andntiam (Speybroeck et al. 2011). The

most contaminated sites are KPd4, KPfl and (sosgffequent) KPe5, while at KPb3 only

one global score was strongly contaminated. Thitee are randomly spread over the area,
but except for one (KPf1) it are all low intertidatations. In all four sites the contamination

is historical. Erosion at those sites would incesti® pollution concentrations.

5 B KPat
B KPa2
1 KPa3
O KPb1
B KPb2
O KPb3
B KPci
O KPe2
B KPe3
B KP4
O KPd2
O KPd3
B KPd4
B KPet
B KPe3
B KPe5

! ! N " @ KPf
2002 2003 2004 2005 2006 2007 2008 2009 O KPf2

(]
1

ka3
L

Triadeklasse

Figure 11. Global Triade score in function of timeé (Speybroeck et al. 2011).

1.3.3 Benthos

(1) Microphytobenthos

Microphytobenthos is known to play an importanteroh the stabilisation of intertidal
sediments (Stal 2003, Van den Bergh 2005) and givesndication for benthic primary
production (Van den Neucker et al. 2007). At thaeléesse marsh it was only measured in
the first year after the restoration of the areblo@®phyll a concentrations varied between
0.3 and 118ug.g sediment dry weight-1 with the égghvalues found on sections D and E
(Van den Bergh 2005). They were comparable conagotis found on Groot Buitenschoor,
a mudflat situated nearby (Van den Bergh 2005). Righest concentration chlorophyll a
was observed during spring and summer (Van deniB2ap5, Van den Neucker et al.
2007), but the moment of maximum chlorophyll praitut was not similar for every
location (Figure 12). This is in agreement withvioes studies in the Scheldt Estuary (De
Jong and De Jonge 1995, Van den Bergh 2005).

12
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Figure 12. Chlorophyll a concentrations in the upgeil layer (0-1cm) per location at the
Ketenisse marsh in the first year after the regiorawork (?: no measurement) (Van den
Neucker et al. 2007).

The highest concentration chlorophyll a was obskrivefiner sediments (Van den Bergh

2005, Van den Neucker et al. 2007) (Figure 13).a&deer, higher concentrations were also
observed in sediment at high elevated areas (VanBaegh 2005, Van den Neucker et al.
2007) (Figure 13). Although transects E and F vaarly levelled between November 2002

and January 2003, chlorophyll a concentrations wetesignificantly lower than in the other

transects. This indicates that microphytobenthopufations can rapidly colonize newly

constructed mudflats (Van den Bergh 2005). Finallglose relationship was found between
the chlorophyll a concentration in the upper sajdr (0-1cm) and sedimentation-erosion
rates (Van den Bergh 2005) (Figure 13). Chlorophytioncentration might therefore be a
potential indicator for sedimentation and erosioméwly created marshes (Van den Bergh
2005).
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Chiorophyll a (pg DW-)

Figure 13. Relation between annual average chloyiph concentration and sediment
median grain size, position above mean low wateelland net sedimentation-erosion rates
in 2003 (Van den Bergh 2005).

(2) Macrobenthos

During the entire monitoring period (2002-2009) thess fauna was dominated by mud
shrimp (44%, Corophium volutator and earthworms (44%0Qligochaetg, followed by
Common ragworm (9%Nereis diversicolor and Dun Sentinel(2%, Assiminea grayana
(Figure 14) (Speybroeck et al. 2011). Other spa@pesesented only 1% of the benthic fauna.
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However, in biomass Oligochaeta are less importBidmass is dominated by Common
ragworm and to a lesser extent by mud shrimp aednibre marsh relateBun Sentinel
(Figure 14) (Speybroeck et al. 2011).

16000

14000 —

12000

10000

@ rest

@ Oligochaeta sp.

W Nereis diversicolor
@ Corophium volutator
| | [DAssiminea grayana

8000

denshteit (indim?)
blomassa (g/m?)

6000

4000

o T T T T T 1 1 0

2002 2003 2004 2005 2006 2007 2008 2009 2002 2003 2004 2005 2008 2007 2008 2009

Figure 14. Average density (left) and average bissnéight) per specie and per year
(Speybroeck et al. 2011).

