
Chapter 7 -  An ecosystem approach tow ards Belgian coastal policy

Chapter 7: An ecosystem approach towards Belgian coastal policy

In th is chapter, a general discussion, conclusions and fu tu re  challenges are given. Beach research results  

are trans la ted  tow ards beach nourishm ent recom m endations and policy guidelines fo r  an ecosystem- 

based, in teg ra ted  sandy beach m anagem ent. Furtherm ore, beach fa c t sheets, crite ria  fo r  a good  

ecological beach, a p lea fo r  a m ulti-d iscip linary, in teg ra te d  beach spa tia l p lan and some fu tu re  beach 

research suggestions have been made.
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Abstract

The Belgian coastal zone hosts a com plex o f space-use and resource-use activ ities w ith  a m yriad o f 

pressures im pairing environm enta l cond itions both  on th e  coastline and on coastal w aters. Specifically at 

th e  beach, predictions on sea level rise, in tensified storms, accelerated erosion and flood  risk fo r  the  

N orth  Sea have led to  the  d ra fting  o f the  Belgian Integrated Coastal Safety Plan. The pre ferred  coastal 

defence measure is beach nourishm ent as it safeguards th e  natural dynamics o f th e  coast and has litt le  

im pact on the  beach ecology and tourism  com pared to  o the r options. However, toge the r w ith  the  

m u ltitu de  o f human beach functions such as tourism  and econom ic deve lopm ent, beach nourishm ent 

po ten tia lly  th reatens the  natura l characteristics o f th e  beach ecosystem.

As m anagem ent o f the  coastal zone is clearly a m ulti-face ted  and com plex endeavour, w here the  

in terests o f several stakeholders need to  be com bined, coastal m anagem ent desperately needs 

ecological dimensions. Hence, solid and m eaningful b iological and ecological in fo rm a tion  is needed. 

Clear and user-friend ly m anagem ent too ls are essential to  guide in tegrative  and ecosystem-based 

strategies to  sustainably manage ongoing space-use activ ities at th e  Belgian coast. From 1997 to  2011, 

re levant research data was gathered in 16 in te rtida l and 10 shallow  subtidal coastal locations, over 8 

years in 3 d iffe ren t seasons to  (1) give an overview  o f the  natura l spatial and tem pora l varia tion  in the  

Belgian coastal zone and (2) define th e  realized niches o f th e  dom inan t in te rtida l and shallow  subtidal 

m acrobenthos. The in s itu  im pact e ffects o f an ecological nourishm ent w ere  tested according to  a Before 

A fte r Control Im pact (BACI) design (2008 -  2012) straddling th e  nourishm ent event (2009). The sedim ent 

preferences o f th e  dom inant Belgian in te rtida l beach m acrofauna w ere  experim enta lly  tested both  in 

single-species and combined-species conditions.

All these research results and data w ere used to  (1) fo rm u la te  research based guidelines fo r  Belgian 

policy, especially regarding ecological beach nourishm ent, (2) develop an ecological m odel to  p red ict the  

ecosystem response o f beach nourishm ent scenarios at d iffe re n t tro p h ic  levels, (3) establish a 

scientifica lly sound and spatia lly based biological va luation o f the  Belgian coastal zone, using the  m arine 

biological va luation  m ethod (Derous e t al. 2007a) and (4) produce beach records, encompassing all 

re levant data gathered on th e  16 in te rtida l and 10 shallow  subtidal studied coastal locations. These 

m anagem ent too ls w ill assist local decision makers and a llow  fo r  the  in tegra tion  o f 'n a tu re ' at an early 

stage o f coastal policy im p lem enta tion . Some fu tu re  perspectives fo r Belgian coastal research are 

provided as well.

Keywords: beach nourishment, ecosystem based management, coastal policy, guidelines, tools, 

monitoring
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1. Introduction

The Belgian coastal region is an extrem ely valuable social, ecological and econom ic environm ent, 

consisting m ostly o f sandy beaches w ith  sea walls in fro n t o f the  cities and dunes in between. The main 

long-term  th rea ts  are linked on the  one hand w ith  the  social and econom ic use o f the  land on or 

im m edia te ly  behind the  dunes and on the  o the r w ith  natural impacts like erosion and clim ate change. 

Storms and associated erosion present th e  m ost substantia l universal hazard to  beach ecosystems 

(McLachlan e t al. 2013). Sea level rise due to  c lim ate  change can cause flood ing, accelerated coastal 

erosion and the  loss o f fla t and low -ly ing coastal regions (Brown &  McLachlan 2002), like the  Belgian 

coastal region. Furtherm ore, it increases th e  likelihood, frequency and in tensity  o f storm  surges, 

enforces landward in trusion o f salt w a te r and endangers coastal ecosystems and wetlands. Projections 

by th e  In te rgovernm enta l Panel on Climate Change (IPCC) fo r  the  end o f the  21st century suggest a sea 

level rise betw een 18 -  59 cm above the  average 1980 -  2000 level, w ith  indications it m ight be even 

higher. This w ou ld  cause waves to  increase by 2 m at our coasts (Doody e t al. 2004).

The th re a t o f coastal flood  risk m ight be no t acute bu t th e  set-up o f a p recautionary princip le  driven 

design is vita l from  an ecological po in t o f view . W ith in  th e  Belgian legal system, coastal safety is already 

regarded as th e  m ost im p o rta n t p rio r ity  in th e  decision m aking process fo r  the  Belgian coast, being a 

prim e reason o f public health concern. The recently approved Integrated Coastal Safety Plan (10 June 

2011) contains a series o f measures and a lternatives to  be taken between now and 2050, guarding 

against th e  dangers o f a superstorm  and preventing present and fu tu re  flood ing  (M ertens e t al. 2008). 

For th e  next years, Belgian beaches w ill thus face a m u ltitu de  o f coastal defence activities, including 

large-scale long-term  beach nourishm ent projects.

M eanw hile , in te rna tiona l and European legislation is try ing  to  counteract the  de te rio ra tion  o f the  coastal 

env ironm ent in te rm s o f b iod ivers ity  and ecosystem function ing . The coastal conservation and 

p ro tection  is laid dow n in th e  EU W ate r Fram ework Directive, th e  EU Bird and H abita t D irective, and in 

in te rna tiona l trea ties and recom m endations. The Belgian sandy coast is indeed much m ore than jus t a 

b iological desert provid ing a natura l defence against the  sea. Therefore, m anagem ent o f beaches should 

involve m ore caution than  is o ften  th e  case. Even though a s ign ificant p ropo rtion  o f the  beach inhab iting  

organisms is adapted to  the  natura lly  high environm enta l stress o f tides, waves and w inds, th is 

adapta tion  has its lim ita tions (Speybroeck 2007). The Belgian coastal zone is also an im portan t nursery 

area fo r  juven ile  fish and birds and fa lls under the  hab ita t type  1140 (M udfla ts and sandflats no t covered 

by seawater at low  tide ; cf. NATURA 2000) o f th e  European H abitat D irective (Annex II). Thus far, six 

in te rtida l beach zones have been proposed fo r  the  Natura 2000 fram ew ork. However, no restrictions on 

activ ities have been fo rm u la ted  yet and possible p ro tection  o f these zones has no t been incorpora ted  in 

