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PREFACE

In 1 9 9 3  the  issu ing  o f  th e  d e c re e  o n  th e  p ro te c t io n  o f  the  c o a s ta l d unes  by the  F lem ish  

P a r lia m e n t m e a n t  th e  s ta rt in g  p o in t  o f  an  in te n s if ie d  p o l ic y  o f  the  F lem ish  R eg iona l 
A u th o r ity  fo r  the  c o n s e rv a t io n  o f  n a tu re  a lo n g  F la n de rs  coas t.

S ince th e n , n a tu re  c o n s e rv a t io n  a n d  re s to ra t io n  a lo n g  the  F lem ish  co a s t have  k n o w n  a n  
u n p re c e d e n te d  d y n a m ic .  This d y n a m ic  has fo r  a n  im p o r ta n t  p a r t  been  insp ire d  by 

e x a m p le s  fro m  o th e r  E u ro p e a n  c o u n tr ie s . The  N e th e r la n d s  h a d  its 'ecosystem  
p e rsp e c tive  fo r  the  c o a s ta l dunes ' b e fo re  the  c o n c e p t  o f  'ecosystem  p e rspe c tive ' w as 
e ven  k n o w n  in F la n de rs  a n d  the  w o n d e r fu l  w o rk  o f  the  F rench  C o n s e rv a to ire  d u  L itto ra l 
e t des R ivages Lacustres w as the  e d ify in g  e x a m p le  fo r  the  F lem ish  p u rc h a s e  p o lic y  o f  
c o a s ta l d u n e s . A m b it io u s  Life n a tu re -p ro je c ts  a lo n g  the  coas ts  o f  the  U n ite d  K in g d o m  

a n d  D e n m a rk  in sp ire d  s im ila r  in it ia t ive s  o f  n a tu re  re s to ra t io n  in  F landers . O f  c o u rs e  the  
in p u t o f  F lem ish  sc ien tis ts , v o lu n te e rs  in  ngo 's , p o l i t ic a l  re p re sen ta t ives , d e c is io n  m akers  
a n d  c iv il se rvants  o f  the  e n v iro n m e n ta l  a d m in is t ra t io n  w as  a n d  is still the  m a in  d r iv in g  

fo rc e  b e h in d  th e  'm a c h in e ' th a t  is try in g  to  rescue  the  sca rce ly  re m a in in g  n a tu ra l a reas  
a lo n g  the  s tro n g ly  u rb a n is e d  F lem ish  coas t. But fa c t is th a t  fo re ig n  e x a m p le s  have  

s t im u la te d  th is F lem ish  e n th u s ia sm  a n d  th a t  the  m a in  fo ru m  in w h ic h  s t im u la t in g  
in fo rm a t io n  a b o u t  n a tu re  re s to ra t io n  has b e e n  d is s e m in a te d  w as p ro v id e d  by 
in te rn a t io n a l c o n fe re n c e s .

As d u r in g  the  last d e c a d e ,  the  F le m ish  p ra c t ic e  o f  p la n n in g ,  e xe cu tin g  a n d  m o n ito r in g  
n a tu ra l re s to ra t io n  p ro je c ts  has s ig n if ic a n t ly  in c re a se d , the  c o m p e te n t  a u th o r i ty  th o u g h t  
th e  t im e  h a d  c o m e  fo r  the  F lem ish  re g io n  to  o rg a n is e  o n  its tu rn  a n  in te rn a t io n a l 

c o n fe re n c e  a b o u t  n a tu re  re s to ra t io n  p rac tices  in  E u ro p e a n  c o a s ta l h a b ita ts . Such an  
in te rn a t io n a l c o n fe re n c e  w as then  in c lu d e d  in  the  p ro g ra m  o f  the  Life n a tu re -p ro je c t  
'FEYDRA', th a t  w as  la u n c h e d  in  2 0 0 2 .  The  m a in  a im  o f  th is c o n fe re n c e , w h ic h  in the  
m e a n t im e  rece ived  the  t it le  'D unes  &  Estuaries 2 0 0 5 ' ,  is s t im u la t in g  n a tu re  re s to ra t io n  
a lo n g  a ll E u ro p e a n  coas ts  by e x c h a n g in g  v a lu a b le  k n o w le d g e  a n d  e xp e rie n ce  b e tw e en  
m a n a g e rs  a n d  d e c is io n  m ake rs  f ro m  a ll A t la n t ic  E u ro p e a n  co u n tr ie s . T h e  o rg a n is e rs  

ch o se  d e l ib e ra te ly  to  e m p h a s is e  the  p ra c t ic a l aspects  o f  la n d  p u rch a se , m a n a g e m e n t  
a n d  h a b ita t  re s to ra t io n . T h e  in te n t io n  w as to  b r in g  'th e  p e o p le  o n  the  f ie ld '  to g e th e r  
a n d  to  let th e m  le a rn  f ro m  e a c h  o the r 's  a c h ie v e m e n ts  a n d  fa ilu re s .

F o r the  p ra c t ic a l o rg a n is a t io n  o f  th is in te rn a t io n a l c o n fe re n c e  the  C o a s ta l U n io n  
(E U C C ) w ith  its lo n g  t ra d i t io n  o f  n e tw o rk in g  a n d  p a tro n is in g  in te rn a t io n a l co n fe re n ce s  
a n d  F lande rs  M a r in e  Institu te  (VLIZ) w ith  its v o c a t io n  fo r  c o l le c t in g  a n d  d is s e m in a t in g  
d a ta  a b o u t  the  F lem ish  co a s t w e re  o b v io u s  pa rtne rs . The  M u n ic ip a l i ty  o f  K o ks ijd e  w ith  
its r ich  n a tu ra l a n d  c u ltu ra l  h e r ita g e  o ffe re d  the  id e a l lo c a t io n  fo r  the  c o n fe re n c e . The 
m o re  so  b e ca u se  the  firs t la rg e  sca le  n a tu re  re s to ra t io n  w o rk  a lo n g  o u r  c o a s t in  1 9 9 5  

(the d e m o l i t io n  o f  th e  g ig a n t ic  b u i ld in g  o f  the  H o m e  G e o rg e s  Theun is ) as w e ll as the  
la rg e s t p a r t  o f  the  p resen t Life n a tu re -p ro je c t  'FEYDRA', b o th  to o k  p la c e  o n  the  te rr ito ry  

o f  K oks ijde .

-  I -





W e  h o p e  th a t  the  a b s tra c ts  a n d  p ro c e e d in g s  o f  'D u n e s  &  Estuaries w il l  co n s t itu te  a 
use fu l re fe re n c e  d o c u m e n t  th a t  w il l  fu r th e r  in sp ire  m a n y  c o a s ta l n a tu re  m a n a g e rs  to  
e n h a n c e  th e  b io d iv e rs ity  a n d  n a tu ra l processes in  th e ir  'o w n  s tre tc h ' o f  c o a s t  a n d  so 
h e lp  to  im p le m e n t  th e  E u ro p e a n  H a b i ta t  a n d  B ird D irec tives . F in a lly  w e  a ls o  h o p e  th a t 
the  F lem ish  e x p e r ie n c e  w il l c o n tr ib u te  to  raise the  a w a re n e ss  o f  o th e r  E u ro p e a n  reg ions  

a n d  n a t io n s  th a t  it is b e tte r  to  p reserve  ra th e r th a n  to  h e a l th e ir  coas ts  f ro m  a n  excessive 
u rb a n is a t io n .

Je a n -P ie rre  H E IR M A N
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A d m in is t ra t io n  o f  the  m a n a g e m e n t  o f  E n v iro n m e n t
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SEDIMENT CHARACTERIZATION IN  'THE IJZERM O NDING ' USING AN  
EMPIRICAL ORTHOGONAL FUNCTIONS: APPLICATION TO CASI

Ste fan ie  A d a m ,  S uhyb S a la m a  a n d  Ja a k  M o n b a l iu

Hydraulics Laboratory, D epartm ent o f C ivil Engineering, Katholieke Universiteit Leuven 
Kasteelpark Arenberg 40 , B-3001 Heverlee, Belgium 
E-mail: s te fan ie .adam @ student.ku leuven.ac.be

The e ro d a b i l i ty  o f  m u d f la ts  is s tro n g ly  d e te rm in e d  by  the  b io p h y s ic a l ch a ra c te r is t ics  o f  

se d im e n ts  (Austen e t a l . ,  1 9 9 9 ) .  M u d ,  sa n d , b e n th ic  m ic ro  a lg a e  a n d  w a te r  c o n te n t 
d e te rm in e  s e d im e n t s ta b il i ty  a n d  a re  used  as in p u t  d a ta  in  h y d ro d y n a m ic  m o d e ls .

A irb o rn e  h y p e r s p e c tra l re m o te  sens ing  is id e n t if ie d  to  b e  e ffec t ive  fo r  the  q u a n t i f ic a t io n  

o f  b io p h y s ic a l ch a ra c te r is t ic s  o f  s e d im e n ts  in la rg e  a n d  o fte n  in a cce ss ib le  m u d fla ts  
(Rainey e t a l . ,  2 0 0 3 ) .  In th is p a p e r  a n  a u to m a te d  m e th o d  to  c h a ra c te r is e  sed im en ts  a n d  
re la te d  b io lo g ic a l  q u a n t it ie s  is p ro p o s e d . T h e  m e th o d  is based  o n  a  l in e a r  
t ra n s fo rm a t io n  o f  e a c h  s p e c tru m  in th e  h y p e r s p e c tra l c u b e . D if fe re n t s e d im e n t types 
a n d  la n d  cove rs  w e re  c lass if ie d  us ing  tw o  d im e n s io n s  o f  the  t ra n s fo rm e d  d a ta  space .

The  m e th o d o lo g y  is a p p l ie d  to  a  hyp e r sp e c tra l im a g e  o f  the  IJ z e rm o n d in g  m u d f la t ,  
a c q u ire d  by the  C o m p a c t  A irb o rn e  S p e c tro g ra p h  i c Im a g e r  (CASI). C o m p a ra b le  results 
a re  o b ta in e d  us ing  the  s ta n d a rd  c la s s if ic a t io n  m e th o d  e m p lo y e d  in  h y p e r  sp e c tra l im a g e  

p ro ce ss in g . T h e  s u p e r io r ity  o f  the  p ro p o s e d  m e th o d  lies in  its robus tness  (no  in te r fe re n ce  
f ro m  the  o p e ra to r ) ,  c o m p u ta t io n a l  re q u ire m e n ts , re p e a ta b i l i ty  a n d  o b je c t ive n e ss . The  
p ro p o s e d  m e th o d  uses the  u n d e r ly in g  s ta tis t ica l in fo rm a t io n  o f  the  d a ta se t w h i le  the  

s ta n d a rd  m e th o d  is m a in ly  based  o n  e xp e rt k n o w le d g e .

For the  q u a n t i f ic a t io n  o f  s a n d , m u d ,  a n d  c h lo ro p h y l l -a  as a m e a s u re  o f  b e n th ic  
d ia to m s , m o re  research  a b o u t  the  in te ra c t io n  o f  e le c t ro m a g n e t ic  ra d ia t io n  w ith  m a tte r  

us ing  c o n tro l le d  la b o ra to ry  e xp e r im e n ts  is su g ges ted .
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d e f la t io n ,  lo c a l ly  s u r fa c e  h e ig h t w as  re d u c e d  c o n s id e ra b ly .  A f te r  3 - 5  years, s ta b il is a t io n  

o f  the  a re as  b e c o m e s  m o re  im p o r ta n t ,  b u t the  ra te  o f  s ta b i l is a t io n  d e p e n d s  o n  the  sca le  
o f  th e  m e asu res . In the  a re a  n e a r  S c h o o r l,  w h e re  the  s a n d  is ve ry  p o o r  in  c a rb o n a te s ,  
m o s t o f  the  d u n e  s la c k  is s ta b il ise d  by  v e g e ta t io n  a f te r  5  years. H o w e v e r ,  b e ca u se  o f  the  
n o tc h  in  the  fo re d u n e s ,  sand  is b lo w n  f ro m  the  b e a c h  a n d  tra n s p o r te d  in la n d ,  resu lt ing  
in  d e p o s it io n  a n d  the  d e v e lo p m e n t  o f  s m a ll  d u n e s . In th is case , the  c o n t in u o u s  su p p ly  o f  

fresh  b e a c h  s a n d  is essen tia l to  k e e p  th e  la n d s c a p e  a live . In th e  a re a  n e a r  Z a n d v o o r t ,  
la rg e  pa rts  a re  s ta b il ise d  a f te r  8  yea rs , a n d  the  la n d s c a p e  has c h a n g e d  in to  a  m o s a ic  o f  
b a re  p a tc h e s , p io n e e r  v e g e ta t io n ,  s a n d  b u r ia l a n d  s ta b il ise d  su rfaces. O n ly  lo c a l ly  new  

d u n e s  a re  fo rm e d ,  b u t m ostly  s m a ll.  The  la n d s c a p e  c h a n g e d  f ro m  a la rg e  sand  d r if t  
a re a  in to  a  la n d s c a p e  w ith  s m a lle r  s c a le  d u n e  a c t iv ity  a n d  b lo w o u t  d e v e lo p m e n t.  In the  

p a ra b o l ic  d u n e s  n e a r  H a a r le m  th e  re a c t iv a t io n  resu lted  in  h u g e  e ro s io n  o n  the  
w in d w a rd  a n d  c res ta l s ide  o f  the  d u n e s , w h ile  a t the  lee  m ass ive  sand  b u r ia l  o c c u r re d .  
In o n e  case , the  p a ra b o l ic  sh a p e  o f  th e  d u n e  w as  t ra n s fo rm e d  to  a d o m e  s h a p e . The 
d u n e  n o w  seem s to  be  re m o b i l is e d ,  m o v in g  o v e r  a  d is ta n c e  o f  a p p ro x im a te ly  1 -5  
m .y e a r
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CONTRIBUTION TO THE METHODOLOGY FOR THE EVALUATION OF THE 
HABITATS CONSERVATION STATE
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The setting u p  o f  the  E uropean  na tu ra l sites network, N a tu ra  2 0 0 0 ,  requires a d e fin it io n  o f 
the in itia l c o n d it io n s  o f  the  hab ita ts  in the  des igna ted  perim eters.

For the e va lu a tio n  o f  the  co n d it io n s  (state o f conse rva tion ) o f  the vege ta l com m un it ies , 
now adays  there  is no  o b jec t ive  a n d  c o m m o n  m e th o d o lo g y  in France fo r  d if fe ren t o rgan ism s 
m a k in g  studies a n d  p re lim in a ry  m aps to  the  rea liza tion  o f  the 'D o c u m e n ts  d 'O b je c t i fs ' fo r  
the  pSIC (p roposa l o f  site o f  C o m m u n ity  im portance).

M o re o ve r, the hab ita ts  no tions  rem a in  very com p lex  a n d  need a bette r d e fin it io n  bo th  from  
a co n ce p tu a l a n d  a m e th o d o lo g ic a l p o in t o f  view.

W ith  this p a p e r  w e  w an t to  in tro du ce  o u r  a p p ro a c h  a n d  p ropose  a m e th o d o lo g y  fo r  the 
e va lu a tio n  o f  the  co n se rva tion  state o f  the  habitats o f  a na tu ra l site. Such m e thod  is based 
o n  the h ab ita t co n d it io n s , p r in c ip a lly  d is tingu ish ing  so m e  o b jec t ive  c r ite r ia  (e.g. structure o r 
f lo r is t ic  co m p o s it io n ) fro m  others re ferring  to  the  sub jective  a p p re c ia t io n  (threats, 
en v ironm en ta l c o n d it io n s .. . ) .

The first g ro u p  o f  c r ite r ia  depends  o n  the  analysis o f  the  p h y to s o c io lo g ic a l m easurem ent 
tab les co n ce rn in g  a n d  d esc r ib ing  a vege ta l assoc ia tion .

Each c r ite r io n  has a num erica l va lue  a n d  it is poss ib le  to  a ttr ibu te  to  each  h a b ita t one  of 
the  three fo l lo w in g  co n se rva tion  levels (states).

1. fa vo u ra b le  state
2. no t representa tive  yet no t d e te r io ra te d  state
3 . u n fa vo u ra b le  and  d e te r io ra te d  state

The d e fin it io n  o f  the  h a b ita t state is a pa rticu la r ly  im p o r ta n t phase to  de fine  the stakes and 
the  reasons fo r  the  conse rva tion  a n d  the  m a n a g e m e n t o f  a na tu ra l site.
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POTENTIALS OF AIRBORNE HYPERSPECTRAL REMOTE SENSING FOR 
VEGETATION M APPING OF SPATIALLY HETEROGENEOUS DYNAMIC  
DUNES, A CASE STUDY ALONG THE BELGIAN COASTLINE

Luc B e rte ls ',  Bart D e ro n d e ',  P ie te r K e m p e n e e rs ',  Sam  P ro vo o s t2 a n d  Evy T o r te lb o o m 3

1 Remote Sensing and  Earth O bserva tion  Processes, Flemish Institute fo r  Technolog ical
Research, Boeretang 2 0 0 , B -2 4 0 0  M o l, Belgium
E-mail: luc.berte ls@ vito .be

2 Institute o f  N atu re  Conservation
Klin iekstraat 2 5 , B -1 0 7 0  Brussels, Belgium

3 A fde ling O ndersteunend C en trum  G IS-V laanderen, V laam se Landm aatschappij
G ebroeders  Van Eyckstraat 1 6, B -9 0 0 0  G hent, Belgium

M o s t n a tu ra l o b je c ts  have  c h a ra c te r is t ic  fe a tu re s  in  the  sp e c tra l s ig n a tu re  tha t 

d is t in g u is h  th e m  fro m  o th e rs . As m a n y  o f  these  c h a ra c te r is t ic  fe a tu re s  o c c u r  in very 
n a r ro w  w a v e le n g th  re g io n s , re m o te  sens ing  o f  these  o b je c ts  d e m a n d s  n a r ro w  b a n d  
sensors. B ro a d b a n d  sensors , su ch  as Landsat T M , a v e ra g e  the  re f le c ta n c e  o v e r  a w id e  
ra n g e  by w h ic h  th e  n a r ro w  s p e c tra l fea tu res  a re  los t o r  m a ske d  by o th e r  s tro n g e r 
fe a tu re s  s u r ro u n d in g  th e m . F o r th is  re a son  hyp e r s p e c tra l re m o te  sens ing  is b e c o m in g  a 

very p e r fo rm a n t  a lte rn a t iv e  fo r  th e  d e ta i le d  m o n ito r in g  o f  v e g e ta t io n  a n d  o th e r  n a tu ra l 
o b je c ts .

Th is s tudy fo c u s e d  o n  the  use o f  a irb o rn e  hyp e r s p e c tra l d a ta  to  c lass ify  the  ve g e ta t io n  
in the  d y n a m ic  zone  o f  th e  B e lg ia n  d u n e s . H ype r sp e c tra l d a ta  w ith  d if fe re n t s p a t ia l a n d  
sp e c tra l re so lu t io n s  w e re  a v a i la b le  fo r  th is  p ro je c t. They  w e re  c o lle c te d  d u r in g  a irb o rn e  
c a m p a ig n s  in O c to b e r  2 0 0 2  a n d  June  2 0 0 4 .  A d d it io n a l ly ,  ex tens ive  b o ta n ic  f ie ld  

surveys w e re  p e r fo rm e d  to  m a k e  a  spec tra l l ib ra ry  o f  the  p la n t  spec ies  a n d  p la n t 
a s so c ia t io n s  to  be  d is t in g u is h e d . A ll hype r s p e c tra l d a ta  w e re  ra d io m e tr ic a l ly ,  
g e o m e tr ic a l ly  a n d  a tm o s p h e r ic a l ly  c o rre c te d  a f te r  w h ic h  a supe rv ised  a p p ro a c h  w as 
a d o p te d  to  c lass ify  the  im a g e ry . In it ia lly , th re e  d if fe re n t c la s s if ic a t io n  m e th o d s  w ere  tr ied  

o u t .  The  first m e th o d  w as  based  o n  the  ana lys is  o f  the  sp e c tra l re f le c ta n c e  p ro f i le s  in  the  
p a rt o f  the  sp e c tra l ra n g e , w h ic h  is best su ited  to  d is t in g u ish  d if fe re n t  p la n t  species, 
a s so c ia t io n s  a n d  s truc tu res. This ana lys is  w as m a in ly  p e r fo rm e d  w ith  s ta n d a rd  ENVI 
so ftw a re  a n d  IDL p ro g ra m s , w h ic h  w e re  s p e c if ica lly  w rit te n  fo r  th is s tudy. In the  se co n d  
m e th o d  a w a v e le t  t ra n s fo rm a t io n  w as p e r fo rm e d  to  tra n s fo rm  the  d a ta  c u b e  in to  a  new  
o n e , w h ic h  is b e tte r  su ited  fo r  fe a tu re  e x tra c tio n . Fea tu re  e x tra c t io n  is necessary because  
in  a h y p e r  s p e c tra l d a ta  set th e  n u m b e r  o f  fe a tu re s  is o f te n  to o  la rg e  to  y ie ld  a  g o o d  
c la s s if ic a t io n . A  s e q u e n t ia l f lo a t in g  fo rw a rd  se le c t io n  a lg o r i th m  a l lo w e d  the  re d u c t io n  o f  
the  fea tu res . T h e  f in a l c la s s if ic a t io n  used  the  F isher's  l in e a r  d is c r im in a n t ana lys is . In the 
th ird  m e th o d  a n  o b je c t -o r ie n te d  c la s s if ic a t io n , p e r fo rm e d  w ith  e C o g n i t io n  so ftw a re , w as 
a d o p te d .  In th is case  the  ana lys is  w as n o t based  o n  s ing le  pixels, l ike  in  the  first tw o  
m e th o d s , b u t o n  h o m o g e n e o u s  im a g e  o b je c ts , w h ic h  w e re  e x tra c te d  d u r in g  a 
s e g m e n ta t io n  step. A fte r  e x p lo r in g  the  poss ib ilit ies  o f  the  th ree  m e th o d s  o n e  in te g ra te d  
a p p ro a c h  w as  d e v e lo p e d  a n d  th is w as used to  c lass ify  the  m os t recen t d a ta  (d a tin g  fro m  
June  2 0 0 4 ) .
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F rom  th e  b e g in n in g  o f  th is rese a rch  p ro je c t ,  tw o  cu s to m e rs  w e re  s tro n g ly  in v o lv e d . The 
'A d m in is t ra t ie  W a te rw e g e n  e n  Z e e w e ze n ' o f  the  F lem ish  G o v e rn m e n t  needs a c c u ra te  

v e g e ta t io n  m a p s  o f  the  d y n a m ic  d u n e  a re as  to  be  a b le  to  e s tim a te  the  s treng th  o f  the 
s e a w a ll a n d  to  d e c id e  w h e th e r  sp e c if ic  p ro te c t io n  m easures  a re  re q u ire d . F u rth e rm o re , 
the  A d m in is tra t ie  W a te rw e g e n  e n  Z e e w eze n  is re sp o n s ib le  fo r  the  p u b l ic  m a n a g e m e n t 

o f  severa l n a tu re  reserves in  the  dunes . The  Institu te  o f  N a tu re  C o n s e rv a t io n  o n  the  
o th e r  h a n d ,  is c a rry in g  o u t  e c o lo g ic a l  research  in  the  co a s ta l d u n e s  fo r  o v e r  15  years. It 
is m a in ly  a im in g  a t  s u p p o r t in g  a n d  m o n ito r in g  the  c o n s e rv a t io n  m e a su re s  ta ke n  by the 
N a tu re  D iv is io n  o f  the  F lem ish  G o v e rn m e n t ,  w h ic h  m a n a g e s  m o s t o f  the  c o a s ta l dunes. 
A  m a in  c o n c e rn  o f  th is rese a rch  is f in d in g  new  m e th o d s  fo r  e ff ic ie n t,  d e ta i le d  a n d  cos t-  

e f f ic ie n t  v e g e ta t io n  m a p p in g .  T o  m e e t the  n eeds  o f  b o th  cu s to m e rs  tw o  ta i lo r -m a d e  
c la s s if ic a t io n s  w e re  m a d e .
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THE SCHELDT INFORMATIONCENTRE: A N  INFORMATION PLATFORM FOR 
THE ESTUARY OF THE RIVER SCHELDT

B reg je  Beyst

Schelde In form atieC entrum  V laanderen, p.a. V laams Instituut voo r de Zee vzw 
W ande laa rkaa i 7, B -8 4 0 0  O ostende, Belgium 
E-m ail: bregje.beyst@ vliz.be

T h e  S che ld t In fo rm a t io n C e n tre  acts  as a n  in fo rm a t io n  p la t fo rm  fo r  the  estuary  o f  the  

r ive r S che ld t. This ce n tre  is a c t ive  in  The  N e th e r la n d s  a n d  re ce n tly  a lso  in  F landers . Its 

a re a  o f  in terest c o n c e rn s  th e  t id e - re la te d  p a rt o f  th e  r ive r S ch e ld t, i.e . f ro m  G h e n t  (B) to 
th e  m o u th  in  V liss in g e n  (NL).

The  m a in  task o f  th e  S che ld t In fo rm a t io n C e n te r  is p u tt in g  in fo rm a t io n  a b o u t  the  estuary  

a re a  a t the  d isp o sa l o f  e v e ry b o d y  in te res ted  in th e  su b je c t. A d d it io n a l ly ,  the  ins titu te  acts 
as a c o n ta c t  p o in t .  The  S che ld t In fo rm a t io n C e n te r  c o n tr ib u te s  a lso  to  p o p u la r is in g  less 
a c c e s s ib le  reports  a n d  p u b l ic a t io n s  a n d  has th e re fo re  a n  in te r fa ce  fu n c t io n  b e tw e en  the  
p u b l ic  a u th o r it ie s ,  th e  s c ie n t if ic  c o m m u n ity  a n d  the  p u b l ic  a t  la rg e . C o o rd in a t in g  
S c h e ld t- re la te d  p ro je c ts  is a n o th e r  task  o f  th e  institu te . In a l l  a c tiv it ie s , the  d if fe re n t 
fu n c t io n s  o f  the  e s tua ry , sa fe ty , p o lic y  a n d  m a n a g e m e n t a re  ce n tra l issues.

By in fo rm in g  e v e ry b o d y  a b o u t  the  r ive r S che ld t, the  ins titu te  h opes  to  w id e n  the  
in v o lv e m e n t a n d  p u b l ic  a w a re n e ss  o f  th is es tua ry , a r ive r so  im p o r ta n t  fo r  S e a la n d  (NL) 

as w e ll as F lande rs  (B).
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MORPHOLOGICAL AND SEDIMENTOLOGICAL M O N ITO R IN G  OF A M A N -  
INDUCED ACCRETIONARY BEACH -  DUNE SYSTEM (CA' ROMAN, VENICE, 
ITALY)

A n n e lo re  Bezzi, F ra ncesca  B o s c o lo  a n d  G io r g io  F o n to la n

Dip. Scienze G eo log iche , A m bien ta li e M arine , Università deg ii Studi di Trieste 
via E. Weiss 2, 3 4 1 2 7  Trieste, Italy 
E-mail: bezzi@units.it

A  d e ta i le d  m o rp h o d y n a m ic  a n d  s e d im e n to lo g ic a l  survey has b e e n  c a r r ie d  o u t  o n  o n e  o f  

the  fe w  sites a lo n g  the  b a r r ie r  is lands  o f  the  V e n ic e  la g o o n  w h e re  a  c o m p le te  coas ta l 
d u n e  system still surv ives, re ce n tly  in c lu d e d  in  pS IC . The  h ig h  a e o l ia n  tra n s p o r t 
p o te n t ia l ,  as w e ll as the  a c c re t io n a ry  tre n d  ca u se d  by the  s h o re l in e  a d v a n c e  u p d r i f t  to 
the  n o r th e rn  C h io g g ia  jetty, g a v e  rise to  the  fo rm a t io n  o f  a  la rg e  d u n e  a sse m b la g e  
d u r in g  the  last C e n tu ry . The  c o l le c te d  d a ta ,  to g e th e r  w ith  the  h is to r ica l d o c u m e n ta t io n  
a n a lys is , have  fo s te re d  the  re c o n s tru c t io n  o f  the  e v o lu t io n a ry  h is to ry , a n d  a be tte r  

k n o w le d g e  o f  the  processes re g u la t in g  the  fo rm a t io n  a n d  the  d e v e lo p m e n t o f  coas ta l 

d unes  in  th is  g e o g ra p h ic a l  a re a .
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ARE COASTAL DUNE MANAGEMENT ACTIONS FOR BIODIVERSITY 
RESTORATION AND CONSERVATION UNDERPINNED BY 
INTERNATIONALLY PUBLISHED SCIENTIFIC RESEARCH?

D ries  B o n te ' a n d  M a u r ic e  H o f fm a n n  '

' Terrestrial Ecology Unit, D epartm ent o f Biology, G hen t University,
K.L. Ledeganckstraat 35 , B -9 0 0 0  G hen t, Belgium 
E-mail: d r ies .bon te@ U G ent.be

2 Unit Landscape Ecology and N atu re  M anagem ent, Institute o f Nature  Conservation, 
K lin iekstraat 2 5 , B -1 0 7 0  Brussels, Belgium

S c ien tif ic  rese a rch  in  c o a s ta l d u n e s  o f  E u rope  has m a in ly  fo c u s e d  o n  u n d e rs ta n d in g  
p rocesses o f  so il a n d  la n d s c a p e  d e v e lo p m e n t,  v e g e ta t io n  success ion  a n d  its in te ra c t io n  
w ith  a n im a l  e c o lo g y .  B o th  fu n d a m e n ta l  a n d  a p p l ie d  q u e s tio n s  w e re  d e a lt  w ith . In 

th e o ry , th e  results o f  these  in ve s t ig a t io n s  sh o u ld  u n d e rp in  n a tu re  m a n a g e m e n t  p rac tices  
a n d  s h o u ld  g ive  a  so lid  fo u n d a t io n  to  m o n ito r in g .

In th is c o n t r ib u t io n ,  w e  re v ie w  pas t a n d  p resent sc ie n t if ic  research  in  the  A t la n t ic  coas ta l 

d u n e  re g io n  a n d  its m os t im p o r ta n t  co n s e q u e n c e s  fo r  n a tu re  m a n a g e m e n t,  n a tu re  
re s to ra t io n ,  la n d s c a p e  c o n s e rv a t io n  a n d  m o n ito r in g .  Results a re  c o n tra s te d  w ith  
c o n te m p o ra ry  m a n a g e m e n t  p ra c t ic e s  in  o rd e r  to  d e te c t m a n a g e m e n t s h o r tc o m in g s  a n d  
f ie ld s  w h e re  s c ie n t if ic  rese a rch  n eeds  to  be  e x te n d e d  in o rd e r  to  f in e - tu n e , o fte n  
expens ive , m a n a g e m e n t  p rac tices .

W e  w il l d iscuss to  w h ic h  a m o u n t  c o m m o n  e c o lo g ic a l  th e o r ie s  (g ene tic  d ive rs ity  in 
f ra g m e n te d  p o p u la t io n s ,  d is tu rb a n c e , stress a n d  d ive rs ity , a d a p t iv e  s tra teg ies  o f  species 
a t the  m a rg in  o f  th e ir  ra n g e , . . . )  c a n  be  p ro je c te d  o n to  the  c o a s ta l d u n e  ecosystem  a n d  
w h e th e r  these  a re  re le v a n t fo r  n a tu re  co n se rva t io n .
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THE IMPORTANCE OF GROUNDWATER AND OTHER ECOHYDROLOGICAL 
IMPACTS IN  THE MANAGEMENT OF SALT MARSH PLANT COMMUNITIES

L a u re n ce  A . B o o rm a n  a n d  J o h n  H a ze ld e n  

LAB Coasta l,
The M aylands, Back Lane, Holywell, St. Ives, C am bridgesh ire , PE27 4 T Q , United K ingdom  
E-mail: lau r ieb@ labcoasta l.co .uk

Salt m a rshe s  a re  c h a ra c te r iz e d  by  the  p resence  o f  p la n ts  to le ra n t  o f  s o m e  d e g re e  o f  
sa lin ity ; a l th o u g h  fre s h w a te r  c a n  a lso  be  a s ig n if ic a n t c o m p o n e n t .  S ources a n d  rou tes  o f  
fresh w a te r  c a n  in c lu d e  fresh  w a te r  r ive r f lo w  in to  the  es tua ry , fresh  g ro u n d w a te r  f lo w  

a lo n g  a  d e f in e d  a q u ife r  o r  c h a n n e l o r  d if fu se  su rfa ce  s e e p a g e  as a resu lt o f  ra in . In 
a d d i t io n  b o th  fresh a n d  s a lt -w a te r  f lo w s  ca n  be  the  a g e n ts  o f  t ra n s p o r t  to  a n d  f ro m  the 

m a rsh  itse lf o f  s e d im e n t,  m in e ra l nu tr ien ts , p o llu ta n ts  a n d  p a r t ic u la te  o r  d isso lved  
o rg a n ic  c a rb o n  (H aze ld e n  a n d  B o o rm a n , 1 9 9 9 ).

A  c o m m o n  fe a tu re  o f  m a n y  va lle y  sa lt m arshes is the  p resence  o f  seepages  o f  fresh 
w a te r ,  lo c a l u p w e ll in g  o r  f lo w  th ro u g h  p e rm e a b le  so il layers , a lo n g  the  e d g e s  o f  the  

u p p e r  m a rsh . They ca n  o f te n  be  d is t in g u ish e d  by the  p resence  o f  p la n t  species n o t fu lly  
to le ra n t  o f  seaw a te r. The  c o m m o n e s t  is P hragm ites  aus tra l is  w h ic h  ca n  be  seen  as 
is o la te d  c lu m p s  m a rk in g  lo c a l iz e d  fresh  w a te r  seepages  o r  g e n e ra l ly  w id e s p re a d  in 
a re a s  w h e re  the  so il sa lin ity  is re d u c e d  by a  g e n e ra liz e d  fresh w a te r  inpu t.

W h i le  su r fa ce  a n d  g ro u n d  w a te r  f lo w  ca n  p ro v id e  necessary p la n t  nu tr ien ts  excessive 
n u tr ie n t lo a d in g  c a n  resu lt in  h y p e r-e u tro p h ic  c o n d it io n s  w ith  m a jo r  e ffects o n  the  
b io d ive rs ity . G ro u n d w a te r  f lo w s  c a n  cause  the  tra n s p o r t  o f  these nu tr ien ts  o v e r  

c o n s id e ra b le  d is tances  nece ss ita t in g  the  use o f  sp e c ia l te c h n iq u e s  to  d e te rm in e  th e ir  
s o u rc e  (M a y e r  e t  a l . ,  2 0 0 0 ) .  Th is  s tudy  a lso  s h o w e d  th a t  excessive n u tr ie n t levels c o u ld  
be  tra n s p o r te d  th ro u g h  to  n e a r-s h o re  sed im en ts  w ith  p o ss ib le  e ffec ts  o n  m a r in e  
h a b ita ts .  Th is  is a n  e x tre m e  s itu a t io n  a n d  m o re  g e n e ra l ly  sa lt m a rshes  c a n  be  re g a rd e d  
as s inks w h ic h  c o n tro l  the  e u t ro p h ic a t io n  o f  c o a s ta l w a te rs  by  re m o v in g  excessive 
n u tr ien ts  f ro m  the system (Teal &  H o w e s , 2 0 0 0 ) .

S tud ies c o n t in u e  to  c o l le c t  re a l- t im e  d a ta  o n  the  e c o h y d ro lo g y  o f  sa lt m arshes a n d  to  
d e v e lo p  m a th e m a t ic a l m o d e ls  to  in te rp re t the  va r io u s  processes in v o lv e d  (C ro w e  e t a / . ,  
2 0 0 4 ) .  M o re  is k n o w n  a b o u t  g ro u n d w a te r  d yn a m ics  in  w et c o a s ta l g ra ss la n d s , even  to  
p re d ic t in g  ch a n g e s  (M o h r lo k ,  2 0 0 2 ) .  Reeves a n d  F a irb o rn  (1 9 9 6 )  ins ta lle d  extensive 
in s tru m e n ta t io n  to  e n a b le  the  d e v e lo p m e n t o f  a n u m e r ic a l m o d e l to  s tudy the  
g ro u n d w a te r  d y n a m ic s  o f  the  fo re s t m arsh  in te rfa ce . The  next m a jo r  s tep w il l  be  to  
in te g ra te  these va r io u s  m o d e ls ,  poss ib ly  th ro u g h  the  use o f  a  d e c is io n  based  s u p p o r t 
system , in  such a w ay  th a t fo r  a n y  g ive n  sa lt m a rsh  the  u n d e r ly in g  e c o lo g ic a l  processes, 
in c lu d in g  the  m a g n itu d e  a n d  d ire c t io n  o f  the  va r io u s  fluxes, c a n  be  u n d e rs to o d  
su ff ic ie n tly  to  d e v e lo p  e ffec t ive  m a n a g e m e n t te ch n iq u e s .
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EELGRASS (ZOSTERA M AR IN A  L.) IN  THE WESTERN WADDEN SEA: 
M O N ITO R IN G , HABITAT SUITABILITY MODEL, TRANSPLANTATIONS AND  
COM MUNICATION
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M a n y  acres  o f  ee lg rass  h a d  d is a p p e a re d  d u r in g  the  las t ce n tu ry  th ro u g h o u t  its 

d is t r ib u t io n  a re a  d u e  to  severa l reasons: W a s tin g  d isease , co a s ta l e n g in e e r in g , 
p o l lu t io n  a n d  fishe ry  ac tiv it ies . H o w e v e r ,  pos it ive  c h a n g e s  in  the  e n v iro n m e n t d id  no t 
resu lt in ee lg rass  recove ry . Eelgrass is a  key species th a t  a ttrac ts  m a n y  o rg a n is m s  liv ing  
in  the  m e a d o w s  a n d  a lso  p ro v id e s  a  fo o d  resource . A d d it io n a l ly ,  ee lg rass  s tab ilizes 
sed im en ts  a n d  reduces  w a ve  a c tiv it ie s  a n d  c o u ld  b e  c o n s id e re d  a n  e c o -e n g in e e r .  
T h e re fo re , ré in t ro d u c t io n  o f  th is  spec ies  b e c a m e  h ig h ly  fa v o ra b le .

The  D u tc h  M in is try  o f  T ra n sp o rt,  W a te r  M a n a g e m e n t  a n d  P ub lic  W o rk s  ins truc ted  the  
U n ivers ity  o f  N i jm e g e n  to  ca rry  o u t  a 4 -y e a r  ( 2 0 0 2 - 2 0 0 5 )  fu n d e d  p ro je c t  

'R é in tro d u c t io n  o f  ee lg rass  (Zostera  m a r in a  L.) in the  w este rn  W a d d e n  S ea ' w ith  the 
g o a l to  c re a te  a  s ta b le  ee lg rass  p o p u la t io n  tha t c o u ld  b e c o m e  a so u rce  fo r  fu r th e r  
recove ry  a n d  e x p a n s io n  in  the  w este rn  W a d d e n  Sea. Th is  p a p e r  g ives  a n  o v e rv ie w  o f  

the  p ro je c t 's  a c tiv it ie s  a n d  results.

The  m a in  t ra n s p la n ta t io n  a re a  'B a lg z a n d ' was c a re fu lly  se lec ted  o n  the  basis o f  a ra n g e  
o f  se lec t ion  c r ite r ia .  The  g e o m o rp h o lo g ic a l  d ivers ity  o f  the  B a lgza n d  fla ts  a l lo w e d  
tra n s p la n ta t io n s  a t d if fe re n t p la n t in g  sites, w h ich  in c re a se d  the  c h a n c e  o f  tra n s p la n t 
su rv iva l by s p re a d in g  risks in th is d y n a m ic  ecosystem . T ra n s p la n ta t io n s  w e re  c a r r ie d  o u t 
in  p ro x im ity  o f  a r t i f ic ia l  a n d  n a tu ra l mussel beds , a w a y  fro m  m ussel beds a n d  at 
lo c a t io n s  va ry in g  in d e p th . F u r th e rm o re , the  size a n d  dens ity  o f  p la n t in g  un its  w e re  

va r ie d  to  d e v e lo p  the  o p t im a l  t ra n s p la n ta t io n  te ch n iq u e .
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Respective ly  2 0 0 0  a n d  2 3 0 0  ee lg rass  shoo ts  w e re  t ra n s p la n te d  in  th e  first tw o  years  o f  
the  p ro je c t.  T ra n s p la n ta t io n  success w as  m e a su re d  by p la n t  su rv iva l a n d  d e v e lo p m e n t.  