The different transects and sample locations ddfearly in density and biomass (Figure 15)
(Speybroeck et al. 2011). The benthos density énhilgher elevated locations of KPa and b
are lower than at KPd and e, but the differenadaarer for biomass. Transect C is poor for
all benthos aspects (diversity, density, biomad#)ereas the steeper KPf transect has low
benthos density and —biomass, the flatter partéRaf and KPe are rich in benthos and offer
more fouraging potential for birds. At every tractséhe lower values are observed at the low
locations (KPa3, KPb3, KPc3, KPd4, KPe5, KPf2).sTtorresponds with the general pattern
of the Sea Scheldt where high(er) values were gbdeat the high and mean high intertidal
locations, while the low values in the lower pasfsthe intertidal are comparable with the
values in the subtidal part (Speybroeck et al.ubfiphed data, in (Speybroeck et al. 2011)).
Another explanation is that the low intertidal ltoas were more contaminated and are
hence possibly toxic for macroinvertebrates (Spegtk et al. 2011).

The average density and average biomass of madhaizewas on the original mudflat much
lower compared to the restored part (Van den Neuekal. 2007). From these results it
seems that erosion sensitive locations are chaisede by poor benthos communities
(Speybroeck et al. 2011). Also a higher slope,daggain size and larger dynamisms seems
to be characteristic for zones with poor bentha lom number of species as in individuals.
These are also explanations (steep, erosion amgye lgrain size) for the relatively low
development of benthic fauna at the zone ABC (Fglb), hence this zone was not
successful to create an optimal starting situdtiormarsh development.
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Figure 15. Density (up) and biomass (down) per tmra— overage over time 2002-2009
(vertical lines indicate the standard deviationpéSbroeck et al. 2011).

(3) Oligochaeta

Total Oligochaeta fauna exist mainly of 6 taRaranais litoralis (21%), Enchytraeidae
(17%), Lumbricillus lineatug17%), Tubificoides heterochaet($7%), Heterochaeta costata
(14%) andAmphichaeta sanni¢12%) (Speybroeck et al. 2011). At the restorezhathe
number of taxa increased during the monitoringque(R002-2005) (Van den Neucker et al.
2007). The number of taxa at the original mudftabragly fluctuated and at location KPf1,
between remains of the original marsh, the numligaxa remained rather stable. At the
original mudflat the density of oligochaeta wasg@neral much smaller compared to the
restored area (Van den Neucker et al. 2007). Atrélstored are®. litoralis was the most
dominant taxa, while at the original mudflat heterochaetusras more abundant (Van den
Neucker et al. 2007).

The presence of various Oligochaeta taxa can beedinwith different habitat types
(Speybroeck et al. 2011Enchytraeidads mainly observed in the higher zones with marsh
development (eg. along transects E andrBhificiodes heterochaetus almost not observed
in marshes but mainly at lower muddy locatidAsterochaeta costatia also not observed in
marshes but also not at lower sandy locations. Ta&i® is mainly observed in good
developed mudflat without vegetation. Algamphichaeta sanniceems to have similar
habitat requirements.

1.3.4 Vegetation

Just like for benthos are the present morphologicgsses responsible for the vegetation
succession and colonisation: locations with sedtatem are characterised by progressive
succession and locations with erosion by regressineession (Speybroeck et al. 2011). In
addition, the relative flood frequency determinessgibilities for vegetation and fauna
development. For Ketenisse this means that pionetpes are located between 5m and
5.4mTAW and all zones above 5.4mTAW that are vagdtare marsh ecotopes.

Two vegetation maps of Ketenisse are presentedi@its). The most downstream zone (at
transects ABC) is characterised by a steep slo@eB¥%) with consequently erosion and
regressive succession (almost no marsh vegetai®pgybroeck et al. 2011). Only at the
higher parts, close to the dike, elevation occyrsAbolian deposition (by the wind). As a
consequence some vegetation is present close tdikbe Sea AsterAster tripoliun), Sea
clubrush Gcirpus maritimus Sea CouchHlymus athericusor Common reedRhragmites
australig. Supratidal a plant community developed with Bsidiorn plantain Flantago
coronopu}, Creeping bentgrassAg@rostis stoloniferg Celery Apium graveolens Sea-
milkwort (Glaux maritimg@ and Sea aster as aspect determining speciesdretmdch also

15
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Sea hard-gras$arpholis strigosg can be found. Most part is however bare soil (s&td,
wet muddy sand, dry sand and water-saturated satlinte covered with Vaucheria
(Vaucheria sp.or Microphytobenthos (MFB) (Figure 16).