th e  Provincial Spatial Im plem entation  Plans (PSIPs). There are some agreements, based on European 

legislation (precautionary p rincip le  in Convention on Biological D iversity), th a t s tipu la te  th a t the  loss or
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degradation o f in te rtida l hab ita t due to  im pact activ ities like beach nourishm ent should be discussed and 

accordingly com pensated. Depending on th e  im pact effects, tw o  com pensation options are available: (1) 

w hen the  nourishm ent activ ity  is strongly im pacting the  area, leading to  severe loss o f valuable hab ita t, it 

can be compensated by creating ecological valuable hab ita t on another location or (2) by considering an 

ecological a lte rna tive  nourishm ent, w here  th e  m a jo rity  o f th e  nourishm ent characteristics (sedim ent 

used, slope o f the  nourishm ent, tim ing , techniques) are ecologically adjusted. Therefore , guidelines fo r 

ecological ad justm ent o f beach nourishm ent, leading to  a m in im iza tion  o f the  im pact on th e  beach 

ecosystem are needed. However, a suitable assessment fo r  every beach nourishm ent remains needed, in 

accordance w ith  European legislation (CBD, Convention on Biological D iversity, 1992; Precautionary 

princip le; D irective on Enviornm ental Im pact Assessment (Commission 2011)).

Flood risk m anagem ent and coastal defence can deliver benefits fo r both people and nature. According 

to  the  2002 EU Recomm endation on In tegrated Coastal Zone M anagem ent, the  2008 M arine Strategy 

Fram ework D irective and the  recent proposal fo r  a D irective establishing a fram ew ork  fo r  m aritim e 

spatial p lanning and integrated coastal m anagem ent (Commission 2013b), th e  m anagem ent o f th e  coast 

has to  be based on a com prehensive and integrated ecosystem approach (Janssen &  M ulde r 2005). This 

environm enta l m anagem ent approach recognizes the  fu ll array o f in teractions w ith in  an ecosystem, 

including humans, ra ther than  considering single issues, species o r ecosystem services in isolation. It 

aims at m ainta in ing an ecosystem in a healthy, p roductive  and resilien t cond ition  so th a t it can provide 

th e  services humans w an t and need (McLeod 2005). Ecosystem based spatial p lanning is then  th e  too l 

fo r  its im p lem en ta tion  by bridging th e  gap betw een science and practice and fillin g  the  cu rren t need o f 

both  governm ents and non-governm enta l organizations fo r  m ore practical m anagem ent too ls (Douvere 

2008). In essence, it is an in tegrated planning fram ew ork  th a t in form s th e  spatial d is tribu tion  o f activ ities 

in th e  area o f in terest in o rder to  support cu rren t and fu tu re  uses o f its ecosystems and m ainta in  the  

delivery o f valuable ecosystem goods and services fo r  fu tu re  generations in a w ay th a t meets ecological, 

econom ic and social objectives (Foley e t al. 2010). Since natura l coastlines do no t respect po litical 

borders, these coastal spatial plan in itia tives should fu rth e r develop in to  cross-border and regional plans 

to  fu lly  im p lem en t a sustainable coastal ecosystem based managem ent.

Belgium was among the  firs t countries to  im p lem ent an opera tional, m ultip le-use m arine spatial plan, 

covering its te rr ito r ia l sea and exclusive econom ic zone (Maes e t al. 2005b). It aims at achieving both 

econom ic and ecological objectives, including th e  deve lopm ent o f o ffshore w ind  farm s, th e  de lim ita tion  

o f m arine pro tected  areas, a policy plan fo r  sustainable sand and gravel extraction , th e  m apping o f 

m arine habitats, p ro tection  o f wrecks valuable fo r  b iod iversity, and th e  m anagem ent o f land-based 

activ ities affecting the  m arine environm ent. U nfortunate ly , the  Belgian beaches, from  dunes to  th e  mean 

low  w a te r level (MLW), are no t (yet) incorpora ted  in th is  plan because o f th e  Belgian legal intricacies 

(figure 1). The federa l governm ent has ju risd ic tion  over the  en tire  Belgian part o f the  North Sea, 

including the  Exclusive Economic Zone (EEZ, m ore than 12 nautical miles) and th e  Territo ria l Sea
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(betw een M LW  and 12 nautical m iles). W ith in  th is  regard, the  shallow  subtidal coastal zone (between 

MLW  and 1 nautical m ile) fa lls under federa l ju risd ic tion . The Flemish regional au th o rity  governs the  

inland te rr ito ry , including inland w aters and estuaries, and the  coastal w aters above th e  MLW, including 

th e  in te rtida l coastal zone. Environm ental and coastal defence policy competences are thus shared 

betw een th e  federa l and regional levels (Herrier et al. 2005). The C oord ination Centre fo r  Integrated 

Coastal Zone M anagem ent encourages and prom otes sustainable and in tegra ted coastal m anagem ent by 

a llow ing a p la tfo rm  to  discuss cross-sectorial them es betw een the  federa l, Flemish and provincial policy 

levels (C liquet 2001).

I N T E R N A T I O N A L  A G R E E M E N T S
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Figure 1: Coastal legal system in Belgium (1NM: 1 nautical mile; MLW: mean low w ater level; MHW: mean high 

w ater level; WFD: W ater Framework Directive, MSFD: Marine Strategy Framework Directive; ICZM: Integrated 

Coastal Zone Management) (Laporta 2012)

The cu rren t study highlights the  recent Belgian beach research and proposes fo u r coastal m anagem ent 

too ls: (1) a sc ientifically sound and spatially-based biological va luation  map o f the  Belgian coastal zone, 

using the  m arine biological va luation m ethod (Derous e t al. 2007a), (2) an ecological m odel th a t can 

p red ict the  ecosystem response o f beach nourishm ent scenarios at d iffe re n t trop h ic  levels, (3) research 

based guidelines fo r  Belgian policy, especially regarding ecological beach nourishm ent and (4) beach fact 

sheets, encompassing all re levant data gathered on th e  16 in te rtida l and 10 shallow  subtidal studied 

coastal locations.
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2. Beach research

In o rder to  p ro tec t th e  coastal environm ent, one has to  know  w ha t to  p ro tec t (Janssen & M ulde r 2005). 