F u r th e rm o re , a ra n g e  o f  b io lo g ic a l  a n d  p h y s ic a l-c h e m ic a l p a ra m e te rs  w as  s tu d ie d .

T ra n s p la n ta t io n  success w as  p o o r  in the  yea r 2 0 0 2  d u e  to  a c h a in  o f  u n fo r tu n a te  

events. Th is  e xp e r ie n ce  w as  ins tru c tive  th o u g h ,  a n d  t ra n s p la n ta t io n  in  2 0 0 3  b e c a m e  
very successfu l: h ig h  su rv iva l ra tes o f  the  tra n sp la n ts  w ith  a b u n d a n t  d e v e lo p m e n t  o f  

re p ro d u c t iv e  shoo ts . S im u lta n e o u s ly ,  o v e r  2 0  ee lg rass  p la n ts  th a t  h a d  b e e n  t ra n s p la n te d  
in p re l im in a ry  e xp e rim e n ts  in 1 9 9 9  e x p a n d e d  to  a n  ee lg rass  p o p u la t io n  o f  5 .2 h a .

A t the  m o m e n t  o f  w r it in g  th e  a b s tra c t  (M a y  2 0 0 4 )  se e d lin g s  h a d  b e e n  fo u n d  a n d  

a n o th e r  t ra n s p la n ta t io n  o f  a b o u t  1 5 0 0  shoo ts  w as p la n n e d  in  June  2 0 0 4 .
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THE IMPORTANCE OF SEED BANK KNOWLEDGE FOR THE RESTORATION 
OF COASTAL PLANT COMMUNITIES -  A CASE STUDY OF SALT MARSHES 
AND DUNE SLACKS AT THE BELGIAN COAST

B eatrijs  B ossuy t',  Els S t ic h e lm a n s ' a n d  M a u r ic e  H o f fm a n n 1

' Terrestrial Ecology Unit, D epartm ent o f Biology, University o f G hent 
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E-mail: beatrijs .bossuyt@ ugent.be
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K n o w le d g e  o n  seed  b a n k  d ens ity  a n d  species c o m p o s i t io n  is c ru c ia l  fo r  p re d ic t in g  the  

p ro b a b i l i ty  th a t ta rg e t spec ies  w il l  e s tab lish  in  the  p la n t  c o m m u n ity  o n  a  res to red  site. A  
g e n e ra l o v e rv ie w  o f  d a ta  a v a i la b le  fo r  p la n t  spec ies  o c c u r r in g  in co a s ta l p la n t 
c o m m u n it ie s  s h o w e d  th a t  in fo rm a t io n  o n  seed  pe rs is tence  is u p  to  n o w  ve ry  l im ite d . The 
a v a i la b le  d a ta  sug g es t th a t re s to ra t io n  o f  c o a s ta l p la n t  c o m m u n it ie s  c a n n o t  re ly o n  the  
seed  b a n k ,  e xcep t fo r  a n n u a l spec ies  o f  sa lt m a rshes , a n d  th a t the  seed  b a n k  is to  a 

la rg e  ex ten t c o m p o s e d  o f  spec ies o f  n u tr ie n t r ich  h a b ita ts . Th is  w as  c o n f irm e d  by tw o  
ca se  stud ies in  d u n e  s lacks a n d  sa lt m arshes  o n  the  B e lg ia n  coas t. Seed dens ity  in d u n e  
s lacks  w as fo u n d  to  be  re la t ive ly  h ig h , b u t the  seed  b a n k  c o n ta in e d  a lm o s t exc lus ive ly  
seeds o f  spec ies  o f  n u tr ie n t r ich  h a b ita ts , re su lt in g  in a very lo w  s im ila r ity  ra t io  be tw een  
seed b a n k  a n d  v e g e ta t io n . G e rm in a t io n  fro m  the  seed  b a n k  w o u ld  ra th e r  h a m p e r  the  
e s ta b lis h m e n t o f  ta rg e t  spec ies  b e ca use  c o m p e t i t iv e  pressure  im p o s e d  by fast g ro w in g  
spec ies  o f  n u tr ie n t r ich  h a b ita ts  w o u ld  inc rease . In sa lt m arshes, th e  s im ila r ity  be tw een  
seed  b a n k  a n d  v e g e ta t io n  w as  h ig h e r ,  b e ca u se  th e re  is a  h ig h e r  c o n t r ib u t io n  o f  typ ica l 

sa lt  m arsh  spec ies  in the  seed b a n k ,  a l th o u g h  n o t a l l  ta rg e t  spec ies  a re  e q u a l ly  
rep resen ted . T o  a l lo w  p re d ic t io n s  o f  fu tu re  spec ies  c o m p o s i t io n  o n  re s to re d  sites, seed 
b a n k  s tud ies  s h o u ld  be  a n  essen tia l p a rt o f  e a c h  c o a s ta l re s to ra t io n  p ro je c t.
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DEVELOPMENT OF A DECISION SUPPORT SYSTEM FOR LIFE-NATURE AND  
SIMILAR PROJECTS: FROM TRIAL-AND-ERROR TO KNOWLEDGE BASED 
NATURE MANAGEMENT
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T h e  very h ig h  e n v iro n m e n ta l  p ressure  o n  ecosystem s has in c re a s e d  the  n e e d  fo r  a c t ive  
n a tu re  m a n a g e m e n t .  T o  p e r fo rm  th e  p ro p e r  re s to ra t io n  m e a su re s  a  c o n s id e ra b le  
k n o w le d g e  o f  ecosys tem  fu n c t io n in g  is re q u ire d ,  in  p a r t ic u la r  a b o u t  the  b io g e o c h e m is try  

a n d  a b o u t  h a b ita t  re q u ire m e n ts  o f  o rg a n is m s . A l th o u g h  the  a m o u n t  o f  a v a i la b le  
k n o w le d g e  o n  these  sub jec ts  has in c re a s e d  ra p id ly ,  m a n y  c o n s e rv a t io n  a n d  re s to ra t io n  

p ro je c ts  re p o r t  p a r t ia l  o r  c o m p le te  fa i lu re s . The re  is a w id e  ra n g e  o f  p o ss ib le  causes , 
b u t o n e  o f  the  m o s t f re q u e n t ly  o c c u r r in g  reasons  is the  la c k  o f  essen tia l in fo rm a t io n  fo r  
♦he p la n n in g  a n d  c a r ry in g  o u t  o f  re s to ra t io n  m easures . A  d e c is io n  tree  th a t  o ffe rs  easy 

access  to  u p  to  d a te  k n o w le d g e  a n d  p ra c t ic a l  e xp e r ie n ce  c o u ld  h e lp  to  in c re a se  success 
rates. In the  f ra m e w o rk  o f  a  L IF E -N a tu re  C o - o p  p ro je c t  w e  a im  to  m a k e  su ch  a  to o l fo r  
c o a s ta l d u n e s  a n d  ra ise d  b o g s . N a tu re  c o n se rva t io n is ts  a n d  sc ientis ts  o f  d if fe re n t 

E u ro p e a n  c o u n tr ie s  p a r t ic ip a te  in  th is  p ro je c t.

In a n  id e a l s i tu a t io n ,  the  p la n n in g  o f  re s to ra t io n  m e a su re s  s h o u ld  c o n ta in  a t  leas t the  
fo l lo w in g  e le m e n ts : 1) d e s c r ip t io n  o f  the  p ro b le m  in the  m a n a g e m e n t  a re a ,  in c lu d in g  
shifts in  spec ies  c o m p o s i t io n ,  2 ) in ve s t ig a t io n s  le a d in g  to  the  u n d e r ly in g  causes o f  th is 

p ro b le m ,  3) l is t ing  causes  a n d  p o ss ib le  s o lu t io n s , 4) d e f in in g  a  re s to ra t io n  s tra tegy , 5) 
assessm ent o f  the  p o ss ib le  s id e -e ffe c ts  o f  the  re s to ra t io n  m e a su re s  o n  the  w h o le  
ecosys tem  leve l, 6 ) re s to ra t io n  m e a su re s , 7) m o n ito r in g ,  a n d  8 ) e v a lu a t io n  o f  the  (side) 

e ffects . O u r  to o l  w il l  h e lp  to  e lu c id a te  the  th rea ts  to  the  ecosys tem  a n d  the  p o ss ib le  

(side) e ffec ts  o f  re s to ra t io n  m e asu res .

S ta rt ing  p o in t  o f  th e  to o l  c a n  be  a  m e a s u re  p la n n e d  by the  use r, in c lu d in g  the  e xp e c te d  
resu lt. T o  a rr ive  a t  the  p ro p e r  re s to ra t io n  s tra tegy  fo r  a n  e co sys te m , the  to o l  w il l  ch e ck  

fo r  a t  least the  fo l lo w in g  c o m p o n e n ts :

•  Is th e re  a  le g it im a te  re s to ra t io n  g o a l ,  g iv e n  a  c e r ta in  k in d  o f  ecosystem ?

■ C a n  this g o a l  b e  re a c h e d  by  the  p ro p o s e d  re s to ra t io n  m e a su re ?

■ W h ic h  (g ro u p s  o f) o rg a n is m s  c a n  p ro f i t  f ro m  the  re s to ra t io n  a n d  w h ic h  (g ro u p s  of) 
o rg a n is m s  w il l b e  h a rm e d ?  D o e s  the  ecosys tem  as a  w h o le  p ro f i t  f ro m  the  m e asu re?

•  W h a t  is the  p o s s ib le  fu n c t io n  o f  the  re s to ra t io n  a re a  fo r  the  b io d iv e rs ity  in  the  d ire c t 

e n v iro n m e n t?  H o w  w i l l  re s to ra t io n  m easures  a f fe c t  th is ro le?
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■ In w h a t w a y  c a n  th e  success ra te  b e  e n h a n c e d , fo r  e x a m p le  by  a d ju s t in g  th e  sca le , 
t im in g  o r  in tens ity  o f  the  m e asu re?

■ A re  th e re  a lte rn a t iv e  m e a su re s  th a t  c a n  le a d  to  a  b e tte r  result?

■ W h ic h  (g ro u p s  o f)  o rg a n is m s  a re  s u ita b le  b io - in d ic a to rs ?  H o w  ca n  they  be 
m o n ito re d ?

The d e c is io n  s u p p o r t  to o l  w il l  be  fre e ly  acce ss ib le  v ia  a n  in te ra c t iv e  in te r fa c e  th a t selects 
the  in fo rm a t io n  re le v a n t to  the  u se r 's  s itu a t io n . A ll essen tia l in fo rm a t io n  w il l  be 

p re sen ted  in  sh o rt texts, s u p p o r te d  by  e xa m p le s  o f  f ie ld  s itu a t io n s . By us ing  th is to o l,  
p ro je c t  m a n a g e rs  w il l  be  a b le  to  d e a l w ith  e c o lo g ic a l  k n o w le d g e  a t  the  p ro p e r  m o m e n ts  
in  the  p rocess  o f  p la n n in g  a n d  ta k in g  re s to ra t io n  m e asu res . P rob lem s e n c o u n te re d  in 

p re v io u s  p ro je c ts  c a n  b e  a v o id e d  a n d  successfu l so lu t io n s  to  p ro b le m s  in e a r l ie r  
p ro je c ts  c a n  b e  a d o p te d .  This c a n  s ig n if ic a n t ly  o p t im iz e  th e  re s to ra t io n  m e a su re s  a n d  
m in im iz e  the  o c c u r re n c e  o f  fa i lu re s  a n d  u n fo re se e n  n e g a t iv e  s ide  e ffec ts  in  o n g o in g  a n d  
fu tu re  n a tu re  c o n s e rv a t io n  a n d  re s to ra t io n  p ro jec ts .
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GEOMORPHOLOGY AND EVOLUTION OF THE RAVENNA'S DUNE SYSTEM 
(ITALY)
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The  m a in  p u rp o s e  o f  th is w o rk  is to  ch a ra c te r iz e  the  d u n e s  o f  the  R avenna  co a s t a n d  to  
p ro p o s e  th e ir  best m a n a g e m e n t .  In o rd e r  to  e v a lu a te  th e ir  re ce n t e v o lu t io n ,  a e r ia l 

p h o to g ra p h s  o f  the  s tu d ie d  a re a  (the co a s t l in e  f ro m  P orto  G a r ib a ld i  to  C e rv ia  in the 
years 1 9 5 4 ,  1 9 7 2 ,  1 9 8 8 ,  1 9 9 4  a n d  2 0 0 0 )  have  b e e n  a n a ly s e d  us ing  a G IS . In the 
y e a r  2 0 0 0  the  a re a  o c c u p ie d  by th e  d u n e s  was o n e  q u a r te r  o f  the  to ta l a re a  c o v e re d  in 
the  y e a r  1 9 5 4 .  F rom  the  seven ties  un til n o w , a n  in c re a s in g  n u m b e r  o f  b a th in g  

e s ta b lish m e n ts  b u i l t  o n  d u n e s  c a n  be  o b se rve d . Th is , in th e  m a jo r i ty  o f  the  a reas, 

ca u se d  th e  c o m p le te  d is a p p e a ra n c e  o f  the  d u n e  systems.

S om e p h y to -s o c io lo g ic a l  sun/eys have  been  c a r r ie d  o u t  a im in g  a t  c a lc u la t in g  species 
d ive rs ity , e v a lu a t in g  the  d e g re e  o f  na tu ra lness  o f  e a c h  d u n e  a n d  o u t l in in g  th e  e v o lu t io n  
o f  the  v e g e ta t io n ,  b a se d  o n  th e  d a ta  co lle c te d  in  the  seventies . T h e  o b s e rv e d  ve g e ta t io n  
c o m m u n it ie s  a re  n o t c le a r ly  d e f in e d ,  b e ca use  o f  the  stress ca u se d  by  to u r is m . The  
h ighes t d ive rs ity  o f  spec ies  a n d  the  m a in  s tab ility  d u e  to  the  p resence  o f  the  Tortu le to-  
S ca b io se tu m  c o m m u n ity  w e re  o b s e rv e d  in the  o n ly  d u n e  th a t  has a fe n ce .

M o re o v e r ,  in  o rd e r  to  e s tab lish  d u n e s  e ff ic iency , to  w o rk  o u t  re l ia b le  fu tu re  scena rios  

a n d  to  d e f in e  the  re co ve ry  c h a n c e s  o f  so m e  d u n e s , th e  fo l lo w in g  fe a tu re s  h a ve  been  
e v a lu a te d :  c res t h e ig h t,  s teepness index , la te ra l c o n t in u ity ,  c o n s e rv a t io n  sta te  a n d  

s e d im e n to lo g ic a l  cha rac te r is t ics .

In tw o  s tudy a re a s , a s im u la t io n  us ing  F D M  (Fug it ive  D ust M o d e l)  has b e e n  c a r r ie d  o u t, 
w ith  th e  p u rp o s e  o f  e v a lu a t in g  th e ir  h y p o th e t ic a l n a tu ra l e v o lu t io n .  T h e  F D M  is a 
s o ftw a re , c re a te d  by EPA (E n v iro n m e n ta l P ro te c tio n  A g e n cy ), w h ic h  c a lc u la te s  the  
a e o l ia n  tra n s p o r t  a n d  d u s t d e p o s it io n .  The  F D M  m o d e l re a d a p te d  to  the  d u n e  system 

a l lo w e d  us to  o u t l in e  d u n e  e v o lu t io n a l trends a n d  w as  a  use fu l to o l  fo r  a q u a li ta t iv e  
e v a lu a t io n .  M o re o v e r ,  it has b e e n  a n  im p o r ta n t  c o m p o n e n t  fo r  d e c is io n  m a k in g  in the  

m a n a g e m e n t  m easures .
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INTERNATIONAL LEGAL POSSIBILITIES AND OBLIGATIONS FOR NATURE 
CONSERVATION IN PORTS

A n  C liq u e t

D epartm ent o f Public In ternationa l Law, G hen t University 
Universiteitsstraat 6, B -9 0 0 0  G hen t, Belgium 
E-mail: A n .C lique t@ ugen t.be

H a rb o u rs  a re  o ften  s itua ted  in va lu a b le  coasta l a reas, such as estuaries a n d  m udfla ts . In 
the past, la rge  areas o f  coas ta l land  a n d  sea w ere  c la im e d  fo r  p o rt d e ve lo p m e n t w ithou t 
ta k in g  in to  a c c o u n t the  na tu re  va lues in tha t a rea . O n ly  e c o n o m ic  a rgum en ts  were taken 
in to  co n s id e ra t io n . This o ften  resulted in a serious d e g ra d a t io n  o f  na tu re  a reas a n d  loss o f  
b iod ive rs ity  (because o f  la rge  in fras truc tu re  works, d re d g in g  activ ities etc.). Som etim es la rge  
e c o lo g ic a l va lu a b le  areas, a lth o u g h  not yet in use fo r  po rt activ it ies, w ere  des igna ted  as 
p o rt a reas in spatia l p la n n in g  instrum ents o r  s tra teg ic h a rb o u r  p lans. A lth o u g h  these na tu re  
a reas  re m a in  in tact, th e ir  fu tu re  is unce rta in  and  they  o ften  b e co m e  d e g ra d e d  d u e  to  a lack 
o f  a p p ro p r ia te  na tu re  m a n a g e m e n t. O c c a s io n a lly ,  new  o p p o rtu n it ie s  fo r  na tu re  
co n se rva tion  can be c rea ted  because  o f  p o r i  deve lopm en t. This is fo r  instance the  case fo r  
sand  su p p le tio n  areas, w h ich  are no t im m e d ia te ly  used fo r  h a rb o u r  activ it ies, bu t in the 
m e a n tim e  serve as a re fuge  o r  b reed ing  g ro u n d  fo r  seabirds. O n c e  these areas w ill 
e ffective ly  be  used as p o r i  a reas, the  na tu re  values w ill be lost. The lack o f  a susta inab le  
po licy  in the  past, inev itab ly  led to  con flic ts  w ith  o th e r users in the coas ta l zone. This 
som etim es resulted in c o u r t  cases a n d  even ha lted  fu rthe r possib ilit ies fo r  p o rt deve lo p m e n t.

In the last years, new  insights c a m e  in to  be ing  o n  na tu re  conse rva tion  a n d  nature  
d e v e lo p m e n t, e c o lo g ic a l ne tw orks, in teg ra ted  coas ta l zone m a n a g e m e n t and  susta inab le  
d e ve lo p m e n t. These ideas crea te  new  possib ilities fo r  na tu re  conse rva tion  in coasta l areas. 
They m ig h t a lso  shift the b a la n ce  tow a rds  a m ore  susta inab le  p o rt d e ve lo p m e n t a n d  to  w in - 
w in  s itua tions  fo r  bo th  industry a n d  na tu re . C on flic ts  between d iffe ren t user g ro up s  in the 
coas ta l zone m igh t thus be a vo id e d .

The fo l lo w in g  questions need to  be answ ered : w ha t are the lega l possib ilities and
o b lig a t io n s  fo r  na tu re  co n se rva tion  a n d  nature d e ve lo p m e n t in coas ta l a reas; h o w  can
these in te rna tio n a l instrum ents be a p p lie d  in h a rb o u r  areas; a re  these instrum ents a d a p te d  
to  ach ieve  a susta inab le  use o f  the  coas ta l zone a n d  a cq u ire  w in -w in  s itua tions fo r  ha rbou rs  
a n d  nature?

This p a p e r  w ill first g ive  a n  ove rv iew  o f  g ene ra l p rinc ip les  o f  e n v ironm en ta l po licy  re la ting  to 
na tu re  conse rva tion  a n d  na tu re  d e v e lo p m e n t (such as the res to ra tion  a n d  co m p en sa tio n  
p rinc ip le ). It w ill e xam ine  the leg a l possib ilit ies and  o b lig a t io n s  fo r  na tu re  conse rva tion  and  
na tu re  d e ve lo p m e n t in in te rn a t io n a l treaties (such as the Ram sar conven tion ) a n d  EU 
d irectives (Birds and  H a b ita t Directives) a n d  w ill spec ifica lly  focus on  the a p p lic a t io n  o f 
these instrum ents in coas ta l a reas. A lso , the lega l p rocedures  fo r  conse rva tion  and 
c o m p e n s a t io n  (such as the p ro ce d u re  o f  a rtic le  6  o f  the H ab ita ts  D irective) w ill be
m e n tio n e d . It w ill lo o k  in to  the  lega l possib ilities fo r  the es tab lishm ent o f  the  site's
co n se rva tion  ob jectives w ith in  h a rb o u r  areas. It w ill exam ine the  co n ce p t o f  te m po ra ry  
na tu re  areas. The p a p e r w ill g ive  som e exam ples o f  the  re la tionsh ip  be tw een ha rbou rs  and  
na tu re  conse rva tion  in several European countries. As there a re  o ften  p rob lem s w ith the 
im p le m e n ta t io n  o f  the  Birds a n d  H ab ita ts  D irectives in h a rb o u r  areas, the p a p e r w ill look  
in to  re levan t case law  o f  the  E uropean  C o u r t  o f  Justice.
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DONKEYS AS MOBILE LINKS FOR PLANT SEED DISPERSAL IN  COASTAL 
DUNE ECOSYSTEMS
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D ispe rsa l o f  seeds is a key p rocess in  p la n t  e c o lo g y . E spec ia lly  in f ra g m e n te d  a n d  h ig h ly  
d y n a m ic  la n d s c a p e s , such  as d u n e  ecosystem s, p la n t  m e ta p o p u la t io n s  a re  o n ly  v ia b le  if 
c o lo n iz a t io n  o f  new ly  fo rm e d  s u ita b le  pa tches  is like ly . Successfu l lo n g -d is ta n c e  

d isp e rsa l is thus in d isp e n sa b le . T h ro u g h  the  e x te rna l a n d  in te rn a l t ra n s p o r t  o f  p la n t 
seeds (e p iz o o c h o ry  a n d  e n d o z o o c h o ry ) ,  la rg e  h e rb ivo re s  c a n  fa c i l i ta te  such  lo n g ­

d is ta n c e  d isp e rsa l,  h e re b y  fu n c t io n in g  as 'm o b i le  l in ks ' b e tw e en  h a b ita t  pa tches . Epi- 
a n d  e n d o z o o c h o ry  d if fe r  in  va r io u s  aspects. D if fe re n t p la n t  a n d  seed  p ro p e rt ie s  
in f lu e n c e  the  c a p a c ity  o f  seeds to  a d h e re  to  a n im a l fu r  o r  to  surv ive  passage  th ro u g h  
th e ir  d ig e s t ive  trac t. S till, b o th  d ispe rsa l p rocesses a re  n o t as se lec tive  as o fte n  th o u g h t ,  

a n d  m a y  have  a c o n s id e ra b le  in f lu e n c e  o n  p la n t d yn a m ics . In th is s tudy, w e  c o m p a re d  
e p i-  a n d  e n d o z o o c h o ry  by f re e - ra n g in g  donkeys  in the  c o a s ta l d u n e  n a tu re  reserve 
'H o u ts a e g e rd u in e n ',  B e lg iu m .

T h ro u g h  in v i t ro  g e rm in a t io n  o f  z o o c h o ro u s  m a te r ia l c o lle c te d  by fu r  b ru sh in g  a n d  d u n g  
c o l le c t io n ,  w e  id e n t if ie d  6 6 9 3  se e d lin g s  o f  6 8  p la n t  spec ies , c o v e r in g  2 0 %  o f  the  
spec ies  re c o rd e d  in  th e  s tudy  a re a . A lth o u g h  th e re  w e re  s o m e  spec ies  in c o m m o n ,  the  
e p iz o o c h o ro u s ly  d isp e rse d  f lo ra  w as c o m p le m e n ta ry  to  the  e n d o z o o c h o ro u s ly  d ispe rsed  
f lo ra  in te rm s o f  spec ies  c o m p o s it io n  a n d  p la n t tra its . The  pos t-d isp e rsa l fa te  o f  the 
seeds d e p e n d s  o n  the  s p a t ia l d is t r ib u t io n  o f  the d ispe rsed  seeds in  the  la n d s c a p e  a n d  
the  s u ita b il i ty  o f  the  lo c a l e n v iro n m e n ta l c o n d it io n s . Because  o f  the  h ig h  p o te n t ia l o f  
z o o c h o ry  to  d ire c t  the  spa tia l d is t r ib u t io n  o f  seeds in  f ra g m e n te d  la n d s c a p e s , w e  

s im u la te d  the  m o v e m e n t o f  la rg e  he rb ivo re s  a n d  the  s im u lta n e o u s ly  g e n e ra te d  seed 
s h a d o w  us ing  a s p a t ia l e xp lic it  s im u la t io n  m o d e l,  based  o n  o b s e rv a t io n a l d a ta  o n  

m o v e m e n t ra tes a n d  h a b ita t  p re fe re n ce s  to  c a l ib ra te  the  m o v e m e n t o f  the  la rge  
h e rb iv o re s , a n d  us ing  p a ra m e te rs  d e s c r ib in g  co n se cu t ive  phases o f  the  seed d ispe rsa l 
p rocess. In the  case  o f  e p iz o o c h o ry ,  these p a ra m e te rs  w e re  d e r iv e d  fro m  e x p e r im e n ta l 
s tud ies , us ing  a se le c t io n  o f  m o d e l seeds to  q u a n t ify  the  c a p a c ity  o f  seeds to  a d h e re  to 
a n im a l fu r ,  a n d  the  d e ta c h m e n t ra tes o f  these seeds fro m  the fu r  o f  m o v in g  a n im a ls .  In 
the  case  o f  e n d o z o o c h o ry ,  p a ra m e te rs  based  o n  seed  re te n tio n  t im es  in  the  d iges tive
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t ra c t o f  a n im a ls  a n d  o n  su rv iva l c h a n c e s  o f  seeds in  the  g u t  ca n  b e  used to  s im u la te  
e n d o z o o c h o ro u s ly -g e n e ra te d  seed  sh a d o w s .

W e  c o n c lu d e  th a t  lo n g -d is ta n c e  d isp e rsa l by la rg e  h e rb iv o re s  m a y  be  a c ru c ia l a spec t 

o f  v e g e ta t io n  d y n a m ic s  b e tw e e n  (e p h e m e ra l)  h a b ita t  p a tches  in  h ig h ly  fra g m e n te d  
la n d s c a p e s , w h e re  p la n ts  re ly  o n  e f f ic ie n t d ispe rsa l to  su rv ive .
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EVALUATION OF THE EFFECTS OF RECENT NATURE DEVELOPMENT 
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Since 1 9 9 0 ,  p o p u la t io n s  o f  g ro u n d  bee tles  a n d  sp ide rs  a re  c o n t in u o u s ly  m o n ito re d  in 
the  c o a s ta l d u n e  a n d  sa ltm a rs h  h a b ita ts  o f  the  Yser es tua ry  (N ie u w p o o r t) ,  w ith in  the  
co n te x t o f  a lo n g - te rm  s tudy  o n  in ve rte b ra te  d ive rs ity , p o p u la t io n  d yn a m ics  a n d  
e c o lo g ic a l  a n d  g e n e t ic  e ffec ts  o f  h a b ita t  f ra g m e n ta t io n .  As a p a r t  o f  th is s tudy, p it fa ll 

t ra p  s a m p lin g  is b e in g  p e r fo rm e d  w ith o u t  in te r ru p t io n  fo r  m o re  th a n  14 years a lo n g  a 
tra nsec t f ro m  seas ide  m a r ra m  d u n e s  to  in la n d  m oss d u n e s  a n d  d u n e  g ra ss la n d . F a u n a l 
a s s e m b la g e s  a re  c o m p a re d  w ith  th o se  f ro m  s u r ro u n d in g  ha b ita ts  a n d  m ic ro h a b ita ts  in 
the  s a m e  s tudy  a re a . The  s tu d ie d  invertebra tes b e lo n g  to  the  m ost a p p ro p r ia te  b io ­
ind ica to rs  fo r  sa ltm arshes a n d  d if fe ren t coas ta l d u n e  hab ita ts . A m o n g s t o th e r  
cha rac te r is t ics , these a n im a l g ro u p s  show  a h ig h  b iod ive rs ity  a n d /o r  a b u n d a n c e  a n d  
p rodu c tiv ity , a  lo t o f  h igh ly  sp ec ia lized  a n d  s te n o to p ic  species a n d  a  h ig h  va r ia t io n  in th e ir  
d ispersa l p o w e r. They o f fe r  u n m a tc h e d  possib ilit ies as m o d e l o rg a n ism s  fo r  studies o n  
d if fe r in g  spa tia l a n d  te m p o ra l scales. By n o w , w e  k n o w  in de ta il the  fa u n a l c o m p o s it io n  o f  
p ra c tica lly  a ll a v a ila b le  hab ita ts  in the  im m e d ia te  v ic in ity  o f  the  river Yser estuary.

O u r  lo n g - te rm  study is a n  id e a l f ra m e w o rk  to  m o n ito r  the  e ffec ts  o f  the  na tu re  
d e v e lo p m e n t  ac tiv it ies  th a t  s ta rted  in  2 0 0 1  in  the  a re a  (cf. p ro je c t  'M O N A Y ') ,  in o rd e r  

to  e v a lu a te ,  u n d e rs ta n d , a n d  p o ss ib ly  even  p re d ic t  ch a n g e s  in  fa u n a l a sse m b la g e  
s tru c tu re  a n d  p o p u la t io n  d y n a m ic s . W e  s ta rted  s a m p lin g  new ly  c re a te d  hab ita ts  
im m e d ia te ly  a f te r  n a tu re  d e v e lo p m e n t  m a n a g e m e n t a c tiv it ie s  w e re  f in ish e d . O u r  lo n g ­
te rm  s a m p lin g  has been  c o n t in u e d  o n  a  n u m b e r  o f  re fe re n ce  sites f ro m  the  m a in  h a b ita t 
types in the  a re a  ( 'o ld '  d u n e  h a b ita ts ,  'o ld '  sa ltm a rsh ). Besides, in tens ive  sh o rt- te rm  
s a m p lin g  is n o w  a lso  p e r fo rm e d  o n  a la rg e  n u m b e r  o f  sites a lo n g  transects  in the  en tire  
n a tu re  d e v e lo p m e n t  a re a ,  in  a c o m b in e d  schem e  by s im u lta n e o u s  m o n ito r in g  o f  ta rg e t 
in v e r te b ra te  spec ies  a n d  a b io t ic  as w e ll as ve g e ta t io n  cha rac te r is t ics .

Results o f  f ive  la rg e  s a m p lin g  c a m p a ig n s  in  2 0 0 1 - 2 0 0 3  (m ore  th a n  2 5 . 0 0 0  c a ra b id  
bee tles  a n d  sp iders , m o re  th a n  2 0 0  species) s h o w  a n u m b e r  o f  a d d it io n a l  g ro u n d  
bee tle  a n d  s p id e r  spec ies a n d  a s s e m b la g e s  fo r  the  study a re a ,  ne ve r o b se rve d  be fo re , 
in c lu d in g  in te rm e d ia te  a s s e m b la g e s  be tw een  those  fro m  'o ld '  m a r ra m  d u n e , d u n e  
g ra ss la n d  a n d  tra n s it ion s  to  sa ltm a rs h  h a b ita t .  S om e c o m p le te ly  n e w  h a b ita t  types w ere  
c re a te d  su ch  as a b ra ck ish  d u n e  p o n d ,  d ikes , a n d  m arshy  a re as  a sso c ia te d  w ith  
fre sh w a te r  se e p in g  a t the  base  o f  new ly  co n s tru c te d  d ikes . A sse m b la g e s  o f  g ro u n d  
bee tles  a n d  sp ide rs  have  q u ic k ly  c o lo n iz e d  a ll o f  these h ab ita ts , a l th o u g h  the  speed  o f
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c o lo n iz a t io n  is h a b ita t -s p e c if ic  a n d  d iffe rs  b e tw e en  bee tles  a n d  sp iders . A m o n g  these 

a r th ro p o d s ,  w e  o b se rve  n o t o n ly  ru d e ra l species bu t a lso  a n u m b e r  o f  spec ies w ith  h ig h  
c o n s e rv a t io n  in terest. O u r  p re l im in a ry  results h o w e v e r  seem  to  in d ic a te  th a t such 
spec ies  c o u ld  b e  lost a g a in  in  sho rt t im e , unless n a tu ra l d y n a m ic  processes a re  kept 
o n g o in g .  Such p rocesses g e n e ra te  sp e c ia l a sse m b la g e s  typ ica l fo r  first s tages o f  
success ion  in  sa ltm a rsh e s  a n d  d u n e  s lacks. It is, h o w e v e r, still u n c le a r  w h e th e r  the  new ly  
c re a te d  sa ltm a rsh  h a b ita ts  w il l  e v o lv e  as h o p e d  fo r ,  b e ca use  o f  the  o b s e rv a t io n  th a t the  
new ly  d e p o s ite d  se d im e n ts  in the  sa ltm a rsh  a re  re la t ive ly  c o a rs e -g ra in e d  (sand instead 
o f  silt). F u r th e r  in v e r te b ra te  m o n ito r in g  is th e re fo re  im p e ra t iv e  no t o n ly  fo r  a be tte r  

u n d e rs ta n d in g  o f  the  p a tte rn s  a n d  processes g e n e ra te d  by the  n a tu re  re s to ra tio n  
m e a su re s , b u t a lso  as a p o ss ib le  ea r ly  w a rn in g  system fo r  the  n e e d  o f  a d d it io n a l 
m a n a g e m e n t  m e a su re s  in  th e  fu tu re .
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MORPHOLOGICAL EVOLUTION AND MANAGEMENT PROPOSALS IN THE 
AUTHIE ESTUARY, NORTHERN FRANCE

C h r is t in e  D o b ro n ia k

Coasta l G e o m o rp h o lo g y  and  Shoreline M anagem ent Unit, Université du  Littoral C ô te  d 'O p a le  
189a avenue M arice  Schum an, F -5 9 1 4 0  Dunkerque, France 
E-mail: ch ris t ine .dobron iak@ univ-litto ra l.f i

T h e  A u th ie  is a  sm a ll m a c ro t id a l  es tua ry  la rg e ly  in f i l le d  by m a r in e  s a n d  a n d  a ffe c te d  by 
f lo o d  d o m in a n t  t id e s  a n d  w aves. The  s h a llo w  es tua ry  m o u th  exh ib its  a  re la t ive ly  la rg e  
in te r t id a l z o n e  o f  a b o u t  2 .2  k m 2 w ith  sa ltm a rshes  a n d  o n  th e  so u th  b a n k  a m assive  

sand  sp it p la t fo rm . It c o n f in e s  the  m a in  A u th ie  c h a n n e l to w a rd s  the  n o r th  b a n k , 
th re a te n in g  the  d u n e  b a r r ie r  a n d  the  h e a lth  a n d  se a s id e -re so rt o f  Berck. The  lo ca lize d  

e ro s io n  a n d  the  g e n e ra l iz e d  s e d im e n ta t io n  have  been  fo c u s e d  fo r  a  lo n g  t im e . It poses 
a n u m b e r  o f  severe m a n a g e m e n t  p ro b le m s , n o ta b ly  e s tu a r in e  s h o re l in e  p ro te c t io n ,  a n d  
ca lls  in to  q u e s t io n  the  very sun /iva l o f  the  estuary  itself. The  R e g io n a l a u th o r ity  has been  
a w a re  o f  these p ro b le m s  a n d  u n d e r to o k  a  study o n  estuary  re s to ra t io n .

The  first s ta g e  co n s is te d  in  u n d e rs ta n d in g  the  m o rp h o lo g ic a l  c h a n g e s  w ith in  the  estuary. 
They w e re  d e d u c e d  f ro m  ana lyses o f  h is to r ica l d o c u m e n ts , b a th y m e tr ic  cha rts  a n d  fro m  
the  ana lys is  o f  success ive  series o f  s c a le -re c t if ie d  a e r ia l p h o to g ra p h s  c o v e r in g  the  last 

five  d e c a d e s . T h e  m a in  h y d ro d y n a m ic  processes a n d  tra n s p o r t  trends  in vo lve d  in these 
c h a n g e s  a re  a n a lyse d  fro m  o b s e rva t io n s  a n d  m e a su re m e n ts  o f  cu rren ts  a n d  w aves. The  
results show  th a t the  w id th  o f  the  estuary  m o u th  has d e c re a s e d  o v e r  the  cen tu r ies . It 
suggests  tha t the  p ro g ra d a t io n  ra te  o f  the  sou th  b a n k  is s u p e r io r  to  the  ra te  o f  e ro s io n  

o f  the  n o r th  b a n k , re su lt ing  in  a d ra m a t ic a l ly  t id a l p rism  fro m  3 .5  km  in 1 671  to  1 .8  km  
in 1 9 5 3 .  M o re o v e r ,  th e  trends  o b s e rv e d  suggest th a t m o rp h o lo g ic a l  ch a n g e s  have  been  
l in k e d  to  e m p o ld e r in g  a n d  the  p rog ress ive  c o n s tru c t io n  o f  d e fe n c e  s truc tu res. A  
to p o g ra p h ic a l  survey c o m p le m e n te d  ana lyses a n d  h ig h l ig h te d  a  re cyc lin g  o f  th is sa n d , 
e ro d e d  fro m  co a s ta l d u n e s  l in in g  the  estuary , tra n s p o r te d  by t id a l d rifts  in to  the  
in te r t id a l in n e r  e s tu a r in e  sink.

The  a im  o f  the  se co n d  s tage  is to  d e v e lo p  p re d ic t ive  scen a rio s  o n  fu tu re  e v o lu t io n  o f  the  
estuary . T h e re fo re , e n g in e e r in g  m o d e ls  have  b e e n  c o m p u te d  in o rd e r  to  s im u la te  
s e d im e n t d yn a m ics  a n d  severa l d e fe n c e  schem es a n d  a re lo c a t io n  o f  the  sand  p la t fo rm  

a re  p ro p o s e d . They w e re  a lso  c o m p le m e n te d  by b io lo g ic a l  s tud ies  o n  p o te n t ia l im pa c ts  
o f  the  o p e ra t io n  o n  fa u n a  a n d  f lo ra  (b e n th os  a n d  sa lt-m a rsh e s  c o m m u n it ie s ) .  T h e  lo n g ­
te rm  o b je c t iv e  o f  the  R e g io n a l a u th o r ity  is to  d e f in e  the  best s tra tegy , f ig h t in g  the  no rth  
b a n k  e ro s io n  a n d  the  g e n e ra liz e d  s e d im e n ta t io n . But the  h e ig h te n e d  a w a reness  o f  the  

s o c io -e c o n o m ic  a n d  the  e n v iro n m e n ta l va lues  o f  in te r t id a l zones g ives rise to  
re c o m m e n d a t io n s  o f  a n  in te g ra te d  m a n a g e m e n t o f  the A u th ie ,  n o ta b ly  the  in te ra c t io n  
b e tw e en  the  e n v iro n m e n t a n d  the  she llf ish  fa rm in g  ecosystem s. S tud ies o n  h u m a n  
im p a c t  o n  in te r t id a l ecosystem s a re  essentia l fo r  the  A u th ie  es tua ry  su s ta in a b le  
d e v e lo p m e n t.
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SAND DUNE INVENTORY OF EUROPE

Jam es Patrick D o o d y  

N ationa l Coastal Consultants
5 G reen  Lane, Bram pton, H untingdon, C am bridgesh ire  PE28 4RE, United K ingdom  
E-mail: pa t.doody@ ntlw orld .com

A n  in ve n to ry  o f  s a n d  d unes  in  E u ro p e  w as  p u b lis h e d  m o re  th a n  1 0  years a g o  in  1991 

(D o o d y  ed . 1 9 9 1 ) .  T h e  o r ig in a l  re p o r t  was based  o n  c o n tr ib u t io n s  fro m  spec ia lis ts  
a ro u n d  E u ro p e  w o rk in g  o n  c o a s ta l s a n d  dunes . S hort s u m m a ry  re p o rts  a n d  m a p s  w ere  
p re p a re d  fo r  the  fo l lo w in g  co u n tr ie s :

N o r th  W e s t E u rope France  a n d  the  Ib e r ia n  Pen insu la Eastern M e d ite r ra n e a n
Ice land France Ita ly
N o rw a y P ortuga l Y u g o s la v ia  a n d  A lb a n ia
S w eden Spain G re e c e
F in la n d R o m a n ia
P o land B u lg a r ia
D e n m a rk
G e rm a n y

The N e th e r la n d s
B e lg ium

G re a t-B r i ta in
Ire land

Turkey

The re p o r t  w il l  be  e x te n d e d  to  in c lu d e  a  n u m b e r  o f  new  a cce ss io n  c o u n tr ie s  to  the  
E u ro p e a n  U n io n . The  c o u n try  re p o rts  w il l  b e  u p d a te d  to  g ive  th e  p resen t sta tus o f  sand  
d unes  in E u rope . It w il l  a lso  p ro v id e  a n  o v e rv ie w  o f  the  key m a n a g e m e n t issues a n d  
h o w  these a re  b e in g  add ressed .
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SHORELINE MANAGEMENT -  CONSERVATION, MANAGEMENT OR 
RESTORATION?