In the zone upstream of the embanked polder (as#¢cts DE and E) the slope is flat enough
for sedimentation (<2.8%) and consequently progressuccession (marsh development)
(Speybroeck et al. 2011). From East to West thera gradient from low to high. At the
lowest part the bare mudflat is colonised by Vadeh@/aucheria sp, followed by Sea
Aster Aster tripoliunm) and Sea clubruslsd¢irpus maritimusand in the end Common Reed
(Phragmites australjs(Speybroeck et al. 2011).

The most upstream part (EF) is similar as zone ABC.
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b. Upstream of the embanked polder
(at transects DE, E and EF):
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Figure 16. Vegetation map of the (a) downstream @)dupstream part of Ketenisse, for
2007 (MFB: microphytobenthos) (Speybroeck et al120
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1.3.5 Avifauna: water birdsand breeding birds

(1) Water birds
In total 46 water bird species were observed oreiiese during the monitoring period

November 2002 and December 2006 (Van den Neuckal €007). Number of bird days

was used as unit for the bird monitoring. The nundfebird days varied between 2500 and

12750 per month (2002-2006) (
14000

= winterseizoen, = zomerseizoen.

12000

10000

8000

Birth days

H'HHHH\H |
L

okt/02  apr03  okt/03  apr/04  oki/04  apr/05  okt/05  apr06  okl06
Month
Figure 17) (Van den Neucker et al. 2007). The maxinof bird days was counted in June
2003 and June 2005, respectively due to the veyly Abundance of Common Shelduck and
Lapwing (Van den Neucker et al. 2007). A positikentl was observed for the total number
of bird days per season during the first three @avint seasons (
14000

= winterseizoen, = zomerseizoen.

12000

10000

8000

Birth days

n'mw, 1 i
LRI |

| \

okt/02 apr/03 okt/03 apriDd okt/04 apr/05 okt/05 apr/06 okt/06
Month

Figure 17).

The most numerous species were Common Sheldliallofna tadorny Greylag Goose
(Anser anser; Pied Avocet Recurvirostra avosetjaesponsible for 31%, 18% and 9% of the
total number of bird days and all of them are tgpgpecies for the mesohaline part of the
estuary (Figure 18) (Van den Bergh 2005, Van dencker et al. 2007). On average, the
largest number of birds was observed on the restoagts of zones D and E (KPd and KPe)
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(Figure 19) (Van den Neucker et al. 2007). Commdmeldick and Pied Avocet
(Recurvirostra avosetjafeed on the more sheltered, low dynamic mudifiat€sPd and KPe
and breed on their highest parts. Greylag Goos deethe Scirpus maritimus vegetation in
these sections and rest on the mudflats. LapwManéllus vanellys Gadwall @Anas
streperg and the migrating waders are more common onahdier sections (kpa, kpb, kpc,
kpf en kpg). CurlewNumenius arquatawas found in all sections (Van den Bergh 2005).
Overall, geese are typical winter guests, Commosldick and Pied Avocet are especially
abundant in summer.
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Figure 17. Total number of bird days per month atdfisse (November 2002 — December
2006), red bars: winter season, blue bars: sumreassn (Van den Neucker et al. 2007).
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Figure 18. Relative abundance of species duringnioaitoring period (November 2002 —
December 2006), based on number of bird days (\éam\ttucker et al. 2007).
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Figure 19. Average number per month for the difiespecies groups on the restored part of
Ketenisse, per zone (2003-2006) (Van den Neucksdr 2007).