Good know ledge o f the  Belgian beach ecosystem in both  th e  in te rtida l and shallow  subtidal zone 

provides us w ith  a baseline cond ition . This is the  cond ition  o f the  natural resources and ecosystem 

services th a t w ou ld  have existed if no impacts had occurred, estim ated on th e  basis o f h istorical data, 

reference data or contro l data. To th is  end, data gathered between 1997 and 2011 in 15 in te rtida l and 9 

shallow  subtidal coastal locations over 8 years in 3 d iffe ren t seasons was analysed (chapter 2). The 

pa rtition ing  o f m acrobenth ic com m un ity  s tructure  w ith in  the  Belgian beach ecosystem showed a large 

w ith in  beach variab ility , linked to  e levation on th e  beach and m edian grain size o f the  sedim ent, in both 

th e  in te rtida l and shallow  subtidal zone. Several spatial and tem pora l trends in ab io tic  factors (overall 

m edian grain size between 150 and 300 pm) and in m acrobenth ic species richness (in te rtida l: 0 - 1 9  

species; shallow  subtidal: 0 - 2 8  species), abundance (in te rtida l: 0 -  3989 individuals.m "2; shallow 

subtidal: 0 -  1949 individuals.m "2) and biomass (in te rtida l: 0 -  7 g AFDW.m"2; shallow  subtidal: 0 -  246 g 

AFDW.m"2) w ere measured. The mean m acrobenth ic abundance in th e  in te rtida l and shallow  subtidal 

zone fluctua tes between 0 and 350 individuals.m "2 over the  years. Between these m in im um  and 

m axim um  values the  natural va ria tion  on Belgian beaches runs its course. Furtherm ore, the  observed 

niches and in te rpo la ted  occurrence o f the  dom inan t m acrobenth ic species o f the  Belgian beaches w ere 

defined as the  area w here  these species really live during low  tide , characterized by e levation on the  

beach and m edian grain size o f th e  sedim ent (figure 2).

To docum ent environm enta l impacts and assess th e  effectiveness o f m anagem ent actions, the  natural 

noise in th e  system should be taken in to  account in o rder fo r  any im pact signal to  be determ ined. All 

these findings assess th e  natural va riab ility  on the  Belgian beaches and increase the  strength, effic iency 

and accuracy o f m on ito ring  strategies to  detect possible im pact e ffects on th e  Belgian beaches.

Adaptive  ecosystem based coastal m anagem ent is the  best m ind-set fo r  ecological in te rven tion . We 

cannot contro l o r manage populations o r ecosystems, ra ther we contro l the  level o f human in teraction  

w ith  an in te rven tion  in natural systems. O ptim izing th e  technical aspects o f fu tu re  nourishm ent projects 

is as such indispensable to  m ainta in  an ecologically hea lthy beach ecosystem. From March until 

Septem ber 2009, a nourishm ent was perform ed on the  Belgian beach o f Lombardsijde under optim al 

ecological conditions, e.g. phased nourishm ent p ro ject w ith  nourished sand closely m atching th e  original 

sedim ent and only m oderate  beach p ro file  changes. The tim in g  was suboptim al a lthough the  

nourishm ent was orig ina lly  planned during the  m ore pre ferable  w in te r season. In chapter 3, the  in s itu  

im pact effects o f th is  'ecological' nourishm ent w ere tested according to  a Before A fte r Control Impact 

(BACI) design (2008-2012) straddling th e  nourishm ent event (2009) in Lombardsijde. As a tem pora l 

contro l, before-im pact baseline data is necessary w h ile  selection o f an area th a t w ill rem ain unim pacted 

serves as a spatial contro l (G rober 1992; Smith e t al. 1993; Underwood 1994; Schlacher e t al. 2012). A
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w ider, higher and fla tte r  in te rtida l beach w ith  coarser sedim ent (from  216 ± 3.6 pm in 2008 to  280 ± 8.9 

pm in spring 2010) was created and no re tu rn  to  the  pre -nourishm ent abiotic cond itions was visible 

th re e  years a fte r nourishm ent. The sedim ent grain size d is tribu tion  had changed as w ell, show ing slow 

recovery in the  th ree  post-nourishm ent years. The analysis o f th e  m acrobenthos com m un ity  structure  

showed th a t nourishm ent under ecological optim al cond itions does no t yield any sign ificant effects on 

both  the  in te rtida l and shallow  subtidal beach ecosystem 6 m onths a fte r the  nourishm ent. W ith in  th is 

tim e  fram e, th e  m acrobenthos com m un ity  had recovered from  th e  im pact o f th e  ecological 

nourishm ent. Ecological nourishm ent thus proves to  be th e  least ecologically damaging way o f 

com bating erosion, compared to  all o the r coastal engineering activities.

4

i

:

1 B a thypore ia  p ilosa

2 Eurydice pu lch ra

3 B a thypo rea i sarsi

4  Scolelepis squam a ta

5 Spiophanes bom byx

6 M acom a ba lth ica  
juven iles

7 C irra tu lidae  species

8 Lanice conchilega

9 Spio species

10 fn s /s ju ven iles

1 I
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Median grain size (pm)

Figure 2: Observed niche and interpolated occurrence o f the dom inant Belgian macrobenthic species along an 

'average' Belgian beach transect
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The sedim ent preferences o f th e  dom inan t Belgian in te rtida l beach m acrofauna w ere  experim enta lly  

tested both  in single-species and combined-species cond itions in chapter 4. Results o f the  experim ents 

ind icated th a t Bathyporeia pilosa  and Eurydice pulchra  p re fe r th e  finest sedim ent (< 250 pm), while  

Bahyporeia sarsi (250 -  355 pm) had a broader preference and also occurred in m edium -coarse 

sediments. Interspecific com petition  between th e  sym patrica lly occurring am phipods was found  to  

change th e  sedim ent selection o f the  am phipod Bathyporeia pilosa  tow ards the  coarser sediments 

w here  Bathyporeia sarsi occurred in low er frequencies. The polychaete Scolelepis squam ata  had the  

broadest preference (355 -  500 pm) and even showed a high occurrence in coarse sedim ents th a t are 

no t natu ra lly  occurring on the  Belgian sandy beaches. These preferences im p ly th a t beach nourishm ent 

w ith  coarse sedim ent w ill have a m ajor e ffect on Bathyporeia pilosa  w h ile  effects o f coarse sediments on 

Scolelepis squam ata  w ill be m inor.

3. Research based guidelines for Belgian coastal policy

3.1 Monitoring guidelines

Good research starts w ith  th e  collection o f baseline environm enta l data to  iden tify  as much unknown 

variables as possible. Studies should be done at th e  appropria te  spatial and tem pora l scales depending 

on th e  questions to  be answered and they  should be standardized to  assure s im ilar m ethodology 

th ro ug h ou t th e  long te rm  dataset. Research surveys m ust be designed to  take in to  account th e  fact th a t 

benth ic fauna is extrem ely patchy in d is tribu tion  and abundance (E leftheriou &  M cIn tyre  2008). The 

sampling m ethod has to  quantify, m in im ize a nd /o r explain all scales o f va riab ility  in th e  benthos and 

provide a solid base fo r  ecological comparisons across, along and betw een shores o r from  year to  year 

(Hayward 1994).