Jam es P atr ick  D o o d y  

N ationa l Coasta l Consultants
5 Green Lane, Bram pton, H un tingdon , C am bridgesh ire  PE28 4RE, United K ingdom  
E-mail: pa t.doody@ ntlw orld .com

The e s tu a r in e  s h o re l in e  fo rm s  the  m a rg in  be tw een  the  la n d  a n d  the  sea. It is c o m p o s e d  

o f  a w id e  va r ie ty  o f  h a b ita ts  w ith  a ttr ib u te s  a n d  interests a sso c ia te d  w ith  b o th  the  m a r in e  
o r  la n d  e n v iro n m e n t.  S and d u n e s  s u p p o r t  essen tia lly  te rres tr ia l p la n t  a n d  a n im a l 
c o m m u n it ie s .  By c o n tra s t sa ltm a rsh e s  a re  d o m in a te d  by p lan ts  to le ra n t  to  sa ltw a te r. In 

b e tw e en  th e re  a re  o th e r  h a b ita ts  a n d  a su ite  o f  t ra n s it io n a l a n d  success iona l fe a tu re s  o f  
c o n s id e ra b le  varie ty .

S and  d u n e s  a n d  e s tu a r in e  h a b ita ts  a re  d y n a m ic  a n d  s h o w  n a tu ra l a n d  s o m e tim e s  ra p id  
ch a n g e s . T h e ir  a b i l i ty  to  a b s o rb  w a ve  ene rgy  o r  m o v e  in response  to  c h a n g in g  sea 

levels a n d  s to rm s  is a s ig n if ic a n t  fe a tu re . T o o  o fte n  in  the  past h u m a n k in d  has fa i le d  to  
re co g n ise  these  a ttr ib u te s  a n d  s o u g h t  to  c o n tro l th is  m o v e m e n t.

In a reas  w h e re  s o c io -e c o n o m ic  d e v e lo p m e n t has ta k e n  p la c e  the  p ro te c t io n  o f  la n d  

fro m  e ro s io n  a n d  f lo o d in g  has b e c o m e  a m a jo r  p re o c c u p a t io n .  W h e re  sea level is 
ris ing  re la t ive  to  the  la n d  o r  the re  is a  sed im e n t b u d g e t  d e f ic i t  a  'c o a s ta l sq u e e ze ' takes 

p la ce . Th is n o t o n ly  th re a te n s  the  ex is tence o f  m a n y  w ild l i fe  h a b ita ts  a n d  a sso c ia ted  
species, b u t a lso  the  a b il i ty  o f  th e  co a s t to  p ro te c t  us f ro m  the  ra va g e s  o f  the  sea 

( f lo o d in g  a n d  e ro s io n ).

This p a p e r  w il l  rev iew  the  w ay  w e  have  c o m p ro m is e d  co a s ta l h a b ita ts , p u tt in g  a t  risk the  
p lan ts  a n d  a n im a ls  th a t  live the re . It w il l  c o n s id e r  the  p ro b le m s  fo r  a n u m b e r  o f  species 
a n d  h a b ita ts  a t  the  m a rg in  o f  the  sea in the  l ig h t o f  these d e v e lo p m e n ts .  It w il l  iden tify  
the  p os it ive  va lues  a sso c ia te d  w ith  c o n se rva t io n  m a n a g e m e n t  a n d  re s to ra t io n  o f  this 

t re m e n d o u s  resource . In p a r t ic u la r  it w ill c o n s id e r  the  im p o r ta n c e  o f  d e v e lo p in g  
su s ta in a b le  ha b ita ts  fo r  w ild l i fe ,  c o a s ta l d e fe n ce  a n d  o th e r  e c o n o m ic  uses.

Lessons le a rn t f ro m  tw o  E u ro p e a n  s tud ies  w ill be  p re sen ted  in fu r th e r  p a p e rs  sho w in g  
s o m e  o f  the  poss ib le  ways o f  ' l iv in g  w ith  the  se a '. These  a re :

■ The E U R osion  s tudy fu n d e d  by the  E u ro p ea n  C o m m is s io n ;

■ A n d  the  LIFE p ro je c t  'L iv in g  w ith  the  S ea '.
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THE FRENCH POLICY EXPERIENCE OF PURCHASING COASTAL AREAS

E tienne  D u b a i l le

Conservato ire du Littoral, D é légation  N ord-Pas-de-C a la is  
Le Riverside, Q u a i G ia rd , F -6 2 9 3 0  W im ereux, France 
E-mail: g randnord@ conserva to ire -du -litto ra l.fr

C re a te d  in  1 9 7 5  by the  F rench  G o v e rn m e n t ,  the  C o n s e rv a to ire  d u  L itto ra l is re sp o n s ib le  
fo r :

■ the  a c q u is i t io n  a n d  th e  p ro te c t io n  in  p e rp e tu ity  o f  the  m o s t sens it ive  a n d  

e n d a n g e re d  co a s ta l la n d :
a lo n g  the  c o a s t o f  m e tro p o l i ta n  F rance  a n d  ove rseas  te rr ito r ie s  

a ro u n d  lakes  la rg e r  th a n  1 ,0 0 0 h a
-  the  m a n a g e m e n t  by  lo c a l g o v e rn m e n t o f  the  la n d s  a c q u ire d  in  o r d e r  to  o p e n  th e m  

to  p u b l ic  access a n d  to  e n su re  the  p ro te c t io n  o f  n a tu ra l va lues .

O v e r  th e  years, the  C o n s e rv a to ire  has d e f in e d  th re e  m a in  c r ite r io s  fo r  se le c t in g  la n d  fo r  
a c q u is i t io n :

the  site  is th re a te n e d  by u rb a n is a t io n ,  b e in g  d iv id e d  u p  o r  b e in g  m a d e  a r t i f ic ia l  ( fo r
e x a m p le ,  the  in f i l l in g  o f  w e tla n d s );
the  site is d e te r io ra te d  a n d  n eeds  ra p id  re s to ra t io n ;

-  the  site is c lo s e d  to  the  p u b l ic  w h e re a s  it s h o u ld  b e  o p e n  to  e ve ryon e .

A t 1 June  2 0 0 5  the  C o n s e rv a to ire  d u  l i t to ra l o w n e s  7 3 , 6 0 0 h a  in  F rance  ( 3 ,2 0 0 h a  in 
N o rd -P a s -d e -C a la is ) ,  p ro te c te d  m o re  th a n  8 8 0 k m  o f  co a s t (3 7 k m  in N o rd -P a s -d e -  
C a la is ) ,  i.e. 10%  o f  the  m e tro p o l i ta n  c o a s t (2 5 %  in  N o rd -P a s -d e -C a la is ) .  W ith  the  

a p p l ic a t io n  o f  a  new  le g a l a c t  ( 2 7 / 0 2 / 0 2 )  the  C o n s e rv a to ire  d u  L it to ra l b e c a m e  o n e  o f  
the  F rench g o v e rn m e n t to o ls  fo r  IC Z M  w ith  new  c o m p e te n c e s  o n  m a r i t im e  p ro p e rt ie s .
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MOTIIVE - MARINE OVERLAYS O N TOPOGRAPHY FOR ANNEX II 
VALUATION AND EXPLOITATION

M a r ia  F e rre ira ',  K e ira n  M il la rd "  a n d  R o g e r Longhorn"'

1 EUCC-The Coasta l Union
PO Box 1 1 2 3 2 , N L-2301 EE Leiden, The Netherlands 
E-mail: m .ferre ira@ eucc.ne t

2 FIR W a lling fo rd  Ltd.
W a lling fo rd , 0 X 1 0  8BA, United K ingdom

3  Info-Dynam ics Research Associates Ltd
l a  Potter Cross, W oo tton , M K 4 3  9JG  Bedford, Bedfordshire, United K ingdom

The 6 " ’ RTD F ra m e w o rk  P ro g ra m m e  (FP6) in c lu d e s  a n  A e ro n a u t ic s  a n d  S pace  p r io r ity  
fo r  2 0 0 2 - 2 0 0 6 ,  fo c u s in g  o n  the  rese a rch  a re as  G a l i le o ,  sa te ll i te  c o m m u n ic a t io n  a n d  
G M E S  - G lo b a l  M o n i to r in g  fo r  E n v iro n m e n t a n d  Security . G M E S , c o n s id e re d  a p i l la r  o f 
the  S pace  p ro g ra m m e ,  has six p r io r i ty  th e m a t ic  a re a s , in c lu d in g  O c e a n  a n d  M a r in e  
A p p lic a t io n s .  C o n c u r re n t  w ith  G M E S  sen/ices im p le m e n ta t io n  is the  E C 's  INSPIRE 

in it ia t iv e , In fra s truc tu re  fo r  S p a tia l In fo rm a t io n  in  E u ro p e , w h ic h  id e n t if ie d  c o re  a n d  
th e m a t ic  d a ta  e le m e n ts  o f  the  p ro p o s e d  E u ro p e a n  S p a tia l D a ta  In fra s tru c tu re  (ESDI), to  
be  im p le m e n te d  in the  next d e c a d e .

In the  FP6 w o rk  p ro g ra m m e , the  G M E S  c o m p o n e n t  o f  th e  S pace  p r io r i ty  is to  d e v e lo p  

synerg ies  b e tw e en  ex is ting  in fo rm a t io n  serv ices a n d  te c h n o lo g ie s ,  in c lu d in g  
in te ro p e ra b il i ty  o f  d a ta  p ro ce ss in g  a n d  d e liv e ry  systems, th e  fo cu s  o f  the  c u r re n t  ca ll fo r  
d a ta  h a rm o n is a t io n  s u p p o r t  a c t io n s .

M O T IIV E  addresses h a rm o n is a t io n  re q u ire m e n ts  b e tw e e n  the  INSPIRE c o re  d a ta  
c o m p o n e n t  e le v a t io n  ( te rres tr ia l, b a th y m e tr ic  a n d  c o a s ta l)  a n d  INSPIRE m a r in e  th e m a t ic  
d a ta  fo r  sea re g io n s , o c e a n ic  s p a t ia l fe a tu re s  a n d  c o a s ta l z o n e  m a n a g e m e n t  a reas. 
M O T IIV E  in c o rp o ra te s  w o rk p a c k a g e s  s p e c if ic a l ly  to  in ve s tig a te  a l le g e d  im p ro v e d  cost- 

b e n e f it  aspects  a t t r ib u te d  by o th e r  s tud ies  to  in c re a se d  h a rm o n is a t io n  b e tw e en  c o re  a n d  
th e m a t ic  INSPIRE d a ta se ts , w h ile  fu l f i l l in g  th e  in fra s tru c tu re  re q u ire m e n ts  o f  the  G M E S  
O c e a n  a n d  M a r in e  A p p l ic a t io n s  th e m e , w h ic h  w e re  d e te rm in e d  in  the  G M E S  Serv ice 
E lem en t (GSE) p i lo t  p ro je c ts . T h e  p ro p o s e d  GSE S tage  2  im p le m e n ta t io n  in c lu d e s  
M a r in e  C o a s ta l E n v iro n m e n t Serv ices, fo r  w h ic h  resu lts o f  the  M O T IIV E  p ro je c t  w il l  be 

h ig h ly  re levan t. M O T IIV E  w il l d e liv e r  its in te ro p e ra b il i ty  too lse ts  by  m id -  to  la te - 2 0 0 6 ,  o n  
c u rre n t p la n ,  a n d  the  GSE S tage  2 serv ices a re  to  be  fu lly  o p e ra t io n a l  by 2 0 0 7 - 2 0 0 8 .

M O T IIV E 's  n in e  p a rtn e rs  (and  tw o  s u b -c o n tra c to rs )  a re  a c t ive ly  in v o lv e d  in  m a r in e  
re la te d  in fo rm a t io n  p ro je c ts  as d a ta  p ro v id e rs  o r  users, a n d  in  in te ro p e ra b il i ty  
s ta n d a rd is a t io n  a c tiv it ie s , w ith  s p e c if ic  O G C  (O p e n  G e o s p a t ia l  C o n s o r t iu m )  w o rk  

e xp e r ie n ce . They  p a r t ic ip a te d  in  th re e  GSE p i lo t  p ro je c ts , in  severa l RTD p ro je c ts  
c o n c e rn in g  d a ta  in te ro p e ra b il i ty  in  the  m a r in e  a n d  c o a s ta l e n v iro n m e n ts  (A R IO N , 

C O A S T M O N ,  C O A S T B A S E , E U R O S IO N , H IP O C A S , M ARSAIS, D IS M A R , m a rin e X M L ), 
a n d  cu rre n tly  p a r t ic ip a te  in  G M E S  p ro je c ts  MERSEA a n d ,  a t  n a t io n a l le ve l, in 
im p le m e n ta t io n  o f  the  EC  W a te r  F ra m e w o rk  D ire c t ive  a n d  EC IC Z M  (In te g ra te d  C o a s ta l
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Z o n e  M a n a g e m e n t)  R e c o m m e n d a t io n ,  p lus in te rn a t io n a l p ro g ra m m e s  su ch  as 

E u ro G O O S .

D e live ra b le s  f ro m  M O T IIV E  in c lu d e  p ro p o s a ls  fo r  a (tested) c o a s ta l /m a r in e  o n to lo g y ,  a 
U M L  m a r in e  d a ta  m o d e l a n d  fe a tu re  c a ta lo g u e ,  m a n n e X M L  sch e m a s  re le v a n t to 
d if fe re n t sectors o f  the  m a r in e /c o a s ta l  c o m m u n ity ,  a n d  fo rm a t io n  o f  a n  O G C  W o rk in g  
G r o u p  a n d /o r  S IG  (S pec ia l In terest G ro u p )  to  fo rm a liz e ,  v a l id a te  a n d  p ro m u lg a te  the  
results o f  the  p ro je c t  o n  c o m p le t io n  a t the  end  o f  2 0 0 6 .  A n  O G C  In te ro p e ra b il i ty  
E xpe rim en t is p la n n e d  to  test the  q u a l i ty  a n d  a p p ro p r ia te n e s s  o f  the  O G C - c o m p l ia n t  

to o ls ,  XM L sch e m as  a n d  serv ices. The  p ro je c t  w ill d e l iv e r  a  fu l ly  tested  m e th o d o lo g y  a n d  
g u id e l in e s  o n  us ing  the  O G C - c o m p l ia n t  to o ls  d e v e lo p e d  in the  p ro je c t  a im e d  at 
a c h ie v in g  g re a te r  be n e fits  a t  less co s t w h e n  h a rm o n is in g  d is p a ra te  da tase ts  across  

d is c ip l in a ry  a n d  g e o g ra p h ic  b o u n d a r ie s ,  e sp e c ia lly  la n d -s e a -a ir  b o u n d a r ie s .

M O T IIV E  is e x p e c te d  to  b e g in  in A p r il  2 0 0 5 ,  ru n n in g  f o r  tw o  years, in  p a ra l le l  w ith  the  
a l l ie d  RISE p ro je c t  (R eference In fo rm a t io n  S p e c if ica t io n s  o f  E urope) a n d  O R C H E S T R A  
p ro je c t  (O p e n  A rc h ite c tu re  a n d  S p a tia l D a ta  In fra s tru c tu re  fo r  Risk M a n a g e m e n t)  a n d  
the  INSPIRE P ilo t P ro jec t. A ll th re e  p ro je c ts  a re  test beds  fo r  d e v is in g  a n d  tes ting  
im p le m e n t in g  ru les  fo r  the  INSPIRE d ra f t  D ire c tive  a n d  s p e c if ic  tasks exist in  a l l  th ree  

p ro je c ts  fo r  jo in t  l ia iso n .
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R e p la c in g  c o a s ta l h a b ita ts  w h e re  they  a re  e ro d e d , in u n d a te d  o r  o th e rw is e  im p a c te d  

u p o n  is p a r t ic u la r ly  im p o r ta n t  g iv e n  th e  h ig h  level o f  ecosys tem  se rv ice  they  p ro v id e . 
S a ltm a rsh  creeks  p ro v id e  s p a w n in g  a n d  nursery a re as  fo r  m a n y  fish spec ies  a n d  the  

v e g e ta t io n  p ro v id e s  ro o s t in g , nes ting  a n d  fe e d in g  sites fo r  b irds . In a d d i t io n  to  the  
sp e c ia lis t  f lo ra  a n d  fa u n a  d ire c t ly  a sso c ia te d  w ith  t id a l sa ltm a rshes  they  a re  a re as  o f  
h ig h  p ro d u c t iv i ty  p ro v id in g  a s o u rc e  o f  o rg a n ic  m a tte r  a n d  nu tr ien ts  fo r  a d ja c e n t  m a r in e  
hab ita ts . T h e ir  b io d iv e rs ity  a n d  fu n c t io n a l va lu e  is re c o g n iz e d  in la w  u n d e r  the  E u ro p e a n  
U n io n  H a b ita ts  D ire c tive  (A n o n , 1 9 9 2 ) .  T h e  d ire c t ive  seeks to  m a in ta in  'n o -n e t- lo s s ' in 
to ta l  h a b ita t  a re a .  The U K 's  B io d ive rs ity  A c t io n  P lan (BAP) c o m m its  the  G o v e rn m e n t  to  

d e v e lo p  s tra teg ies  to  co n se rve  a n d ,  w h e re  poss ib le , e n h a n c e  b io d ive rs ity  (A n o n .,  1 9 9 9 ) .  
M a n a g e d  re a l ig n m e n t (the se tt in g  b a c k  o f  co a s ta l d e fe n ce s  in la n d ) is w id e ly  v ie w e d  as 
a n  im p o r ta n t  a n d  v ia b le  te c h n iq u e  in m e e tin g  BAP o b je c t ive s  fo r  th e  c re a t io n  o f  

in te r t id a l h ab ita ts .

The  m a n a g e d  re a l ig n m e n t o f  c o a s ta l de fences  is in c re a s in g ly  b e in g  used  in the  U n ite d  
K in g d o m  as a co s t e ffec t ive  a n d  s u s ta in a b le  response  to  ris ing  sea leve ls  a n d  increased  
s to rm  events. It is w id e ly  a c c e p te d  th a t  c o a s ta 1 w e t la n d s , a n d  sa ltm a rsh e s  in  p a r t ic u la r ,  
p la y  a n  im p o r ta n t  p a rt in  a m e l io ra t in g  the  e ffec t o f  w a ve  a c t io n  o n  c o a s ta l de fences  
(M o l le r  e t  a l . ,  2 0 0 1 ,  T o ft &  M a d d re l l ,  1 9 9 5  a n d  Pe th ick , 1 9 9 2 ) .  M o l le r  e t a l. (1 9 9 9 )  
s h o w e d  th a t w a ve  a t te n u a t io n  o v e r  sa ltm a rsh  was 5 0 %  h ig h e r  th a n  o v e r  sand  f la t ,  even  
u n d e r  s im ila r  w a te r  d e p th s . As sa ltm a rsh  w id th  de c rea se s  a n  a lm o s t l in e a r  inc rease  in 

the  h e ig h t o f  the  sea w a ll  is necess ita ted  to  o f fe r  c o m p a ra b le  p ro te c t io n ,  a d d in g  
c o n s id e ra b ly  to  c a p ita l  w a ll  b u i ld in g  a n d  m a in te n a n c e  costs (D ixon  et a l . ,  1 9 9 8 ;  K ing  &  
Lester, 1 9 9 5 ) .  By se tting  b a c k  co a s ta l de fe n ce s  a n d  c re a t in g  sa ltm a rsh  in  the  

in te rv e n in g  a re a  c o n s id e ra b ly  sav ings  c o u ld  be  m a d e .

T o  d a te  m os t research  e f fo r t  has c o n c e n tra te d  o n  m o n ito r in g  the  b io lo g ic a l  a n d  
phys ica l d e v e lo p m e n t  o f  re a l ig n m e n t  sites. In 1 9 9 3  the  D e p a r tm e n t  fo r  E n v iro n m e n t, 

F o o d  a n d  Rural A ffa irs  (D e fra ) c o m m is s io n e d  research  to  re m o v e  s o m e  o f  the  
u n ce rta in t ie s  a b o u t  re tu rn in g  a g r ic u ltu ra l  la n d  to  in te r t id a l h a b ita t  by m a n a g e d  
re a lig n m e n t,  s p e c if ic a l ly  - w il l  n a tu ra l re -c o lo n is a t io n  re c rea te  sa ltm a rs h  w ith in  the  
re a l ig n m e n t site  a n d ,  if so , o v e r  w h a t t im e  sca le ; w il l  th e re  b e  any  d e le te r io u s  e ffec ts  to  
the  ex is ting  s a ltm a rs h ; a n d  is it p o ss ib le  to  a id  the  processes o f  n a tu ra l c o lo n is a t io n  
d ire c t ly  o r  ind ire c tly?  The  p ro je c t  w as fo cu se d  o n  the  re a l ig n m e n t site  a t  T o lle sb u ry , 

Essex, s o u th -e a s t E ng la n d  (G a rb u t t ,  2 0 0 3 ) .
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Results f ro m  the  T o lle sb u ry  e x p e r im e n t a n d  severa l o th e r  sites h a ve  s h o w n  th a t w ith  fa ir ly  

m in im a l p re - t re a tm e n t a n d  m a n a g e m e n t  by a l lo w in g  t id a l ingress th ro u g h  a s im p le , 
re la t ive ly  s m a ll b re a c h  the  la n d w a rd  re a l ig n m e n t o f  sea d e fe n ce s  w il l  q u ic k ly  p ro d u c e  
in te r t id a l m u d f la ts  o n  lo w - ly in g  a g r ic u ltu ra l  la n d  w h ic h  a re  c o lo n is e d  by sa ltm a rsh  
p la n ts  a n d  inve rteb ra tes . W h a t  is u n c le a r  h o w e v e r  is the  t im e  sca le  n e e d e d  to  p ro d u c e  
in te r t id a l h a b ita ts  th a t a re  fu n c t io n a l ly  e q u iv a le n t  to  (sem i-) n a tu ra l re fe re n ce  c o n d it io n s  
o r  if fu n c t io n a l  e q u iv a le n c y  c a n  in d e e d  e ve r b e  re a c h e d .

In th is  p re s e n ta t io n  w e  p resen t the  f in d in g s  o f  m o n ito r in g  a n d  e x p e r im e n ta l s tud ies a n d  

d iscuss the  im p l ic a t io n s  fo r  o th e r  in te r t id a l h a b ita t  c re a t io n  schem es.
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The 'h a v re s ' o f  the  W e s te rn  c o a s t o f  C o te n t in  a re  o r ig in a l  ecosystem s: th e ir  
m o rp h o lo g ie s  resu lt f ro m  the  c o n ju g a t io n  b e tw e en  the  l i t to ra l d r i f t  to w a rd s  so u th  a n d  
the  p resence  o f  a success ion  o f  s m a ll es tua r ies  a lo n g  a b o u t  8 0 k m  fro m  N o r th  to  S outh . 

They a re  u n d e r  m a c ro  t id a l in f lu e n c e  w ith  a t id a l ra n g e , w h ic h  c a n  exceed  10m .

These low -s ize  l i t to ra l spaces  a re  thus su b je c te d  to  a  h ig h  h y d ro  d y n a m is m , re in fo rc e d  
by a  fu lly  w este rn  e x p o su re . So the  lo c a l se d im e n ta ry  fa c ie s  a re  c h a ra c te r iz e d  w ith  f ine  
to  c o a rs e  sand  ( 2 0 0 p m  to  1 m m ) in c o m p a r is o n  w ith  th e  b a y  o f  Se ine in te r t id a l 
se d im e n ts , w h ic h  c o r re s p o n d ,  ra th e r  w ith  very f in e  a n d  f in e  s a n d  (100/L;m to  5 0 0 p m ) .  

T h e  c o a rs e  a sym m e try , a s s o c ia te d  w ith  the  m e g a  r ipp le s  fa c ie s , is o fte n  s ig n if ica n t.

The  p resen t s tudy re la tes  to  the  'h a v re ' o f  R e g n é v il le -s u r-m e r lo c a te d  a t the  n o r th  o f  
G ra n v i l le .  S a m p lin g s  o f  s e d im e n t a n d  m a c ro z o o b e n th o s  w e re  o rg a n iz e d  a lo n g  tw o  
transec ts , o n e  in  the  axis o f  the  es tua ry , the  o th e r  p e rp e n d ic u la r  to  th is first o n e ,  n e a r 
the  m o u th .  These s a m p lin g s  w e re  c a r r ie d  o u t  in sp r in g  2 0 0 4 ,  by ta k in g  c a re  to  

a sso c ia te  the  s ta t ions  'b e n th o s ' a n d  th e  s ta t ions  's e d im e n t '.

The  lo c a l in te r t id a l m a c ro b e n th ic  b io c e n o t ic s  shows in the  sa m e  t im e  species 
a s s o c ia t io n s  o f  e s tu a r in e  tra n s it io n  (M a c o m a  b a l th ic a ,  H y d r o b ia  u lv a e ) a n d  o f  m a r in e  
she lte re d  (C e ra s to d e rm a  e d u le ) o r  e xp o sed  e n v iro n m e n ts  (H a u s to r iu s  a re n a r iu s ). In 
s o m e  sa n d y  fac ies  w ith  m e g a r ip p le s ,  p resence  o f  h ig h  d e n s it ie s  o f  B a th y p o re ia  sp. 
in d ic a te s  a fa v o u ra b le  a re a  fo r  the  fo o d  o f  s o m e  w a d e rs  such  as the  sa n d e r l in g  

(C a l id r is  a lb a ) .

This s tudy  w as u n d e r ta k e n  a t  the  reques t o f  the  'S yn d ica t In te rc o m m u n a l d e  D éfense  
C o n tre  la  M e r  e t d 'A m é n a g e m e n t  d e  la  S ie n n e ',  c o n se cu t ive ly  to  the  a cc e le ra te d  
e ro s io n  o f  a n  e s tu a r in e  sh o re  d u n e  ca u se d  by a recen t d iv a g a t io n  o f  the  f lo w  o f  the  

S ienne  river.
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THE FLEMISH COAST: LIFE IS BEAUTIFUL!
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A lo n g  the  q u ite  s h o r t  B e lg ia n  c o a s t l in e  (6 5 k m ), six N a tu ra  2 0 0 0  sites have  been  
d e l im i te d  o n  la n d  a n d  o n e  a t  sea. Th is p ro b a b ly  e xp la in s  w hy  f ro m  the  2 0  Life n a tu re  
p ro je c ts  th a t  u p  to  n o w  have  b e e n  o r  a re  b e in g  execu te d  in  the  F lem ish  re g io n  n o  less 

th a n  fo u r  a re  fo c u s e d  o n  c o a s ta l a re a s . Th is p a p e r  o ffe rs  a  re v ie w  o f  th o se  fo u r  co a s ta l 
Life n a tu re  p ro je c ts  a n d  th e ir  a c h ie v e m e n ts . The Life n a tu re  p ro je c t  ' IC C I '  ( 1 9 9 7 - 2 0 0 1 )  
a im e d  a t  re -e s ta b lis h in g  e c o lo g ic a l  re la t io n s  b e tw e e n  sea a n d  la n d , b e tw e e n  sandy  
b e a c h e s , m u d f la ts ,  sa lt m arshes  a n d  c o a s ta l d u n e s  a n d  b e tw e e n  c o a s ta l d u n e s  a n d  

p o ld e rs  f ro m  D e P anne  to  N ie u w p o o r t  a n d  s t im u la t in g  the  p o l ic y  o f  p u rc h a s e  o f  c o a s ta l 
d u n e s  by the  F lem ish  re g io n . Its su cce sso r, 'FEYD R A ' ( 2 0 0 2 - 2 0 0 5 ) ,  has as m a in  g o a l,  
th e  re s to ra t io n  o f  a n n e x  2  - h a b ita ts  in  severa l c o a s ta l d u n e  sites in K o ks ijd e  a n d  
N ie u w p o o r t .  'S a lt  m e a d o w s  a t  th e  F lem ish  c o a s t ' ( 1 9 9 9 - 2 0 0 3 )  a n d  its se q u e l,  'T he  
U itke rkse  P o ld e r ' ( 2 0 0 3 - 2 0 0 8 ) ,  s tr ive  fo r  the  m a in te n a n c e  o r  re s to ra t io n  o f  p o ld e r  
m e a d o w s  w ith  a  r ich  to p o g ra p h y  by  la n d  p u rc h a s e  a n d  a n  a p p ro p r ia te  n a tu re  
m a n a g e m e n t .  T h e  Life n a tu re  p ro je c ts  ' IC C I '  a n d  'S a lt  m e a d o w s  a t  the  F lem ish  c o a s t ' 

h ave  a c h ie v e d  c o m p le te  re a l is a t io n  o f  th e ir  ob jec t ive s . B o th  o th e r  Life p ro je c ts  th a t  a re  
m e n t io n e d  a b o v e  a re  still b e in g  e x e c u te d , b u t the  p ro sp e c ts  lo o k  g o o d .  Essential 
e le m e n ts  in  th is success have  b e e n  a  th o ro u g h  sc ie n t if ic  p re p a ra t io n  a n d  a sus ta ined  
a c t io n  fo r  p u b l ic  s u p p o r t .  The  Life n a tu re  p ro jec ts  in the  c o a s ta l zone  have  n o t o n ly  
a c c o m p l is h e d  th e ir  in it ia l p ro g ra m ,  b u t a lso  h a d  a fa v o u ra b le  in f lu e n c e  o n  the 

c o n s e rv a t io n  p o lic y  o f  the  F lem ish  g o v e rn m e n t fo r  the  c o a s ta l zo n e ; p ro s p e c te d  the  
po ss ib il i t ie s  fo r  a  fe d e ra l c o n s e rv a t io n  p o lic y  in the  m a r in e  e n v iro n m e n t a n d  s t im u la te d  
d ia lo g u e  b e tw e e n  c o n se rva t io n is ts  o n  the  o n e  h a n d , lo c a l a u th o r it ie s  a n d  d r in k in g  
w a te r  su p p ly  c o m p a n ie s  o n  the  o th e r  h a n d .
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PURCHASE OF DUNES: THE FIRST STEP TOWARDS NATURE RESTORATION 
ALONG THE FLEMISH COAST

Je a n -L o u is  H e rr ie r ,  Ilse K ille m a e s  a n d  C a re n  N oe ls

Coasta l Conservation Unit, Nature  Division, Ministry o f the Flemish C om m un ity  
Koning A lbert II -  laan 20 , bus 8 , 1 0 0 0  Brussels, Belgium 
E-mail: jean lou is .herr ie r@ lin .v laanderen .be

In 1 9 9 7  o f  th e  re m a in in g  3 .8 0 0  h e c ta re s  o f  co a s ta l d u n e s  o n ly  1 .0 2 2  hec ta res  w ere  

o w n e d  by the  F lem ish  R eg ion . The  o th e r  2 .7 7 8  hec ta res  w e re  m ostly  p r iva te  p ro p e r ty  o f 
re a l es ta te  d e v e lo p m e n t  f irm s , la rg e  la n d o w n e rs , in d iv id u a ls  a n d ,  to  a  lesser ex tend , 

o w n e d  by  w a te r  c o l le c t io n  c o m p a n ie s ,  the  M in is try  o f  D e fense  a n d  a c o u p le  o f  
m u n ic ip a l i t ie s .  The  th e n  p u b lic  o w n e d  d unes  o f  th e  F lem ish  R eg ion  w e re  d iv id e d  as 
fo l lo w s  a m o n g  the  d if fe re n t a d m in is t ra t io n s  o f  the  M in is try  o f  the  F lem ish  C o m m u n ity :  
5 2 2  hec ta res  u n d e r  c o m p e te n c e  o f  the  N a tu re  D iv is io n , 3 5 0  h e c ta re s  u n d e r  th a t  o f  the 
W a te rw a y s  &  C o a s t  D iv is io n  a n d  1 5 0  hec ta res  u n d e r  th a t  o f  the  Forestry D iv is io n . M o s t 

o f  the  a re a s  o w n e d  by the  N a tu re  D iv is io n  w ere  a lre a d y  p u rc h a s e d  b e tw e en  1 9 5 6  a n d  
1 9 9 0 .  Lack o f  p e rs o n n e l,  fu n d s  a n d  s tra te g ic  p e rspec tive  p re ve n te d  the  F lem ish  R eg ion 
fro m  p u rs u in g  a n  a c t ive  p o lic y  o f  la n d -p u rc h a s e  a lo n g  the  coas t. In 1 9 9 6  an  
A c q u is i t io n  P lan  fo r  th e  C o a s ta l D unes ' w as d ra w n  u p  by the  G r o u p  fo r  A p p l ie d  E co logy  
o f  the  U n ive rs ity  o f  A n tw e rp  u n d e r  the  supe rv is io n  o f  the  N a tu re  D iv is io n . P a r lia m e n ta ry  
in it ia t ive s , fo l lo w in g  a  p o l i t ic a l d e b a te  o rg a n iz e d  in  th e  f ra m e w o rk  o f  the  Life n a tu re  - 
p ro je c t  ' I C G 1, led  to  the  c re a t io n  o f  a n  'in s trum en t fo r  the  a c q u is it io n  o f  c o a s ta l dunes ' 
by d e c is io n  o f  the  F lem ish  g o v e rn m e n t o f  3  F eb rua ry  1 9 9 8 .  S ince 1 9 9 8  the  Ins trum en t 

fo r  the  a c q u is i t io n  o f  co a s ta l d u n e s ' consists o f  tw o  s ta ff m e m b e rs  w h o  w ere  a d d e d  to  
the  N a tu re  D iv is io n , a n d  a sp e c ia l a r t ic le  o n  the  b u d g e t  o f  th e  F lem ish  g o v e rn m e n t.  This 
b u d g e ta ry  a r t ic le  rece ived  a n  in it ia l a n n u a l e n d o w m e n t  o f  1 .7 3 5 .2 5 5  Euro in  1 9 9 8 ,  
3 .2 2 2 .6 1  6  E uro  in  1 9 9 9  a n d  4 . 4 6 2 . 0 0 0  Euro fo r  e a c h  y e a r  b e tw e e n  2 0 0 0  a n d  2 0 0 4 .  
T h a t in it ia l e n d o w m e n t  has b e e n  re d u c e d  to  2 . 5 4 6 . 0 0 0  E uro  in  2 0 0 5 .  A  w eakness  in 

th is f in a n c in g  system is the  im p o s s ib il i ty  to  trans fe r th e  e v e n tu a lly  re m a in in g  b u d g e t o f  
o n e  y e a r to  the  next o n e ,  so  th a t  n o  s tra teg ic  fu n d  c a n  be  b u ild  up . The  ac tive  
p ro s p e c t in g  by the  s ta ff o f  the  A c q u is i t io n  Ins trum en t has  a l lo w e d  the  N a tu re  D iv is ion  to  
p u rc h a s e  4 8 0  hec ta res  o f  d unes  b e tw e e n  1 9 9 8  a n d  2 0 0 4 .  N e a r ly  a ll these  a cq u is it io n s  
w e re  re a lize d  w ith  a g re e m e n t o f  th e  fo rm e r  o w n e r. In e x e c u t io n  o f  the  D ec re e  o f  21 
O c to b e r  1 9 9 7  c o n c e rn in g  N a tu re  C o n s e rv a t io n  a n d  the  N a tu ra l  E n v iro n m e n t, the  r igh t 
o f  p re -e m p t io n  o f  the  F lem ish  R eg ion  has been  in t ro d u c e d  in  m o s t o f  the  lega lly  

p ro te c te d  a re a s  o f  F landers . In the  c o a s ta l zone  h o w e v e r  th is r ig h t o f  p re -e m p t io n  has 
n o t led  to  s p e c ta c u la r  results, b e ca u se  o f  a very s tro n g ly  f ra g m e n te d  p ro p r ie ty -s tru c tu re  
a n d  h ig h  g ro u n d -p r ic e s  d u e  to  la n d  s p e c u la t io n . A l th o u g h  the  A c q u is it io n  Ins trum en t 
has o b ta in e d  very g o o d  resu lts, a  lo n g  w a y  still has to  b e  g o n e  b e fo re  the  g o a l  o f  p u b lic  
o w n e rs h ip  o f  a ll re m a in in g  c o a s ta l d u n e s  w ill be  a c h ie v e d . Essentia l im p ro v e m e n ts  o f 

the  f in a n c ia l  a n d  le g a l ins trum en ts  fo r  the  p u rchase  o f  d u n e s  s h o u ld  be  the  c re a t io n  o f 
a s tra teg ic  f in a n c ia l  fu n d , a n  a c tu a l iz a t io n  o f  the  s ince  lo n g  o u td a te d  e x p ro p r ia t io n  act 
a n d  im p ro v e m e n t o f  the  p re -e m p t io n  fo r  c o n s e rv a t io n  p u rp o se s  to  be  a b le  to  fend  o ff 

la n d  s p e c u la t io n .
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4
SLEDGEHAMMERS, CRANES AND BULLDOZERS: RESTORING DUNES AND  
MARSHES BY REMOVING BUILDINGS AND SOIL

Je a n -L o u is  H e rr ie r ,  H a n n a h  V a n  N ie u w e n h u y s e , C h r is to p h e  D e b o e u f ,  Stijn D e  Ruyter 

a n d  M a re  Leten

Coasta l Conservation Unit, N atu re  Division, Ministry o f  the Flemish C om m un ity  
Zandstraa t 2 5 5 ,  B -8 2 0 0  Bruges, Belgium 
E-m ail: Jean lou is .herrie r@ lin .v laanderen.be

F la n de rs  has  the  m os t u rb a n is e d  c o a s t l in e  o f  E u ro p e , n o r th  o f  the  Pyrenees a n d  the  

A lps . D u r in g  the  2 0 th  c e n tu ry  se a s id e  resorts  g re w  to  o n e  a n o th e r  to  f in a l ly  fo rm  o n e  
u rb a n  a g g lo m e ra t io n  f ro m  the  D u tc h  to  the  F rench b o rd e r ,  o n ly  lo c a l ly  in te r ru p te d  by 
s o m e  ra th e r  sm a ll n o t b u i ld  u p o n  a re as  o f  dunes . Even those  re m a in in g  a n d  le g a lly  

p ro te c te d  'n a tu ra l a reas ' in c lu d e  h o w e v e r  o fte n  b u ild in g s ,  ro a d s  a n d  even  d re d g in g  
s lu d g e  d u m p s . In th a t s i tu a t io n  o f  e x tre m e  d a m a g e  to  a n d  f ra g m e n ta t io n  o f  the  n a tu ra l 
e n v iro n m e n t,  m a n a g e m e n t by  m o w in g  a n d  g ra z in g  is n o t s u ff ic ie n t to  res to re  it to  a 

sa tis fa c to ry  leve l. O p e n  s p a c e  a n d  phys ica l e n v iro n m e n t have  to  be  res to red  so tha t 
w ild  spec ies  a n d  n a tu ra l h a b ita ts  w o u ld  be  g ive n  a  c h a n c e  to  c o m e  b a ck . In th is p a p e r  
a n  o v e rv ie w  o f  the  m o s t im p o r ta n t  n a tu re  re s to ra t io n  w o rks  th a t  h a ve  b e e n  o r  a re  
cu rre n t ly  b e in g  c a r r ie d  o u t  by the  N a tu re  D iv is io n  a lo n g  the  F lem ish  co a s t f ro m  the  yea r 

1 9 9 5  o n  is g iv e n . These w o rk s  a re :

■ the  d e m o l i t io n  o f  the  b u i ld in g s  o f  the  fo rm e r  c h i ld re n -h o m e  'G e o rg e s  Theun is ' to  
re a c t iv a te  la rg e  sca le  s a n d  d r if t  ( 1 9 9 5 )  a n d  the  re m o v a l o f  a so il d u m p  to  re c rea te  a 
w e t d u n e  s la ck  (1 9 9 7 )  in  the  F lem ish  N a tu re  Resen/e 'Ter Yde' a t  O o s td u in k e rk e ;

■ the  d ig g in g  o f f  o f  so il d u m p s  a n d  the  e x c a v a t io n  o f  a  fo rm e r  ra c e w a y  to  restore  

d e c a lc i f ie d  fossil d u n e s  (1 9 9 8 )  in  th e  F lem ish  N a tu re  Reserve 'D' Heye ' a t  B redene ;

■ the  c o m p le te  d e m o l i t io n  o f  th e  fo rm e r  m il i ta ry  h a rb o u r  a n d  the  d ig g in g  o f f  o f  the  
d re d g in g  s p o i l -d u m p s  to  re s to re  m u d  fla ts , sa lt m a rshes  a n d  sand  d u n e s  (1 9 9 9  - 
2 0 0 3 )  in  the  F lem ish  N a tu re  Reserve 'The Y ze r-r ive rm o u th ' a t  N ie u w p o o r t ;

■ the  d e m o l i t io n  o f  the  fo rm e r  'S w im m in g  P o o l1 to  c re a te  a p o n d ,  a  w e t d u n e -s la c k ,  g rey  
a n d  w h ite  d u n e s  (2 0 0 4 )  in  the  F lem ish  N a tu re  Reserve 'Z w in -d u n e s  a n d  p o lde rs ' a t 

K n o kke ;

■ the  d e m o l i t io n  o f  the  fo rm e r  s e w a g e  t re a tm e n t p la n t  o f  N ie u w p o o r t  to  res to re  
c a lc a re o u s  m a rs h la n d  a n d  h u m id  d u n e  s la ck  ( 2 0 0 4 - 2 0 0 5 )  in  the  fossil b e a c h -p la in  o f  

the  re g io n a l  n a tu re  d o m a in  'G ro e n e n d ijk '.