(2) Breeding birds

The most abundant breeding birds on Ketenisse are sypical species for marsh habitat,
like Common RedshankTfinga tetanuy and Common Shelduck &édorna tadorna (Van
den Neucker et al. 2007). The Reed vegetation stengood breeding habitat for Eurasian
Reed Warbler Acrocephalus scirpaceys Reed Bunting Emberiza schoeniclyisand
Bluethroat Luscinia svecich The Sigmadike is also used for breeding by Meadipit
(Anthus pratens)s Eurasian SkylarkAlauda arvensisand Little Ringed PlovetGharadrius
dubiug.

The expansion of reed vegetation in the southerngi&etenisse had led to the immediate
colonisation by species such as Reed Bunting, Biloat, Eurasian Reed Warbler and Marsh
Warbler @crocephalus palustrjs This fast colonisation was probably also catdyby the
habitat loss at the inner side of the Sigmadikeglihe Ketenisroad.

During the period 2004 to 2006 remarkably less renslof waders were observed to breed
on Ketenisse. For Pied AvocetRdcurvirostra avosetja and Little Ringed Plover
(Charadrius dubiup this was possibly due to the advanced successtadium of marsh
vegetation. Only on the grass strip (not embanke@ 4. HT in the north of Ketenisse) and in
the little polder between zone D and E, the nundfevaders remained stable. The number
of waders decreased as a consequence of the dmezlbpf large Reedbeds, in particular in
the southern part.

1.3.6 Fish

Fish was found both on the restored area and ntudfl&etenisse (at transects KPe and
KPd). During spring (March) it appeared that maiflyropean seabas®i¢entrarchus
labrax) uses the habit situated higher in the tidal frdikes marsh creeks and the excavated
zones of the restored areas (Van den Neucker @08F). The preliminary results indicate
that the elevation of habitat is a determiningdadbr the relevance of the habitat for fish.
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2 Execution of main effectivenesscriteria

2.1 Effectiveness according to development targets of
measur e

Step 1: Definition of development target

The main target was to restore processes thatttedlde development of a tidal wetland.
Therefore the Ketenisse area was levelled in 20€@2 aweak slope below mean high water
level, creating the optimal starting conditions foe development of intertidal mudflats and
marshes. After restoration (since the end of 2@)area is again an intertidal flat habitat in
the brackish part of the Scheldt that is floodeatéva day. And monitoring results of the first
year suggest that Ketenisse polder has the pdtémtikevelop towards a varied and normal
functional intertidal area (Van den Bergh 2005).

Step 2: Degree of target achievement

However, based on wider monitoring results (Gysgliet al. 2004, Van den Bergh 2005,
Gyselings et al. 2006, Van den Neucker et al. 28peybroeck et al. 2011) we conclude that
the degree of target achievementasher medium. The slopes at the extreme ends of the
site are too steep and net erosion takes placthelrtentral part two aspects of the final
design differed significantly from the original plaSome areas, where the topsoil was not
useful as construction material for dikes, were extavated below mean high water level
and remained almost supratidal. The old dike wasr@moved according to plan and as a
result almost flat plateaus, with a steep slopeatd® the river were constructed instead of a
gentle overall slope from the dike to the river.isTthad consequences for the habitat
functions of the site. At TO higher vegetation vaé®ady in place, supratidal as well as tidal
marsh vegetation. Some of it died off; in othercpl it remained and served as source for
typical fauna and flora. The plateaus now provim& tynamic habitat. They silted up and a
relatively rich macro-benthic invertebrate commuynitas built up, providing extra foraging
and roosting time and space for birds.

The differences in the starting conditions weréeréd in the differences in evolution across
the site (Van den Bergh 2005). On the shelteredvaddr Kpd and Kpe sections in general
net sedimentation was observed with sediments of MGS, high OM content and
chlorophyll a concentrations (Van den Bergh 200%)ese areas also contain relative high
macrobenthos densities and are selected by typpmdies such as Common Shelduck and
Pied Avocet for foraging. The other, more dynangict®ns also show erosion in some parts,
generally have higher MGS, lower OM content, Chpiwyll a concentrations and
macrobenthos densities (Van den Bergh 2005). Thkiesca other bird species. Succession
stages of tidal marsh vegetation were observednamst apparent on the sections with a
weak slope.
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2.2 Impact on ecosystem services

Step 1: Involved habitats

The measure Ketenisse wetland in the oligohalimee zaf the Scheldt estuary was about the
creation of intertidal habitat by transforming agjat land into mainly intertidal flat habitat
with a high change in the habitat quality.