These fe w  guidelines w ou ld  a llow  fo r  a good fo llow -up  o f beach conditions. On each beach, a sequence 

o f samples (0.1026 m 2 sampling size w ith  a depth  o f 0.15 m) arranged at un ifo rm  tim e  intervals along the 

across-shore grad ient has to  be taken, both  in the  in te rtida l (15 samples w ith  quadrat fram e) and 

shallow  subtidal zone (15 samples w ith  Van Veen grab), pre ferably during tw o  seasons, being spring and 

autum n. Physical characteristics o f a beach act on beach m acrobenthos at a single place and on a single 

tim e  (Hacking 2007), making physical data at the  tim e  o f sampling essential to  p red ict beach 

m acrobenth ic com m unities. A sample o f sand, sieved and analysed, gives an im m edia te  and quite  

precise insight in to  th e  ecology o f the  hab ita t at the  sampling location. The abiotic factors measured, 

especially beach height and m edian grain size, should provide a good overview  o f th e  physical 

characteristics o f the  Belgian beaches.
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Trad itiona lly , sandy beach ecologists have sampled along transects, e.g. shore-norm al lines o f samples 

from  M HW  to  MLW. Due to  the  spatial autocorre la tion  among ind ividual transect samples, they  cannot 

be trea ted  as replicates from  one another. Data obta ined from  an ind ividual transect should be pooled, 

the reby  in tegra ting  th e  across-shore va riab ility  and provid ing a p o in t estim ate w ith o u t confidence 

intervals. However, o the r disciplines o ften  use s tra tified  random  sampling designs to  quan tify  sources o f 

va riab ility  in com m un ity  descrip tors along environm enta l axes. This techn ique allows fo r  random 

sampling site selection w ith in  strata, horizontal layers o f m ateria l harbouring a s im ilar com m unity, ra ther 

than  by investigators, hereby ensuring th a t they  are representative, unbiased and can be extrapo lated to  

show the  ecological cond ition  o f the  en tire  stratum . Each set o f m acrobenthos samples collected w ith in  

a stratum , is considered to  consist o f rep licate samples o f th a t stra tum  and should provide a 

representa tive  view  on th e  m acrobenthos o f th e  stratum . In theory , the  samples w ith in  the  in te rtida l or 

shallow  subtidal zone could be regarded as replicates o f one another. In rea lity, the re  is a m acrobenthos 

zonation g rad ient present on the  Belgian beaches, leading to  sm aller groups o f 'rep licates' according to  

th e  d iffe re n t beach height zones. The s tra tified  random  sampling approach is, however, o ften  considered 

im practica l on beaches because across-shore strata are d ifficu lt to  define a p riori (Schlacher, Schoeman 

e t al. 2008). According to  figure  2, tw o  big strata can be detected in both  th e  in te rtida l (between 2 and 6 

m above MLW and between 0 and 2 m MLW) and shallow  subtidal zone (between 0 and -6 m above 

MLW  and below  -6 m above MLW).

The num ber o f samples taken in a given area is always a com prom ise betw een having suffic ien t 

rep lica tion  at any site to  a llow  statistical testing  and having a w ide  enough coverage o f sites in t im e  and 

space to  answer questions about the  tem pora l and spatial patterns in the  benthos (Gray &  E llio tt 2009). 

Capturing spatial and tem pora l va riab ility  on sandy beaches also requires tru e  rep lica tion  o f sampling 

stations over appropria te  scales. No single sample size is appropria te  fo r  all quan tita tive  ecological 

studies bu t several authors (McLachlan 1983; Schlacher, Schoeman e t al. 2008; Schoeman, Nel e t al. 

2008) postu lated an aggregate area betw een 0.25 and 5 m 2 fo r  accurate sampling to  avoid 

underestim ation  o f species richness. Using the  quadrat fram e and Van Veen grab (surface area, 0.1026 

m 2), th ree  replicates w ou ld  suffice to  reach the  bear m in im um . Replication o f samples was how ever not 

feasib le due to  tim e  constra in ts on w ork  e ffo rt. Schlacher e t al. (2008) suggest taking samples to  a 

m in im um  depth o f 0.25 m to  capture th e  largest possible fraction  o f resident organisms. The samples in 

th is  study w ere taken to  a m axim um  depth o f 0.15 m.

Researching a greater num ber o f transects and rep lica ting samples in th e  in te rtida l and shallow  subtidal 

zone, at d iffe ren t seasons, seems to  be unnecessary to  characterize th e  m acrobenthos zonational 

patterns bu t could provide statistical pow er to  detect these patterns (E lliott, Degraer e t al. 1997). 

M oreover, conventiona l param etric  approaches w ill p robably be confounded by the  au tocorre la tion  in 

th e  ab io tic  and b io tic  variables, v io la ting  the  assumptions o f param etric analysis, making non-param etric 

analyses the  pre ferred  statistical option.
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To research ecological im pact o f beach nourishm ent, it is advised to  m on ito r at least tw o  unim pacted 

beaches parallel to  th e  im pacted beach to  provide fo r a reference fram ew ork. Sampling on all beaches 

should begin at least a year p rio r to  nourishm ent during spring and autum n. Sampling should be 

restarted as soon as the  nourishm ent activ ities are fin ished. A m ore intensive sampling scheme during 

th e  firs t year (1 week, 1 m onth, 3 m onths and 6 m onths) could m on ito r the  short te rm  deve lopm ent o f 

th e  nourished beach w h ile  lo n g te rm  effects should be researched up to  3 years a fte r nourishm ent.

3.2 Nourishment guidelines

In many instances, it is still assumed th a t th e  only reason fo r  ensuring apparen tly  pristine beaches is to  

a ttrac t tou ris ts  and holiday-m akers. Technical aspects w ere  the re fo re  dom inant in tak ing  m anagem ent 

decisions fo r  coastal defence. Easily available sand w ith  coarse grain size and a ra ther steep, m ore stable 

beach slope w ere  th e  standards o f any beach nourishm ent pro ject. It has been shown (chapter 2) th a t 

Belgian beaches do harbor a hea lthy beach ecosystem, w hen given th e  chance. The research conducted 

in chapters 2, 3 and 4 provide us w ith  su ffic ien t findings to  fo rm u la te  guidelines fo r  ecological 

ad justm ent o f beach nourishm ent, based on th e  in itia l set o f guidelines recom m ended by Speybroeck et 

al. (2006).

Nourishment sediment characteristics

Every e ffo rt should be made to  ensure th a t the  nourished sedim ent is s im ilar to  th a t occurring naturally, 

in hydraulic properties and characteristics, including grain size (McLachlan 1996; Hamm e t al. 2002), 

c lay /s ilt portion  and shell con ten t (Peterson &  M anning 2001), to  m in im ize environm enta l impacts 

(Greene 2002). Nourished sedim ent should be non-contam inated (Essink 1999). As Belgian beaches have 

an average sedim ent grain size range o f 150 -  300 pm and all dom inant m acrobenthos do show a 

preference to  these sediments (chapter4), it is advised to  use fine  to  m edium  sand fo r  beach 

nourishm ent (< 300 pm). The to ta l am ount o f nourished sedim ent should be kept as small as possible 

(Speybroeck e t al. 2006a).

Beach profile

In o rder to  p ro tec t th e  biota, beach profiles should be changed as litt le  as possible (Short &  W righ t 1983; 

Defeo &  McLachlan 2005; McLachlan &  Dorvlo 2005). Severe p ro file  change w ill im pact the  ecosystem 

and de te rm ine  th e  e ffic iency and th e  life tim e  o f th e  nourishm ent. Certain profiles can favor or reduce 

specific species and th e ir  habitats. These effects w ill on ly be te m p ora rily  as the  p ro file  w ill u ltim a te ly  

evolve tow ards the  pre -nourishm ent conditions. A very steep slope how ever w ill enhance the  risk o f a 

com plete  com m un ity  sh ift on th e  in te rtida l beach.
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Belgian beaches are characterized by gentle  slopes and fine  sedim ent and harbor a specific beach 

ecosystem (Speybroeck e t al. 2008a) w h ile  beaches w ith  steep slopes and coarse sedim ent are inhabited 

by a less species-rich m acrobenth ic com m un ity  (McLachlan &  Dorvlo 2005). W hen th e  m orphodynam ic 

features o f a beach are changed to  such a degree th a t they  resemble th e  features o f a reflective  beach, 

e.g. steep slope and coarse sedim ent, a sh ift to  th e  less species-rich a lterna tive  com m un ity  is very likely.