The  p a p e r  desc r ib e s  h o w  these p ro je c ts  have  b e e n  c o n c e iv e d ,  p la n n e d ,  p re p a re d  a n d  
f in a l ly  e xe cu te d  a n d ,  if th e  necessary  d a ta  a re  a lre a d y  a v a i la b le ,  c o m p a re s  th e ir  results 
w h it  th e ir  in it ia l o b je c t iv e s  c o n c e rn in g  n a tu ra l p rocesses a n d  b io d ive rs ity . A ll the  
c o n c e rn e d  sites a re  in c lu d e d  in  the  c a n d id a te  - S pec ia l A re a  fo r  C o n s e rv a t io n  D unes 
in c lu d in g  Y z e r-r iv e rm o u th  a n d  Z w in ' th a t  has b e e n  p ro p o s e d  in  e x e c u t io n  o f  the 
E u ro p e a n  H a b ita t -d ire c t iv e  9 2 /4 3 /E E C  a n d  a ll the  a b o v e -m e n t io n e d  p ro je c ts  a im e d  at 

a n  a c t ive  im p le m e n ta t io n  o f  th is  d ire c t iv e .
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Although it is fm onciolly cheaper to dem olish constructions thon to  restore them, such 
large-scale dem olition- and ground-works are relatively expensive in proportion to the 
rather lim ited budgets fo r nature conservation. The European financia l contribution in 
the fram e o f the LIFE nature - projects Integral Coastal Conservation Initiative (ICCI) 
and Fossil Estuary o f the Yzer-Dunes Restoration Action' (FEYDRA) has been of 
significant im portance to facilitate the dismantlement o f the m ilitary harbour and the 
dem olition  o f the sewage treatment plant, both a t N ieuwpoort.





INTEGRATED M O N ITO R IN G  OF NATURE RESTORATION ALONG  
ECOTONES, THE EXAMPLE OF THE YSER ESTUARY

M a u r ic e  H o f fm a n n 1 , S te fan ie  A d a m  , Léon B aert4, D ries B o n te ' , N a ta s h a  C h a v a t te ; , 
R u d ig e r C laus '1, W im  D e  B e id e r ',  B irg it D e  Fré , Steven D e g r a e r ’, D avy  D e G r o o te 2, 
W o u te r  D e k o n in c k 4, K o n je v  D e s e n d e r4, K oen  D evos , H en ry  E n g le d o w 6, Patrick 
G r o o ta e r t4, N e le  H a rd ie s “’, F rede rik  Le liae rt6, Jean-P ie rre  M a e l fa i t ' ,  J a o k  M o n b a l iu 3, 

M a re  P o lle t ',  Sam  P ro v o o s t ',  Els S t ich e lm a n s2, Erik T o o r m a n ' ,  H a n n a h  Van 
N ie u w e n h u y s e 2, E d w ard  V e rc ru ysse 1, M a g d a  V incx5 a n d  Jan  W it to e c k

' Institute o f Nature  Conservation 
Kliniekstraat 25 , B -1 0 7 0  Brussels, Belgium 
E-mail: m aurice .ho ffm ann@ inbo .be

2 Terrestrial Ecology Unit, Departm ent o f B iology, G hent University 
K.L. Ledeganckstraat 35 , B -9 0 0 0 , G hent, Belgium

3 Departm ent o f  C ivil Engineering, C a tho lic  University o f Louvain 
Kasteelpark Arenberg 40 , B-3001 Heverlee, Belgium

4 D epartm ent o f Entom ology, Royal Belgian Institute of N atura l Sciences 
Vautierstraat 2 9 , B -1 0 0 0  Brussels, Belgium

3 Section M arine  Biology, Departm ent o f B iology, Ghent University 
Krijgslaan 2 8 1 , S8, B -9 0 0 0  G hent, Belgium

6 Research G ro u p  A lgo logy, Departm ent o f  Biology, G hen t University 
Krijgslaan 2 8 1 , S8, B -9 0 0 0  G hent, Belgium

W ith in  the fra m e w o rk  o f  Life, o n e  o f  the la rg e r  nature res to ra tion  pro jects  in F landers was 
rea lized o n  the  r igh t bank  o f  the estuarine  p a rt o f the IJzer a t the  b e g in n in g  o f  this century. 
G e n e ra l a im  o f  the  in itia tive  was to  restore o r  create the  na tu ra l e c o lo g ic a l g rad ien ts  typ ica l 
fo r  a coas ta l estuarine  ecosystem , w h ich  is characterized by salt-fresh g rad ien ts , dynam ic - 
s tab le , w et-dry, m u d -sa n d  trans itions and  o th e r  b io lo g ica lly  in te rfe ring  g rad ien ts . To d o  so, 
several la rge  b u ild ings  a n d  roads  were rem oved , an  entire  t ida l po rt was restructured and 
som e 5 0 0 .0 0 0  m 3 d re d g in g  m ate ria l was rem oved to  restore a n  in te rtida l a rea  a n d  several 
coas ta l dune(-like ) a reas. T o p o g ra p h ic a l measures were taken to  a vo id  a b ru p t transitions 
a lo n g  e c o lo g ic a l g rad ien ts . Before the restora tion  process s ta rted , qu ite  a lo t o f  b io lo g ica l 
d a ta  were a v a ila b le  fro m  the a rea . T o g e th e r they were a fa ir ly  co m p le te  source to  describe 
the  depa rtu re  s itua tion . It was dec ided  to  start m o n ito r in g  (2 0 0 1 -2 0 0 4 )  from  the very 
b e g in n in g  o f  and  even du r ing  the o n g o in g  restora tion  process (1 9 9 9 -2 0 0 3 ) .  M o n ito r in g  
was m u lt id isc ip lina ry  (G hen t University, C a th o lic  University o f  Louva in , Royal Institute o f  
N a tu ra l Sciences a n d  Institute o f  N a tu re  C onse rva tion  w ith  fac ility  suppo rt o f  VLIZ), 
invo lv ing  m o n ito r in g  o f  in a n im a te  pa ram eters  such as sed im e n ta tio n  a n d  e ros ion  and  
g ro u n d  w a te r f lu c tu a tio n s , and  a n im a te  param eters , i.e. f lo ra  a n d  vege ta tion , a rth ro p od s , 
ben th ic  fa u n a  a n d  b irds. It was d e c ided  to  inc lude tw o  m o n ito r in g  levels, a genera l 
m o n ito r in g  o f  the en tire  nature reserve (ca. 8 8  ha) and  a de ta iled  m o n ito r in g  o f  changes 
a lo n g  transects p e rp e n d ic u la r  to  the m a in  e co lo g ica l g rad ients .

In this c o n tr ib u t io n  w e w ill present the results o f  the first th ree  years o f  m o n ito r in g , we w ill try 
to  in tegra te  the results o f  the d iffe ren t d isc ip lines a n d  w ill discuss the advan tages  and 
d isadvan tages o f  bo th  m o n ito r in g  m ethods and the m u lt id isc ip lina ry  a p p ro a c h  o f  the 

m o n ito r in g  research.
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LARGE HERBIVORES IN  COASTAL DUNE MANAGEMENT: DO GRAZERS 
DO WHAT THEY ARE SUPPOSED TO DO?

M a u r ic e  H o f fm a n n 12, Eric C osyn s ' a n d  In d ra  L a m o o t1,2

1 Terrestrial Ecology Unit, D epartm ent o f  B iology, G hen t University
K.L. Ledeganckstraat 35 , B -9 0 0 0 , G hen t, Belgium
E-mail: m aurice .ho ffm ann@ inbo .be

2 Institute o f Nature  Conservation
Kliniekstraat 25 , B -1 0 7 0  Brussels, Belgium

A fte r  s o m e  d e c a d e s  o f  ra th e r  spa rse  a n d  m a rg in a l n a tu re  m a n a g e m e n t  (e .g . lo c a l 

s h ru b -c u t t in g ,  s o d -c u t t in g  a n d  h a y in g ) ,  the  m a n a g e r  o f  the  F lem ish  n a tu re  reserves 
(N a tu re  D iv is io n  o f  A M IN A L , M in is try  o f  the  F lem ish  C o m m u n ity )  d e c id e d  to  in tro d u c e  

a  m o re  c o h e re n t  a n d  re la t ive ly  la rg e -s c a le  n a tu re  m a n a g e m e n t .  S ince the  m id -n in e t ie s ,  
severa l la rg e  a re a s  w ere  c le a re d  f ro m  scrubs a n d  in  a t  least six o f  th e  la rg e r  n a tu re  
reserves d if fe re n t h e rb iv o re  spec ies  w e re  in t ro d u c e d . O n  h is to r ica l g ro u n d s  a n d  fo r  
research  re a son s , severa l g razers  w e re  in t ro d u c e d  (i.e. sheep , d o n ke ys  a n d  d if fe re n t 

ho rse  a n d  ca tt le  breeds). S ince  the  h e rb ivo re  in t ro d u c t io n s  fro m  1 9 9 7  o n w a rd s , 
fu n d a m e n ta l  research  has b e e n  d o n e  o n  the  fo ra g in g  b e h a v io u r  a n d  h a b ita t  use, d ie t 

se le c t io n  a n d  p re fe re n c e  o f  s o m e  o f  the  in t ro d u c e d  h e rb ivo re s  a n d  o n  th e ir  p o te n t ia l 
c o n tr ib u t io n  to  seed  d isp e rsa l. A b o v e  th a t,  severa l m o n ito r in g  research  p ro g ra m m e s  
w e re  c a r r ie d  o u t ,  fo l lo w in g  the  im p a c t  o f  the  g razers  (ca ttle , donkeys  a n d  ho rse  breeds) 
o n  f lo ra ,  v e g e ta t io n  a n d  d if fe re n t fa u n a l g ro u p s  a n d  o n  so il d e v e lo p m e n t.  H e re  w e w ill 
su m m a rize  s o m e  results o f  b o th  a p p ro a c h e s  to  g e t to  c o n c lu s io n s  o n  the  s u ita b il i ty  a n d  
use fu lness o f  y e a r  ro u n d  g ra z in g  by d o m e s t ic  a n im a ls  in  these  lo w  p ro d u c t iv e ,  sp a tia lly  
a n d  te m p o ra l ly  h e te ro g e n e o u s  d u n e  ecosystem s.

F rom  the  fu n d a m e n ta l  research  w e w il l c o n c lu d e  o n  q u e s tio n s , such as: d o  th e  a n im a ls  
use the  system in such a w ay  th a t  it is p ro b a b le  th a t  they e n la rg e  s tru c tu ra l d ive rs ity , d o  
th e ir  d ie t  a n d  h a b ita t  p re fe re n ce s  in d ic a te  th a t p la n t  c o m m u n it ie s  th a t  a re  w a n te d  to  

d e c re a se  in  d o m in a n c e  w il l rea lly  d im in is h  in  fa v o u r  o f  m o re  des ired  c o m m u n it ie s ,  is it 
p ro b a b le  th a t h e rb ivo re s  c o n tr ib u te  s ig n if ic a n t ly  to  seed  d ispe rsa l o f  d e s ire d  p la n t 
spec ies , a re  th e re  reasons  to  b e lie ve  th a t  they  in d u ce  im p o r ta n t  n u tr ie n t re d is tr ib u t io n ?

F rom  the  s e v e n -y e a r-m o n ito r in g  p e r io d  w e  ca n  c o n c lu d e  w h e th e r  w a n te d ,  d u n e  sp e c if ic  
p la n t  a n d  a n im a l spec ies a re  tru ly  fa v o u re d  by g ra z in g  m a n a g e m e n t a n d  w h e th e r  
n u tr ie n t b a la n c e  a n d  so il p ro f i le  a re  s ig n if ica n tly  in f lu e n c e d . W e  w il l  c o m m e n t  
s p e c if ica l ly  o n  the  results o f  research  o f  n a tu re  reserves w h e re  H ig h la n d  ca tt le , S he tland  
p o n ie s , H a f l in g e r  horses, K o n ik  horses a n d /o r  d o n ke ys  w ere  in t ro d u c e d  (W esthoek , 

H o u ts a e g e rd u in e n  a n d  G h y v e ld e  (France)). W e  w il l s h o w  th a t d u e  to  spec ies  spec if ic  
ch a ra c te r is t ics , n o t a ll o f  th e m  a re  e q u a l ly  s u ita b le  to  fu lf i l  the  in it ia l m a n a g e m e n t 
g o a ls .
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THE CONSERVATION OF SAND DUNES IN  THE ATLANTIC
BIOGEOGRAPH I CAL REGION: THE CONTRIBUTION OF THE LIFE 
PROGRAMME

Jo h n  H o u s to n  

Ecosystems Ltd
Boulevard G énéra l W ahis 2 1 , B -1 0 3 0  Brussels, Belgium 
E-mail: ¡ohn.houston@ ecosystem s.fsnet.co.uk

Since 1 9 9 2  the  EU LIFE p ro g ra m m e  has s u p p o r te d  a series o f  d u n e  c o n s e rv a t io n  
p ro je c ts  w ith in  the  A t la n t ic  B io g e o g ra p h ic a l R eg ion . LIFE c o - f in a n c in g  has b e e n  used to  
s a fe g u a rd  th re a te n e d  sites th ro u g h  la n d  p u rch a se , to  s u p p o r t  the  d e v e lo p m e n t o f  the  

N a tu ra  2 0 0 0  n e tw o rk ,  to  u n d e r ta k e  p ra c t ic a l m a n a g e m e n t  a n d  to  in te rp re t the  
fu n c t io n s  a n d  va lu e s  o f  d u n e s  to  a  w id e  a u d ie n c e . The  a d d it io n a l  resou rces  f ro m  LIFE 
have  b e e n  ta rg e te d  a t  s p e c if ic  sites, a t  n a t io n a l p ro g ra m m e s  a n d ,  th ro u g h  w id e r  
n e tw o rk in g  in it ia t ives , a t the  c o m m u n ity  o f  p ra c tit io n e rs . LIFE p ro je c ts  have  c o n tr ib u te d  
to  the  d e v e lo p m e n t  o f  E u ro p e a n  a n d  N a t io n a l  p o lic ie s  by a c t in g  as ca se  s tud ies  a n d  

m ile s to n e s . D is s e m in a t io n  o f  in fo rm a t io n  is a id e d  by  p ra c t i t io n e rs  n e tw o rks  such  as  the  
E u ro p e a n  U n io n  fo r  C o a s ta l C o n s e rv a t io n  a n d  th ro u g h  the  series o f  c o n fe re n c e s  a n d  
w o rk s h o p s  h e ld  w ith in  the  f ra m e w o rk  o f  the  p ro jec ts . A  fu r th e r  s tep  m a y  be  to  use the  
c o m p le t io n  o f  the  N a tu ra  2 0 0 0  n e tw o rk  as a ca ta lys t fo r  e n c o u ra g in g  a m o re  
c o o rd in a te d  a p p ro a c h  to  n e tw o rk in g  a n d  fo r  ra is in g  s o m e  o f  the  key issues a ffe c t in g  

d u n e  systems a t  the  E u ro p e a n  leve l.
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SPECIES RICHNESS IN  SEA-BUCKTHORN SCRUB

M a ik e  Ise rm a n n , Lars F r ie d r ich s , C a rs te n  G ra v e  a n d  A n d re a  W a g n e r  

Vegetation Ecology and  Conservation B iology
University o f  Bremen, FB 2 , Leobener Straße, 2 8 3 5 9  Bremen, G erm any 
E-mail: iserm @ uni-brem en.de

T h e  e x p a n s io n  o f  S e a -B u c k th o rn  in  d u n e s  reduces  species r ichness as w e ll as the  c o v e r  

o f  m osses a n d  l ichens . The  d e c re a se  in  spec ies r ichness is l ike ly  to  be  d u e  to  the  
s h a d in g  e ffe c t o f  th e  sc ru b . As m a n y  re g io n a l ly  ra re  p lan ts  a re  res tr ic ted  to  d u n e  a reas , 
th e  s p re a d in g  o f  th is  d e n se ly  g ro w in g  sc rub  m ig h t  be  a  se r io u s  th re a t to  the  

p h y to d ive rs ity  o f  o p e n  se m i- f ixe d  dunes .
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SANDY COASTLINE ECOSYSTEM MANAGEMENT - BRIDGING SUSTAINA 
BILITY AND PRODUCTIVITY OF SANDY BEACHES

M a rc in  F il ip  Jedrze jczak

Academ y o f  Ecology and  M anagem en t 
W awelska 14, W arsaw , Poland 
E-mail: hum bak@ prae te r.p l

Scientists, resource managers and m edical experts today w idely accept the idea that 
human society is dependent upon a healthy environm ent and that continued 
environmental degradation threatens the quality o f life (Bickham et al. 2000 ). A lthough 
direct links between ecolog ica l effects and human health have proven d ifficu lt to 
establish, the use o f w ildlife species as sentinels o f environm ental problems is the 
conceptual basis fo r this connection (Colborn 1994). Furthermore, considering the 
principles o f sustainable m anagem ent o f marine and coastal areas, defined in the Rio 
conference o f 1992 (Chapter 17, Agenda XXI), the topic o f sustainable management 
has acquired a fundam ental role in the country policies a ll over the world, and must be 
faced at an international and m ultidisciplinary level. The intervention through 
management plans and the use o f supporting tools in decision-m aking acquires 
particu lar importance fo r relatively frag ile  ecosystems such as sandy beaches.

Exposed sandy beaches are highly hydrodynamic. These ecosystems usually present low 
biodiversity and high specialization, due to the regime o f permanent ab io tic  changes 
that governs their functioning. The tiny number o f species, however, hide high biomass 
and production rates a long all the trophic web, and the surf zone has been recognized 
as a nursery fo r many marine fish species (Brown & McLachlan 1990). The biodiversity 
of, and the im pact o f tourism on, sandy beach biodiversity is a subject currently 
generating great scientific interest in Europe. It is the key topic o f the international 
research programme 'Sandy', which involves scientists from  12 European countries and 
has recently been funded by the European Commission (e.g. M EC O , MEDCORE, 
COSA, BaltCoost/IKZM -O der). Part o f this concern is expressed in initiatives like the 
SCOR W orking G roup  1 14 on perm eable sediments (SCOR 1998; http//www scor- 
wg114de). The Im portance o f C ritica l Transition Zones (including sandy beaches) was 
the focus o f the SCOPE meeting (Levin et al. 2001). To meet the challenge of 
progressing Integrated Coastal Zone M anagem ent (ICZM) and governance, baseline 
interdisciplinary research is required (Emeis et al. 2001). The im portance o f those 
ecosystems fo r the countries in different regions (e.g. Europe, South Am erica, South 
Africa, Australia) has been pointed out in the workshop 'Beaches: what future?' 
(Florence, 2 0 0 1 ; Proceedings in Scapini et al. 2003 ). This focused on adaptation of 
communities and populations a long the w orld 's coasts and it h ighlighted the need of 
com m on protocols and frequent exchanges between the partners o f the research 
network on beaches (Scapini 2002 ). It set out to fill im portant gaps in our knowledge 
concerning sandy beach biodiversity in Europe, and to link beach biodiversity to tourist 
impacts, using both a descriptive and an experimental approach.
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M O N ITO R IN G  BRYOPHYTES AND LICHENS DYNAMICS IN SAND DUNES: 
EXAMPLE O N THE FRENCH ATLANTIC COAST

R a p h a ë l Jun a n d  F ra n ço ise  Rozé

UMR CNRS 6 5 5 3  Ecobio, Equipe D ynam ique des C om m unautés, Université de Rennes 1 
F -3 5 0 4 2  Rennes Cedex, France 
E-m ail: raphae l. jun@ un iv -rennes l -fr

B ryophy tes  a n d  lich e n s  c o m m u n it ie s  g ro w in g  o n  n in e  n o n - fo re s te d  c o a s ta l d u n e s  a lo n g  
the  A t la n t ic  s e a b o a rd  o f  F ra n ce  w e re  s tu d ie d  o n  th e  basis o f  v e g e ta t io n  surveys d u r in g  
th re e  years. C o a s ta l d u n e  systems p ro v id e  o p p o r tu n it ie s  fo r  th e  s tudy  o f  p la n t  
success ions  a n d  c o lo n is a t io n  p rocesses . The  d is t r ib u t io n  o f  spec ies  a n d  the  re la t io n s h ip s  
b e tw e e n  b ryo p h y te s  a n d  lich e n s  versus p é d o lo g ie  fa c to rs  has b e e n  in ve s t ig a te d  o n  

l x l  m  p e rm a n e n t  p lo ts  a n d  w e re  a n a lyse d  by m u lt iv a r ia te  ana lyses . Th is  s tudy has 
s h o w n  th a t  the  d if fe re n t spec ies  a re  d is tr ib u te d  in  fo u r  g ro u p s  in  the  d if fe re n t  d u n e  

h a b ita ts .  These  g ro u p s  a re  c o m p o s e d  o f  severa l m e d ite r ra n e o -a t la n t ic  spec ies  w h ic h  
d is t in g u is h  th e m  fro m  o th e r  c o m m u n it ie s  d e s c r ib e d  in  b ryo p h y te s  a n d  lichens 
success ions  in  E u ro p e . The  s ig n if ic a t iv e  re la t io n s h ip s  b e tw e e n  th e  fo u r  g ro u p s  a n d  
p é d o lo g ie  fa c to rs  such  as p H -w a te r ,  p e rc e n ta g e  o f  to ta l c a lc iu m  a n d  to ta l n it ro g e n  

p e rm it  to  e v a lu a te  th e  c h e m ic a l  v a r ia t io n s  o f  the  so il a lo n g  d u n e - tra n s e c t.  The 
k n o w le d g e  o f  re la t io n s h ip s  b e tw e e n  the  responses o f  the  spec ies  a n d  the  a b io t ic  
v a r ia t io n s  o f  the  so il d e te rm in e  fu n c t io n a l g ro u p s . The  m o n ito r in g  o f  these fu n c t io n a l 
g ro u p s  is a  g o o d  to o l  to  u n d e rs ta n d  e v o lu t io n a ry  p rocesses o f  d u n e -e c o s y s te m  a n d  fo r  
its m a n a g e m e n t.
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RELEASE FROM NATIVE ROOT HERBIVORES AND BIOTIC RESISTANCE BY 
SOIL PATHOGENS IN  A NEW HABITAT BOTH AFFECT THE ALIEN 
AM M O PH ILA  ARENARIA  IN  SOUTH AFRICA

Irm a  K n e v e l W im  van  d e r  P u tten '’ a n d  Roy L u b ke '

1 C om m un ity  and Conservation Ecology G ro u p , University o f  G ron ingen  
Kerklaan 30 , N L -9 7 5 0  A A  Haren, The Netherlands
E-mail: l.C .K neve l@ bio l.rug .n l

2 M u lt itroph ic  Interactions Departm ent, Centre  fo r  Terrestrial Ecology, Netherlands Institute of 
Ecology, Boterhoeksestraat 48 , N L -6 6 6 6  Z G  Heteren, The Netherlands

3 D epartm ent o f  Botany, Rhodes University
PO Box 9 4 , G raham stow n 61 40 , South Africa

The E uropean  d u n e  p io n e e r A m m o p h i la  a renar ia  (m arram  grass) was in tro du ce d  in the 
1 8 7 0 's  in South A fr ica  a n d  has ever s ince been  used to  stabilise C a p e  coas ta l dunes a n d  at 
present the  a lien  grass is still an  im p o r ta n t d r if t  sand stab iliser. Recently, how ever, the  use o f  
A . arena r ia  has been crit ic ised  due  to  its fo re ig n  o r ig in  a n d  the proven  facts o f  invasiveness 
in o th e r  parts o f  the w o r ld  w here  the  species was a lso  in tro d u ce d . O n e  o f  the  m a jo r  
exp la n a tio n s  o f  the success o f  in tro du ce d  species in rec ip ien t co m m u n it ie s  is th e ir  re lease 
fro m  na tu ra l enem ies (Enemy Release H ypothes is  - ERH). O n  the  o th e r  hand , exo tic  p lan t 
species fa ilu re  to  invade  new  hab ita ts  has been re la ted to  b io t ic  resistance fro m  the native 
co m m u n it ie s  to  be invaded  (B iotic Resistance Hypothesis - BRH). In its a rea  o f  o r ig in  the 
species do m in a te s  the fo re d u n e  p la n t co m m u n ity  o f  m o b ile  dunes, bu t it d isappea rs  
na tu ra lly  w hen dunes b e c o m e  stab ilised d u e  to  g row th  co n tro l by so il-b o rn e  pa thogens.

W e  exam ined  ERH a n d  BRH in re la t ion  to  the  invasiveness o f  the  exotic  fo redune  grass A. 
a re na r ia  in South A fr ica . The ro le  o f  ro o t herb ivores a n d  soil pa thogens  has rare ly been 
exp lo red  in the  ERH a n d  BRH view po in t.

To c o m p a re  p lan t-so il fe e d b a c k  from  the na tive  h ab ita t in Europe a n d  the new  h a b ita t in 
South A fr ica , p lants w ere  g ro w n  in th e ir  o w n  soil f ro m  bo th  Europe a n d  South A fr ica , as 
well as in sterilised a n d  non-ste rilised  soils from  a n u m b e r o f  ind ig e n ou s  South A fr ican  
fo re d u n e  p la n t species. The results fro m  o u r  s tudy su p p o rt b o th  ERH a n d  BRH in the case o f  
so il pa thogens  o f  the in tro d u ce d  exotic  d u n e  grass A. arena r ia  in South A fr ican  dunes, 
ind ica tin g  tha t ERH and  BRH m ay be ac tive  s im u ltaneous ly . Possibly a n u m b e r o f  exotic  
p la n t species th a t d o  no t b e co m e  h igh ly  invasive, such as A. arenar ia  in South  A fr ica , 
experience  b o th  ERH a n d  BRH. The b a la n ce  between enem y escape  versus b io tic  resistance 
w ill de te rm ine  the invasiveness o f  a species in a new hab ita t. In the  case o f  A. arena r ia ,  the 
genera lis t nem atodes  a n d  the negative  so il feed b a ck  a p p a re n tly  o r ig in a te  from  the loca l 
grasses, w hereas the d ico ts  were less im p o r ta n t in sharing  po ten tia l pa thogens. Such effects 
have  been dem ons tra ted  fo r  a b o v e g ro u n d  p la n t pa thogens, bu t no t yet fo r  ro o t herb ivores 
a n d  soil pa thogens. O u r  results fu r th e r suggest tha t no t o n ly  the  loca l p la n t species 
diversity, bu t a lso  the type o f  p la n t species present w ill de te rm in e  the po ten tia l fo r  b io tic  
resistance. There fo re , the  curren t d e b a te  o n  invas ion resistance o f  the rec ip ien t p lan t 
c o m m u n ity  shou ld  a lso  inc lude  effects o f  specific  p la n t species o n  ro o t herb ivores o r  soil 
pa thogens . The b io t ic  resistance a g a in s t invasive p la n t species m ay depend  o n  p lan t 
c o m p e t it io n , bu t a lso  o n  the  presence o f  p la n t species th a t a re  hosts o f  po ten tia l soil 
p a thogens  tha t m ay negative ly  a ffec t the  invaders.
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INTEGRAL WATER MANAGEMENT O N THE WADDEN ISLAND VLIELAND

A rje n  K ok 

Vitens
Snekertrekweg 6 1 , Postbox 4 0 0 , 8901 BE Leeuwarden, The Netherlands 
E-mail: arjen.kok@ vitens.n l

P rob lem :

V l ie la n d  is o n e  o f  the  fo u r  F ris ian  is lands . This is la n d  a m id s t  the  salty w a te rs  o f  the  

W a d d e n  a n d  the  N o r th  Sea is a  fa v o u r i te  h o lid a y  spo t. T ra n s la te d , the  is la n d 's  d r in k in g -  
w a te r  re q u ire m e n t va r ies  s tro n g ly  in p ro p o r t io n  to  the  n u m b e r  o f  touris ts .
F o r the  d r in k in g  w a te r  g ro u n d w a te r  is used  fro m  the  fre s h w a te r  lens b e n e a th  the  is land . 

T h e  yea rly  re c h a rg e  is a ro u n d  2 0 0 , 0 0 0  m 3  p e r  y e a r  a n d  th is d e m a n d  is still g ro w in g .

Realised a c tiv it ie s  &  results:
As a  resu lt o f  th e  in c re a s in g  e c o h y d ro lo g ic a l  k n o w le d g e  o f  th e  causes o f  d e h y d ra t io n ,  
th e re  w as  a  g ro w in g  re a l is a t io n  th a t  ta c k l in g  o n ly  the  g ro u n d w a te r  re c h a rg e  o n  the  
is land  w o u ld  n o t  le a d  to  the  d e s ire d  (pa rt ia l)  recove ry  o f  the  h y d ro lo g ic a l system. It a lso  

b e c a m e  c le a r  th a t  o th e r  a c tiv it ie s  a n d  interests w e re  e xe rt in g  th e ir  in f lu e n c e  o n  the  
h y d ro lo g ic a l system  a n d ,  in  tu rn ,  th e  g ro u n d w a te r  leve l a n d  q u a li ty ,  a n d  the  n a tu ra l 
fe a tu re s  th a t  a re  d e p e n d e n t  o n  th e m . T o  d im in ish  th e  re su lta n t d e h y d ra t io n ,  V itens set 
u p , w ith  o th e r  p a rt ie s , a n  in te g ra l w a te r  m a n a g e m e n t p ro je c t  in  1 9 9 4 .  O b je c t iv e  o f  this 
p ro je c t  w as  to  res to re  the  is la n d 's  h y d ro lo g ic a l c o n d it io n s  as m u c h  as p o ss ib le , o n  the 
p re c o n d it io n  th a t  a n  in d e p e n d e n t  a n d  su s ta in a b le  w a te r  p ro d u c t io n  w o u ld  still be 

po ss ib le  o n  the  is la n d . The  fo l lo w in g  so lu t io n s  /  results w e re  fo u n d :

■ R educe  v a p o r is a t io n  in  the  c o n ife ro u s  fo re s t by c u lt iv a t in g  v e g e ta t io n  in the  a re a
■ Partia l t ra n s fe r  o f  p u m p in g w e l ls  f ro m  the  cen tre  to  the  so u th e rn  co a s t l in e  o f  the  

is land .
■ Partia l t ra n s fe r  o f  p u m p in g  w e lls  f ro m  the  first to  the  s e c o n d , d e e p e r  a q u ife r .
■ N a tu re - re s to re  p ro je c t  in d u n e  s la ck  'K o o is p le k '
■ S u p p le m e n ta ry  h y d ro lo g ic a l  a n d  e c o lo g ic a l  m o n ito r in g  in d if fe re n t d u n e  slacks

■ The m e a s u re d  h y d ro lo g ic a l a n d  e c o lo g ic a l  effects o n  V l ie la n d  a re  pos it ive .
■ It show s us th a t  a n  in te g ra l a p p ro a c h  has m o re  e ffec t then  s e c to ra l so lu t ions .
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EVOLUTION OF SANDY BEACHES IN ESTONIA AS INDICATOR OF 
INCREASED STORMINESS IN  THE BALTIC SEA REGION

A re  K o n t ' ,  K a a re l O r v ik u 2, J a o k  J a a g u s ',  R e im o  R ivis ' a n d  H a n n e s  T ö n is s o n 1

' Institute o f Ecology, University o f Tallinn 
Kevade 2, 1 0 1 3 7  Tallinn, Estonia 
E-mail: are@ zbi.ee

2 M erin  Ltd.
Rävala 8, 1 0 1 4 3  Tallinn, Estonia

3 Institute o f G eo g ra ph y , University o f  Tartu 
Vanem uise 46 , 5 1 0 1 4  Tartu, Estonia

W a rm e r  w in te rs , in c re a s e d  c y c lo n ic  a c t iv ity  a n d  f re q u e n t o c c u rre n c e  o f  e x tre m e ly  s trong  

s to rm s  in n o r th e rn  E u ro p e  seem  to  be  c lo s e ly  re la te d  p h e n o m e n a  c a u s e d  by c l im a te  
c h a n g e . C l im a t ic  c h a n g e s  in  m o d e ra te  a n d  h ig h  la t itu d e s  have  led  to  c r i t ic a l c h a n g e s  in 
the  d y n a m ic s  a n d  d e v e lo p m e n t  o f  c o a s ta l a reas. In E s ton ia , the  g re a te s t d e s tru c t io n  
o c c u rs  o n  s a n d y  b e a che s  th a t  a re  w e ll e xp o sed  to  w ave s  a n d  is a s s o c ia te d  w ith  s to rm y 

p e r io d s  w h e n  s to rm  su rg e  e le va te s  sea leve l. Ice -free  sea a n d  u n fro ze n  sed im en ts  
e n h a n c e  the  a c t iv ity  o f  sh o re  processes.
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STORM SURGES IN  THE ODER ESTUARY IN 2 0 0 2 -2 0 0 3  -  NUMERICAL 
STUDY

Halina Kowalewska-Kalkowska1, Bernard W isn iew ski and M arek Kowalewski3

' Institute o f  M arine  Sciences, University o f Szczecin 
W a s k a l3 ,  7 1 -4 1 5  Szczecin, Poland 
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W a s k a l3 ,  7 1 -4 1 5  Szczecin, Poland

: Institute o f  O ce a n o g ra p h y , University o f Gdansk 
M arszalka J. Pilsudskiego 46 , 8 1 -3 7 8  G dyn ia , Poland

The O d e r River forms one o f the m ajor estuaries in the southern Baltic Sea. In its 
downstream reach, the O d e r opens first into the Szczecin Lagoon. Then it drains into 
the Baltic Sea through three straits: the Swina, the Dziwna and the Peenestrom. That 
shallow, coastal water body is exposed am ong others to storm surges. Caused by deep 
low-pressure systems passing the Baltic Sea storm surges are the result o f wind activity 
and changes o f atmospheric pressure on the sea surface.

In recent years num erical m odelling has become an essential too l to work out the water 
level forecasts (among others Funkquist, 2 0 0 1 , Kalas et a l., 2001 ). The paper discusses 
the app lica tion o f a 3 -D  opera tiona l hydrodynamic model o f the Baltic Sea, developed 
at the Institute o f O ceanography, University of Gdansk in studying and forecasting 
storm surges in the O d e r Estuary. The model was based on the coastal ocean 
circu lation model known as PO M  (the Princeton O cean M odel), which was adapted to 
the Baltic conditions (Kowalewski, 1997) and for numerical m eteorological forecast of 
ICM  (Interdisciplinary Centre o f M athem atical and C om putational M ode lling , Warsaw 
University). Because of w ind-driven back-up in the O d e r mouth a sim plified operational 
m odel o f river discharge was developed based on water budget in a stream channel. 
Linking the O d e r discharge m odel with the Baltic Sea m odel as one system made it 
possible to simulate operationally water levels and currents as well as water temperature 
and salinity in the O d e r estuary.

The adequate fit between the predicted and observed water level series from the 
gauging stations on the Szczecin Lagoon and the Pomeranian Bay (Kowalewska, 
Kowalewski, 2004 ) encouraged to  apply the model to studying storm surges in 2002  
and 2 0 0 3 . The analysis revealed that the highest increases o f water level were recorded 
in the cases o f the movement o f deep depression with trajectory running close to the 
coasts o f the Southern Baltic Sea (mainly the effect o f a ir pressure) and strong northerly 
winds (dam m ing up o f waters close to the coasts). O verlapp ing o f both factors caused 
the intensification and pro longation o f the storm surge. In that case there was recorded 
the reverse slope o f water free surface. It resulted in intrusion o f brackish water from the 
Pomeranian Bay into the Szczecin Lagoon, reducing river outflow  and raising water 
levels within the whole estuary. O ccasionally it resulted in flood ing events like in 
February 2002 .
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C u rre n t  0 - 6 0 - h o u r  h y d ro lo g ic a l  fo recas ts  v ia  a q u ic k  w ebs ite  access 
(h t tp : / /m o d e l .o c e a n .u n iv .g d a .p l ) g iv e  p o te n t ia l users an  o p p o r tu n i ty  to  p re d ic t  w a te r  
leve l f lu c tu a t io n s , e s p e c ia l ly  s to rm  su rges w ith in  the  Szczecin L a g o o n  a n d  the  
P o m e ra n ia n  Bay. T h a t  in fo rm a t io n  c a n  be  very im p o r ta n t  fo r  e m e rg e n c y  c o m m a n d  
cen tres  a n d  serv ices d e a l in g  w ith  e n v iro n m e n ta l a n d  f lo o d  c o n tro l  o f  co a s ta l a reas  as 
w e ll as w ith  the  sa fe ty  o f  n a v ig a t io n  a n d  h a rb o u r  o p e ra t io n s . It m a y  a f fe c t  o th e r  a re as  o f  
h u m a n  life  a n d  a c t iv it ie s , e .g . ,  sp o rt o r  re c re a t io n .

The  a p p l ic a t io n  o f  th e  m o d e l to  s tu d y in g  a n d  fo re c a s t in g  s to rm  su rges in 2 0 0 2  a n d  

2 0 0 3  re ve a le d  its h ig h  usefu lness. In case  o f  h igh  a m p li tu d e  a n d  s ig n if ic a n t w a te r  level 

f lu c tu a t io n s  the  m o d e l c o r re c t ly  a p p ro x im a te d  the  ch a n g e s  o f  w a te r  level a n d  re flec ted  
p ro p e r ly  a ll the  phases  o f  the  e x a m in e d  s to rm  surges.
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RISE OF GROUNDWATER LEVEL AND VEGETATION DEVELOPMENT IN 
THE CALCAREOUS DUNES NEAR HAARLEM, THE NETHERLANDS

Ben W .J .M .  K ru ijsen  

Ecologisch Adviesbureau B. Kruijsen
Kru idbergerweg 49 , 2071  RB S an tpoo rt-N oord , The Netherlands 
E-mail: postbus@ natuuradvies.n l

T h e  c o a s ta l s a n d  d u n e s  n e a r  H a a r le m  a re  p a r t  o f  the  N a t io n a a l  Park Z u id -  

K e n n e m e r la n d  a n d  a re  m a n a g e d  by  P W N  (W a te r  S u p p ly  C o m p a n y  o f  N o r th -H o l la n d ) ,  
S ta a ts b o s b e h e e r (State Forestry Serv ice) a n d  V e re n ig in g  N a tu u rm o n u m e n te n  (N a tu re  
C o n s e rv a n c y ) .