Ketenisse is a former intertidal brackish marstated in an industrial area. After restoration
an open brackish tidal area of 60ha (of which 3&%estored) was created along 4km of the
river. In the more upstream part of the G section a stépwith a height between 0.3 and
1.5m developed over a length of 100m (Figure 3)n(dan Bergh 2005, Van den Neucker et
al. 2007). The cliff is under strong pressure as@n and moves land inwards.

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

Change in habitat quality (score 1 to 5)
S5 4 3 2 41 0 1 2 3 4 5

subtidal deep
subtidal moderately deep

subtidal shallow
intertidal steep [

intertidal flat _— Score habitat quality
marsh g 1 = very low quality
adjacentiand=— 2 = low quality
' ' ' ! 3 = medium quality
-100% -50% 0% 50% 100% 0 ——
4 = high quality
Change in habitat surface (%) 5 = very high quality

Figure 20. Ecosystem services analysisKetenisse wetland: Indication of habitat surface
and quality change, i.e. situation before versusraheasure implementation. The change in
habitat quality, i.e. situation after the measugeiinplemented corrected for the situation
before the measure, is ‘1’ in case of a very lowliy 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 ecirimterpretation of the results could be
found in the overall measures report (Saathoff.2Gi 3).

(1) Overall expected impact on Erom the ES assessment it is concluded that thésuane
generates overall a positive expected impact farynkS, mainly for “biodiversity”, cultural
service (Inspiration for culture, art and desigapd regulating service (Erosion and
sedimentation regulation (by water bodies)).

(2) Expected impact on targeted EBhe expected impact for the development target
“biodiversity” is positive.

(3) Expected impact on beneficiariebhe expected impact for the different beneficiary
groups is overall slightly positive, with a poséiexpected impact for future use.
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Table 3. Ecosystem services analysis for Ketenigstiand: (1) expected impact on ES
supply in the measure site and (2) expected impmactdifferent beneficiaries as a
consequence of the measure

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

Cat. |Ecosystem Service [score | Beneficiaries:

S "Biodiversity" 2 Direct users 0
R1 [Erosion and sedimentation regulation by water bodies Indirect users 1
R2 (Water quality regulation: reduction of excess loads coming from the catchment Future users 2
R3 [Water quality regulation: transport of polutants and excess nutriénts Local users 1
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: Wawve reduction Targeted ES

R11 [Regulation extreme events or disturbance: Water current reduction

alaln=|o|ololal alalaf=a]=|o]a|lo|o] =

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

Ketenisse is a nice example to combine nature dpwent and the creation of recreation
possibilities. The governmental department for rafn Flanders considers the creation of
stairs over the dike for watching birds behindamsparent wall, combined with information

panels. Ketenisse is also favorable for cyclerk wihice cycle pad along the flowery Scheldt
dike. On the north side (in the direction of Lieflshoek, along sections LHT and ABC) this
cycle pad is however not finished. At the downstrgaart (Fort Liefkenshoek) there is a

tower with a nice view and a pub. This cycle roigtalso planned to be integrated in the
Ecological InfraStructure cycle route (EIS-cyclautioin the harbor area. The initiative to

open the local service road is linked to the priofie Antwerp harbor more environmental

friendly’. However, some actors are not in favorogen this road for cyclers because that
would disturb the resting and foraging birds ongh®ll mudflat area.

The polder can be visited during educative excuassigeg. bird watching day) by the

environmental association (Natuurpunt-WAL).
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3 Additional evaluation criteria in view of EU
environmental law

3.1 Degree of synergistic effects and conflicts according
to WFD aims

The restoration of an intertidal wetland can attiébto 4 main pressures in the mesohaline
zone of the Scheldt. However, Ketenisse is onlynallsscale pilot project (60 ha). The real

effect of Ketenisse to the Scheldt estuary is hentemal. The real objective of Ketenisse

was also the research aspect. Small scale projeamts studied to learn more about the
creation of an optimal starting condition for thevdlopment of valuable intertidal wetlands.