Nourishment location

As th e  Belgian sandy beaches can be considered as one ecosystem, d isturbances on a local beach can be 

counterbalanced by the  com plete  system. However, th e  d iffe re n t harbor inlets also divide the  Belgian 

beach ecosystem into  separate parts. A lthough th e  across-shore zonation is s tronger than  the  along­

shore differences (chapter 2), it seems wise to  m aintain a p recautionary approach regarding the  

resilience o f th e  en tire  Belgian beach ecosystem.

Due to  th e  high technical e ffo rt characterizing beach nourishm ent, only a lim ited  am ount o f the  

beach area ( 1 - 2  km) is im pacted at once. These nourishm ent dim ensions enable species to  escape to  

adjacent areas and species from  source populations on o the r beaches to  recolonize th e  nourished beach. 

Hence, a lte rna tion  o f im pacted and non-im pacted beaches and phased nourishm ent (nourishing only 

parts o f a beach at one tim e  the reby expanding the  nourishm ent area slow ly) is essential fo r  the  

m aintenance o f a hea lthy and well-ba lanced beach ecosystem.

Both foreshore  and backshore nourishm ent are no real a lternatives fo r  beach nourishm ent. The 

im pact effects o f fo reshore nourishm ent are no t ye t known and th e  shallow  subtidal beach zone is a 

noted refuge, nursery and feed ing area fo r  ep ibenthos and hyperbenthos (Beyst et al. 2001b).

M oreover, fo reshore  nourishm ent becomes only e ffective  a fte r th ree  to  five  years, p rovid ing no e ffective  

defence against short-term s coastal defence th reats, fo r  instance predicted storm  or flood ing  events. 

Backshore nourishm ent involves sand deposition at the  dune fo o t. U nfortunate ly , th is  sand is easily 

rem oved by waves and w inds, creating a steep beach slope (Harte e t al. 2002).

Nourishment timing and recovery period

W hen scheduling beach nourishm ent operations, it is im p o rta n t to  avoid the  breeding and recru itm en t 

season o f all beach inhabitants, e.g. infauna, macro-crustaceans, m arine fish and birds, since th e ir 

occupancy o f the  in te rtida l beach and th e ir  recovery rates are then  at th e ir  highest (Speybroeck e t al. 

2006a). The m ost opportune  tim e  o f year fo r  carrying ou t such w ork  is during th e  w in te r m onths, as the  

rep roductive  cycle o f m ost species begins in March and can extend beyond October. That way, the  

fresh ly nourished beach can quickly be recolonized by the  recruits and seeds when rep roduction  starts in 

spring. As th e  w in te r period is also the  less to u ris tic  season, it is considered th e  best period fo r 

nourishm ent both  from  a to u ris tic  and ecological p o in t o f view.

Several short nourishm ent projects in tim e  (m in im um  one w eek in betw een) and space (leaving 

beach strips unnourished) are pre ferred over broad-scale, long lasting ones, especially in areas w here 

s h o rtte rm  m orphologica l changes are unpredictable  (Hillen &  Roelse 1995)
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If no fu rth e r nourishm ent pro jects o r o the r pressures are im pacting th e  beach, th e  system 

should evolve tow ards the  p re -nourishm ent conditions a lthough it remains impossible to  p red ict the  

tim e fram e  o f th a t evo lu tion. Not on ly the  specific characteristics and tim in g  o f the  nourishm ent are 

de te rm in ing  factors, bu t also the  specific features o f the  beach ecosystem. Recovery w ill on ly take place 

if the  nourished beach possesses the  righ t characteristics fo r  p lankton ic dispersing larval stages and 

passively m igrating adults to  settle  upon. However, some species can recolonize faster than  others. 

Especially m arine animals w ith  pelagic larvae are sw ift colonizers, w h ile  crustaceans w ith  brood care are 

slow colonizers. The post-nourishm ent m on ito ring  data (chapter 3) suggest th a t at least in some cases 

nourishm ent under ecological optim al conditions can show no sign ificant e ffects in the  m acrobenthos 

com m un ity  s tructu re  6 m onths a fte r th e  nourishm ent (2010S). W ith in  th is  short-te rm  tim e  fram e, the  

m acrobenthos com m un ity  recovers from  th e  im pact o f the  ecological nourishm ent, show ing no dispersal 

o r rec ru itm en t lim ita tions.

Nourishment technique

On Belgian beaches, m ost o f the  nourishm ent projects supply sand on the  upper zone o f the  beach 

th rough  pipes w h ile  bulldozers fu rth e r d ivide th e  sedim ent over the  en tire  beach. Schlacher e t al. (2012) 

showed th a t th is  approach can have large ecological impacts th a t vary w ith  e levation on the  beach. The 

discovered patterns even suggest th a t burial, crushing and sedim ent com paction by the  bulldozers were 

th e  m ost probable causative factors fo r  these observed ecological impacts. The fin ish ing w ork  done by 

bulldozers is no t always necessary as the  action o f the  waves and tides restores the  natural appearance 

o f the  beach in a re la tive ly  short period o f tim e  (Adriaanse & Coosen 1991). The m ost benign strategy is 

slow nourishm ent by sheeting a spray o f sand and w a te r (ra inbow  spraying). This a llows beach organisms 

to  keep up w ith  the  sedim ent overburdens as they  are applied (Grober 1992; Schlacher et al. 2012).

4. Management tools for Belgian coastal policy

(Speybroeck e t al. 2006a) ind icated th a t an ecosystem vision on nourishm ent effects is generally missing. 

Hence, extensive scientific  in fo rm a tion  on th e  com plete  beach ecosystem and clear and easy to  use 

m anagem ent and decision support too ls  are provided.

Predictive model for the effects of beach nourishment

The nourishm ent s im ulation m odel fo r  the  Belgian beach ecosystem, developed in chapter 5, integrates 

species envelope-based pro jections fo r  th e  dom inant m acrobenthos species and m echanistic foodw eb 

m odules fo r  higher tro p h ic  levels, e.g. ep ibenthos and birds. It enables th e  user to  com pare th e  effects o f 

nourishm ent w ith  varying technical features. According to  the  model, the  sedim ent grain size is th e  most 

im p o rta n t fa c to r de term in ing  beach-level d iversity and production , w ith  strong de te rio ra tion  o f the  

beach ecosystem a fte r nourishm ent w ith  to o  coarse sedim ent (e.g. »  than  300 pm). Therefore  the  

grad ient in sedim ent grain sizes th a t is advised fo r  nourishm ent o f fine-gra ined beaches is defined as 200
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-  300 pm w ith  th e  critica l m edian sedim ent grain size set at 300 pm. A lthough the  e ffect o f nourishm ent 

slope was less strong compared to  the  sedim ent, nourishm ent slope did also a ffect species zonation 

patterns. For a un ifo rm  sedim ent grain size, h igh-shore nourishm ent was found  to  positive ly influence 

th e  abundances o f h igh-shore species such as Bathyporeia pilosa. Patterns fo r  higher trop h ic  levels do 

no t fo llo w  these decreasing patterns in m acrobenthos abundance and biomass. Both th e  slope o f the  

nourishm ent p ro ject as well as th e  sedim ent can be varied in th e  model, enabling the  user to  determ ine 

th e  com bina tion  w ith  th e  low est im pact on the  ecosystem. This firs t p redicting m odel fo r nourishm ent 

effects can as such be a valuable to o l in th e  selection process fo r  com pensation options.