D u r in g  the  pas t ce n tu ry  the  d u n e s  h a v e  su ffe red  fro m  g ro u n d w a te r  d e p le t io n  by d r in k in g  
w a te r  p ro d u c t io n  a n d  o th e r  causes. D u r in g  the  last d e c a d e s  n a tu re  m a n a g e rs  b e g a n  to  

rea lize  the  c o n s id e ra b le  d e te r io ra t io n  o f  g ro u n d w a te r  d e p e n d e n t  v e g e ta t io n  types in 
d r ie d -o u t  d u n e  s lacks. The  n e e d  fo r  re co ve ry  o f  the  lost e c o lo g ic a l  va lues  b e c a m e  a n  
im p o r ta n t  issue. T h e  results o f  h y d ro lo g ic a l  m o d e l s tud ies in d ic a te d  th a t  in d u c in g  a rise 
in  w a te r  leve ls  w o u ld  le a d  to  a n  in c re a s e  o f  w et d u n e  s lack  su r fa ce  f ro m  3 5  to  3 0 0  

hec ta re s . A  p la n ,  the  'M a s te rp la n  R egene ra tie  D u in v a l le ie n  Z u id -K e n n e m e r la n d ' was 
in i t ia te d  to  re c o v e r  the  c h a ra c te r is t ic  ecosystem s o f  d u n e  lakes  a n d  w e t d u n e  s lacks . It 
w as  re a lize d  th a t w ith o u t  a c c o m p a n y in g  m a n a g e m e n t m easures  the  r is ing  w a te r  levels 
w o u ld  m e re ly  le a d  to  a n  in c re a se  in  u n w a n te d  ve g e ta t io n s  w ith  ta li g rasses a n d  herbs. 
So in  m o s t d u n e  s lacks  m easures  like  sod  c u tt in g ,  m o w in g  a n d  g ra z in g  h a ve  been  
p e r fo rm e d ,  th o u g h  in  s o m e  n o  m e a su re s  have  b e e n  ta k e n  to  ge t ins ig h t in  the  

a u to n o m o u s  d e v e lo p m e n ts .

F rom  1 9 9 1  to  2 0 0 1  w a te r  e x tra c t io n  f ro m  the d unes  w as  g ra d u a l ly  s to p p e d . As a result 

w a te r  levels have  risen u p  to  o n e  m e te r  a n d  m o re . In 1 9 9 8  a  research  p ro g ra m  w as 
in i t ia te d  to  m o n ito r  v e g e ta t io n  d e v e lo p m e n ts .  A l th o u g h  these  d e v e lo p m e n ts  a re  still 
g o in g  o n ,  the  first resu lts a re  b e c o m in g  v is ib le . In 2 0 0 4  m a n y  d u n e  s lacks show  
d e v e lo p m e n t  to w a rd s  m o is t o r  even  w a te r  ve g e ta t io n  types. In a few  d u n e  s lacks  the  

g ro u n d w a te r  ta b le  d id n ' t  rise e n o u g h  to  e n te r the  ro o t  zone .

In m a n y  cases a d d it io n a l  m easures  a p p e a re d  to  be  necessary to  re c o v e r  c h a ra c te r is t ic  
h u m id  v e g e ta t io n s  a n d  to  p reven t the  e s ta b lish m e n t o f  v e g e ta t io n s  w ith  ta l i  g rasses a n d  
herbs . C u t t in g  sods to  the  m in e ra l s a n d  have  caused  the  e s ta b lish m e n t a n d  in c re a se  o f 

p io n e e r  species o f  h u m id  d u n e  s lacks . M o w in g  a ls o  c o n tr ib u te d  to  the  re co ve ry  o f  
c h a ra c te r is t ic  h u m id  v e g e ta t io n s .

The  m o n ito r in g  results led  to  so m e  p ro p o s a ls  fo r  a d ju s tm e n t o f  m a n a g e m e n t  m easures . 
The  rese a rch  p ro g ra m  w il l  b e  c o n t in u e d  to  m o n ito r  lo n g - te rm  effects.
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MORPH O DYNAMICS OF THE CENTRAL SWINA GATE BARRIER 
FOREDUNES (POLISH COAST) SINCE 1995 -  CASE STUDY

T o m o sz  A . ta b u z

Institute o f M arine  Sciences, University o f Szczecin 
Felczaka str. 3a , PL-71-4 1 2  Szczecin, Poland 
E-m ail: labuztom@ univ.szczecin.p l

M a jo r i ty  o f  Polish co a s t is b e in g  e ro d e d  by  sea. A c c u m u la t io n  is o b s e rv e d  o n ly  in  a few  

p laces . O n e  o f  th e m  is T h e  S w ina  G a te  B a rr ie r. It is lo c a lis e d  o n  th e  W o l in  a n d  U znam  
Is lands o n  the  P o m e ra n ia n  Bay co a s t. In Polish b o rd e rs  sp it has  a b o u t  16 k m  fro m  
m o re n ic  p la te a u  in M ie d z y z d ro je  (W o lin  Is land) to  c o u n try  b o rd e r  in  S w in o u jsc ie  (U znam  
Is land). It is se p a ra te d  by  S w ina  c h a n n e l.  T o d a y  d u n e  r idg e s  c o m in g  f ro m  d if fe re n t 

a c c u m u la t io n  stages c o v e r  a ll sp it. They d if fe r  f ro m  e a c h  o th e r  by the  m o rp h o lo g y ,  
l i th o lo g y  a n d  r idg e s  d ire c t io n  s h o w in g  fo l lo w in g  phases o f  sp it in c re a se  a n d  
d e v e lo p m e n t.  The  y o u n g e s t d u n e s  g ro w in g  u p  s ince  XVIII ce n tu ry . T h e ir  h e ig h ts  a re  no t 

b ig g e r  th a n  7 m . B a rr ie r is th e  b ig g e s t o n  W o l in  Is la n d . In w est d ire c t io n  - to  S w inou jsc ie  
- n u m b e r  o f  the  y o u n g e r  r idg e s  a n d  d is tances  b e tw e e n  th e m  g ro w . B e a ch  g ro w  n e a r  the  
w a te rb re a k e rs  o f  S w ina  c h a n n e l is the  b ig g e s t (2 m  p e r  year). A e o l ia n  a c c u m u la t io n  a n d  
d u n e  g ro w in g  is the  b ig g e s t in  m id d le  p a r t  o f  b a r r ie r  d u e  to  s tro n g  W e s t a n d  N o r th e a s t 
w in d s  c a r ry in g  sand  a c c u m u la te d  by sea o n  n e ig h b o u rh o o d  b e a ch e s . P lant h a b ita t  tha t 

spec if ies  fas t a c c u m u la t io n  o n  y o u n g  d unes  o r  d u n e  f ie ld s  is c h a ra c te r is e d  by 
p s a m m o p h i lo u s  p la n ts  A m m o p h ila  a renaria , C a la m m o p h ila  ba ltica  a n d  Elymus 
arenarius. N e x t s tages a re  d e s c r ib in g  o ld e r  f ixed  d u n e s  c o v e re d  by Helichryso-  
Jasionetum  c o m m u n it ie s  w ith  Helichrysum  a rena rium , Jasione m o n ta n a , C orynephorus  
canescens  a lso  lich e n s  a n d  m osses. N ex t s tage  m a y  be  n o t- fo re s te d  d u n e s  w ith  
a b u n d a n t  Carex arenaria , w il lo w  sh rubs  o r  fo res ted  d u n e s  c o v e re d  by p in e  trees.

D u r in g  inve s t ig a tio n s  o n  b e a ch e s  o f  S w ina  G a te  B a rr ie r in 1 9 9 6  a n d  1 9 9 7  a u th o r  
o b s e rv e d  c o n t in u e d  d e v e lo p m e n t  o f  s m a ll a e o l ia n  fo rm s  o n  the  u p p e r  b e a c h . The ir 
he igh ts  re a c h e d  fro m  0 .1  to  0 .5 m .  In ve g e ta tive  season  m e n t io n e d  p io n e e r  d u n e  
grasses c o v e re d  th is f ie ld .  But d e n s e r  g ro w in g  (like  a  g re e n  c a rp e t)  p la n t  was 

H onckenya pep lo ides , h a lo p h i lu s  p la n t  o f  co a s ta l beaches . This zone  w as  c a l le d  f i le d  o f  
in it ia l fo re d u n e . M e a n  w id th  o f  the  b e a c h  is still a b o u t  6 0 - 9 0 m .  First, c loses t to  the 
b e a c h  d u n e  r id g e  h a d  a b ra d e d  seas ide  s lo p e . Its s h a p e  show s in f lu e n c e  o f  sea w aves  in 
m o d e l l in g  o f  th is d u n e  r id g e  (heavy s to rm  su rg e  in  1 9 9 5  w ith  w a te r  leve l u p  to  2 m  o v e r  
m e a n ) . M e n t io n e d  p io n e e r  g rasses c o v e re d  th is  r id g e . O n  its to p  w e re  a c c u m u la te d  no t 

la rg e  sa n d y  to n g u e s  (u p  to  0 .2 m ) .  O n  the  la n d w a rd  s lo p e  a c c u m u la t io n  w as  s m a ll o r  
a b se n t p ro v id e d  by ex is ting  m osses a n d  lichens f ix ing  the  sand . D en se r grasses o n  the 

u p p e r  b e a c h  s to p p e d  m o re  a n d  m o re  o f  sa n d . H ig h e s t h il lo cks  a n d  grasses b e c a m e  a 
b ig g e r  o b s ta c le  fo r  t ra n s p o r te d  f ro m  the  b e a c h  sa n d . A c c u m u la t io n  o n  fo re d u n e  r id g e  
c le a r ly  b e c a m e  sm a lle r . This r id g e  w as  s low ly  s tab ilised . S m a ll h i l lo c k s  a n d  s h a d o w  
d u n e s  h a ve  a r ise n  u p  to  1 m  b e tw e e n  1 9 9 8  a n d  2 0 0 0 .  In the  e n d  n a r ro w in g  lo w e r in g s  
a m o n g  these d u n e s  w e re  f i l le d  u p  by sand . The e m b ry o  d u n e s  w e re  c o n n e c te d  in  o n e  
d u n e  r id g e  lo c a lis e d  s im u lta n e o u s ly  to  o ld  fo re d u n e . L a n d w a rd  s lo p e  o f  th is r id g e  w as 
s tep  a n d  se a w a rd  s lo p e  f la t .  It w as  b u il t  as  o n e  r id g e  cons is ted  f ro m  jo in te d  to p s  o f  
e m b ry o  dunes . R idges o f  the  e m b ry o  d u n e s  w ere  transverse  to  new  fo re d u n e  r idge .
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D e s c r ib e d  r id g e  reaches  u p  to  1 m  in y e a r  2 0 0 0 .  The  b o t to m  o f  th is n e w  lo w e r in g  w as 

c o v e re d  by  sm a ll a e o l ia n  h il lo c k s  (he igh ts  to  0 .2 m )  f ixe d  by p io n e e r  grasses. A m o n g  
th e m  w e re  d e f la t io n  gu tte rs  f i l le d  by  o rg a n ic  m a te r ia l .  In a u tu m n  a n d  w in te r  2 0 0 1  fe w  
he a vy  s to rm s  ca u se d  d u n e  d a m a g e s .  In w e s t a n d  eas t p a r t  o f  the  b a r r ie r  fo re d u n e  w as 
d e s tro ye d  b e ca u se  o f  lo w e r  leve l. F rom  sp r in g  2 0 0 2  a c c u m u la t io n  p rocesses s ta r t in g  to  

f i l l g a p s  in  seas ide  s lo p e  o f  fo re d u n e  a n d  ga tes cu tte d  by  s to rm . N e x t c o ld  season  
w ith o u t  s to rm s  b u t  w ith  s tro n g  w in d s  led  to  b ig  a c c u m u la t io n  o n  the  fo re d u n e . The  r id g e  
re a c h e d  u p  to  2 .5 m  a n d  s to p p e d  t ra n s p o r ta t io n  a t  the  b a ck . T h e  lo w e rp a r t  b e tw e e n  

n e w  fo re d u n e  a n d  o ld  o n e  b e c a m e  s ta b il ise d . S low ly  m osses a n d  lich e n s  s ta rt to  
c o lo n is e  it. O n ly  th ro u g h  s to rm  g a te s  s a n d  w as t ra n s p o r te d  in  la n d  d ire c t io n .  In a u tu m n
2 0 0 3  o n e  s to rm  s u rg e  (w ith  w a te r  1 ,5 m  h ig h e r  th a n  m e a n ) re a c h  fo re d u n e  r id g e  a n d  
d a m a g e d  o r  w a s h e d  it a w a y  -  b u t a g a in  in  w est a n d  east p a r t  o f  b a rr ie r .  In m id d le  p a rt 

o f  b a r r ie r  fo re d u n e  r id g e  b e c a m e  3 m  h ig h  a n d  dense  c o v e re d  by  grasses. It's la n d w a rd  
s lo p e  s ta rted  to  be  a re a  o f  p la n ts  h a b ita ts  f ro m  next success ion  s ta g e . S ince s p r in g  o f
2 0 0 4  la rg e  n u m b e r  o f  h i l lo c k s  0 . 3 - 0 . 7 m  h ig h  cove rs  u p p e r  b e a c h . They a re  c o v e re d  by 

c o m p a ra b le  n u m b e r  o f  g rasses f ro m  u p p e r  b e a ch  ex is ted  in  1 9 9 7 .  In m id d le  p a r t  o f  
b a r r ie r  fo re d u n e  is n o w  e n o u g h  s tab ilised  by grasses a n d  e n o u g h  w id e  to  surv ive  d u r in g  
h e a v ie s t s to rm s. It has b e e n  b u ild e d  d u r in g  last 9  years a n d  so fa r  s h a p e d  by  severa l 

s to rm s  re a c h  leve l as p re v io u s  o n e  (4 to  5 m  a .s .I.) . The  fo rm e r  fo re d u n e  b e c a m e  
s tru c tu re d  th e re  b e tw e e n  1 9 8 6  (m easu re m e n ts  fro m  last m a d d e n  m a p  fo r  th is a re a )  a n d  

1 9 9 5  (m y m easu re m e n ts ) a ls o  d u r in g  9  years.

In ve s t ig a t io n s  o n  n a tu ra l p rocesses as: d u n e  m o rp h o d y n a m ic s  a n d  p la n t  success ion  c a n  
g iv e  us k n o w le d g e  to  p ro p e r  p ro te c t io n  a n d  d u n e  m a n a g e m e n t .  These in ve s t ig a tio n s  
a re  best to  d r iv e  o n  n a tu ra l co a s t. D u n e  co a s t c h a n g e s  ca n  b e  o b s e rv e d  fro m  re lie f 
p ro f i le s  a n d  v e g e ta t io n  transec ts  across  d u n e s . O th e r  fa c to rs  as w in d s  a n d  s to rm  su rges 

c a n  b e  m e a s u re d  a n d  c o m p a re d  w ith  d u n e  e n v iro n m e n t c h a n g e s . A ls o  w e  n e e d  
in fo rm a t io n  a b o u t  sand  su p p ly  d y n a m ic s  a n d  so il p rocesses th a t  a re  c a u s e  p lan ts  
success ion  a n d  d u n e s  s ta b i l is a t io n . T e m p e ra tu re , m o is tu re  a n d  sa lin ity  o f  the  su rfa ce  

a re  in f lu e n c in g  o n  p la n ts  h a b ita ts . A lso  h u m a n  im p a c t  m a y  p la y  m a in  ro le  e sp e c ia lly  in 
p resen t t im e . These in v e s t ig a t io n s  a re  d o n e  severa l t im es  in  the  y e a r  every  season  a n d  if 
it is p o ss ib le  a f te r  every  m a in  im p a c t  o f  o n e  o f  th e  a f fe c t in g  o n  d u n e s  fac to rs .

A u th o r  d r ives  m e n t io n e d  in ve s t ig a t io n s  o n  Sw ina G a te  B a rr ie r  (west Polish coas t) s ince  

1 9 9 6 .  Th is w o rk  is p a r t  o f  o w n  researches o n  w h o le  c o a s ta l d u n e s  c a l le d  A N D D Y  
(A n th ro p o g e n ic -N a tu ra l  D u n e s  D yna m ics ). S ince 2 0 0 3  p re sen ted  in ve s t ig a t io n s  a re  a lso  
s p o n s o re d  by Polish C o m m it te e  fo r  S c ien tif ic  Researches (KBN) a n d  s ig n e d  u n d e r  P 04E - 
2 4 - 0 8 4 9  n u m b e r .  In 2 0 0 4  a u th o r  is s c h o la rs h ip  h o ld e r  o f  the  F o u n d a t io n  fo r  Polish 
S c ience  (FNP). F o r o th e r  in fo rm a t io n  a b o u t  f ie ld w o rk  a re a  a n d  o th e r  in ve s tig a te d  a re as  

see w e b  p a g e : b ra m a sw in y .szc .p l a n d  p o lish d u n e s .szc .p l.
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TOURISTS ECOLOGICAL AWARENESS -  KEY TO UNDERSTANDING  
HUM AN BEHAVIOUR IN  COASTAL ENVIRONMENT
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S e tt lem en t, to u r is m  a n d  e c o n o m y  d e v e lo p m e n t has n e g a t iv e  im p a c t  in c o a s ta l a reas , 

e sp e c ia l ly  in d u n e  e n v iro n m e n t (C a re te r  1 9 8 0 ) .  In c re a s in g  o f  to u r is m , a n d  se tt le m e n t 
causes a c tiv it ie s  o f  c o a s t p ro te c t io n  by sea w a lls , g ro in s , dykes , n o u r is h m e n t,  v e g e ta t io n  

p la n t in g  etc. In p resen t d a y  m o s t o f  the  Polish c o a s ta l h a b ita ts  in c lu d in g  d u n e s  a re  a lso  
th re a te n e d  by h u m a n  ac tiv it ies . M a jo r  im p a c ts  o f  to u r is m  ind u s try  in  c o a s ta l a re as  a re  (i) 
in fra s tru c tu re  w ith  ho te ls , t ra n s p o r t  system a n d  g a rb a g e ,  (¡i) re c re a t io n  w ith  h u m a n  
ac tiv ity , a n d  (iii) c o a s t p ro te c t io n  a g a in s t  a b ra s io n . If c o a s ta l e n v iro n m e n t w il l  be 
d a m a g e d  o r  d e s tro y e d , to u r is t  w ill n o t  be  a rr iv in g . S m a ll v a lu e  o f  e n v iro n m e n t is e q u a l 
to  s m a lle r  n u m b e r  o f  tou r is ts  a n d  s m a lle r  in c o m in g  fro m  to u r is m  industry . P e op le  d o  no t 

th in k  a b o u t  th rea ts  fo r  c o a s ta l e n v iro n m e n t.  Touris ts  a n d  c it izens  o f  the  co a s ta l v i l la g e s  
d o  n o t have  k n o w le d g e  a b o u t  c o a s ta l p rocesses a n d  d a n g e rs  ca u se d  by  s to rm  a n d  
h u m a n  im p a c t.  It is seen in  th e ir  b e h a v io u r :  le ft l it te r o n  th e  b e a c h , t ra m p le d  d u n e s , 
m o re  a n d  m o re  c o n s tru c t io n  fo r  to u r ism  c lose  to  the  b e a c h . If w e  w a n t to  p ro te c t a n d  
k e e p  n a tu ra l e n v iro n m e n t w e  s h o u ld  s tro n g ly  in f lu e n c e  o n  to u r is m  p a r t ic ip a n ts  to  
c h a n g e  th e ir  k n o w le d g e  a n d  b e h a v io u r  in the  fa c e  o f  e n v iro n m e n t.  
T o d a y  w h e n  d e v e lo p in g  to u r is m  e n d a n g e rs  e n v iro n m e n t w e  s h o u ld  re c o g n is e  p e o p le  

rest p re fe rences , k n o w le d g e  a n d  lifesty le  to  p ro te c t a n d  p ro p e r ly  use c o a s ta l n a tu ra l 
va lues .

A  first s tep in p ro m o t in g  the  im p ro v e m e n t o f  the  e n v iro n m e n ta l s i tu a t io n  is to  m a k e  
in fo rm a t io n  a n d  k n o w le d g e  a b o u t  it a v a i la b le  (B e h a v io u r  a n d  th e  e n v iro n m e n t. . .  2 0 0 3 ) .  

The  e c o lo g ic a l a w a reness  s h o u ld  be  u n d e rs to o d  as d e f in e d  leve l o f  k n o w le d g e  a b o u t  
th rea ts  o f  life  a n d  hea lth  resu lt ing  fro m  u n su ita b le  re la t io n  o f  m a n  to  n a tu re . A w areness  
consists o f  k n o w le d g e ,  o p in io n s  a n d  im a g in a t io n ,  a lso  va lu e s  a n d  p resen ted  n o rm s  o f  
the  p e o p le .

Th is p a p e r  show s d a ta  c o l le c te d  o n  the  basis o f  the  q u e s t io n n a ire  (2 2  q u e s tio n s  a n d  
2 0 0  respondents) c a r r ie d  o u t  w ith  tou ris ts . Used q u e s t io n s  w e re  a b o u t  (i) k n o w le d g e  
a b o u t  co a s ta l e n v iro n m e n t a n d  its d y n a m ic s , d a n g e rs , (¡i) o p in io n s  o n  its th e m e , (iii) its 
v a lu e  fo r  tou ris ts , (iv) b e h a v io u r  p resen ted  by touris ts  in  e n v iro n m e n t.  The  m a in  research  
q u e s tio n  w as o n  w h a t to u r is ts ' e c o lo g ic a l  aw areness  d e p e n d ?  These researches w e re  
d o n e  o n  beaches  o f  Polish c o a s ta l v i l la g e s  in s u m m e r 2 0 0 2 - 0 3 .  T h e  results d e te rm in e  
ana lys is  o f  d e p e n d e n c e  a m o n g  so c ia l a n d  d e m o g ra p h ic a l  a ttr ib u te s  o f  tou r is ts , th e ir  
to u r is t ic  p re fe rences  a n d  th e ir  e c o lo g ic a l  aw areness  re la t in g  to  c o a s ta l e n v iro n m e n ts . In 
q u e s t io n  a b o u t  w h a t a d d  a t t ra c t io n  to  seas ide  la n d s c a p e  a n d  e n v iro n m e n t,  m os t o f  a ll 
p e o p le  a n sw e re d  th a t  it is c o n ta c t  w ith  the  sea, rest o n  b e a c h  a n d  m ic ro c l im a te .  O n ly  
few  p e o p le  a n sw e re d  (b e lo w  2 0 % ) th a t  these a re  a lso : p ro m e n a d e s ,  h is to r ic  p la ce s  a n d  
m use um s, re c re a t io n a l in fra s tru c tu re , p a rk  w ith  rese rva tio n s  a n d  lu xu r io u s  hote ls. 
T o u r is t, w h o  is o b s e rv in g  p o l lu te d  b e a c h , dunes , sea a n d  v i l la g e s  p ro b a b ly  u n d e rs ta n d

- 5 2 -

mailto:labuztom@univ.szczecin.pl




th re a t f lo w in g  fo r  n a tu re  f ro m  h u m a n  im p a c t.  In q u e s t io n  a b o u t  k ind s  o f  p re s e rv a t io n  o f  

se a s id e  n a tu re  seas ide  o v e r  6 0 %  o f  tou ris ts  p o in te d  o n :  taxes a n d  p u n is h m e n ts  fo r  
p o is o n in g  o f  n a tu re , pa ths  to  w a lk ,  n o t  ro a ds  fo r  ca rs , s e w a g e  tre a tm e n ts , se le c t io n  o f  
l i t te r  a n d  e d u c a t io n .  A m o n g  p ro p o s e d  in  q u e s t io n n a ire  th re a ts  fo r  seas ide  n a tu re  m os t 
o f  a ll pe rsons  p o in te d :  q u a n t i ty  o f  l itte rs  a n d  w as te  m a te r ia l  (7 9% ), a b s e n c e  o f  se w a g e  

tre a tm e n ts  (67% ) a n d  o n  m o re  a n d  m o re  g re a t  n u m b e r  o f  tou r is ts  (5 4% ). F o r 
re sp o n d e n ts  p re se n ce  o f  la rg e  n u m b e r  o f  tou ris ts  in  l it t le  seas ide  v i l la g e s  is th re a t  fo r  
n a tu re  (81% ). In fra s truc tu re  d e v e lo p m e n t  c lose  to  th e  b e a c h  is m a in  p ro b le m  o f  to u r ism  
d e v e lo p m e n t  a n d  fo r  c o a s ta l p ro te c t io n .  In se p a ra te  q u e s t io n  a b o u t  these  investm en ts  

o n ly  1 0 %  o f  tou r is ts  say Yes - it s h o u ld  be  b u ild  c lo s e  to  the  b e a c h  (res tau ran ts , ho te ls), 
b u t 6 5 %  say N o !  In q u e s t io n  w ith  p ic tu re  o f  the  n a tu ra l c o a s t a n d  c o a s t c o v e re d  by 
in fra s tru c tu re  ( tow n), 8 4 %  o f  p e o p le  p re fe r  n a tu ra l la n d s c a p e  a n d  o n ly  2 2 %  p re fe r  th is 

w ith  to w n  b u ild in g s . A ls o  7 9 %  o f  a s k e d  touris ts  p re fe r  to  rest in  s m a ll v i l la g e s , b e ca use  
o f  c a lm ,  s ile n ce  a n d  a b se n ce  o f  tou ris ts .

In m a n y  q u e s t io n s  e d u c a t io n ,  p o l lu t io n  a n d  litters w e re  the  m a in  p ro b le m s  p o in te d  by 
a ske d  touris ts . But a ls o  it is c le a r ly  v is ib le , th a t p e o p le  d o  n o t  w a n t a  lo t  o f  b u i ld in g s  

a n d  in fra s tru c tu re  c lo s e  to  the  b e a c h . F o r th e m  b ig g e r  v a lu e  is the  n a tu ra l la n d s c a p e  
a n d  e n v iro n m e n t in  w h ic h  they  c a n  re a lly  rest. P ro b a b ly  b ig g e r  k n o w le d g e  a b o u t  co a s t 
e n v iro n m e n t m a y  inc rease  th e ir  f r ie n d ly  ac tiv ity  fo r  e n v iro n m e n t.  Loca l c o m m u n it ie s  a n d  
s c h o o ls  s h o u ld  ta k e  c a re  fo r  e d u c a t io n  a b o u t  seas ide  e n v iro n m e n t.  V a r io u s  o p in io n s  

n o t tru e  k n o w le d g e  a n d  n o t a c c e p te d  b e h a v io u rs  o f  tou r is ts  s h o u ld  b e  re g u la te d .  T h e ir  
a w a re n e ss  a n d  a tt itu d e s  s h o u ld  b e  c h a n g e d .  In o th e r  ca se  n a tu ra l e n v iro n m e n t  w il l  be 
s o o n  des tro ye d . A n d  so c ia l costs o f  p ro te c t io n  w il l  ra p id ly  increase .
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F arsund  c o m m u n ity  is lo c a te d  in  the  so u th e rn  p a r t  o f  N o rw a y , w ith  a  lo n g  c o a s t l in e  to  
T h e  N o r th  Sea (S kagerak). T o d a y  th e re  a re  a ro u n d  9 0 0 0  in h a b ita n ts  in  the  c o m m u n ity .  
F a rsu n d  is the  la rg e s t fa rm in g  d is tr ic t  in the  c o u n ty  o f  V e s t-A g d e r, a n d  the  to w n  has 

e a r l ie r  a ls o  b e e n  the  la rg e s t m a r i t im e  to w n  o f  N o rw a y  b e c a u s e  o f  a ll its sh ip o w n e rs . 
T o d a y  th e re  a re  th re e  la rg e  in d u s tr ia l c o m p a n ie s  in the  c o m m u n ity  -  a l l  lo c a te d  n e a r  to  
e a c h  o th e r .  In th e  s u r ro u n d in g s  th e re  a re  a lo t  o f  sm a ll a n d  m id d le -s ize d  
e s ta b lish m e n ts .

E lkem  A lu m in iu m  Lista w as  e s ta b lis h e d  in  the  b e g in n in g  o f  1 9 7 1 ,  a n d  has h a d  -  a n d  
has to d a y  -  a  c e n tra l p la c e  in  the  in d u s tr ia l e n v iro n m e n t in  Fa rsund . The  n u m b e r  o f  

e m p lo y e e s  has b e e n  a b o u t  8 0 0  a t  the  m ost, b u t is n o w  a b o u t  3 5 0 .  T h e  re d u c t io n  in 
m a n p o w e r  takes  p la c e  b e ca u se  o f  new  te c h n o lo g y  a n d  c h a n g e s  in  w o rk in g  rou tines . 
The  c o m p a n y  is lo c a te d  just o u ts id e  F a rsund  to w n ,  s u r ro u n d e d  by m ixed  v e g e ta t io n  a n d  
o th e r  g re a t  n a tu re . A  new  fa c to ry  m a k in g  p ro d u c ts  fo r  th e  m o to rc a r  indus try  (A lco a  
A u to m o t iv e  C a s t in g s ) , buys l iq u id  a lu m in iu m  fro m  E lkem  a n d  is lo c a te d  c lose  to  the  
a lu m in iu m  p la n t.

A lo n g  the  se as ide , a b o u t  2 0 0  m  f ro m  E lkem , th e re  is a p ro te c te d  z o n e  a re a . Th is  w as 
e ffe c tu a te d  in  A u g u s t 1 9 8 7  by  th e  State G o v e rn m e n t .  The  a re a  is very m u c h  used by the  
in h a b ita n ts  a n d  tou r is ts  fo r  re c re a t io n ,  e sp e c ia lly  in  the  s u m m e r  season.

In th is a re a  the  c o o l in g  w a te r  f ro m  E lkem  is d is c h a rg e d  ( 7 5 m 3/m in . ) ,  a n d  u p  to  1 9 9 5  
th is w as  c o n s id e re d  very n e g a t iv e  by a  lo t  o f  p e o p le .  Sm ell a n d  v isua l im p re ss io n  w e re  
fa c to rs  th a t  in c re a s e d  th is  im p re ss io n .

E lkem  has th ro u g h  the  years  w o rk e d  to  re d u c e  the  PAH a n d  o th e r  ta r  co n te n ts  in the  
o u t le t .  Y ea rly  m e a su re m e n ts  s h o w  th a t  the  c o m p a n y  has su c c e e d e d  in  th is. The  
s ta n d a rd  to d a y  is b e lo w  the  m in im u m  w h ic h  the  E n v iro n m e n ta l A u th o r i ty  has im p o se d .

In A u g u s t 1 9 9 5  -  a f te r  s o m e  p la n n in g  - the  w o rk  w as  s ta rted  in  o rd e r  to  c lose  the  
o u t le t .  The  c o m p a n y ,  the  c o m m u n ity  a n d  the  c o u n ty 's  e n v iro n m e n ta l d e p a r tm e n t  w ere  
in vo lve d  in  p la n n in g  a n d  im p le m e n ta t io n .  There  w e re  tw o  a lte rn a t iv e s  'a b o v e  g ro u n d  
le v e l '.  A n d  e v e ry b o d y  a re  a g re e in g  th a t  the  a lte rn a t iv e  ch o se n  w as  ve ry  successfu l 

c o n s id e r in g  n a tu re  a n d  s u rro u n d in g s .

The s o lu t io n  n o t ch o se n  w as to  b u i ld  a n  o rd in a ry  b u i ld in g  -  l ike  a  w h a r fs id e  shed.

A  m a in  p ip e l in e  w as  b u ilt  f ro m  the  lo c k -c h a m b e r  o u t  in to  the  sea. Th is  line  w as o p e n  
th ro u g h  th e  w in te r  p e r io d .  In M a y  1 9 9 6  it w as c o v e re d  w ith  sand .
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A fte r  th e  shove ls  h a d  d o n e  th e ir  w o rk ,  s tudents  f ro m  F arsund  J u n io r  H ig h  S ch o o l to o k  
o v e r  the  jo b .  M a r ra m  w as  ta k e n  g e n tly  f ro m  the  n e a rb y  a re a s . A n d  in  tw o - th re e  days  in 

M a y  the  m a r ra m  w as  p la n te d  in  the  g ro u n d  a b o v e  the  p ip e l in e .  T h e  m a r ra m  was 
p la n te d  a t  a b o u t  2 5 x 2 5  cm  d is ta n c e  fro m  e a c h  o th e r . T h e re  w e re  n o  w a te r in g  a n d  

fe r t i l iz in g , bu t the  sand  w as  h u m id  w h e n  p la n t in g . E lkem p a id  the  s tuden ts  fo r  the  jo b  
this w as  a g o o d  c o n t r ib u t io n  to  th e ir  ye a r ly  s c h o o l tr ip .

A f te r  the  p la n t in g ,  b o u g h s  w e re  p u t in  the  a re a  to  s to p  p e o p le  f ro m  w a lk in g  th e re  -  a n d  
a ls o  fo r  'b in d in g '  the  sa n d . Th is w as ve ry  successfu l. The  m a r ra m  g re w  fas t -  a n d  the  
a re a  to d a y  lo o k s  q u ite  n a tu ra l.  A t a d is ta n ce  it is no t easy to  see the  te c h n ic a l 
in s ta l la t io n  in  the  a re a . A n d  th e re  is n o  o u ts id e  m a in te n a n c e  w o rk  necessary. The  to ta l 
cos t fo r  the  p ro je c t  w a s : N O K  6 ,0 0 0 ,0 0 0 .
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CHARACTERIZATION AND PRESERVATION OF SILT-LADEN SOILS IN  THE 
HUM ID DEPRESSIONS OF HATAINVILLE'S DUNE MASSIF (MANCHE, 
FRANCE)
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The  d u n e s  o n  C o te n t in 's  w este rn  c o a s t  a re  a re m a rk a b le  n a tu ra l h e r ita g e  w h e th e r  f ro m  

th e  p o in t  o f  v ie w  o f  g e o m o rp h o lo g y  a n d  la n d s c a p e  o r  a t  b io lo g ic a l  level o f  f lo ra . 
H a ta in v i l le 's  d u n e s  thus  have  b e c o m e  a n  e x a m p le  fo r  th e  p re se rva t io n  o f  a l iv in g  a n d  
d ive rs if ie d  d u n e  m ass if. Because  o f  th e ir  extensive resources , the  p re se rva t io n  o f  the  
h u m id  d e p re ss io n s  in  H a ta in v i l le 's  d u n e  m ass if is c o n s id e re d  a  p r io r i ty  a im  in the  
p re se rva t io n  p ro je c t  by the  'C o n s e rv a to ire  d u  l i t to ra l ' .  If th a t  w e a lth  is p a rt ly  re la te d  to  

the  to p o - g e o m o r p h o lo g ic a l  c o n d it io n s  o f  the  s ite , it is a c tu a l ly  re ve a le d  th ro u g h  the  
n a tu re  a n d  p ro p e rt ie s  o f  the  so ils , re su lt in g  in e c o lo g ic a l  a n d  f lo r is t ic  d ivers ity .
The  so ils  thus a p p e a rs  as essen tia l s tudy ing  to  u n d e rs ta n d in g  the  p rocess  o f  f lo r is t ic  
g ro w th  a n d  the  p re se n ce  o f  ra re  o r  m o re  c o m m o n  p la n ts  (P rovost, 1 9 7 5 ) .  T h a t is w hy, 
fo r  tw o  years n o w , w e have  b e e n  fo c u s in g  research  o n  the  re la t io n s h ip  b e tw e e n  so il a n d  
v e g e ta t io n  in the  h u m id  d e p ress ions . If the  re la t io n s h ip  b e tw e e n  the  tex tu re  o f  the  soils 
w ith  the  s a n d  basis is g e n e ra l ly  o b s e rv e d , the  s ig n if ic a n t  p resence  o f  s ilt in  m a n y  

p e d o lo g ic a l  p ro f i le s  is tru ly  ty p ic a l o f  soils in  h u m id  de p re ss io n s  (Le G o u é e  e t a l. ,  
2 0 0 5 ) .  T hose  s i l t - la d e n  so ils  thus  a p p e a r  as a  p a r t ic u la r ly  in te res ting  n a tu ra l h e r ita g e  as 

they a re  c lose ly  l in k e d  w ith  the  p re se n ce  o f  h y g ro p h i le  v e g e ta b le  c o m m u n it ie s  a m o n g  
w h ic h , fo r  e x a m p le ,  A p iu m  re p e n s , a  spec ies m e n t io n e d  in  A n n e x  II o f  'D ire c t iv e  
H a b ita t ' .

A  c lose  ana lys is  b o th  o n  the  site a n d  in  la b o ra to r ie s  has m a d e  it poss ib le  to  d e sc r ib e  

the  silt so ils  very a c c u ra te ly ,  to  d e f in e  the  o r ig in e  o f  these so ils , to  c o n f irm  the 
im p o r ta n c e  o f  th e ir  h yd r ic  p ro p e r t ie s  fo r  h y g ro p h i le  c o m m u n it ie s ,  a n d  to  w o rk  o u t  a 
p rec ise  m a p  o f  the  h u m id  d e p re ss io n s  c h a ra c te r iz e d  by th a t  type  o f  so il o n  the  site.

A c t io n s  fo r  the  p ro te c t io n  o f  d ive rs ity  a n d  e c o lo g ic a l  resou rces  a re  a sso c ia te d  w ith  the  
t ra d i t io n  o f  ex tens ive  p a s tu re  w h ic h  c o n tr ib u te s  to  p re s e rv a t io n  o f  H a ta in v i l le 's  d u n e  
m assif. Yet, the  w a te r in g  p la ce s  w h ic h  the  h u m id  de p re ss io n s  ca n  be  a re  n o t n u m e ro u s  
e n o u g h .  The  h ig h  d ens ity  o f  c a tt le  a ro u n d  the  p o o ls  leads  to  a n  in tens ive  t ra m p l in g  o f  
the  so il w h ic h  se r ious ly  e n d a n g e rs  its e d a p h ic  a n d  e c o lo g ic a l  b a la n c e .  The  p re se rva tio n  
o f  s i l t - la d e n  so ils  as  n a tu ra l h e r ita g e  thus  g o e s  to g e th e r  w ith  the  c re a t io n  o f  a r t i f ic ia l 
p o o ls  access ib le  to  ca tt le .
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M A N A G IN G  THE FLEMISH DUNES: FROM ECO-GARDENING TO
MECHANICAL DISTURBANCES CREATED BY BULLDOZERS
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The  'C o n s e i l  G é n é ra l  d u  D é p a r te m e n t  d u  N o r d '  is the  m a n a g e r  o f  4 8 0  hecta res  o f  

F lem ish  d u n e s  lo c a te d  a t  the  fa r  N o r th  o f  F rance . These sp a ce s , in it ia l ly  p rese rved  by 
the  a c t io n  o f  the  'C o m m u n a u té  U rb a in e  de  D u n k e rq u e ' a re  n o w  th e  p ro p e r ty  o f  the  
'C o n s e rv a to ire  d e  l 'E sp a ce  L itto ra l e t des R ivages Lacustres '.

C h a ra c te r is e d  by  a n  a e l ia n  d y n a m is m  a n d  by  th e  w in te r  f lo o d in g  o f  th e ir  d a m p  

d e p re ss io n s , these  systems h a d  re p re se n te d  a very h ig h  p a t r im o n ia l  r ichness b e fo re  
m a n , by his a c tiv it ie s  (the p u m p in g  o f  the  a q u ife rs , the  p a rc e l l in g  o u t  o f  d u n e  massifs, 
the  f ix a t io n  o f  s a n d  by p la n ta t io n s ,  the  d e s tru c t io n  o f  ra bb its ), re d u c e d  to  n o th in g  the  
n a tu ra l exp ress io n  o f  p e r tu rb a t io n s  (storm s, f lo o d s ,  im p o r ta n t  sa n d b a n ks ) a n d  m a d e  
d u n e  m assifs b e c o m e  w a s te la n d s  a n d  lo w  m arshes a n d  d ry  law ns  d is a p p e a r .

The  first s tep fo r  p re s e rv a t io n  w as  the  in  extrem is  s a fe g u a rd  a n d  the  m a in te n a n c e  by 
seca teu rs  (1 9 8 9 )  then  by m o to r  scythes (1 9 9 2 )  o f  m ic ro -h a b ita ts  w ith  a  h ig h  richness 
o v e r  a  2 h e c ta re s  to ta l su rfa ce  los t in  very im p o r ta n t  p re - fo re s te d  systems.

R ap id ly , the  o b je c t iv e s  o f  p re s e rv a t io n  o b l ig e d  us to  p u t in to  p ra c t ic e  the  re s to ra t io n  o f  
n a tu ra l e n v iro n m e n ts  by  s tr ip p in g  a n d  c le a r in g  the  g ro u n d  (1 9 9 4  a n d  1 9 9 7 ) .
But these o p e ra t io n s  o f  a  la rg e  sca le  (1 0  hectares) w e re  a lw ays  b a se d  o n  a  'f ix is t ' a n d  
'm u s e o g ra p h ic a l '  a p p ro a c h  to  th e  e n v iro n m e n t (the m a in te n a n c e  o f  a re p resen ta t ive  

s a m p le  o f  hab ita ts ).