Indicator Code Main pressureg Effect? Description
Group mesohaline zone Scheld -- | - | 0| +| ++ P
Habitat loss and . . .
1 degradation during the ;6\ fc:rrc?er. mtertldgldbretlgkllsh marsh
sl . last about 100 years X ocaeOI d|n anbm ustrial area st
Intertidal expgn e y managemen
realignment.
Gross change of the At larger scale, a intertidal wetland
hydrographic regime can contribute to the hydrographjc
S.I 15 - X .
during the last about 100 regime of the estuary (eg. water
years storage capacity and safety function
The sediment at Ketenisse was
Decrease of water angi already highly contaminated and
S.l. 3.1/3.2 | sediment chemical X y. 9 y . .
Lalit hence improving the quality is
qually difficult
A former intertidal brackish marsh
Land claim during the located in an industrial area s
D.l. 13 X
last about 100 years expanded by management
realignment.
Adjacent land is given back to the
D.l. 1.7 Relative Sea Level Rise estuary. A larger estuary is mofe
dynamic to manage extreme events
and disturbances.
D.l. 2.12 Port developments X

S.1. = state indicator; D.l. = driver indicator

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

Intertidal wetlands are important under the haldtetctive for estuaries. More specifically,
brackish marshes are rare and in Europe only imttveth of the Elbe and Western Scheldt.
The creation of a brackish intertidal wetland ie 8ea Scheldt is hence of high value related
to habitat diversity.

Management realignment offers a possibility to egydathe estuary and create valuable
intertidal wetlands.

Ketenisse is muddy and very attractive for birdcég® Nine common water birds on
Ketenisse are on bird directive’s list for protetcterd species.
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LA
Conservat | Specification Effect? Short explanation
ion 0 ++
obj ectives
(Sea
scheldt)
Protected | Atlantic marshes (HD, codée Newly created intertidal wetland i
habitats: 1330) the protected area BE2300006, a|
Coast and quality improvement for this typé
brackish of habitat.
habitats
Protected | Acrocephalus paludicola X Not observed
birds Anas acuta X Not observed
Anas clypeata X Not observed
Anas crecca (Eurasian Teal) Common water duiréketenisse
Anas Penelope (Eurasian X | Common water bird on Ketenisse
Wigeon)
Anas strepera (Gadwall) Common water birdketenisse
Anser albifrons X Not observed
Anser anser (Greylag Goose) Common water dnir&etenisse
Anser brachyrhynchus X Not observed
Anser fabalis X Not observed
Arenaria interpres X Not observed
Recurvirostra avosetta (Pigd X | Common water bird on Ketenisse
Avocet)
Aythya ferina X Not observed
Aythya fuligula X Not observed
circus cyaneus X Not observed
Circus bewickii X Not observed
Egretta alba X Not observed
Larus argentatus (European X | Common water bird on Ketenisse
Herring Gull)
Larus canus X Not observed
Larus ridibundus (Black- X | Common water bird on Ketenisse
headed Gull)
Numenius arquata (Curlew) Common water bitdketenisse
Numenius phaeopus X Not observed
Philomachus pugnax X Not observed
Platalaea leucorodia X Not observed
Pluvialis apricaria X Not observed
Tadorna tadorna (Common X | Common water bird on Ketenisse
Shelduck)
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4 Crux of the matter

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

Ketenisse was however not a complete success. fEkpes parts of the site showed net
erosion and seemed less functional as habitatel€éntral slope would have been excavated
according to plan sedimentation/erosion and halitatelopment would have been quite
different (Van den Neucker et al. 2007). There wichdve been relatively less mudflat with a
long exposure time. On the other hand, habitatrdityeand gradual transitions might have
been more elaborate.

The applied monitoring scheme seems to be adedoat®nitor the developments on the
new site, even though it is rather labour-intengivan den Bergh 2005). Developments on
levelled sites start shortly after the end of therks, therefore it is important to monitor
intensively in the early stages. The monitoringqgérency is evaluated yearly and, if
necessary, adjusted to the developments on thé/giteden Bergh 2005).

Knowledge gaps are related to the contributiorhefdifferent variables that contribute to the
changes in elevation, and taking into account thpaict of local estuarine characteristics
such as sediment balance and wave impact.
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