Baseline maps depicting the ecological value of our beaches

In chapter 6, a sc ientifically sound and spatia lly based biological va luation  o f the  Belgian coastal zone is 

given, using th e  m arine biological va luation m ethod (Derous e t al. 2007a). Spatial coverage and overall 

data ava ilab ility  w ere satisfactory and a llowed fo r  sign ificant trends and patterns to  be observed. 

A lthough th e  Belgian coast is en tire ly  composed by sandy beaches, the re  is indeed biological d iversity 

among d is tinc t subzones. A strong mosaic pattern  o f biological value along th e  coastline and a clear lack 

o f (benthic) data at the  eastern part o f th e  Belgian coast was detected. Around 70 % o f th e  shallow  part 

o f the  subzones scored ra ther high  biological values, com pared w ith  the  in te rtida l part and h igh /ve ry  

high  b iological values w ere  consistently found  in in te rtida l zones located im m edia te ly  to  the  east o f the  

harbours N ieuw poort, Oostende and Zeebrugge. A deta iled analysis o f p ro tected  areas and areas under 

coastal flood  risk ind icated th a t th e  use o f Biological Valuation Maps (BVMs) is very prom ising in o rder to  

d iffe ren tia te  between several im pact values. BVMs provided a strong visual support to  the  proposal fo r 

th e  extension o f some already existing nature  reserves and to  the  need fo r  m ore data to  a llow  fo r 

s ign ificant conclusions regarding the  biological value o f o the r reserves. The designation o f m arine 

reserves adjacent to  p ro tected  beaches is o f th e  u tte rm os t im portance to  achieve a successful and 

ecologically jus tified  im p lem enta tion  o f beach reserves (H errier 2002). BVMs w ill a llow  fo r  the  

in teg ra tion  o f 'na tura l/eco log ica l values' at an early stage o f policy im p lem enta tion , spatial p lanning and 

nature  conservation.

Beach fact sheets of all studied Belgian beaches, combining all research information

The beach fact sheets in Appendices -  Chapter 7 -  Beach Fact sheets provide all in fo rm a tion  gathered 

during th is  PhD research (chapter 2 -  6) on the  16 in te rtida l and 10 shallow  subtidal studied coastal 

locations. In a clear and easy to  w ork  w ith  fo rm a t, each beach record gives an overview  o f its location, 

legal circumstances (Provincial Spatial Im plem entation  Plan and nature  conservation status), possible 

coastal defence activities, biological value and cu rren t scientific knowledge.
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5. Conclusions

5.1 Beach Spatial Planning = science + policy

The Belgian coastal zone should be evaluated against all beach functions, including coastal 

environm enta l p ro tection , coastal defence and tourism  to  obta in  an in tegrated beach spatial plan. In 

some coastal areas a con flic t is present between locations sensible to  coastal flood  and locations 

displaying h igh /ve ry  high  b iological value, e.g. M idde lkerke, Oostende-East and Knokke-Heist (chapter 6). 

If coastal defence activ ities are to  be perform ed in these areas, appropria te  (m itiga tion) measures should 

be dra fted.

Beside the  delineation o f H abitat 2000 areas, European legislation also forces the  m em ber states to  

define a good ecological status fo r  these areas and to  fo rm u la te  conservation objectives. As a high 

human im pact has been in fluencing the  beach ecosystems in th e  past, it is d ifficu lt to  de te rm ine  th e  best 

possible qua lity  o f a Belgian beach. The cu rren t m ost valuable beaches are no t necessarily the  best 

possible beaches as we do no t know  th e ir  (possibly be tte r) cond ition  in the  past. On th e  o the r hand, 

beaches th a t now  show a low er in trins ic  value could have the  potentia l fo r  valuable nature  deve lopm ent. 

Hence, the  de fin ition  o f a good ecological beach (a hea lthy beach o f hab ita t type  1140) has to  be 

fo rm u la ted  in a human im pacted tim e  and space, making it a very hard exercise. Nevertheless, such a 

d e fin ition  is essential fo r  fo rm u la ting  conservation objectives. The crite ria  fo r  a good ecological beach 

have to  ind icate w ha t ecosystem com ponents and processes in ecosystem func tion ing  need to  be 

available on a hea lthy beach and w ha t state they  have to  be in. Figure 3 gives a p re lim inary  overview  o f 

crite ria  based on my own research. Future research can e laborate  and specify these criteria .

There is still a pressing need fo r  be tte r com m unication and cooperation between scientific ins titu tions 

involved. Currently, the  Research Ins titu te  fo r Nature and Forest (INBO) is responsible fo r  suitable 

assessments and beach p ro tection  bu t no t all necessary in fo rm a tion  is available to  th is  ins titu tion . 

Therefore, a good com m unication and regular de libe ra tion  between Belgian beach ecology experts and 

INBO is essential fo r  th e  best possible assessments and conservation objectives. Regarding coastal 

defence activities, all research conducted during th is  PhD research am ounted to  updated guidelines fo r 

ecological ad justm ent o f beach nourishm ent as summ arized in figure  4. Furtherm ore, re levant m arine 

scientific  institu tes should be m ore visible in de te rm in ing  im p o rta n t guidelines fo r spatial planning. 

A lthough uncerta in ty  is inherent to  the  scientific process, research ins titu tions  should dare to  make 

sta tem ents and predictions, necessary fo r  an integra ted spatial beach planning.

A m ulti-d isc ip linary, in tegrated beach spatial plan, com bined w ith  th e  m arine spatial plan o f th e  shallow 

subtidal Belgian zone should be the  ideal scenario fo r  th e  Belgian coast. In tegrated consu lta tion  and 

de libe ra tion  w ith  all stakeholders, institu tes and au thorities  involved w ill become an im p o rta n t issue in 

th e  fu tu re . However, th is  w ill always be a trem endous task as local au thorities  w ill no t be keen on ceding
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pow er to  higher authorities. Nevertheless, narrow ing local au th o rity  pow er and m aking decisions on 

higher ju risd ic tion  levels w ill be th e  only so lu tion fo r  establishing a long-term , in tegra ted and sustainable 

beach and coastal spatial plan fo r  the  en tire  Belgian coast.
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Figure 3: Criteria for a good ecological beach
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Sacrificing bits o f nature (urbanised beaches) in order to protect the Belgian beach ecosystem (benthic 

protected areas)

As highly tou ris tic , (sem i-)urban, to p  p rio r ity  coastal defence beaches w ith  a high percentage o f 

deve lopm ent along the  coast are heavily th rea tened  by coastal erosion and sea level rise and need the  

m ost p ro tection , beach nourishm ent w ill be applied repeatedly on these beaches. Furtherm ore, to  

enlarge the  'life tim e ' o f the  nourishm ent, both  steep slopes and coarse sedim ents w ill be used, leading 

to  negative impacts on th e  ecosystem o f these beaches. However, these beach ecosystems are already 

strongly im pacted and consequently im poverished by beach cleaning, tram p ling , po llu tion  and presence 

o f coarse m ateria l due to  previous (local) nourishm ent projects. M oreover, these impacts suppress any 

possible deve lopm ent o f hea lthy beach ecosystems. Therefore  one could suggest to  'sacrifice ' tou ris tic  

and to p  p rio rity  coastal defence beaches in th e  ligh t o f nature  p ro tection  in o rder to  focus on the  

p ro tection  o f ecologically m ore valuable beaches (determ ined in chapter 6). That way, both  th e  in trinsic 

value o f th e  beach ecosystem could be pro tected  and human use o f the  beach can be kept on the  

b io logica lly less valuable beaches.