The  m a n a g e m e n t  w h ic h  cons is ts  o f  s to p p in g  c e r ta in  p io n e e r  a n d  p o s t -p io n e e r  s tages o f  

v e g e ta t io n  c a n  in  fa c t  c o r re s p o n d  to  a  c o u n te r -n a tu ra l s tep as these  d u n e  systems m a ke  
the  p ro o f  o f  a  very h ig h  d y n a m is m  a n d  p e rm a n e n t e v o lu t io n .

T o d a y  the  m a n a g e m e n t  o f  d u n e  s p a c e  is d o n e  by  b u lld o z e rs : First the  p re -fo re s te d  
v e g e ta t io n  is to ta l ly  d e s tro ye d  (1 6  h e c ta re s  in  2 0 0 4 )  le a v in g  systems o f  b a re  s a n d  free ly  
e v o lv in g  a n d  a c c e p t in g  th e ir  s p o n ta n e o u s  w a s te la n d in g  o v e r  m o re  th a n  5 0 %  o f  th e ir  
surfaces.

The re tu rn  to  u n c o n tro l le d  v e g e ta l d yn a m ism  is o n ly  a c c e p te d  if p e r tu rb a t io n s  a re  
p e r io d ic a l ly  c re a te d  in  o rd e r  to  re g u la r ly  p ro d u c e  the  s ta rt in g  o r  re a p p e a ra n c e  
c o n d it io n s  o f  the  d if fe re n t  series o f  v e g e ta t io n .

The  last s ta g e  o f  o u r  m a n a g in g  o p e ra t io n s  w o u ld  cons is t, w ith  a  m id d le - te rm  e ffec t, in 
re d u c in g  the  s ta b il i ty  o f  the  e d g in g  d u n e  row  a n d  in  fa v o u r in g  the  d e v e lo p m e n t  o f  w in d  
passages w ith  th e ir  d e v a s ta t io n  o r  sa v in g  e ffects o n  the  d u n e  w e  in te n d  to  preserve.
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PRESERVING THE BEACH DEPOSITS (HIGH-WATER DRIFTLINES) AND THE 
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(FRANCE)
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TFie m a n a g e m e n t  e xp e r ie n ce s  p re se n te d  here  h a ve  b e e n  re a lise d  s ince  1 9 9 4  o w in g  to  

the  'C o n s e i l  G é n é ra l '  o f  the  N o r th  d is tr ic t o n  the  u p p e r  b e a che s  o f  the  'P e r ro q u e t ' a n d  

'M a r c h a n d '  d u n e s  o w n e d  by the  'C o n s e rv a to ire  d u  L it to ra l ' s itu a te d  o n  the  B ray -D unes  
Gnd Z u y d c o o te  m u n ic ip a li t ie s .
Th is e x p e r ie n c e  a im s  a t  the  re s to r in g  o f  the  h a b ita ts  o n  the  sea f ro n t l in e  o f  the  b o rd e r  

d u n e .

T h e  s u b je c t is the  s p a c e  th a t  starts  f ro m  the  a n n u a l h a lo -n i t ro p h i le  s tr ip  o n  the  u p p e r  

b e a c h , g o e s  o n  w ith  th e  e m b ry o n ic  d u n e  a n d  fin ishes  w ith  the  q u ic k  w h ite  d u n e  
d o m in a te d  by the  'o y a ts '.
T h e  re q u ire m e n ts  o f  b e a c h  c le a n n e ss , e sp e c ia l ly  as re g a rd s  to  se a s id e  to u r is m , have  

le a d  to  the  d e s tru c t io n  o f  these  p a t r im o n ia l  im p o r ta n c e  h a b ita ts  by the  re g u la r  a n d  
c o m p le te  m e c h a n ic a l ra k in g  o f  th e  'e s tra n ' (the s tr ip  o f  the  b e a c h  in c lu d e d  b e tw e e n  the  

la w  a n d  h ig h  tide ).

T h e  firs t s tep  cons is ted  in  l im it in g  th is m e c h a n ic a l ra k in g  to  the  r igh ts  o f  se a -s id e  resorts. 
A t the  sa m e  t im e ,  the  u p p e r  s tr ip  o f  the  b e a c h  a lo n g  the  d u n e  'm a s s if '  is m a n a g e d  softly  

by a  se lec tive  m a n u a l p ic k in g  u p  o f  the  b ig g e s t trashes.
These s im p le  o p e ra t io n s  a re  n o w  p r in c ip a l ly  re a lise d  by the  'S y n d ic a t In te rc o m m u n a l 
des D u n e s  d e  F la n d re s ',  a p u b l ic  s truc tu re  w h o se  o n e  o f  the  m iss ions  is to  c le a n  u p  the  
b e a c h e d .

This c h a n g e  o f  c le a n in g  p ro cess  ra p id ly  p ro d u c e d  the  e m e rg e n c e  o f  n o t ic e a b le  hab ita ts  
th a t  d id n ' t  exist be fo re . It c o n c e rn s  w a te r  m a rks  m in g le d  w ith  sand  (Beto  m a r i t im a e  

A tr ip l ic e tu m  la c in ia ta c )  a n d  e m b ry o n ic  dunes w ith  sand  c o u c h  grass (E lym o a re n a r i i  
A g ro p y re tu m  junce i fo rm is ) .

T o  a re d u c e d  ex ten t, these  m e th o d s  o f  m a n a g e m e n t  le a d  to  a  re in fo rc e m e n t o f  the  
w h ite  d u n e  w ith  o y a t a n d  S and E lyme (E lym o a re n a r i i  -  A m o p h i le tu m  a re n a r ia e )  a n d  the 
w h ite  d u n e  w h ic h  is w a rm e r  w ith  o y a t a n d  d u n e  E u p h o rb e  (E u p h o rb io  p a ra l ia d is  - 
A m o p h i le tu m  a re n a r ia e ) .

S o m e  o f  these  h a b ita ts  a re  lis ted  as p a r t  o f  the  G u id e l in e  'H a b i ta t '  a n d  a re  lis ted as 
v u ln e ra b le  o r  e n d a n g e re d  a f te r  the  red b o o k  o f  the  l i t to ra l te rre s tr ia l p h y to co e n o se s  
a c c o rd in g  to  the  d e f in it io n s  p ro p o s e d  by the  In te rn a t io n a l U n io n  fo r  N a tu re  
P reservation .
The  s to p  o f  sys tem atic  m e c h a n ic a l ra k in g  a n d  th e  s tru c tu r in g  o f  e m b ry o n ic  d u n e  has 
a f fo rd e d  th e  p o n c tu a i n id i f ic a t io n  o f  the  kentish  a n d  o f  litt le  r in g in g  p lo ve r.
A  p h o to g ra p h ic  fo l lo w in g  u p  a n d  a re g u la r  fo l lo w in g  u p  the  in d ic a to ry  spec ies  are 
b e in g  rea lised .
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M o re o v e r ,  the  o b s ta c le s  ke p t o n  the  u p p e r  s tr ip  o f  the  b e a c h  a f fo rd  the  start o f  a 
p rocess  o f  sand  a c c u m u la t io n  a n d  b u il t  the  e m b ry o n ic  d u n e .

A c c o rd in g  to  the  s e d im e n ta ry  co n te x t, th is  type o f  o p e ra t io n  assists th e  fe r t i l is a t io n  o f  the 
u p p e r  b e a c h  a n d  re d u ce s  the  re tre a t p h e n o m e n o n  o f  the  c o a s t l in e . The s e d im e n ta ry  

fo l lo w in g  u p  is re a lise d  by the  d y n a m ic  g e o m o rp h o lo g y  la b o ra ty  o f  the  'U n iv e rs ité  
L itto ra l C ô te  d 'O p a le '  (M y lè n e  Ruz).

T h e  co s t o f  o p e ra t io n s  is m u c h  re d u c e d , m o n e y  is even  saved  w ith  the  re d u c t io n  o f  the  

n u m b e r  o f  in te rve n tio n s . It w as d i f f ic u l t  to  c o n v in c e  o u r  p a rtn e rs  a b o u t  m o d ify in g  th e ir  
c le a n in g  hab its .

This successfu l e xp e r ie n ce  o v e r  a  1 ,5  km  d is ta n c e  o f  b e a c h , fa c in g  p resen /ed  d u n e  

m assifs , show s the  la rg e  p o te n t ia li t ie s  o f  s p o n ta n e o u s  re s to ra t io n  o f  these  n a tu ra l 
e n v iro n m e n ts .

The  ex trem e  s im p lic ity  o f  th is m e th o d  a n d  its very s m a ll cos t, e xce p t e m p lo ye e s , a l lo w  us 
to  e n v isa g e  a n d  a d a p t  it a ll a lo n g  the  E u ro p e a n  co a s tl in e .

-  5 9  -
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B e fo re  the  m a n a g e m e n t  re sp o n s ib il i ty  o f  the  N a tu re  Reserves h a d  been  h a n d e d  o v e r  to  

the  F lem ish  N a tu re  D iv is io n  in  1 9 9 5 ,  the  m a n a g e m e n t p o lic y  o f  the  d u n e -n a tu re  
reserves w as m a in ly  o r ie n te d  to  the  s p o n ta n e o u s  e v o lu t io n  o f  v e g e ta t io n  to w a rd s  sc rub  

e n d  w o o d la n d .

As a c o n s e q u e n c e  o f  th is  pass ive  a t t i tu d e , m ost o f  the  N a tu re  Reserves a lo n g  the  co a s t 
w e re  e n c ro a c h e d  by  scrubs: m a in ly  s e a -b u c k th o rn  (H ip p o p h a e  rh a m n o id e s ) ,  w ild  p rive t 
(L igustrum  v u lg a r e ) a n d  d if fe re n t spec ies  a n d  cu lt iva rs  o f  e xo tic  p o p la rs  (Popu lus div.  
s p p .) ;  o p e n  d u n e  h a b ita ts  b e c a m e  very ra re .

T h e  F lem ish N a tu re  D iv is io n  w a n te d  the  re s to ra tio n  a n d  m a in te n a n c e  o f  the  n a tu ra l,  
o p e n ,  h e rb a c e o u s  h a b ita ts  th a t a re  ty p ic a l fo r  l im e - r ic h  c o a s ta l d u n e s , e s p e c ia l ly  dry 
g rey  d u n e -h a b ita ts  (w ith c a ld c ó le  d u n e -g ra s la n d s ) ,  w e t d u n e -s la c k s , a n d  c a lc a re o u s  
g ra ss lands . In o th e r  w o rd s : the  re s to ra t io n  a n d  m a in te n a n c e  o f  th e  h a b ita t  d ire c t ive  

types 2 1 3 0  'F ixe d  d u n e s  w ith  h e rb a c e o u s  ve g e ta t io n  (grey d u n e s ) ',  2 1 7 0 '  D u n e s  w ith  
Sa lix  repens ssp. A rg e n te a  (S a lic ion  a re n a r ia e ) ' a n d  2 1 9 0  'H u m id  d u n e  s lacks '.

The  h a b ita t  d ire c t iv e  a lso  p ro tec ts  th e  scrubs w ith  Sea B u ck th o rn  (h a b ita t type  2 1 6 0  
'D u n e s  w ith  H ip p o p h a e  rh a m n o id e s ')  because  they  a re  a ls o  a  m a jo r  c o m p o n e n t  o f  the  
v e g e ta t io n  o f  c o a s ta l sand  d u n e s . T h e re fo re , b e fo re  re m o v in g  scrubs a n d  e xo tic  trees, 
the  F lem ish  N a tu re  D iv is io n  h a d  m a n a g e m e n t p la n s  m a d e  fo r  the  F lem ish  N a tu re  

Reserves. So it c o u ld  b e  d e c id e d  in  a sc ien tif ic  w e l l-c o n s id e re d  w ay , w h ic h  scrubs 

s h o u ld  be  re m o v e d  a n d  w h ic h  s h o u ld  stay.

T h e  p ra c t ic a l e x e c u t io n  o f  the  la rg e -s c a le  rem ova ls  o f  invas ive  scrubs a n d  e xo tic  tree - 
spec ies  w e re  a  p a r t  o f  the  L IFE -na tu re  p ro je c t ' In te g ra l C o a s ta l C o n s e rv a t io n  In it ia t ive ' 

( IC C I, 1 9 9 7  - 2 0 0 1 )  a n d  the  L IFE -na tu re  p ro je c t Fossil Estuary o f  the  Yzer D unes 

R es to ra tion  A c t io n  (FEYDRA, 2 0 0 2 - 2 0 0 5 ) .

They  w e re  (m a in ly ) execu te d  in the  tw o  la rges t (a supe rf ic ies  o f  m o re  th a n  2 0 0  hectares) 
d u n e  -sites o f  th e  F lem ish  C o a s t :  th e  F lem ish N a tu re  Reserve 'D e  W e s th o e k ' a t  De 
P anne  a n d  the  F lem ish  N a tu re  Reserve 'T e r  Y d e ' a t K o ks ijd e  (O o s td u in k e rk e ) .  These tw o  

N a tu re  Reserves a re  p a r t  o f  the  N a tu r a 2 0 0 0  -n e tw o rk .

T h e  p o s te r  g ives  a d e ta i le d ,  h is to r ic  o v e rv ie w  o f  the  d if fe re n t la rg e -s c a le  re m o va ls  a n d  
describes  w h ic h  m e th o d s  w e re  used. The  d iffe ren t re m o v a ls  a re  lo c a te d  o n  a  m a p  a n d  

the  results o f  th e  re m o v a ls  a re  sho rtly  d iscussed. M u c h  a tte n t io n  is g ive n  to  the  p ra c t ica l 
expe riences  th a t  w e re  a c q u ire d  a n d  sugges tions  fo r  o th e r  n a tu re  -m a n a g e rs  a re  m a d e .
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T h e  re m o v a l o f  sh rubs a n d  trees as  a  m easu re  o f  m a n a g e m e n t  o f  the  c o a s ta l d u n e s  in 

F la n de rs  c a n  have  severa l g o a ls  in  re la t io n  to  the  m a in te n a n c e  o f  b io d ive rs ity :

■ the  re m o v a l o f  th icke ts  o f  in d ig e n o u s  b u t invas ive  sh ru b -sp e c ie s  such  as  Sea- 
B u c k th o rn  (H ip p o p h a e  rh a m n o id e s ) ,  W i ld  Privet (L igus trum  v u lg a re )  a n d  . . .  W i l lo w  
(Salix c in e re a )  to  the  resto re  a n d  m a in ta in  the  h a b ita ts  w h ite  d u n e s  a n d  s a n d -d r i f t ,  
2 1 3 0  'F ixed  d u n e s  w ith  h e rb a c e o u s  ve g e ta t io n  (grey d u n e s ) ',  21 7 0  'D u n e s  w ith  Salix 

repens  ssp. A rg e n te a  (S a lic io n  a re n a r ia e ) ' a n d  2 1 9 0  'H u m id  d u n e  s la cks ';

■ the  re m o v a l o f  a r t i f ic ia l p la n ta t io n s  o f  exo tic  tre e -sp e c ie s  such  as W h ite  p o p la r  

(P opu lus  a lb a ) ,  O n ta r io p o p u l ie re n  th a t  a re  o fte n  e x p a n d in g  by ve g e ta tive  

re g e n e ra t io n ,  to  res to re  th e  a b o v e  m e n t io n e d  h a b ita ts  th a t  a re  ty p ic a l fo r  the  o p e n  

d u n e - la n d s c a p e ;

■ the  re m o v a l o f  (sem i-) e xo tic  tre e -  (S ycam ore  (A cer p s e u d o p la ta n u s ) ,  A m e r ik a a n s e  
vo g e lk e rs  (Prunus se ro tina ) . . . )  a n d  sh rub -sp e c ie s  fro m  th icke ts  a n d  w o o d s  th a t  a re  
m a in ly  c o n s t i tu te d  o f  in d ig e n o u s  spec ies  to  m a in ta in  the  h a b ita ts  2 1 6 0  'D u n e s  w ith  

H ip p o p h a e  rh a m n o id e s ' a n d  d u in b o s s e n

■ the  re m o v a l o f  w o o d la n d  c o n s t i tu te d  by in d ig e n o u s  (A lnus g lu t in o s a )  as w e ll as s e m i­
e xo tic  tre e -sp e c ie s  (A lnus in c a n a ,  A c e r  p s e u d o p la ta n u s )  to  res to re  21 9 0  'H u m id  d u n e  

s lacks '.

W h e n  the  m e a s u re  a im s  a t  re s to r in g  d y n a m ic  p io n e e r  c o n d it io n s  o r  even  la rg e -s c a le  
la n d s c a p e  d y n a m ic s  such  as s a n d  d r if t ,  the  use o f  heavy  m a c h in e ry  is a p p ro p r ia te .

W h e n  the  a im  is to  res to re  h a b ita ts  th a t  h a d  a h is to r ica l p resence  o n  the  site o n  w h ich  
th e  m e a s u re  is ta k e n , ca re fu ln e ss  is essentia l to  p reserve  the  so ils  a n d  s e e d -b a n k s  o n  
w h ic h  d e p e n d s  the  re s to ra t io n  o f  h a b ita ts  such as c a lc a re o u s  g ra s la n d s  ('De W e s th o e k ',  

'o rc h id e e ë n p a n n e  T e r  Yde ', 'H a n n e c a r tb o s ') .  If h is to r ica l k n o w le d g e  p o in ts  o u t  th a t  the re  
is a c h a n c e  to  res to re  such  h a b ita ts  th a t  need  q u ite  a lo n g  t im e  to  d e v e lo p  in to  m a tu r ity , 
ta k in g  the  ra r ity  o f  these  h a b ita ts  a lo n g  the  F lem ish c o a s t in to  a c c o u n t ,  th is re s to ra t io n  

bene fits  p re fe re n c e  a b o v e  the  re s to ra t io n  o f  d y n a m ic  c o n d it io n s .

- 61 -
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C o a s ta l zones , in  w h ic h  d u n e -sys tem s a re  in c lu d e d , a re  e x trem e ly  d y n a m ic  a n d  sensitive
systems w h ic h  u n d e rg o  n a tu ra l a n d  re g u la r  g e o m o rp h o lo g ic a l  c h a n g e s  th a t  re flec t o n
the  c o n s e rv a t io n  sta tus o f  b o th  g e o fo rm s  a n d  p la n t  c o m m u n it ie s .

R ecent s tud ies  have  b e e n  p e r fo rm e d  in o rd e r  to  c o r re la te  g e o fo rm s  (as the  la n d s c a p e  
s u p p o r t in g  fra m e w o rk )  a n d  a sso c ia te d  v e g e ta t io n  c o m p le xe s . E v idence  show s th a t  a 
c lo s e  re la t io n s h ip  exists b e tw e e n  d u n e  v e g e ta t io n  a n d  co a s ta l g e o fo rm s ,  w h ic h  su p p o rts  
the  th e o ry  th a t they ca n  be  the  b a c k g ro u n d  fo r  b io in d ic a t io n  m o d e ls  o f  e ro s io n  a n d  
s ta b il i ty  in the  c o a s ta l zone.

In th is p a p e r ,  w e  d iscuss results f ro m  recen t ca se -s tu d ie s  a n d  id e n t ify  the  m a in  
in d ic a to rs  o f  co a s ta l p rocesses a n d  o f  co a s ta l zone  d y n a m ic s ; w e  a lso  re fe r to  s o m e  

m e th o d s  usu a lly  a p p l ie d  in  th is k in d  o f  s tud ies. G IS  te c h n o lo g y  is p ro p o s e d  as the  ide a l 
to o l  to  s to re  a n d  a n a lyze  a l l  k ind s  o f  e c o lo g ic a l  d a ta  f ro m  c o a s ta l a re a s , in o rd e r  to  
a d d re ss  p la n n in g  a n d  m a n a g e m e n t  issues. Thus, w e  stress th a t  c o a s ta l p la n n in g  a n d  
m a n a g e m e n t  re q u ire  in te g ra te d  s tud ies, in c lu d in g  the  k n o w le d g e  f ro m  severa l sc ien t if ic  
a reas.

T h eo ry

C o a s ta l a re as  a re  h ig h ly  d y n a m ic  systems th a t  a re  su ffe r in g  fas t a n d  s ig n if ic a n t 

c h a n g e s . T h e  m os t im p o r ta n t  p h e n o m e n o n  ta k in g  p la c e  o n  l i t to ra l a re as  is in la n d  
b e a c h  m ig ra t io n ,  in c lu d in g  the  fo rm a t io n s  o f  c lif fs  a n d  th in n in g  o f  b e a che s  (G ra n ja  &  
C a rv a lh o ,  1 9 9 8 ;  C a rv a lh o ,  1 9 9 9 ;  C a rv a lh o  &  G ra n ja ,  2 0 0 2 ;  G ra n ja  &  C a rv a lh o ,  
2 0 0 0 ;  G ra n ja  et a l . ,  2 0 0 0 ) .  D e s tru c t io n  o f  c o a s ta l g e o fo rm s  is in d u c e d  m ostly  by 
n a tu ra l causes, re la te d  to  g lo b a l  c l im a te  c h a n g e s , a n d  re in fo rc e d  by  a n th ro p o g e n ic  
processes (A ra u jo  et a l . ,  2 0 0 2 ;  C a rv a lh o  &  G ra n ja ,  1 9 9 7 ;  G ra n ja  e t  a l . ,  2 0 0 0 ) .

N a tu ra l  v e g e ta t io n  re flects  g e o m o rp h o lo g ic a l  ch a n g e s  a n d  is th o u g h  to  b e  a n  
im p o r ta n t  (b io ) in d ic a to r  o f  c o a s ta l tra n s fo rm a tio n s . Severa l re ce n t s tud ies  id e n t if ie d  a 
s tra ig h t re la t io n s h ip  b e tw e e n  p la n t  s p e c ie s /c o m m u n it ie s  a n d  the  c o n s e rv a t io n  sta tus o f  
d u n e  systems (A ra u jo  e t  a l . ,  2 0 0 2 ;  C a rv a lh o  e t  a l . ,  2 0 0 2 ;  F a vennec , 2 0 0 2 ;  Jones et
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a l . ,  2 0 0 4 ) .  O th e r  a u th o rs  have  p ro p o s e d  the  use o f  P h y to s o c io lo g y  (ve g e ta t io n  sc ience) 
fo r  id e n t ify in g  in d ic a to rs  o f  la n d s c a p e  p la n n in g  a n d  c o n s e rv a t io n  (e .g . L o id i,  1 9 9 4 ) ,  
a n d  the  o v e r la p p in g  use o f  severa l d a ta  sou rces , n a m e ly  g e o m o rp h o lo g ic a l  a n d  
b o ta n ic a l ,  in o rd e r  to  a c h ie v e  a  m o re  g lo b a l  a n d  e ff ic ie n t e v a lu a t io n  o f  c o a s ta l s tab ility  

(Lo id i, 1 9 9 4 ) .

In th is p a p e r  w e d iscuss the  re la t io n s h ip  b e tw e en  g e o fo rm s  a n d  s a n d  d u n e  v e g e ta t io n , 
as  w e ll as its c o n t r ib u t io n  as a  d ia g n o s is  to o l  fo r  c o n s e rv a t io n  pu rposes . W e  a lso  

p resen t case -s tud ies  re la te d  to  th is sub jec t.
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The archaeologica l site o f the medieval abbey 'O .-L .-V . Ten D uinen' is situated in the 
dunes o f Koksijde. Because o f its low  topographic level and the occurrence o f a shallow 
sem i-perm eable layer, the excavation suffered from  high water levels during the winter 
periods. Since the form er dra in ing was ineffective, a new dra inage system was needed 
to presen/e the archaeologica l relics. Furthermore, the conservation o f the eco log ica lly  
valuable dunes surrounding the site was a second objective in the realization o f the 
system, A  profound knowledge about the hydrogeologica l characteristics o f the 
concerning aquifer was indispensable to plan this system. A  study o f relevant literature 
provided a first insight in the hydrogeological constitution o f the groundwater reservoir. 
The aquifer is composed of Q uaternary sediments existing o f three perm eable layers, 
which are separated by two sem i-perm eable layers. Underneath, the aquifer is bounded 
by a Palaeogene layer that cou ld  be considered im perm eable in the scope o f this study. 
The form er dra in ing o f the uppermost permeable layer caused a worse in filtra tion o f 
water which largely explained its ineffectiveness. Thus, in order to achieve a better 
in filtra tion through this layer one should drain the m iddle perm eable layer. However, 
this pum ping would not only cause a descent o f the water table at the excavation, but 
would also affect the surrounding dunes. Therefore, it w ould be necessary to  deeply 
infiltrate the pum ped water in the two undermost perm eable layers at the borders of the 
site. M odelling this system o f com bined pumping and deep in filtra tion, given the 
specific hydrogeological constitution, revealed the im portance o f an accurate 
knowledge o f the hydraulic parameters o f the concerning hydrogeological layers, 
particularly the hydraulic resistance o f the two sem i-perm eable layers. Estimations o f the 
parameters based on the interpretation o f pum ping tests executed in the vicinity o f the 
study area were not reliable, because o f the heterogeneous nature o f Q uaternary 
deposits in the Belgian coastal p lain. The perform ance o f a pum ping test a t the 
excavotion was therefore inevitable. M oreover, in order to achieve a reliable deduction 
o f the hydraulic resistance o f both semi permeable layers, it was necessary to execute a 
double  pum ping test affecting the two undermost perm eable layers. The results o f this 
test were simultaneously interpreted by means o f an inverse numerical m odel and this 
interpretation resulted in reliable param eter values. The m odel simulating the system of 
com bined pum ping and deep in filtra tion based on the deduced parameter values gave 
a profound insight in the system's effectiveness: not only the excovation would be 
dra ined properly, also the surrounding valuable dunes w ould be protected. This study 
thus illustrated the im portant role o f fie ld tests (e.g. pum ping tests) and m athem atical 
m odelling in the p lanning o f hydrogeological interventions in ecologica lly valuable 
areas
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' Laboratory o f Aquatic  Ecology, Katho lieke Universiteit Leuven 
C h. De Bériotstraat 32 , B -3 0 0 0  Leuven, Belgium 
E-mail: Joach im .m aes@ bio .ku leuven .ac .be

2 Institute fo r  Forestry and G a m e  M anagem en t 
D ubo is laan 14, B - l 5 6 0  G ro e n e nd a a l, Belgium

The Sigmaplan aims at protecting the watershed o f the river Scheldt (Belgium) from 
flood ing. The plan comprises the construction o f dykes and retention areas o r controlled 
floodp la in  areas a long the tidal Scheldt and its m a jor contributories. Several smaller 
floodpla ins are already in use while a large 6 0 0  ha floodp la in  (Kruibeke Basel 
Rupelmonde) is under construction. Using different life history characteristics of 
estuariae fish species, we predict future changes to the species com position o f the 
estuary and outline im plications fo r future management. O nce a functional foodp la in  
has been established, the southern part of the floodp la in  area w ill develop into a 
spawning and nursery ground fo r eurytopic fish species. The northern part will be 
exposed to reduced tides, creating mudflats and marshes, which will serve as nursery 
grounds fo r reophylic and eurytopic species. We expect that the floodp la in  will 
autonom ously develop into a fish nursery as long as permanent aquatic  habitats are 
provided: small ponds and creeks are refugia to  which juvenile fishes w ithdraw once the 
flood water is drained to the main river channel. The increased availab ility o f spawning 
and nursery habitat is predicted to result in a notable increase o f the total fish density in 
the o ligoha line  and freshwater parts o f the estuary. The add ition  o f inundated areas to 
the stream corridor particularly favours reophylic b fish species such as ide (Leuciscus 
idus), a species that is now virtually absent in the Scheldt estuary. Measures that support 
the recovery of the ide popula tion may therefore be successful. However, not all species 
are likely to increase in abundance. Anadrom ous fish such as Lampetra fluviatil is and 
salm onid species will not benefit from  increased habitat diversity since their distribution 
is lim ited to the main river channel.
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HYDROLOGICAL CONDITIONS FOR THE SURVIVAL/REMANING OF A 
UNIQUE SOUTHERN BALTIC MARSH AS A HABITAT OF ENDANGERED 
FAUNA AND FLORA SPECIES

Sylw ia M a g ie rs k a ,  R o m a n  C ies linsk i a n d  Jan  D rw a l

D epartm ent o f Hydro logy, University o f  G dansk 
Dm ow skiego Street 1 6a, 8 0 -9 5 2  G dansk, Poland 
E-mail: geosm @ un iv .gda .p l

T h e  a c c u m u la t io n  coas ts  o f  the  S o u th  B a ltic  Sea a re  c h a ra c te r iz e d  by d ive rse  
e n v iro n m e n ta l c o n d it io n s ,  c a u s e  by d if fe re n t genes is  o f  phys ica l a n d  b io c h e m ic a l  
p rocesses. In th is sp e c ia l re g io n  w h e re  in te ra c t io n  o f  s a lt -w a te r  w ith  fresh w a te r  o c c u rs , 

essen tia l the  d if fe re n c e s  in lo c a l h y d ro lo g ic a l  c o n d it io n s .  A c c u m u la t io n  South  B a lt ic  Sea 
is fa m o u s  fo r  se p a ra te , ex tens ive  b ra n c h e s  o f  g re a t  rivers, d ire c t  m o u th s  o f  rivers f ro m  
p o s tg la c ia l la ke  a re a s , es tua ries , c o a s ta l lakes  ( in n e r -d u n e , t ro u g h ,  d e lta ic )  a n d  
n u m e ro u s  w e t la n d s . Q u o te d  types o f  o b je c ts  d if fe r  f ro m  o n e  a n o th e r  by a n  a re a ,  d e p th  
a n d  c o n n e c t io n  w ith  sea.

C u rre n t e n v iro n m e n ta l c o n d it io n  o f  th is  co a s t is a  resu lt o f  b o th  a  n a tu ra l d e v e lo p m e n t 
a n d  a h u m a n  a c tiv ity , as w e ll as a w a te r  c irc u la t io n .

F rom  severa l years The  D e p a r tm e n t  o f  H y d ro lo g y  o f  G d a n s k  U n ive rs ity  researches  

c o n d u c ts  the  in o rd e r  to  d e f in e  th e  h y d ro lo g ic a l c o n d it io n s ,  w h ic h  m ust exist if these 
u n iq u e  e n v iro n m e n ts  a re  to  re m a in .  O n e  o f  the  o b je c ts  o f  o u r  in te res t is a u n iq u e  o n  
th e  p o lish  s tre tch  o f  c o a s t - m a rs h , lo c a te d  n e a r  Reda r ive r m o u th  a n d  Puck Bay 
(G d a n s k  Bay - S ou th  B a lt ic  Sea).

Th is o b je c t  is very a ttra c t iv e  as re g a rd s  e n v iro n m e n t,  la n d s c a p e  a n d  to u r is m . Th is is a n  
a re a  o f  la n d s c a p e  p ro te c t io n  (Seaside L a n dsca p e  Park), p ro p o s e d  fo r  the  system o f  
B a lt ic  Sea P ro tec ted  A re a  (BSPA). This is a ls o  a m a in s ta y  o f  E u ro p e a n  rank.

In 1 9 8 8 ,  in o rd e r  to  p reserve  ta k e  in to  a c c o u n t  a v ifa u n a  b re e d  a n d  a v ifa u n a  fly ing  
(C a l id r is  a lp in a  sch inz i i , M o ta c i l la  c i t r e o la ) as w e ll as m o is tu re  sa lt m e a d o w  s o -c a l le d  
Ju n ce tu m  g e ra rd i (P la n ta g o  m a r i t im e ,  E p ipac is  pa lus tr is ), 'B e k a  reserve ' has been  

e s tab lished .

M a rs h  is a lo w -s itu a te d  z o n e  in  h u m id  t im e s  s w a m p e d  by the  so il - w a te r.

F rom  h y d ro lo g ic a l p o in t  o f  v iew , u n iq u e n e ss  o f  th is m arsh  is a resu lt o f  the  fa c t  th a t  the  

m a rsh  is s itu a te d  o n  a c o a s t w ith  a h a lf  - c lo s e d  sea, w h e re  t id e s  n o t exist. F lu c tu a t io n s  
o f  w a te r  level in d u c e d  by w in d  se t-ups  a re  the  fa c to rs ,  w h ic h  c a u s e  cyc lic  s w a m p .

A ll th e re h y d ro lo g ic a l c o n d it io n in g s  resu lt in b io to p e  e n v iro n m e n ta l (h a lo f i le  p lan ts , 
f ly ing  fo w l,  p e r io d ic  se tt led  a n d  b re e d e d  f lo w ) v a r ia b il i ty .  They  c a u s e  sea - w a te r  
in trus ions  f ro m  Puck Bay. They c re a te  n u m e ro u s  p o o ls . S im u lta n e o u s ly  f ro m  the  h ig h e r  
parts  th e re  is a c o n f lu e n c e  o f  fresh  w a te r .  The h y d ra u l ic  g ra d ie n t  is m in im a l.  T h a t is 
w hy  the  p h re a t ic  w a te rs  a re  lo w . The  e ffec ts  o f  th is fa c t  a re  th e  sp a tia l a n d  te m p o ra l 
d if fe re n ces  in phys ica l a n d  c h e m ic a l w a fe r  c o m p o s it io n .  They  d e c id e  a b o u t  the
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re m a in in g  o r  e x t in c t io n  o f  u n iq u e  h a b ita ts  o f  e n d a n g e re d  f lo ra  a n d  fa u n a  spec ies  in  the 
S ou th  B a lt ic  Sea.

Very essen tia l fo r  a  p rese rv in g  th is a re a  is h u m a n  ac tiv ity . The  p o s it ive  a c t io n  is an  
a n n u a l m o w in g  o f  reed  d u r in g  the  s p r in g t im e . This m a ke s  the  reed  w e a k e r . A  g ra z in g  o f 

d if fe re n t spec ies  o f  a n im a ls  a ls o  pos it iv ly  in f lu e n ce s  the  sa lty  p la n t .  The  a n im a ls  th a t are 
g ra z e d  a re : c o w s , sh e e p  a n d  horses. A ls o  the  n u m b e r  o f  a n im a ls  c h a n g e s . The  best 
a n im a ls  o f  fo r  g ra z in g  a re  the  c o w s , w h e re a s  the  w o rs t a re  the  sheep . T h a t is b e ca use  
the  sh e e p  e a t p la n ts  w h e n  they  g ro w  a b o u t  severa l m il l im e te rs  the  g ro u n d .

The  n e g a t iv e  fa c t  is th a t  in  th is p la c e  th e re  is n o  a b ro w e  p ro p e r  s u p e rv is o r  o v e r  the  la n d  
im p ro v e m e n t  system very. O f te n  the  c h a n n e ls  a re  o v e rg ro w n  a n d  th is results in  a 
d e c re a se  o f f  a n d  c a p a c ity  h y d ro lo g ic a l  rank  to . S im u lta n e o u s ly  u n c o n tro l le d  to u r is m , 
e sp e c ia lly  d u r in g  b ird s  b re e d in g  t im e  is a n o th e r  n e g a t iv e  fo rm  o f  h u m a n  a c tiv ity . A lso  

i l le g a l c o t ta g e  b u i ld in g  in  the  o u t l in e  o f  reserve, results in  d is tu rb a n c e  o f  w a te r  
c irc u la t io n .

T o  re c a p itu la te ,  the  h y d ro lo g ic a l p rocesses a n d  h u m a n  in f lu e n c e  ve ry  c lo se ly  s h a p e  the  
b io to p e  e n v iro n m e n t o f  the  p resen t m a rs h . The e ffe c t o f  th is l ia is o n  b e tw e e n  n a tu re  a n d  
h u m a n  ac tiv ity  is th e  'B e ka  reserve ' w h ic h ,  sh o u ld  b e  p ro p a g a te d  as a u n iq u e  m arsh  o n  

th e  sca le  o f  s o u th e rn  co a s t o f  B a lt ic  Sea.
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MULTI-TECHNIQUE SURVEYS OF FINE SEDIMENT TRANSPORT AND  
DEPOSITION IN  A MANAGED ESTUARY: THE AUTHIE ESTUARY,
NORTHERN FRANCE

C la ire  M a r io n 1, E dw ard  J. A n th o n y 1 a n d  A la in  T re n te sa u x2

1 Coasta l G e o m o rp h o lo g y  and  Shoreline M anagem en t U n it EA 3 5 9 9 , Université du  Littoral -
Côte  d 'O p a le ,  MREI 2, 189a Avenue M . Schumann, F -5 9 1 4 0  Dunkerque, France
E-mail: m arion@ un iv - litto ra l.fr

CNRS UMR 81 10 Processus et Bilans des Dom aines Sédimentaires, Université des Sciences et
Techniques de  Lille, SN5, F -5 9 6 5 5  Villeneuve d 'Ascq, France

Estuaries a re  h ig h ly  d y n a m ic  e n v iro n m e n ts  o f  g re a t  s o c io -e c o n o m ic  a n d  e c o lo g ic a l  
im p o r ta n c e  d u e  to  th e ir  p o s it io n  a t  the  in te rfa ce  b e tw e e n  m a r in e  a n d  c o n te n t in e n ta l 
e n v iro n m e n ts . This lo c a t io n  c o m m o n ly  en ta ils  a n  a d e q u a te  su p p ly  o f  c o a rs e  (sand) a n d  

f in e  (m ud) p a rt ic le s  fro m  b o th  m a r in e  a n d  c o n t in e n ta l  sou rces . A  g o o d  k n o w le d g e  o f  
the  s e d im e n t d is t r ib u t io n  p a tte rn  in t im e  a n d  s p a c e  is im p o r ta n t  b e ca u se  es tua r in e  
a c c re t io n  e v e n tu a lly  leads to  the  e v o lu t io n  o f  in te r t id a l h a b ita ts  to w a rd s  s u p ra t id a l ones, 
w h ile  e ro s io n  m a y  in d u c e  risks o f  d a m a g e  to  in fras truc tu res . E ros ion  a n d  a c c re t io n  
pa tte rns  m a y  a lso  d e te rm in e  the  d is tr ib u t io n  o f  p o l lu ta n ts  in es tua ries . M o re o v e r ,  by 
p ro v id in g  s p a c e , resources  a n d  h a b ita t  fo r  w ild l i fe ,  th e  lo c i o f  f ine  s e d im e n ta t io n  a re  o f  
c r i t ic a l e c o lo g ic a l  s ig n if ic a n c e .

Estuarine  m a n a g e m e n t  a n d  e v e n tu a l h a b ita t  re s to ra t io n  need  p re l im in a ry  stud ies, 
p e r t in e n t surveys a n d  to o ls  to  u n d e rs ta n d  the  b e h a v io u r  o f  s e d im e n t stocks. It is d if f ic u lt  
to  e v a lu a te  q u a l i ta t iv e  a n d  q u a n t i ta t iv e  aspects  o f  s e d im e n t d y n a m ic s , as a  resu lt o f 
o v e ra l l  m ix in g  ins ide  the  e s tu a r in e  system a n d  re cyc lin g  o f  m a te r ia ls . Th is issue is a lso  
c o m p lic a te d  by the  n a tu re  o f  the  m a te r ia ls  in m o v e m e n t a n d  th e ir  phys ica l p ro p e rt ie s , 

as w e ll as by v a r ia t io n s  in the  e n e rg e t ic  fo rces  d r iv in g  e s tu a r in e  d y n a m ic s  (w in d , w aves, 
t id e ,  r ive r d isch a rg e ). O n e  w a y  o f  m a x im is in g  d a ta  c o l le c t io n  w ith  a v ie w  o f  im p ro v in g  
th e  u n d e rs ta n d in g  o f  es tua ries  is by  d ive rs ify ing  th e  ra n g e  o f  m e th o d o lo g ic a l  p ro c e d u re s  
a n d  te c h n iq u e s  in  o rd e r  to  a t te m p t  m a tc h in g  the  d ive rs ity  o f  e s tu a r in e  p a ra m e te rs .