W hen beach nourishm ent is executed under ecological optim al conditions, fo llow ing  th e  guidelines fo r 

coastal defence, com pensation measures are m in im al. The loss o f tou ris tic , to p  p rio rity  coastal defence 

a n d /o r ecologically low  valuable beaches should no t be considered at the  same level as the  loss o f 

ecologically valuable beaches, urging fo r  com pensation measures to  be m ore a ttuned  to  th e  econom ic

Usual
nou rishm en t

practice

O nly T  Scolelepis 
sq ua m a ta

Less favourab le  
hab ita t

300  pm

No o th e r life than 
S. squam ata

Less to  n o t 
favourab le  hab ita t

> 3 5 0  pm

158



Chapter 7 -  An ecosystem approach tow ards Belgian coastal policy

rea lity  o f the  beach. Com m unication betw een ins titu tions  th a t m on ito r the  im pact o f beach nourishm ent 

and ins titu tions  th a t have a m ore advising role is such crucial to  fo rm u la te  valuable guidelines fo r 

com pensation or ecological nourishm ent in the  suitable assessments o f announced nourishm ent 

projects. Furtherm ore, a good know ledge on the  response o f the  beach ecosystem fo llow ing  

nourishm ent is essential (chapter 3 and 5) and a suitable environm enta l im pact assessment fo r  every 

beach nourishm ent remains needed, in accordance w ith  European legislation (CBD, Convention on 

Biological D iversity, 1992; Precautionary princip le(Com m ission 2011)).

A good connection betw een b io log ica lly valuable beaches and connections w ith  both  p ro tected  dune 

areas and pro tected  (shallow) subtidal areas ascertains th e  p ro tection  o f an overall valuable beach 

ecosystem. Concerning beach conservation, one o f the  firs t tasks w ill be to  evaluate and designate the  

area o f the  proposed hab ita t type  1140. In the  evaluation process, th e  connectiv ity  w ith  (shallow) 

subtidal p ro tected  areas and dune reserves is essential. As th is  cond ition  is generally fu lfille d  fo r  the  

proposed areas, the  location o f these areas is well-considered bu t the  ecological value should still be 

evaluated w ith  th e  recently available BVM o f the  Belgian beaches (chapter 6). This evaluation shows th a t 

th e  m ost im portan t flaws o f the  proposed H abitat 2000 areas are th e  absence o f p ro tected  areas in the  

central part o f th e  Belgian coastal zone and th e  non-incorpora tion  o f ecological valuable beach areas 

located im m edia te ly  to  the  east o f the  th ree  p rom inen t Belgian harbours. The m ajor w ind-driven  and 

tida l currents and waves at the  Belgian coast have a sou thw est-northw est d irection  (van der M olen & 

van Dijck 2000; Speybroeck e t al. 2008a). The east side o f these p rom inen t hard structures (also referred 

to  as lee-side) is a sheltered area w here hydrodynam ics are less intense and sand deposition occurs, 

creating a w ea lth  in so ft-bo ttom  habitats and proper environm enta l cond itions fo r  benth ic colonization. 

Furtherm ore, connectiv ity  o f p ro tected  beach zones should be w ell considered. Therefore, the  central 

part o f th e  Belgian coastal zone should be b e tte r covered w ith  p ro tected  beaches, in connection w ith  the  

p ro tected  dunes in th is  area.

Combination o f coastal defence techniques

In some conditions, the  best approach fo r  coastal defence is a com bina tion  o f m anagem ent measures. 

The construction  o f groins may be beneficial in some situations, no t only to  p ro tec t the  physical 

(nourished) beach, bu t also to  provide refuge fo r  certa in shorebirds and o the r th rea tened  species. 

However, these hard structures in troduce a new, no t natu ra lly  occurring hab ita t and ecosystem in to  and 

on to  th e  Belgian beaches (Engledow e t al. 2001). Such constructions need careful p lanning and execution 

and a thorough  knowledge o f sand transpo rt and budgets in the  area is m andatory. M oreover, beach 

nourishm ent, fo reshore nourishm ent, th e  construction o f techn ica lly  highly enhanced dykes th a t do not 

d is turb  th e  view , dune creation, reshaping, brushw ood hedges and the  construction  o f groins can all be 

com bined to  obta in  a sound beach safety plan th a t includes a m in im um  o f costs and w ork  while  

m in im a lly  im pacting the  beach ecosystem.
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Beach nourishm ent can encourage fu rth e r deve lopm ent along unstable shorelines w hich can fu rth e r 

reduce fu tu re  a lte rna tive  m anagem ent options, such as shoreline re trea t (Greene 2002). The pro ject 

'V laamse Baaien' aims at developing a M asterplan fo r  the  Flemish Coastal Zone by 2050, regarding five 

basic concepts : safety, naturalness, attractiveness, susta inab ility  and deve lopm ent. One o f the  proposed 

pro jects involves th e  creation o f barrie r islands in fro n t o f the  Belgian coast. These islands can have 

d iffe re n t functions, including coastal p ro tection , green energy support ('Socket at Sea' princip le, a place 

to  store energy at sea), m aritim e  safety support and deve lopm ent o f durable energy. However, functions 

on these islands w ill on ly move th e  actual coastline fu rth e r seawards since these islands w ill then  suffer 

th e  im pact o f erosion and clim ate change instead o f the  Belgian beaches. Consequently, coastal defence 

w ill be necessary on these islands. Research on barrie r islands showed pro found impacts o f beach 

nourishm ent. A steeper beach p ro file  is created when sand is stacked on the  beach during the  

nourishm ent process and th is  cond ition  can lead to  greater wave energy on the  beach and greater 

beachside erosion (Kaufman & Pilkey 1983). It can also preclude wave overwash, leading to  fu rth e r 

erosion on the  soundside. Under norm al conditions, barrie r islands move slow ly landward w ith  rising sea 

level (Pilkey &  Clayton 1989; Pilkey 1998). Some scientists have predicted th a t e ffo rts  to  keep these 

dynam ic areas in a fixed location th rough  fo r  instance beach nourishm ent, w ill u ltim a te ly  resu lt in th e ir 

demise.

Beach Ecosystem vision

The Belgian beach ecosystem has been tho rough ly  described by Speybroeck (2008). The necessity fo r  a 

good ecosystem approach and a solid ecosystem in te rp re ta tio n  led to  the  deve lopm ent o f a 

nourishm ent m odel (chapter 5). It was th e  firs t a tte m p t to  link d iffe ren t tro p h ic  levels to  one another in 

a food  w eb fram ew ork. Based on the  baseline in fo rm a tion  on Belgian beaches (chapter 2), th e  im pact 

effects o f both an ecological nourishm ent (chapter 3) and the  e ffect o f coarser m edian grain size on the  

in te rtida l m acrobenthos (chapter 4), a be tte r beach ecosystem vision was incorpora ted  in the  m odel in 

chapter 5 and as a result, the  nourishm ent im pact on the  d is tribu tion  and zonation o f 

m icrophytobenthos, m acrobenthos, fish and birds was m odeled. The presence o f a lo t o f birds or a high 

m acrobenthos biomass on the  beach can be a deceiving ind icato r fo r  th e  beach ecosystem health. 

Indeed, the  m odel shows th a t a fte r nourishm ent w ith  coarse sedim ent (> 300 pm), both  to ta l 

m acrobenthos biomass as w ell as b ird abundances increase. However, th is  is th e  result o f the  decrease in 

b iod ivers ity  and th e  increase o f th e  abundance o f one opportun is tic  m acrobenthos species, Scolelepis 

squam ata, resulting in the  a ttrac tion  o f troph ica lly  linked b ird species. The qua lity  o f the  beach 

ecosystem and th e  im portance o f th e  b iod ivers ity  in th e  func tion ing  o f th e  beach ecosystem is as such 

no t visible by only assessing fo r  instance th e  biomass flo w  th rough  tro p h ic  levels. N u trien t sedim ent 

cycles (n itrogen, carbon...) also play a significant role th rough  prim ary p roduction, m icrobial cycles and 

so on. Hence, the  observation and evaluation o f a to o  lim ited  selection o f ecosystem variables w ill 

ham per a good ecosystem approach. The com bination o f at least b iod ivers ity  and biomass provides fo r  a 

b e tte r assessment o f the  beach ecosystem quality.
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The in te rtida l Belgian beaches represent the  largest nursery area fo r  both m arine fish as w ell as birds 

along th e  Belgian coast (Beyst e t al. 1999a; Vanermen e t al. 2009). Hence, degradation o f th e  in te rtida l 

beach w ill heavily im pact these higher trop h ic  levels (Stienen &  Van W aeyenberge 2004; Stienen et al. 

2005). N ourishm ent im pact on bio logically valuable beaches w ith  rich feed ing grounds fo r  birds and fish 

(chapter 6) w ill have an im p o rta n t e ffect on th e  populations o f higher trop h ic  species o f the  w ho le  area. 

It is however impossible at th e  m om ent to  exactly quan tify  the  m in im um  im pact area o f valuable 

beaches th a t w ill have a m eaningful e ffec t on th e  higher trop h ic  levels o f th e  ecosystem.

The com bina tion  o f one m ajor beach nourishm ent pro ject, fo llow ed  by a fo reshore  nourishm ent fo r 

m aintenance, w ill p robably be a bad op tion  fo r  juven ile  epibenthos and hyperbenthos feed ing on the  

beach. The m ajor beach nourishm ent w ill render the  in te rtida l nursery area (tem porarily) unavailable 

w h ile  the  foreshore  nourishm ent w ill im pact the  a lte rna tive  nursery area, the  shallow  subtidal. 

M oreover, th e  shallow  subtidal cannot be used as a refuge fo r  m arine in te rtida l species during the  beach 

nourishm ent so th is  com bina tion  can have a negative local e ffec t on these benth ic com m unities. The 

p re lim inary  results o f th e  Am eland reports  contest th is s ta tem ent bu t m ore research is needed. The 

com bina tion  o f beach and foreshore  nourishm ent needs careful consideration and should be evaluated 

on a site-specific basis.

5.2 Future beach research

If we continue  m on ito ring  the  Belgian beaches in a standardized way, w e w ill succeed in build ing a long 

te rm  dataset at meta-analysis scale. For the  understanding o f large-scale patterns, intensive long-term  

sampling in a few  areas w ou ld  be meaningless, and a large num ber o f snapshot samples covering a w ide  

range o f cond itions is m ore appropria te  (McLachlan &  Dorvlo 2005). Regarding fu tu re  m on ito ring , we 

suggest surveying every beach o f in te rest in both the  in te rtida l and shallow  subtidal zone, pre ferably 

replicated in an appropria te  m anner. Seasonal va ria tion  can be m on ito red  in spring and autum n 

a lthough yearly m on ito ring  in autum n w ill suffice as well. Prior to  fu tu re  research, p ilo t studies could be 

perform ed to  de te rm ine  the  re la tive  efficiency, accuracy and precision of: (1) com binations o f sample 

size, depth  o f sampling and sieve mesh size, and o f (2) m acrobenthos sampling s tra tifica tion  in o rder to  

assess feas ib ility  o f a s tra tified  random  sampling design and hence a possible reduction in the  required 

num ber o f samples. It m ight also be in teresting to  gain insight in the  hydrodynam ic and tu rb id ity  

cond itions o f th e  sandy beach ecosystem.

For exam ining m ost environm enta l impacts and many o the r ecological hypotheses, the  tem pora l scales 

o f change are no t known and can seldom be predicted. In s itu  m on ito ring  in the  fie ld  also goes hand in 

hand w ith  environm enta l heterogeneity, unpredictable  b io tic  and abiotic environm enta l fluc tua tions and 

sampling variances, making th e  detection  o f im pact effects d ifficu lt and arduous. In spite o f all th is,
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m on ito ring  still remains the  best w ay fo rw a rd  as o the r techniques have th e ir  constra in ts as well, e.g. 

experim ents representing an a rtific ia l env ironm ent or m odels w ith  possible incom ple te  algorithm s 

predicting unrealistic patterns and trends. Ideally, research in the  fie ld  should be com bined w ith  

experim enta l research to  study th e  to lerance and preference o f species fo r  certa in beach dependent 

factors, like beach slope, tu rb id ity  and silt fraction , and to  study m igration  and rec ru itm en t patterns.

Much research remains to  be done on ecological relationships betw een m acrobenthos and o the r troph ic  

beach levels (m eiobenthos, hyperbenthos, epibenthos, m icrophytoben thos and birds). Gaining a 

com prehensive understanding o f how these com m unities f i t  in to  the  larger beach ecosystem and food 

w eb w ill be necessary to  fu lly  assess the  im pact o f anthropogenic activities. Cum ulative ecological effects 

o f beach nourishm ent in both space and tim e  remain hardly unknown (Greene 2002; Speybroeck e t al. 

2006a) and research on foreshore  nourishm ent as a prim e and cum ula tive  defence techn ique is o f the  

u tm ost im portance in the  near fu tu re . All th is  in fo rm a tion  could lead to  a b e tte r understanding o f the  

sandy beach ecosystem and its resilience to  w ithstand  impacts, no t in the  least the  im pact o f 

nourishm ent.
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