Th is c o m m u n ic a t io n  presents a n  o v e rv ie w  o f  a ra n g e  o f  s im p le  a n d  h ig h - te c h n o lo g y  

te c h n iq u e s  (a co u s t ic , e le c t ro m a g n e t ic  a n d  o p t ic a l  ins trum ents ) a n d  sc ie n t if ic  m e th o d s  
used in a s m a ll,  h u m a n -m a n a g e d ,  h ig h ly  d y n a m ic ,  te m p e ra te  m a c ro t id a l  es tua ry  to 
q u a n t ify  the  m o v e m e n t a n d  d e p o s it io n  o f  s e d im e n t in  s p a c e  a n d  t im e . T h e  a d v a n ta g e s  
o f  e a c h  te c h n iq u e  a n d  its l im ita t io n s  a re  e xp o sed  a n d  pe rspec tives  fo r  im p ro v e m e n t 
e v o k e d . It is s h o w n  th a t  th is  m u lt i- te c h n iq u e  a p p ro a c h  is re le v a n t to  a be tte r 
u n d e rs ta n d in g  o f  p rocesses, rhy thm s a n d  s e d im e n ta t io n  rates, w h ile  th e  d a ta  a c q u ire d  
a re  o f  im p o r ta n c e  to  re l ia b le  m o d e l l in g .  P e rm anen t fe e d b a c k  fro m  h ig h - re s o lu t io n  f ie ld  
m o n ito r in g  is still a necessary  p re -re q u is ite  in fo re c a s t in g  the  e v o lu t io n  o f  es tua r in e  
systems.
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THE GEMEL EXPERIENCE: AN ASSOCIATION AS A LINK BETWEEN 
ESTUARINE ENVIRONMENT, SCIENTIFIC RESEARCH AND STAKEHOLDERS

C la ire  M a r io n ,  Je a n -P a u l D u c ro to y ,  R o b e d  La fite , B e rn a rd  S y lvand , Isa b e lle  Rauss a n d  

Pascal H a c q u e b a d

GEMEL -  G ro u p e  d 'E tude des M ilieux Estuariens et Littoraux, Station d 'Etudes en Baie de 
Som m e, 1 1 5 qua i Jeanne d 'A rc , F -8 0 2 3 0  St Valéry sur Som m e, France 
E-mail: g e m e l.m arion@ tisca li.fr

A t the  b e g in n in g  o f  the 1 9 7 0 's ,  French o c e a n o g ra p h ic  research o n  t ida l shores was 
d e c lin in g  to  the  a d v a n ta g e  o f  o th e r  fie lds o f  m a rin e  sc ien tif ic  investiga tion , c rea ting  a lag  in 
o rg an ize d  d a ta  a cq u is it io n . A t the sam e tim e, the  teach ing  o f  o c e a n o g ra p h y  was lim ited  to  
a few  universities. In 1 9 8 1 , young  researchers w ith o u t e m p lo ym e n t c rea ted  the G EM EL, an  
assoc ia tion  e n c o u ra g in g  m u tu a l he lp  in o rd e r  to  fo u n d  a n d  p ro m o te  the ir  research on  
estuaries fa c in g  a n  increas ing  request fo r  t ida l f la t studies, as a result o f  the d e ve lo p m e n t o f  
shore  m a n a g e m e n t. O n e  o f  the first p lu r id isc ip lina ry  research team s o n  estuarine  
e n v iro n m e n t was b u ilt  o n  this soc ia l and  scientific  basis.

A fte r  m o re  than  twenty years o f  activ ity  and  presence o n  the western French coast, the 
G EM EL offers n o w  a ce d a in  experience  and  m aturity . The G EM EL has its p lace  in the  civ il 
soc ie ty as a link be tw een estua rine  env ironm en ts , sc ien tif ic  research, s takeho lders and  
citizens. The assoc ia tion  is fu n d e d  by m em bers ' co n tr ib u t io n s , g o ve rn m e n ta l g rants, and  
p a d ic ip a t io n s  in research p ro g ra m s  a t loca l a n d  E uropean  levels (from  C O S T  6 4 7  to  
M O REST, s teering o f  re g io n a l PICCEL) and  involves in a no  lucra tive  idea  o f  these d iffe ren t 
a c tions . Its func tions  are to  study (w ork ing  to  o rd e r  o r  not), a cq u ire  s tructured d a ta  poo ls , 
p ro po se  p rac tica l tra in in g , p ro v id e  in fo rm a tio n  a n d  f in a lly  w ide ly  c o m m u n ic a te  a b o u t 
estuaries to  a la rge  p u b lic  w ith  a range  o f  suppods  ( in te rna tiona l sym pos ium  o rg a n iza tio n , 
loca l exh ib it ions , w e b .. . ) .

The assoc ia tive  structure presents a h igh  flex ib ility  th a t can fac ilita te  the  setting up  o f  
pro jects  and  an  e ff ic ien t c o m m u n ic a t io n : between each  m e m b e r in o n e  side, exchanges 
a n d  so e n h a n ce m e n t o f  the  expedises, and  w ith  institu tions (IFREMER, French W a te r  
A gency, un ivers ities ...) a n d  s takeho lders  in the o th e r  hand . The o r ig in a lity  o f  the assoc ia tion  
is to  dea l at the  sam e t im e  w ith  fu n d a m en ta l research a n d  p rac tica l a p p lica tio n s . In this 
w ay, the  G EM EL w orks essentia lly  on  m e th o d o lo g y  a n d  in te r c a lib ra t io n  o f  e co lo g ica l 
survey to o ls  issues, p rov ides  ob jec tive  exped 's  repods  but is a lso  a b le  to in itia lize o r  
co n tin u e  m o n ito r in g  o f  a reas  in a long  term  perspective  (long d a ta  series o f  few  chosen 
param eters  in the  bay o f  the  Som m e and  Veys fo r  exam ple ). Such d a ta  a re  very rare but 
nonetheless reveal a c tua lly  th e ir  utility face to  a n  increas ing  p o llu t io n  risk and  to  study 
c o m m u n it ie s ' dynam ics  in the  fram e  o f  g lo b a l change . It seems to  be p r im o rd ia l to 
d is tingu ish  na tu ra l a n d  a n th ro p o g e n ic  trends in observed  evo lu tions  to  g ive keys fo r  a 
ra t io na l and  in teg ra ted  m a n a g e m e n t o f  such sensib le  sites like estuaries.

This c o m m u n ic a t io n  w ill g ive  som e exam ples o f  in itia tives o f  the GEM EL to  show  its 
ind e p e n d en t a n d  spec ia l p o s it io n  in the ne tw ork  o f  the  e n v ironm en ta l dec is ion  schem e, 
fro m  study to  m a n a g e m e n t by m o n ito r in g  phase. It w ill e qua lly  set the assoc ia tion  in a 
con tex t o f  e n v iro n m e n ta l e d u c a t io n  em ergence  and  debates o n  the fu tu re  o f  French 
research.
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SCHELDEFONDS VZW

P atrick  M e ire  a n d  A n n  G o v a e r ts  

Scheldefonds vzw
W ande laa rkaa i 7, B -8 4 0 0  O ostende  
E-mail: in fo@ sche ldefonds.org

The S c h e ld e fo n d s  is a  u n iq u e  c o o p e ra t io n  b e tw e e n  g o v e rn m e n ts ,  c o m p a n ie s  a n d  

e n v iro n m e n ta l o rg a n is a t io n s  f ro m  F landers  a n d  the  N e th e r la n d s . Its m a in  g o a l is to  
u n d e r l in e  the  e c o n o m ic  as w e ll as the  e c o lo g ic a l  im p o r ta n c e  o f  the  S che ld t es tua ry , by 
c o m b in in g  fo rces.

S u s ta in a b le  d e v e lo p m e n t  o f  the  es tua ry  d e m a n d s  a g lo b a l  a p p ro a c h ,  m e a n in g  th a t  a ll 
fu r th e r  a c tiv it ie s  s h o u ld  c o n tr ib u te  to  the  e c o n o m ic ,  e c o lo g ic a l  a n d  so c ia l fu n c t io n  o f 
the  a re a . A ll the  va lu e s  o f  th e  r ive r need  to  be  e q u a l ly  resp ec te d . T o  rea lise  these 
o b je c t iv e s , p e o p le  d e p e n d e n t  o n  the  R iver S che ld t n e e d  in s ig h t in th is m u tu a l 
d e p e n d e n c y  a n d  m e a s u re m e n ts  th a t a re  necessary to  p reserve  the  d if fe re n t fu n c t io n s  o f  

the  r ive r fo r  the  fu tu re . The  S ch e ld e fo n d s  c o n tr ib u te s  to  th is o b je c t iv e  by in fo rm in g  
p e o p le  a n d  ra is in g  a w a re n e ss . T h e re fo re  d if fe re n t a c tiv it ie s  a re  o rg a n is e d .

S c h e ld e k ra n t:  T h e  S c h e ld e k ra n t is a jo in t p u b l ic a t io n  o f  the  S c h e ld e fo n d s  a n d  the  
S ch e ld e  In fo rm a t ie C e n tru m . Th is  n e w s p a p e r  a p p e a rs  o n c e  a  y e a r  a n d  is d is tr ib u te d  fo r  
free . W ith  th is n e w s p a p e r  w e  w a n t  to  reach  a ll p e o p le  w h o  w o rk  o r  l ive  n e a r  the  river. 
T h ro u g h  d if fe re n t to p ic s  such  as n a tu re , c u ltu re ,  fisheries , e c o n o m ic s  a n d  safe ty the  
d ive rs ity  o f  the  S ch e ld t es tua ry  is sh o w n . The  n e w s p a p e r  is a v a i la b le  in  to w n  ha lis , 
l ib ra r ie s  a n d  to u r is t ic  in fo rm a t io n  cen tres  o f  m u n ic ip a li t ie s  n e a r  the  S che ld t in F landers  

a n d  the  N e th e r la n d s . 1 0 0 . 0 0 0  co p ie s  a re  d is tr ib u te d .

S c h e ld e s c h o rre n p ro je c t :  This is a n  e d u c a t io n a l p ro je c t  a b o u t  the  m u d  fla ts  o f  the  t ida l 
R iver S che ld t. T h ree  a d ja c e n t  m u d f la ts  a re  s itu a te d  n e a r  a p o p u la r  cyc lin g  rou te . The 

S c h e ld e fo n d s  w o u ld  l ike  to  b u ild  a h id e  fo r  b ird  w a tc h in g  in  th is u n iq u e  a n d  v a lu a b le  
a re a . P eop le  pass ing  by  w il l  be  a b le  to  e n jo y  the  h id e  n o t o n ly  fo r  b ird -w a tc h in g ,  bu t 
a ls o  as a n  o b s e rv a t io n -p o s t  to  e n jo y  the  la n d s c a p e .

O n  a re g u la r  base  th e  S c h e ld e fo n d s  o rg a n ise s  lec tu res, w o rk s h o p s  a n d  o th e r  ac tiv it ies  
a b o u t  the  River Sche ld t.

The  S ch e ld e fo n d s  is a n o n -p ro f i t  o rg a n is a t io n  w h e re  m e m b e rs  p a y  a yea rly  m e m b e rs h ip  
fee  as s u p p o rt .  M e m b e rs  ge t re d u c t io n s  o n  a p p l ic a t io n  m o n e y  a n d  p u b l ic a t io n  fees fo r  
the  S ch e ld e k ra n t. Every y e a r  the  S ch e ld e fo n d s  a lso  o rg a n is e s  a f ie ld  tr ip  fo r  the  
m e m be rs .

W e b s ite : w w w .s c h e ld e fo n d s .o rg
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THE OPENING TO THE FRENCH PUBLIC OF 'NATURAL' SITES OF COASTAL 
DUNES: THE CHOICE BETWEEN 'OVER-VISITING' AND 'OVER­
PROTECTION' OF A SHARED NATURAL HERITAGE

C a th e r in e  M e u r-F é re c ' a n d  Jean  F a ve n n e c2

' Institut des M ers du  N ord , Université du Littoral C ô te  d 'O p a le  
21 qua i de la C itade lle , BP 5 5 2 8 , F -5 9 3 8 3  Dunkerque, France 
E-m ail: m e u r@ u n iv - l i t to ra l . f r

2 O ff ice  nationa l des Forêts -  M ission Littoral 
BP 9 0 3 , 1 6 rue G eorges M ande l, F -33061 Bordeaux Cedex, France

This p a p e r  p ro p o s e s  s o m e  th o u g h ts  o n  the  stakes o f  o p e n in g  to  the  v is it ing  p u b lic
n a tu ra l  sites w ith  p a r t ic u la r  re fe re n ce  to  co a s ta l dunes .

In F rance  the  v is it ing  p u b l ic  re a d ily  e n jo ys  access to  sites a n d  p a r t ic u la r ly  th o se  s itu a te d  
a lo n g  the  coas ts  w h e re  th is s o c ia l ac tiv ity  fo rm s  p a r t  o f  the  v o c a t io n  o f  the  

C o n s e rv a to ire  d u  L itto ra l, the  O f f ic e  N a t io n a l  des Forêts a n d  the  C o n se ils  G é n é ra u x  
(D e p a r tm e n ts ) (M e u r -F e re c , l  9 9 7 ) .  A t  g ro u n d  leve l the  d ive rs ity  o f  e a c h  site to g e th e r  w ith  

the  v a r ia b le  p o lic ie s  a d o p te d  by o w n e rs  a n d  m a n a g e rs ,  to g e th e r  w ith  th e ir  d if fe r in g  
g e o g ra p h ic a l  lo c a t io n s  a n d  so c ia l a n d  e c o n o m ic  p ressures, p ro d u c e s  a n  in f in i te  varie ty  
o f  p a r t ic u la r  s itu a t io n s . The  ra n g e  o f  the  d e g re e  o f  l ib e r ty  o f  access to  c o a s ta l sites 

va r ies  g re a t ly  f ro m  the  extrem es o f  severe ly  p ro te c te d  'rése rve  b io lo g iq u e  d o m a n ia le '  
o n ly  o p e n  to  g u id e d  tou rs  to  fre e  access p e r i-u rb a n  se a -s id e  pa rks . A lth o u g h  m ost 

c o a s ta l zones re a d ily  a d m it  the  p u b l ic ,  the  in h e re n t d a m a g e  ca u se d  to  sand  d u n e s  by 
'o v e r -v is i t in g ' is s o m e tim e s  b a d ly  a c c e p te d  in sc ie n t if ic  a n d  e c o lo g ic a l  c irc les  as
c o n s t i tu t in g  a  rea l m e n a c e  to  o u r  sh a re  n a tu ra l h e r ita g e  (D a u v in ,  2 0 0 2 ) .

In te rm s o f  risk w e  h a ve  to  c o n s id e r  s takes o f  o p e n in g ,  o r  c lo s in g  sites to  the  p u b l ic .  The 
reasons  a re  m u lt ip le  a n d  the  p ro te c t io n  o f  th e  b io -d iv e rs ity  fo r  fu tu re  g e n e ra t io n s  is 
c e r ta in ly  o n e  o f  th e m  (the p ro te c t io n  o f  h u m a n  lives a g a in s t  the  risk o f  sea w a te r  
f lo o d in g  is o f  c o u rs e  a n o th e r  p r im e  a spec t b u t, fo r tu n a te ly ,  th is is a  l im ite d  risk a lo n g  

the  coas ts  o f  F rance ). H o w e v e r ,  o n e  c a n  a lso  c o n s id e r  the  a m e n it ie s  a c q u ire d  th ro u g h  
site  visits a n d  th e  a w a reness  o f  e c o lo g ic a l  issues th a t h o p e fu l ly  w il l  be  tra n s m it te d  to 
fu tu  re g e n e ra t io n s . T o  w h a t d e g re e  th e  o p e n in g  o f  sites w il l  c o n c i l ia te  the  m a jo r  issues 
o f  c o n s e rv a t io n  o f  th e  b io d ive rs ity  /  p u b l ic  access?

These ques tion s  le a d  o n  to  a  re f le c t io n  c o n c e rn in g  the  e v o lu t io n  o n  the  re la t io n  
b e tw e e n  M a n  a n d  N a tu re  (K a la o ra ,  1 9 9 8 ,  M io sse c  1 9 9 8 ) .  The  c o a s ta l d u n e  
e n v iro n m e n t has m o v e d  o n  o v e r  recen t ce n tu r ie s  f ro m  the 'f r ig h te n in g  dese rt ' 

(B ré m o n tie r , 1 7 9 7 )  to  a  p re c io u s  spa tia l re so u rce  d e s tin e d  o fte n  fo r  sho rt te rm  
u n b r id le d  e c o n o m ic  d e v e lo p m e n t ,  a n d  b e c o m e s  s o m e tim e s  to d a y  a  's a n c tu a ry ' 
p re c lu d in g  p u b lic  access. In a  re a c t io n  a g a in s t d e v e lo p m e n t  excess the  c u rre n t th o u g h t  
in  sites m a n a g e m e n t  te n d s  to  p r iv i le g e  the  c o n s e rv a t io n  o f  the  ecosystem s in the  n a m e  
o f  b iod ive rs ity . H o w e v e r  the  best interests o f  H u m a n ity  as a  w h o le  c a n n o t  o n ly  be 
tra n s la te d  in to  te rm s  o f  b io d ive rs ity , w h ich  is, a f te r  a l l ,  o n ly  o n e  o f  severa l fa c to rs  o f  
g o o d  h u s b a n d ry  c o n c e rn e d  by the  p ro te c t io n  o f  o u r  sh a re d  h e r ita g e  o f  N a tu re .  The 
access a c c o rd e d  to  a  p u b lic ,  as a  fu n c t io n  o f  the  n a tu re  o f  the  sites, w e l l- in fo rm e d ,
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m a rs h a l le d ,  l im ite d  in  n u m b e r  a n d  re a s o n a b ly  b e h a v e d  c a n  a lso  th ro u g h  a n  a c q u ire d
a w a re n e ss  o f  o u r  h e r ita g e  b e c o m e  a g u a ra n te e  o f  s u s ta in a b le  p re se rva tio n .
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SUSTAINABLE ESTUARY MANAGEMENT FOR THE 21 st CENTURY

R oge r K .A . M o rr is

Estuaries Conservation, English Nature
N orthm inste r House, N orthm inster Road, Peterborough PEI I UA, C am bridgesh ire , UK 
E-mail: ro g e r.m orris@ english-nature .org .uk

The response  o f  es tua ries  to  sea level rise a n d  h u n d re d s  o f  years o f  agg re ss ive  la n d - 
ta ke  fo r  a g r ic u l tu re  a n d  c o m m e rc e  has p ro fo u n d  im p lic a t io n s  fo r  n a tu re  c o n s e rv a t io n .
Salt m arshes  a n d  m u d f la ts  a re  e ro d in g ,  w h ils t the  n a tu ra l p rocess o f  la n d w a rd
tra n sg re ss io n  o f  h a b ita ts  is a t te n u a te d  by phys ica l b a rr ie rs  such  as sea w a lls . In s o u th ­

eas t E n g la n d  th is has led  to  a  loss o f  2 5 %  o f sa ltm a rs h  h a b ita t in  the  pas t 2 5  years. A t
the  s a m e  t im e , sea leve l rise m e a n s  th a t  a g e in g  f lo o d  de fe n ce s  a re  less e ffec tive  a n d
w ill n e e d  to  be  re -b u i l t  to  m e e t the  c h a lle n g e  o f  in c re a se d  f lo o d  risk th ro u g h  d im in is h e d  

c res t h e ig h ts  a n d  in c re a se d  s to rm iness . A  m o rp h o lo g ic a l  s o lu t io n  is n e e de d .

If the  U K  is to  m a in ta in  its N a tu ra  2 0 0 0  series in  fa v o u ra b le  c o n d it io n  (let a lo n e  
B iod ive rs ity  targets) th e re  needs to  be  a n  a c c e le ra te d  p ro g ra m m e  o f  m a n a g e d  
re a lig n m e n t.  H o w e v e r, th o u g h t  needs to  be  g ive n  to  the  w ay  in w h ic h  m a n a g e d  

re a l ig n m e n t  m ig h t a lso  c o n tr ib u te  to  im p ro v e d  f lo o d  m a n a g e m e n t  a n d  to  lo n g - te rm  
m a n a g e m e n t  o f  the  f lo o d  d e fe n c e  b u d g e t. A n  im p o r ta n t  c o n s id e ra t io n  is the  
m o rp h o lo g ic a l  response  o f  es tua ries  to  sea level rise th a t has h a p p e n e d  s ince the  
F la n d r ia n  transg ress ion .

Ide a lly , a c c o m m o d a t io n  s p a c e  fo r  sea level rise s h o u ld  be  p ro v id e d  th ro u g h o u t  
es tua ries  so  th a t the  c h a n g e s  o c c u r  a lo n g  th e ir  e n tire  le n g th , a l lo w in g  ups tream  

tra n sg re ss io n  o f  the  sa lin e  w e d g e , a n d  la te ra l transg ress ion  o f  in te r - t id a l h a b ita t. 
H o w e v e r, re s iden tia l a n d  c o m m e rc ia l  d e v e lo p m e n ts  im p o s e  co n s tra in ts  a n d  a d e s ig n e d  
a p p ro a c h  is n e e d e d , ta k in g  a c c o u n t  o f  n a tu ra l responses  to  phys ica l ba rrie rs .

In d e v e lo p in g  C o n s e n /a t io n  O b je c t iv e s  fo r  SAC H a b ita t  1 1 3 0  'E s tu a r ie s ',  English 
N a tu re  used the  O 'B r ie n  Rule re la t in g  t id a l p rism  to  cross s e c t io n a l a re a  o f  the  m o u th  
as the  fo u n d a t io n  fo r  e v a lu a t io n  o f  cha n ge s . Th is ru le  ca n  b e  a p p l ie d  fu r th e r  to  assist in 

d e v e lo p in g  a  b ro a d -s c a le  a p p ro a c h  to  sus ta in ab le  es tua ry  m a n a g e m e n t.  Im p o rta n t ly ,  
m a n a g e d  re a l ig n m e n t inc reases  the  t ida l p r ism  a t  a p a r t ic u la r  lo c a t io n  a n d  

c o n s id e ra t io n  needs to  be  g ive n  to  d o w n s tre a m  effects o n  t id a l c u rre n t speeds, 
e sp e c ia lly  e b b  cu rren ts . In the  case  o f  m a n y  es tua ries , the  w id th  o f  the  m o u th  o f  an  
es tua ry  w il l  be  the  l im it in g  fa c to r  fo r  sus ta in ab le  use o f  m a n a g e d  re a l ig n m e n t,  a n d  
th e re fo re  c o n s id e ra t io n  needs to  be  g iven  to  the  cos t-e ffec tiveness  o f  d e lib e ra te ly  

w id e n in g  'p in c h -p o in ts ',  e s p e c ia l ly  a t  the  m ou th .

U s ing  these p r in c ip le s , E ng lish  N a tu re  a d v o c a te  a ra d ica l new  a p p ro a c h  to  estuary  
m a n a g e m e n t  th a t seeks to  es tab lish  lo n g e r- te rm  m o rp h o lo g ic a l  s tab ility , a ro u n d  w h ich  
la n d -b a s e d  spa tia l p la n n in g  m a y  be  d e v e lo p e d . W e  th in k  th e re  is c o n s id e ra b le  sco p e  
to  res to re  a n u m b e r  o f  E ng lish  es tua ries  to  a fo rm  th a t  is m o re  cons is te n t w ith  the  lo ca l 
g e o g ra p h y ,  a n d  w h ic h  in  the  lo n g - te rm  w ill m in im is e  f lo o d  m a n a g e m e n t costs. U sing 
e x a m p le s  fro m  Essex a n d  S u ffo lk , w e  h ig h l ig h t  the  need  fo r  ea r ly  inve s tm en t to  address 

the  fu n d a m e n ta l im p e d im e n ts  th a t w o u ld  o the rw ise  m a k e  such a n  a p p ro a c h  im poss ib le .
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MANAGEMENT PLANS IN  PERSPECTIVE OF ARTICLE 6.1 OF THE HABITATS 
DIRECTIVE: A CO M M O N INTEREST B IN D IN G  FISHERS, ECOLOGISTS, 
HUNTERS, PORT PLANNERS AND RECREATIONISTS

F rank  N e u m a n n

Institute fo r  Infrastructure, Environment and Innovation 
H oogstraa t 125, B -1000  Brussels, Belgium 
E-mail: frank .neum ann@ im ieu .o rg

In the  p e rsp e c tive  o f  N a tu ra  2 0 0 0  re q u ire m e n ts , th ro u g h o u t  E u ro p e , a n d  p a r t ic u la r ly  in 

th e  c o a s ta l zones , re s to ra t io n  m easures  fo r  d u n e  ecosystem s a re  b e in g  p la n n e d . These 
m e a su re s  a re  b e in g  in i t ia te d  in  o rd e r  to  s treng then  the  e c o lo g ic a l  s truc tu re  a n d  fu n c t io n  

o f  the  d e s ig n a te d  a re a s  u n d e r  the  Birds D ire c tive  (BD) a n d  th e  H a b ita ts  D ire c t ive  (HD). 
O n  the  o th e r  h a n d ,  the  sa m e  types o f  p ro je c ts  a lso  a sk  fo r  q u ite  r ig o ro u s  in te rven tio n s  
in  ex is ting  systems -  e .g . ,  the  m o v in g  o f  la rg e  q u a n t it ie s  o f  so ils  o r  the  c h a n g e  o f  the  
systems o f  w a te r  m a n a g e m e n t  -  w ith  c o n s e q u e n c e s  fo r  p ro te c te d  spec ies  a n d  
s o m e tim e s  a ls o  fo r  fu n c t io n s  b o rd e r in g  these a reas. Just these co n s e q u e n c e s  so m e tim e s  
ca u se  th e  d e la y  o f  the  d e v e lo p m e n t o f  re s to ra tio n  m e asu res , as they invo lve  severa l 

d i le m m a s  re g a rd in g  re s to ra t io n , e .g . ,  w h e th e r  a d unes  re s to ra t io n  p ro je c t fo r  e x a m p le  
m a y  n e g a t iv e ly  a f fe c t  a n  a n im a l spec ies . The  g e n e ra l p ro v is io n s  o f  A rt ic le  5 B D  
p ro v id in g  p ro te c t io n  fo r  a ll b irds  spec ies , A r t ic le  1 2 H D  fo r  a n im a l spec ies a n d  A rt ic le  

1 3 H D  fo r  p la n t  spec ies  a n d  the  p ro v id e d  d e ro g a t io n s  u n d e r  A r t ic le  9B D  a n d  A rt ic le  
1 6 H B  a re  he re  o f  g re a t  re le va n ce . Th is p re se n ta t io n  w il l  d e s c r ib e  the  ex is ting d i le m m a s  
as w e ll as the  so lu t io n s  d e v e lo p e d . It w ill a lso  d e a l w ith  th e  issue o f  the  respective  
s ta k e h o ld e r  c o n s u lta t io n  in  v iew  o f  the  'c o n f l ic t in g ' in terests a n d  w ith  the  d if fe re n t 

in te res t g ro u p s . F ina lly , us ing  a n  u n d e r ta k e n  p ro je c t  in  a  d u n e  a re a  in the  N e th e r la n d s  
as  a case  s tudy, s o m e  re c o m m e n d a t io n s  w il l  be  p resen ted  o n  h o w  to  d e a l w ith  such 
m a tte rs  th a t  m a y  be  h e lp fu l fo r  o th e r  re s to ra t io n  p ro jec ts .
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EUROSION: COASTAL EROSION MEASURES, KNOWLEDGE AND RESULTS 
ACQUIRED THROUGH 60 STUDIES

H u g o  N ie s in g

N a tiona l Institute fo r  M arine  and  Coasta l M anagem ent, M inistry o f Public W orks, Transport and 
W ate r M anagem ent, PO Box 2 0 9 0 7 ,  N L -2 5 0 0  EX The Hague, The Netherlands 
E-mail: H .N ies ing@ rikz .rws.minvenw.nl

C o a s ta l e ro s io n  is usu a lly  the  resu lt o f  a c o m b in a t io n  o f  fa c to rs  - b o th  n a tu ra l a n d  

h u m a n  in d u c e d  - th a t  o p e ra te  o n  d if fe re n t sca les. M o s t  im p o r ta n t  n a tu ra l fa c to rs  a re : 
w in d s  a n d  s to rm s, n e a r  sh o re  c u rre n ts , re la tive  sea leve l rise (a c o m b in a t io n  o f  ve rtica l 

la n d  m o v e m e n t a n d  sea leve l rise) a n d  s lo p e  processes. H o w e v e r ,  w h e re  e ro s io n  o ccu rs  
in  p o p u la te d  a re a s , it c a n  c a u s e  s o c ia l a n d  e c o n o m ic  p ro b le m s ; it c a n  a ls o  d a m a g e  
sensitive  a n d  ra re  h a b ita ts . F u r th e rm o re , coas ta l e ro s io n  is o fte n  a g g ra v a te d  by h u m a n  
ac tiv it ies . T h e  o u ts ta n d in g  a m o u n t  o f  k n o w le d g e  a c c u m u la te d  o v e r  the  past 5 0  years, 
th e  pe rs is ting  p ro b le m  o f  c o a s ta l e ro s io n ,  the  in c re a s in g  n u m b e r  o f  a c to rs  in v o lv e d  a t 
a ll levels, as w e ll as  th e  c o n c lu s io n s  o f  the  recen t EC  fu n d e d  IC Z M  d e m o n s tra t io n  
p ro g ra m  w h ic h  h ig h l ig h te d  the  n e e d  fo r  a  E u rope  w id e  c o h e re n t  s tra tegy  to  address  

c o a s ta l issues, h a ve  m o t iv a te d  the  D ire c to ra te  G e n e ra l E n v iro n m e n t o f  the  E u ro p e a n  
C o m m is s io n  to  d e s ig n  a n d  fu n d  the  E U R O S IO N  p ro je c t.

N a tu ra l  a n d  H u m a n  C o a s ta l E ros ion  Factors
E U R O S IO N  re v ie w e d  n a tu ra l a n d  h u m a n - in d u c e d  fa c to rs  re sp o n s ib le  fo r  co a s ta l 
e ro s io n  has b e e n  u n d e r ta k e n  in  a b o u t  6 0  case  s tud ies  re p resen ta t ive  o f  E u ro p e a n  

c o a s ta l d ivers ity .

The  E u ro p e a n  S cope
Besides the  te c h n ic a l o r ie n te d  ana lys is  a t  lo ca l sca le  a n  assessm ent a t  E u ro p e a n  level 
has been  m a d e  to  q u a l i fy  a n d  q u a n t i fy  a c tu a l sta te  a n d  the  d e v e lo p m e n ts  d u r in g  the  
last d e c a d e s  ta k in g  the  m a in  c o a s ta l fu n c tio n s  in to  c o n s id e ra t io n .  T o  a c h ie v e  this 
E U R O S IO N  d e v e lo p e d  a  EU ( in c lu d in g  the new  m e m b e r  states) c o v e r in g  d a ta b a s e  w ith  

1 9  th e m a t ic  G IS  layers.

C o a s ta l E ros ion  M a n a g e m e n t  a n d  In fo rm a t io n
The ro le  o f  in fo rm a t io n  in  m o n ito r in g ,  assessing a n d  d e c is io n  m a k in g  a f fe c t in g  the  state 
o f  the  co a s t has b e e n  d e sc r ib e d . A  d if fe re n ce  b e tw e e n  d if fe re n t ve rt ica l levels o f 

in fo rm a t io n  n e e d  a n d  usage  c a n  be  d is t in g u is h e d ; a l l  have  been  c o n s id e re d  a n d  

p la c e d  in to  co n te x t. The  th ree  levels a re :
1. E u ro p ea n  level in fo rm a t io n  in c lu d in g  EU level d a ta b a s e s  s h o w in g  the  m a in  

p a ra m e te rs  su ch  as trends  in la n d  use m a n a g e m e n t a n d  co a s ta l processes a n d  the  

in d ica to rs  used to  assess these;
2 .  N a t io n a l leve l in fo rm a t io n  ( in c lu d in g  le g is la t io n , p o lic y  p lans);
3 . S u b -n a t io n a l to  lo c a l in fo rm a t io n  c o n c e rn e d  w ith  sp a tia l p la n n in g ,  in fra s tru c tu re  

d e v e lo p m e n t a n d  m it ig a t io n  m e a su re s  etc.
The  c h a ra c te r  o f  in fo rm a t io n  varies  (w ith in  a n d ) a m o n g  th e  a b o v e  levels, a t  E u ro p ea n  
a n d  R eg iona l Sea leve l in fo rm a t io n  m a in ly  re la tes  to  v is ib le  a n d  q u a n t i f ia b le  

(m easu rab le ) p a ra m e te rs . C oa s tB a se  te c h n o lo g ie s  a re  a p p l ie d  to  m a in ta in  the
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a cce ss ib il i ty  a n d  re -u sa b il i ty  o f  th is h u g e  p i l la r  o f  im p o r ta n t  in fo rm a t io n .  A c tu a l ly  the  

re la t io n  w ith  C o a s tW a tc h  is s tu d ie d  to  im p ro v e  in fo rm a t io n  fluxes a n d  use o f  re m o te  
sensing.

C o n c lu d in g  C o a s ta l E ros ion  C o n c lu s io n s
The n a tu re  o f  e ro s io n  o c c u r re n c e  is c o m p le x , s e ld o m  o n e  ac tiv ity  c a n  be  p in p o in te d  as 

the  fa c to r  c a u s in g  e ro s io n , m u lt ip le  drivers a re  c o n tr ib u t in g  w h ic h  p reven ts  c le a r  'ca u se  
e ffe c t ' re la t io n s h ip s  a n d  im p le m e n ta t io n  o f  re la te d  'p o l lu te r  pays ' p r in c ip le s .  P rov id ing  
m o re  tra n s p a re n c y  in  th is p ro cess  is essentia l to  es tab lish  s o m e  a c c o u n ta b i l i t y  a n d  
d e s c r ip t io n  o f  ro les.

C o n tr ib u t in g  to  th is a re  s m a ll-s c a le  d e v e lo p m e n ts  in  c o a s ta l zones n o t re q u ir in g  

e n v iro n m e n ta l im p a c t  assessm ents (EIA) bu t o c c u r r in g  in  in c re a s in g  n u m b e rs  c a u s in g  a 

m a y o r  im p a c t  d if f ic u lt ly  to  c o m p e n s a te  o r  a v o id .  The  fa c t  th a t  in  h u g e  pa rts  o f  E u ro p e  
a t  re g io n a l leve l p la n n in g  a n d  s p a t ia l zo n in g  (a m o n g  o th e rs  based  u p o n  risk m aps) a re  
n o t in c lu d e d  in  p o l ic y m a k in g  a n d  p o l ic y  e n fo rc e m e n t m a ke s  this d e v e lo p m e n t  even 
m o re  d if f ic u lt  to  p re ve n t f ro m  o c c u r r in g .  A d d in g  to  th is the  E U R O S IO N  s tudy o u tc o m e  

th a t  w h e n  EIA p ro c e d u re s  a re  re q u ire d ,  th is is o f te n  seen  as a n  a d m in is tra t iv e  b u rd e n , 
n o t  a n  o p p o r tu n i ty  to  c o m e  to  su s ta in a b le , c o m m it te d  so lu t io n s . Risk m a p p in g  d e p e n d s  
la rg e ly  o n  sc ie n t if ic  in fo rm a t io n  a n d  k n o w le d g e , w h ic h  is in te rp re te d , v isu a lise d  a n d  
c o m m u n ic a te d  to  in vo lve d  s ta k e h o ld e rs .

P la n n in g , m a p p in g  a n d  c o m m u n ic a t io n  a re  key f in d in g s  to  be  m o re  e xp lic it ly  a d d re sse d  
to  a ll in vo lve d .
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Estuaries a re  w id e ly  re co g n ize d  fo r  th e ir  very h ig h  b io lo g ic a l  va lues . Espec ia lly  the 

sa lin ity  g ra d ie n t  causes c o m m u n it ie s  to  c h a n g e  c o m p le te ly  f ro m  the  m a r in e , o v e r  the  
b ra ck ish  to  the  fresh w a te r  t id a l zones. H o w e v e r  fe w  es tua r ies  still exist w ith  a fu l l  sa lin ity  

g ra d ie n t ,  h e n ce  b ra ck ish  a n d  fresh w a te r  t id a l m a rshe s  a re  a m o n g  th e  m o s t th re a te n e d  
h a b ita ts . O n  the  o th e r  h a n d  es tua ries  a re  s u b je c t  to  m a jo r  a n th ro p o g e n ic  stress as 
m a n y  la rg e  c ities  a n d  h a rb o u rs  a re  s itua ted  n e a r  es tua ries . Th is is p a r t ic u la r ly  true  fo r  
the  S che ld t estuary. This is o n e  o f  the  few  E u ro p e a n  es tua ries  w ith  a fu l l  sa lin ity  g ra d ie n t  

b u t it is su b je c te d  to  m a jo r  c h a n g e s  d u e  to  the  d re d g in g  o f  the  fa irw a y  to  the  h a rb o u r  o f  
A n tw e rp  a n d  re c la m a t io n  o f  m arshes  fo r  in d u s tr ia l d e v e lo p m e n t .  As the  EC H a b ita t  
d ire c t iv e  n o w  p ro tec ts  these m arshes , losses n e e d  to  be  c o m p e n s a te d .  This p a p e r  
desc r ib e s  the  re s to ra t io n  o f  a  fo rm e r  m arsh  as p a r t  o f  a c o m p e n s a t io n  schem e.

The  Keten isse p o ld e r  is s itu a te d  o n  the  left b a n k  o f  the  r ive r S che ld t. The  site  w as  ra ised 
in  the  sixties w ith  sand . This w as  re m o ve d  b e tw e e n  June  a n d  S e p te m b e r  2 0 0 2  u p  to  
a b o u t  2 0  cm  b e lo w  h ig h  w a te r  level to  p ro m o te  m a rsh  d e v e lo p m e n t .  C o n d u c t iv i ty  o f  
the  w a te r  va ries  be tw een  1 0 0 0  a n d  2 3 0 0 0  /LyS/cm. T h e  m a in  research  q u e s tio n s  w ere :

1. W h a t  is the  g e rm in a t io n ,  g ro w th  a n d  senescence  o f  p lan ts  in re la t io n  to  in u n d a t io n  
f re q u e n c y , h e ig h t a n d  s e d im e n t type

2 . T o  w h a t ex tend  a re  these c o lo n is a t io n  pa tte rns  d e te rm in e d  by the  in p u t  o f  seeds

The v e g e ta t io n  d y n a m ic s  in  the  s tudy a rea  a re  d ig i ta l ly  re c o rd e d  a lo n g  six tra je c to r ie s  
d is tr ib u te d  o v e r  the  p ro je c t a re a ,  p e rp e n d ic u la r  to  the  r ive r S che ld t a n d  la te r  ana lysed  
us ing  im a g e  ana lys is . O n  the  first transec t, a c le a r  z o n a t io n  d e v e lo p e d  a f te r  o n e  year. 
In a re as  th a t  w e re  f lo o d e d  less th a n  o n c e  a m o n th ,  g rasses a n d  th is tles e m e rg e d . In 
lo w e r  re g io n s  a m ix  o f  d if fe re n t c h e n o p o d ia c e a e  ca n  b e  fo u n d ,  a n d  in  m o re  fre q u e n t ly  
f lo o d e d  a re a s , Scirpus m a r it im u s  is a b u n d a n t .  O n  the  tra nsec t in  the  a re a  th a t was 

c re a te d  last, the  sa m e  v e g e ta t io n  pa tte rn  d e v e lo p e d  in a re m a rk a b ly  sh o rte r  t im e  span  
a n d  a b ro a d e r  sp a c ia l sca le .

The  first s tep  in  the  seed d y n a m ic s  &  d is t r ib u t io n  research  w as  the  ana lys is  o f  
g e rm in a t io n  re q u ire m e n ts  fo r  seeds in  the  b ra ck ish  a re a  a lo n g  the  r ive r Sche ld t. F ou r 
p a ra m e te rs  a n d  th e ir  c o m b in a t io n s  w e re  tested: sa n d y  so il vs p e a ty  so il,  w a te r lo g g e d  vs 
n o n -w a te r lo g g e d  c o n d it io n s ,  b rack ish  w a te r vs fresh  w a te r  a n d  c o ld  t re a tm e n t vs. d ire c t 
g e rm in a t io n .  S to rage  fo r  o n e  m o n th  in a c o o l in g  c h a m b e r  im p ro v e d  the  g e rm in a t io n  in 
m os t tre a tm e n ts . C o m b in e d  w ith  th is c o ld  tre a tm e n t,  fresh w a te r  ca u se d  m o re  p lan ts  to 

g e rm in a te ,  e sp e c ia lly  in  a pea ty  subs tra te  u n d e r  w a te r lo g g e d  c o n d it io n s .
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U s ing  a  s ta n d a rd is e d  seed  t ra p  te c h n iq u e ,  seeds a re  c o l le c te d  every  1 0  c m  in u n d a t io n  
d e p th  a lo n g  the  m o n ito re d  transec ts  a n d  a n a lyse d  a c c o rd in g  to  in u n d a t io n  fre q u e n c y , 
s e d im e n ta t io n /e ro s io n  pa tte rns  a n d  c u rre n t v e g e ta t io n .  In c o n tra ry  to  the  v e g e ta t io n  
p a tte rn ,  th e  n u m b e r  o f  v ia b le  seeds d e p o s ite d  o n  the  so il inc reases  w ith  in u n d a t io n  
d e p th  a n d  fre q u e n cy . La rge  d if fe re n c e s  in  seed a b u n d a n c e  c a n  be  fo u n d  b o th  w ith in  a 

tra n se c t a n d  b e tw e en  transects . V a r ia t io n s  o f  th is p a tte rn  o v e r  a  t id a l  cyc le  a n d  a lso  
m o n th ly  f lu c tu a t io n s  o v e r  a y e a r  w il l  be  a n a lyse d . U p  to  n o w , th is  show s a n  a b u n d a n c e  
o f  v ia b le  seeds in  F eb ru a ry , d e c re a s in g  o v e r  the  fo l lo w in g  m o n th s .

A l th o u g h  a  lo t  o f  w o rk  re m a in s  to  b e  d o n e  to  q u a n t ita t iv e ly  m o d e l a n d /o r  p re d ic t  

c o lo n is a t io n  d y n a m ic s  in  b ra c k is h  m a rshes , th e  p re l im in a ry  resu lts o f  th is rese a rch  ca n  

a lre a d y  be  used  in  fu tu re  re s to ra t io n  p ro jec ts . D if fe re n t aspec ts  l ike  in c l in a t io n ,  d e p th ,  
subs tra te  a n d  even  t im in g  o f  re s to ra t io n  p ro je c ts  c a n  b e  e v a lu a te d  to  im p ro v e  
c o lo n is a t io n .
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E u ro p e 's  es tua r ies  a n d  s a n d  d u n e  system s have  su ffe re d  se r ious  losses a n d  d e g ra d a t io n  

o v e r  the  p a s t ce n tu ry  d u e  to  la n d  a n d  w a te r  use c h a n g e s  a n d  c o a s ta l d e v e lo p m e n t  
pressures. EU b io d iv e rs ity  p o lic y  a im s  to  h a lt  the  loss o f  these  a n d  o th e r  h a b ita ts  o f  
E u ro p e a n  c o n s e rv a t io n  c o n c e rn  by 2 0 1 0 .  The  m a in  le g a l in s tru m e n t to  a c h ie v e  th is is 

C o u n c i l  D ire c t ive  9 2 /4 3 /E E C  o n  th e  c o n s e rv a t io n  o f  n a tu ra l h a b ita t  a n d  o f  w i ld  fa u n a  
a n d  f lo ra ,  c o m m o n ly  k n o w n  as th e  H a b ita ts  D ire c t ive . Th is  ide n tif ie s  e s tu a r ie s  a n d  
d if fe re n t types o f  s a n d  d u n e s  as h a b ita t  types o f  C o m m u n ity  im p o r ta n c e .  The 

d e s ig n a t io n  a n d  m a n a g e m e n t  o f  S p e c ia l A reas  o f  C o n s e rv a t io n  is the  key m e c h a n is m  
u n d e r  the  d ire c t iv e  to  a c h ie v e  the  fa v o u ra b le  c o n s e rv a t io n  s ta tus o f  these h a b ita t  types. 
T h e  fo cu s  o f  a c t io n  has in it ia l ly  b e e n  o n  e s ta b lish in g  th is  n e tw o rk  o f  s ites, using 
c o m m o n ly  a g re e d  h a b ita t  d e f in it io n s  a n d  site se le c t io n  c r i te r ia ,  w ith  a v iew  to  e n su r in g  
s u ff ic ie n t re p re s e n ta t io n  o f  es tua ries  a n d  sand  d u n e s  in  the  N A T U R A  2 0 0 0  n e tw o rk .  This 
p rocess  is a d v a n c e d  a n d  lists o f  sites fo r  d if fe re n t B io g e o g ra p h ic a l  R eg ions c o v e re d  by 
the  H a b ita ts  D ire c t iv e  a re  b e in g  e s ta b lish e d . In c re a s in g ly , th e  fo c u s  is o n  p u tt in g  in 

p la c e  e ffec t ive  m a n a g e m e n t  a n d  m o n ito r in g  systems. The re  is a lre a d y  a c o n s id e ra b le  
a m o u n t  o f  e x p e r ie n c e  o n  m a n a g e m e n t  a n d  re s to ra t io n  o f  sand  d u n e s  a n d  es tua r ies  in 
th e  EU, e s p e c ia l ly  f ro m  p ro je c ts  s u p p o r te d  u n d e r  the  LIFE p ro g ra m m e . The  E u ro p e a n  
C o m m is s io n  has p ro p o s e d  th a t EU ru ra l a n d  re g io n a l d e v e lo p m e n t  fu n d s  be  used  to  
c o - f in a n c e  m a n a g e m e n t  m easures  fo r  the  N A T U R A  2 0 0 0  n e tw o rk . N e w  m o n ito r in g  

a r ra n g e m e n ts  s h o u ld  a ls o  p ro v id e  a  u n if ie d  s o u rc e  o f  in fo rm a t io n  a t the  EU sca le  o n  
es tua r ies  a n d  sand  d u n e s . T he re  w il l  b e  a  need to  add ress  o th e r  th re a ts  to  these  h a b ita t  

types in E u ro p e , e s p e c ia l ly  the  p re d ic te d  n e g a t iv e  e ffec ts  o f  c l im a te  c h a n g e ,  in the 
co n te x t o f  the  w id e r  d e b a te  o n  EU b io d ive rs ity  p o licy .
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Th is  p a p e r  presents  th e  d a ta  o f  th e  c o a s ta l d u n e s  o f  L ith u a n ia  in the  p e r io d  1 9 6 6 -  
2 0 0 3 .  The  c o a s ta l d u n e s  k e e p  the  s a n d  b lo w n  by w in d  a n d  p ro te c t  the  p la in  b e h in d  the  
d u n e  d u r in g  s to rm s  a n d  h u rr ic a n e s  f ro m  the o v e r f lo w  o f  th e  B a lt ic  Sea w aves  as w e ll. 

Besides, th e  c o a s ta l d u n e  is a n  a sy lu m  fo r  ra re  spec ies  o f  p la n ts . The  c o a s ta l d u n e  is 
s ig n if ic a n t n o t o n ly  in  e c o lo g ic a l ,  b u t in  soc ia l ( re c re a t io n a l)  a s p e c t as w e ll.

S to rm s a n d  h u rr ic a n e s , p re v a i l in g  w es te rn  w in d  a n d  a n th ro p o g e n ic  a c tiv it ie s  f ro m  the 
d e s tru c tive  in f lu e n c e  o n  the  c o a s ta l d u n e s . D u r in g  th e  s to rm  a n d  h u rr ic a n e s  d u e  to  the  
f lo w  o f  the  sea the  w es te rn  (w ind  w a rd )  s lope  o f  the  c o a s ta l d u n e  fo u n d  itse lf a lm o s t 
to ta l ly  in  the  z o n e  o f  a c t io n  o f  the  w a v e  fac to rs . A f te r  e a c h  h u r r ic a n e  the  s itu a t io n  o f  the  

L ith u a n ia n  s h o re  b e c o m e s  m o re  c o m p lic a te d  a n d  fo rc e s  us to  lo o k  fo r  ways a n d  m eans  
to  so ften  the  in f lu e n c e  o f  w aves  o n  th e  co a s ta l d u n e .  D u r in g  the  h u rr ica n e s  the  w estern  
s lo p e  o f  th e  c o a s ta l d u n e  fe ll in to  z o n e  u n d e r  the  in f lu e n c e  o f  w a ve  fa c to r .  T h e  waves 
ra ised  by the  h u r r ic a n e  a re  so  in tens ive  th a t d u r in g  s o m e  h o u rs  the  c o a s ta l d u n e  range  
h a r ro w e d  u p  to  1 0  m ete rs  a n d  m o re .

In the  o th e r  se g m en ts  o f  the  c o a s ta l d u n e  -  ra n g e  w h e re  the  h e ig h t is a b o u t  2  -  3  -  
m ete rs  the  w ave s  ra ised  by the  h u r r ic a n e  o v e r f lo w e d  in to  th e  p la in  b e h in d  the  d u n e .

In 1 9 6 6  -  1 9 9 9  th e  d u n e  ra n g e  o f  the  L ith u a n ia n  s h o re  n a r ro w e d  a v e ra g e  3 3  m eters 
a n d  the  te r r i to ry  o f  d u n e  ra re  d im in is h e d  o v e r  2 5 0  ha . In th is  p e r io d  the  sea w aves 
w a sh e d  o f f  a b o u t  15  m i l l io n  c u b ic  m e te rs  o f  sa n d . In d u n e  -  ra n g e  o f  s o m e  k ilo m e te rs  
the  o n ly  e le m e n t o f  re lie f o f  the  d u n e  to  re m a in  w as  the  e a s te rn  (w ind  tee) s lo p e . The 

o th e r  e le m e n ts  o f  the  re l ie f  -  the  w es te rn  (w ind  w a rd )  s lo p e  a n d  the  to p  o f  th e  co a s ta l 
d u n e  -  ra n g e  w e re  w a s h e d  a w a y  by the  w aves a n d  th e  sand  w as  f lo a te d  in  to  the  B a ltic  
Sea.

The  e ro s io n  o f  th e  c o a s ta l d u n e s  o f  L ith u a n ia  m a y  b e  s to p p e d  by  the  im p le m e n ta t io n  o f  
a  p rec ise ly  d ra w n  u p  a n d  ir re p ro a c h a b ly  im p le m e n te d  p la n  o f  m easures  fo r  c o n tro l l in g  
the  fa c to rs  h a v in g  in f lu e n c e  o n  the  seashore . The  su rv iva l o f  the  c o a s ta l dunes , 
e sp e c ia lly  its w es te rn  s lo p e  d u r in g  s to rm s  a n d  h u rr ic a n e s  d e p e n d s  o n  the  n o u r is h m e n t 
w id th  a n d  in c l in a t io n  a n g le  o f  th e  b e a c h . O n  the  in c l in a t io n  a n g le  le n g th  a n d  p ro je c t ive  
c o v e r  o f  p la n ts  o f  the  w este rn  (w ind  w a rd )  s lo p e  h e ig h t ,  a n d  p ro je c t iv e  c o v e r  o f  p la n ts  o f 
th e  d u n e  to p .  O n  the  w id th ,  in c l in a t io n  a n g le  a n d  p ro je c t iv e  c o v e r  o f  p la n t ,  o f  the 
eas te rn  (w ind  lee) s lo p e . C a n  be  a n d  un fo re see n  c ircu m s ta n ce s .

K eyw ords: c o a s ta l d u n e s , e ro s io n , u rg e n t  m easures  e n su re  o f  d u n e  stab ility .
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The  N o r th -W e s t  c o a s t  o f  F rance  is m a in ly  c o v e re d  w ith  d u n e s  o f  v a r ia b le  ex ten t w h o se  
v a lu e  as p a r t  o f  the  n a t io n a l  h e r ita g e  is n o w a d a y s  fu l ly  re c o g n iz e d . T o  p e o p le  v is it ing  

th e m , these  d u n e s  o f fe r  a  va r ie ty  o f  la n d sca p e s  in c lu d in g  h u m id  zones w e l l- lo v e d  by 
th o se  fa m i l ia r  w ith  th e m  a n d  o f  the  g re a te s t in te res t to  n a tu ra lis ts . They c a n  be  

c o n s id e re d  as  e x c e p t io n a l a re a s  in  th a t  they  p ro v id e  p r iv i le g e d  sites fo r  e n d a n g e re d  
p la n t  a n d  a n im a l  spec ies . The  surv iva l o f  these species d e p e n d s  o n  m a n a g e m e n t  
p ra c tice s  re sp e c t in g  the  q u a l i ty  o f  th e  e n v iro n m e n t.  T o d a y  a  m a n a g e m e n t  p o lic y  o f  
c o n s e rv a t io n  is b e in g  im p le m e n te d  a n d ,  th a n ks  to  re g u la t io n  a n d  the  use o f  te c h n ic a l 

m e a n s  a d a p te d  to  the  s itu a t io n ,  it has b e c o m e  p o ss ib le  to  p reserve  o r  res to re  
b io d iv e rs ity  in  the  spec ies  o r  the  la n d sca p e s .

T h e  p o l ic y  o f  c o n s e rv a t io n  o f  the  p e a ty  de p re ss io n s  has g ra d u a l ly  d e v e lo p e d  in  F rance  

o v e r  th e  las t ten  years. It b e g a n  in the  N o rd -P a s -d e -C a la is  re g io n ,  th e n  sp re ad  to  U p p e r  
a n d  L o w e r N o rm a n d y .  As in th e  N e th e r la n d s , in n o v a to ry  p ra c tice s  such  as re a c t iv a t in g  
the  d y n a m ic s  o f  th e  d u n e  have  e n c o u ra g e d  the  re a p p e a ra n c e  o f  g ro u p s  o f  p lan ts  
ty p ic a l o f  h u m id  zones. T o d a y  the  e x c h a n g e  o f  e xp e rim e n ts  a n d  k n o w le d g e  c o n tr ib u te s  
fu r th e r  to w a rd s  p re c is e ly - ta rg e te d  a n d  e ffec t ive  in te rv e n t io n . The  te c h n ic ia n s ' k n o w -h o w  
is in s tru m e n ta l in  the  s e t t in g -u p  o f  d if fe re n t p ro to c o ls  o f  in te rv e n t io n  a n d  m o n ito r in g ,  

a n d  a ls o  in a c q u ir in g  a b e tte r  u n d e rs ta n d in g  o f  the  response  m e c h a n is m s  o f  the  p ea t 
e n v iro n m e n ts  to  the  e xp e r im e n ts  a n d  m a n a g e m e n t  m o d e s  a p p l ie d  to  th e m .

If th is p o l ic y  o f  c o n s e rv a t io n  is a p p ro v e d  by  a c to rs  in the  p ro te c t io n  o f  the  co a s t, it is n o t 
a lw a y s  u n d e rs to o d  by th o s e  w h o  have  a d if fe re n t c o n c e p t io n  o f  h o w  to  e n h a n c e  the  
v a lu e  o f  these  a reas . C o n f l ic ts  a rise  o r  c o n t in u e  d u e  to  c o n c e p t io n s  a n d  re p re se n ta t io n s  

o f  the  m u lt ip le  issues a t  s take  w h ic h  d ive rg e  in  th e ir  a im s . F o r a n  u n d e rs ta n d in g  o f  the  
re a lity  o f  these issues, a  h is to r ica l f ra m e w o rk  is necessary to  fo l lo w  the  e v o lu t io n  o f  
M a n 's  re la t io n  to  N a tu re  a n d  the  c h a n g in g  ways o f  th in k in g  o v e r  the  cen tu r ies  a n d  
d u r in g  the  pas t few  d e c a d e s . O ld  m a p s  a n d  w r it te n  a c c o u n ts  th ro w  l ig h t o n  the  

o c c u p a t io n  o f  sp a ce  a n d  o n  the  w a y  it has d e v e lo p e d . N o t  o n ly  d o e s  a h is to r ica l 
p e rsp e c t ive  s h o w  c h a n g e s  in  the  uses la n d  has b e e n  p u t  to ,  it a ls o  revea ls  the  
a m b iv a le n c e  o f  M a n  a n d  c o a s ta l soc ie ties  w h e re  the  a l l - im p o r ta n t  q u e s tio n  o f  h o w  to  
e n h a n c e  the  v a lu e  o f  these  e x c e p t io n a l a re as  is c o n c e rn e d . F in a lly , the  h u m id  zones 
m us t b e  p la c e d  in  a w id e r  g e o g ra p h ic a l  co n te x t, th a t  o f  the  d u n e  system a ffe c te d  by its 
o w n  d y n a m ic s ,  a n d  a lso  in  the  b ro a d e r  co n te x t o f  th e  co a s ta l a n d  in la n d  a reas , w h e re  
the  systems o f  lo g ic  a n d  fu n c t io n in g  m us t be  e n v isa g e d  a n d  c o n fro n te d  w ith  those  o f  the  
h u m id  zones. T e ll in g  e x a m p le s  o f  p resen t issues w il l  b e  ta k e n  fro m  th e  N o r th  o f  F rance  
(N o rd -P a s -d e -C a la is ,  P ica rdy , Low er N o rm a n d y  reg ions ) a n d  w il l  be  c o m p a re d  w ith  
fo re ig n  sites (G re a t B r ita in , the  N e th e r la n d s ) w h e re  s im ila r  p ro b le m s  a re  posed .
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GRAZING MANAGEMENT O N  SAND DUNES
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M a n y  d u n e  system s in te m p e ra te  E u ro p e  to d a y  a re  c h a ra c te r is e d  by in c re a se d  s tab ility , 

sp re a d  o f  sc ru b  a n d  c o a rs e  grasses a n d  the  loss o f  e a r ly  su cce ss io n a l v e g e ta t io n . This is 
v ie w e d  w ith  c o n c e rn  by the  U K  n a tu re  c o n s e rv a t io n  a g e n c ie s . L ivestock g ra z in g  is w id e ly  
used  as a m a n a g e m e n t  to o l in a n  a t te m p t  to  c o u n te ra c t  the  a sso c ia te d  loss o f  species 
d ive rs ity  a n d  m a in ta in  a ra n g e  o f  su cce ss io n a l phases.

This case  s tudy is a  c o n tr ib u t io n  to w a rd s  a  b e tte r  u n d e rs ta n d in g  o f  the  lo n g - te rm  effects 
o f  g ra z in g  m a n a g e m e n t  o n  d u n e s , a n a ly s in g  v e g e ta t io n  d a ta  g a in e d  p r io r  to  a n d  a fte r  
u p  to  16  years o f  l ive s to ck  g ra z in g . T h e  a im  is to  test if g ra z in g  m a n a g e m e n t  w as 
successfu l in c o u n te ra c t in g  sc ru b  e n c ro a c h m e n t  a n d  loss o f  spec ies  d ivers ity .

T h e  study w as  c o n d u c te d  a t  N e w b o ro u g h  W a rre n ,  UK. U n til the  ea r ly  1 9 5 0 s ,  the  d u n e  
system w as  p re d o m in a n t ly  m o b i le ,  h o w e v e r  to d a y  the  d u n e s  a re  la rg e ly  s ta b le , w ith  
se m i- f ixe d  a n d  f ixe d  d u n e  g ra s s la n d  a n d  m a tu re  s lacks  re p re se n tin g  the  d o m in a n t  
v e g e ta t io n  types. L ivestock g ra z in g  by ca tt le , p o n ie s  a n d  sh e e p  w as  in t ro d u c e d  in  1 9 8 7 .  
A  series o f  p e rm a n e n t  m o n ito r in g  q u a d ra ts  (2x2 m ) w as set u p  by the  C o u n try s id e  
C o u n c i l  fo r  W a le s  a n d  re -su rveyed  a t  re g u la r  in te rva ls , m os t recen tly  in 2 0 0 3 .

The  q u a d ra t  d a ta  w e re  in it ia l ly  s e p a ra te d  by T w in sp a n  ana lys is  in to  w e t s la ck  a n d  dry  

d u n e  h a b ita ts , a n d  these h a b ita ts  w e re  a n a lyse d  sepa ra te ly . Species d ive rs ity  inc reased  
in  b o th  the  w e t a n d  the  d ry  h a b ita ts . D a ta  fo r  a ll years o f  survey w e re  a n a lyse d  by 

D e tre n d e d  C o r re s p o n d e n c e  A na lys is  fo r  b o th  h ab ita ts . These o rd in a t io n s  s h o w  m a rk e d  
c h a n g e s  in th e  v e g e ta t io n  c o m p o s i t io n  s ince  1 9 8 7  fo r  the  dry  h a b ita ts , w h e re  g ra z in g  
w as  re la te d  to  the  se co n d  o rd in a t io n  axis. In the  w e t h a b ita ts , h o w e ve r, g ra z in g  does 

n o t a p p e a r  to  b e  as  c le a r ly  re la te d  to  a n y  axis. This suggests  th a t  the  im p a c t  o f  g ra z in g  
is m o re  p ro n o u n c e d  o n  d ry  d u n e  g ra ss la n d s  th a n  in  w e t s lacks, w h e re  o th e r  
e n v iro n m e n ta l v a r ia b le s  m a y  be  m o re  im p o r ta n t  d e te rm in a n ts  o f  spec ies c o m p o s it io n .

F u tu re  ana lyses w il l  e xp lo re  c h a n g e s  in  the  p la n t  c o m m u n ity  a n d  s u b -c o m m u n ity  p o s t­
g ra z in g .
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V e g e ta t io n  m a p s  a re  essen tia l to o ls  fo r  p la n n in g  a n d  e v a lu a t io n  in n a tu re  co n se rva t io n . 

This p a p e r  e xp lo re s  the  pas t, p resen t a n d  fu tu re  o f  v e g e ta t io n  m a p p in g  in  c o a s ta l dunes 
a n d  sa lt m a rshe s  a lo n g  the  D u tc h  a n d  B e lg ian  coas t.

In g e n e ra l ,  v e g e ta t io n  m a p s  a re  based  o n  re m o te ly  sensed im a g e s . T h e  e a r lie s t a e r ia l 
p h o to g ra p h s  k n o w n  f ro m  the  B e lg ia n  a n d  D u tc h  co a s t d a te  f ro m  W W  1. A fte r  W W  2 , 
b la c k  a n d  w h ite  a n d  fa lse  c o lo u r  a e r ia l p h o to g ra p h s  w e re  ta k e n  o n  a m o re  re g u la r  
basis  in  fu n c t io n  o f  c a r to g ra p h y  o r  coas ta l d e fe n c e . M o re  recen tly , a ls o  m u lt i-  to  
h yp e rsp e c tra l d ig i ta l  scanners  a re  a p p l ie d  in a irb o rn e  re m o te  sensing.

U n til 1 9 8 0  v e g e ta t io n  m a p s  o f  c o a s ta l a reas w e re  o n ly  m a d e  s p o ra d ic a l ly .  They w ere  
h a n d -m a d e  a n d  based  o n  m o n o c h ro m e  a e r ia l  p h o to g ra p h s  (e .g . va n  D o rp  et a l. 
1 9 8 5 ) .  In the  1 9 8 0 s  the  B e lg ia n  coas ta l d e fe n c e  a d m in is t ra t io n  a n d  the  Survey 
D e p a r tm e n t  o f  th e  D u tc h  M in is try  o f  T ranspo rt, P ub lic  W o rk s  a n d  W a te r  M a n a g e m e n t  
s ta rted  p ro g ra m m e s  fo r  v e g e ta t io n  m a p p in g  o f  th e  (fo re )dunes.

G ra d u a l ly  (vec to r-) G IS  a p p l ic a t io n  b e c a m e  c u rre n t a n d  in  the  N e th e r la n d s , the  first 
steps to w a rd s  d ig i ta l  im a g e  in te rp re ta t io n  w ere  ta k e n  (D roesen  1 9 9 9 ,  Janssen 2 0 0 1 ) .  
C u rre n t ly ,  research  p ro je c ts  a re  g o in g  o n  in B e lg iu m  a n d  The  N e th e r la n d s  to  e xp lo re  in 

d e p th  the  po ss ib il i t ie s  o f  im a g e  in te rp re ta t io n  fo r  v e g e ta t io n  m a p p in g .

R em ote ly  sensed  im a g e s  a re  e ith e r  a n a lo g u e  (p h o to  f i lm  o r  p rin t) o r  d ig i ta l .  The  la tte r 
type  c a n  be  c h a ra c te r is e d  by fo u r  types o f  re so lu t io n  (L illesand a n d  K ie fe r  1 9 9 4 ) .  Spatia l 
re s o lu t io n  is expressed  as  th e  size o f  o n e  im a g e  p ixe l m e a su re d  o n  the  g ro u n d .  The 
n u m b e r  o f  b a n d s  is d e n o te d  as spec tra l re s o lu t io n  w h ile  the  s to ra g e  p re c is io n  o f  the 
in fo rm a t io n  is c a l le d  ra d io m e tr ic  re so lu t io n . F in a lly  the  te m p o ra l re s o lu t io n  re flects the 
fre q u e n c y  by w h ic h  im a g e s  o f  th e  sa m e  a rea  a re  a c q u ire d .  As q u a li ty  in d ic a to rs , these 
re so lu t io n s  have  severa l te c h n ic a l o r  f in a n c ia l l im ita t io n s  such  as the  t ra d e  o f f  be tw een  
s p a t ia l a n d  sp e c tra l re s o lu t io n  o r  the  h ig h  cos t o f  m u lt i- te m p o ra l  im a g e s . A ls o  the  w ay  
the  im a g e s  a re  o b ta in e d  (d ig it ised  p h o to g ra p h s  versus scanners) d e te rm in e s  te ch n ica l 
p ro p e rt ie s  such  as  g e o re fe re n c in g  accu racy .

- 8 6 -

mailto:sam.provoost@instnat.be




In te rp re ta t io n  po ss ib il i t ie s  a re  q u ite  d if fe re n t fo r  a n a lo g u e  o r  d ig i ta l  im a g e s . Im a g e  

q u a l i ty  a n d  easy use o f  s te re o -p a re s  (3D  v iew ) a re  a d v a n ta g e s  o f  the  fo rm e r, 
g e o re fe re n c in g ,  o b je c t iv i ty  a n d  d ig i ta l  im a g e  p ro ce ss in g  o f  the  la tte r. The  success o f  
c o m p u te r is a t io n  o f  im a g e  p ro cess in g  d e p e n d s  o n  the  c la s s if ic a t io n  a lg o r i th m s , the 
im a g e 's  sp e c tra l a n d  s p a t ia l  re s o lu t io n  a n d  g e o re fe re n c in g  a c c u ra c y . The  la t te r  is o f  
p a ra m o u n t  im p o r ta n c e  w h e n  re la t in g  im a g e s  to  GPS re fe re n ce d  g ro u n d  tru th .

Im a g e  p ro ce ss in g  ca n  e i th e r  be  p ixe l o r  o b je c t  o r ie n te d . P e r fo rm a n c e  o f  p e r  pixel 

c la s s if ic a t io n  is fa v o u re d  by h ig h  spec tra l re s o lu t io n  as p ro v id e d  by hype rspec tra l 
im a g e s . O b je c t  based  a lg o r i th m s  re q u ire  a g o o d  sp e c tra l re s o lu t io n  as they  in c lu d e  

fe a tu re 's  tex tu re  p a ra m e te rs . The  sp e c tra l s ig n a tu re  o f  v e g e ta t io n  is m a in ly  in f lu e n c e d  by 
its s tru c tu re  ra th e r  th a n  its c o m p o s it io n .  T h e re fo re  w e  c a n n o t  e xp e c t re m o te  sensing to  
re p la c e  b o ta n ic a l  f ie ld w o rk  b u t b o th  m e th o d s  c a n  re in fo rc e  e a ch  o th e r .

T h e  a p p l ic a b i l i t y  o f  re m o te  sens ing  fo r  v e g e ta t io n  m a p p in g  d e p e n d s  o n  the  a im  o f  the  
e n d  p ro d u c t .  Present te c h n iq u e s  a n d  k n o w le d g e  m us t e n a b le  us to  d e v e lo p  o p e ra t io n a l 
systems fo r  a c c u ra te  re c u rre n t m a p p in g  o f  severa l v e g e ta t io n  c lasses, m a in ly  based  o n  

s tru c tu re  p ro p e rt ie s . Th is in fo rm a t io n  can  be  very usefu l fo r  e v a lu a t io n  o f  seaw a ll 
s tre n g th  fo r  co a s ta l d e fe n c e  o r  fo r  e x a m p le  g ra z in g  m a n a g e m e n t.  Fu ture  research 
s h o u ld  fo cu s  o n  o p t im is in g  im a g e  p ro pe rt ie s  (spec tra l b a n d s  versus sp a tia l reso lu tion ) 
a n d  c la s s if ic a t io n  te c h n iq u e s  such  as o b je c t  b a se d  c la s s if ic a t io n  o r  w a v e le t ana lysis. 
A ls o  a d d it io n a l  g ro u n d  m e a s u re m e n ts  o f  v e g e ta t io n  re f le c t io n  ca n  revea l poss ib ilit ies  

a n d  l im ita t io n s  fo r  m o re  a d v a n c e d  a p p l ic a t io n s  o f  re m o te  sens ing  in  n a tu re  
c o n s e rv a t io n .
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THE GEOMORPHOLOGICAL IMPACT OF THE JANUARY 2005 HURRICANE 
STRENGTH STORM O N  THE ATLANTIC COASTLINE OF THE OUTER 
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In J a n u a ry  2 0 0 5  the  A t la n t ic  C o a s t o f  the  O u te r  F febrides w as  s truck  by w inds  in  excess 

o f  1 0 0  kno ts . H u r r ic a n e  fo rc e  w in d s  s e t-u p  e x c e p t io n a l ly  h ig h  d e s tru c tive  waves.

E leva ted  sea leve ls  c a u s e d  extensive f lo o d in g .  In a d d i t io n  to  p ro p e r ty  d a m a g e  th e re  was 
a ls o  loss o f  life  by d ro w n in g .  S torm s a n d  e ro s io n  a re  fre q u e n t in the  O u te r  H e b r id e s  bu t 
the  severity  o f  th is  e ve n t c a l le d  in to  q u e s tio n  the  level o f  a w a reness  o f  co a s t l in e  
v u ln e ra b il i ty  in  s p e c if ic  lo ca lit ie s . In a d d i t io n ,  the  d e b a te  o n  p o ss ib le  rise in sea level 
a n d  inc reased  s to rm ine ss  re -e m e rg e d  n o t o n ly  in  a  th e o re t ic a l co n te x t bu t a lso  w ith  a 
sense o f  a p p l ic a t io n  to  rea l l ife  p ro b le m s .

T h e  co a s tl in e s  a ffe c te d  w e re  a ll lo w - ly in g  m a c h a ir  la n d fo rm s  w ith  extensive sand  a n d  
o c c a s io n a l s h in g le  b e a ch e s . M a c h a i r  is a  type o f  c a lc a re o u s  s a n d  d u n e  system o f  g re a t 

a n t iq u ity  (in excess o f  6  to  8 0 0 0  years o ld ) .  It is e sp e c ia lly  im p o r ta n t  fo r  a rc h a e o lo g ic a l  
a n d  c o n v e rs a t io n a l sites. Fo r m o re  than  fo r ty  years g e o m o rp h o lo g ic a l  a n d  
a rc h a e o lo g ic a l  rese a rch  has d e m o n s tra te d  sys tem a tic  e ro s io n  a n d  re w o rk in g  o f  the 
m a c h a ir  c o a s t l in e , a lb e i t  w ith  p ro n o u n c e d  lo ca l d if fe rences . As a resu lt o f  this research  
th e  h u rr ic a n e  im p a c t  o f  2 0 0 5  ca n  be  seen  as a n  ex trem e  e ve n t w ith in  a lo n g -s ta n d in g  
p a tte rn . N eve rthe less  the  s treng th  o f  th is e ve n t u n d e r l in e s  the  p o w e r  o f  the  A t la n t ic  

s to rm  e n v iro n m e n t a n d  p o ss ib le  im p a c ts  o n  b o th  e c o n o m ic  a n d  c u ltu ra l assets w h ich  
a re  like ly  to  need  e n h a n c e d  p ro te c t io n .
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DEVELOPING A EUROPEAN COASTAL DUNE MANAGEMENT NETWORK

Paul R ooney

Deanery o f  Sciences and  Social Sciences, Liverpool H ope University 
H ope Park, L iverpool, United K ingdom
E-m ail: rooneyp@ hope.ac.uk

A n  in fo rm a l n e tw o rk  o f  E u ro p e a n  sand  d u n e  c o n s e rv a t io n  m a n a g e rs  a n d  researchers  

has  ex is ted  s ince  a  c o n fe re n c e  in  Le iden , th e  N e th e r la n d s  in  1 9 8 7 .  A t the  E u ro p e a n  
S ym p o s iu m  'C o a s ta l  D unes  o f  the  A t la n t ic  B io g e o g ra p h ic a l  R e g io n ' h e ld  in S o u th p o r t ,  
E n g la n d , d u r in g  1 9 9 8 ,  the  sand  d u n e  c o m m u n ity  m e t a g a in  a n d  re a ff irm e d  its 

p resence . Th is e ve n t id e n t if ie d  the  benefits  o f  s h a r in g  e xp e r ie n ce  o f  c o n s e rv a t io n  
p ra c t ic e  th ro u g h  a  E u ro p e a n  n e tw o rk  o f  c o m m o n  in te res t in  c o a s ta l d u n e  m a n a g e m e n t.  
T o  th is p u rp o s e  a n d  w ith  the  s u p p o r t  o f  the  E U C C -T h e  C o a s ta l U n io n ,  a  first s tep  w as 

ta k e n  to  d e v e lo p  a E u ro p e a n  C o a s ta l D u n e  M a n a g e m e n t  N e tw o rk  a t  the  L itto ra l 2 0 0 4  
c o n fe re n c e , A b e rd e e n ,  S c o t la n d  d u r in g  S e p te m b e r 2 0 0 4 .  The  d e v e lo p in g  n e tw o rk  a im s  
to  p ro m o te  s u s ta in a b le  use a n d  sh a re  e xp e rie n ce  o f  c o n s e rv a t io n  p ra c t ic e  in  c o a s ta l 
d u n e  m a n a g e m e n t  a m o n g s t  a d is t in c t iv e  a n d  yet d ive rse  c o m m u n ity .  The  D unes  a n d  

Estuaries 2 0 0 5  c o n fe re n c e  p ro v id e s  a n  o p p o r tu n ity  to  d e v e lo p  the  N e tw o rk  as a 
p la t fo rm  th a t w il l  b e n e f it  E u ro p e a n  c o a s ta l d u n e  m a n a g e m e n t.
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MANAGED REALIGNMENT IN  NORTHERN EUROPE -  A COMPARATIVE 
STUDY OF ENGLAND AND GERMANY

S usanne  R u p p -A rm s tro n g 1 a n d  R obe rt J. N ic h o l ls i

1 School o f C ivil Engineering and the Environment, University o f Southam pton 
H igh fie ld , Southam pton S O I 7 1 BJ, United Kingdom
E-m ail: sgr@ soton.ac.uk

2
Schoo l o f C iv il E ng ineering  and  the Environm ent and  Tyndall C entre  fo r C lim a te  Research, University o f 
S o u tha m pton , H ig h fie ld , S outham pton S O I 7 1 BJ, United K ingdom

T h e  c o a s ta l m a n a g e m e n t  m e a s u re  'm a n a g e d  re a l ig n m e n t '  (to c re a te  in te r t id a l hab ita t)  
has a ro u s e d  in c re a s in g  in te res t o v e r  the  past d e c a d e . Th is  d o c to ra l  rese a rch  p ro je c t  has 

so  fa r  c o n c e n tra te d  o n  a  c o m p a ra t iv e  s tudy o f  E n g la n d 's  a n d  G e rm a n y 's  a p p ro a c h e s  to  
m a n a g e d  re a lig n m e n t,  to  d e te rm in e  s im ila r it ie s  a n d  d if fe re n ce s , a n d  m a k e  p re d ic t io n s  
o n  its fu tu re  use. Q u a l i ta t iv e  in te rv iew s  w ere  u n d e r ta k e n  w ith  key expe rts ; s u p p o r te d  by 
a n  extens ive  l i te ra tu re  re v ie w  a n d  c o m m u n ic a t io n  w ith  c o a s ta l p ra c t i t io n e rs .  A ll 
in te rv iew ees  p e rc e iv e d  m a n a g e d  re a l ig n m e n t as a p o s it ive  d e v e lo p m e n t ,  a l th o u g h  the  

l ik e l ih o o d  o f  its inc reased  fu tu re  use w as ju d g e d  d if fe re n tly . S o m e  3 6  sch e m es  exist. 
M o t iv a t io n  fo r  Eng lish , a n d  to  a ce r ta in  exten t o n  B a lt ic  Sea schem es , seem s m o re  
d r iv e n  by lo n g - te rm , m u lt i-c a u s a l fa c to rs  th a n  o n  G e rm a n y 's  N o r th  Sea c o a s t,  w he re  
m a n a g e d  re a l ig n m e n t has to  d a te  o n ly  been  m o t iv a te d  by h a b ita t  m it ig a t io n  needs. 
H o w e v e r ,  th e re  a re  s igns th a t  o n  th is co a s t, c o n s e rv a t io n  c o u ld  be  a n  im p o r ta n t  d r ive r 
fo r  its in c re a se d  use in  the  2 1 st ce n tu ry . Thus m a n a g e d  re a l ig n m e n t is n o w  f irm ly  o n  the  

a g e n d a  in  b o th  c o u n tr ie s , re f le c t in g  a  ra d ica l d e p a r tu re  fro m  the  re ce n t past. H o w e ve r, 
ta k e -u p  is l ike ly  to  d if fe r  n o ta b ly  b o th  be tw een  a n d  w ith in  these  co u n tr ie s .
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COASTAL DUNE EVOLUTION O N  A SHORELINE SUBJECT TO STRONG 
HUM AN PRESSURE: THE DUNKIRK AREA, NORTHERN FRANCE

M a r ie -H é lè n e  Ruz E d w ard  J. A n th o n y ' a n d  L a u re n t F a u c o n -

' C oasta l G e o m o rp h o lo g y  and Shoreline M anagem en t Unit EA 3 5 9 9 , Université du Littoral
C ôte  d 'O p a le ,  189A  avenue M aurice  Schumann, F -5 9 1 4 0  Dunkerque, France
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Service Espaces Naturels Sensibles, D irection du Sport, du Tourisme et des Espaces Naturels,
Conseil G énéra l du N ord , Hôtel du Départem ent, F -5 9 0 4 7  Lille Cedex, France

T h e  e x tre m e  n o r th e rn  c o a s t o f  F rance  fro m  D u n k irk  to  the  B e lg ia n  b o rd e r  is b o u n d e d  by 

c o a s ta l d u n e s  th a t have  b e e n  m ass ive ly  tra n s fo rm e d  by u rb a n  a n d  p o r t  d e v e lo p m e n t.  
T h e  o n ly  s tre tch  o f  p rese rved  d u n e  b a rr ie r ,  less th e n  1 2  km  lo n g ,  is lo c a te d  eas t o f  the  
p o r t  o f  D u n k irk .  The  fo re d u n e  r id g e  w as se rious ly  d a m a g e d  a t the  b e g in n in g  o f  the  2 0 " ' 
c e n tu ry  by u rb a n  d e v e lo p m e n t a n d  a lm o s t c o m p le te ly  d e s tro ye d  d u r in g  W o r ld  W a r  II. In 
th e  1 9 8 0 s ,  the  fo re d u n e ,  1 5  to  2 0  m h ig h , w as  a ffe c te d  by b re a ch e s  a n d  b lo w o u ts , a n d  
by e ro s io n a l sca rps  c u t  d u r in g  s to rm  events. T h e  d u n e s  a re  p resen tly  in  a  sta te  o f  m eso - 
sca le  (decades) s tab il i ty . Th is  s ta b il i ty  is a t t r ib u te d  in p a r t  to  h u m a n  in te rv e n t io n . In the  

e a r ly  1 9 9 0 s ,  a c t ive  re s to ra t io n  w as  ca rr ie d  o u t  by  th e  D e p a r tm e n ta l A u th o r ity  o f  the  
N o r th  (C on se il G é n é ra l d u  N o rd )  in c h a rg e  o f  th e  m a n a g e m e n t  o f  these  c o a s ta l dunes . 
S and  fences  a n d  b ru s h w o o d  b a rr ie rs  w e re  e re c te d  in o rd e r  to  e n c o u ra g e  sand  

a c c u m u la t io n  in  the  m o s t sensit ive  a reas , a n d  A m m o p h i la  a re n a r ia  w as  p la n te d  o n  b a re  
s a n d y  su rfaces. In o rd e r  to  p ro m o te  the  re co ve ry  o f  n a tu ra l h a b ita ts , these  re h a b i l i ta t io n  

m e a su re s  have  in v o lv e d , s ince  1 9 9 4 ,  m a n u a l c o l le c t io n  o f  d e tr itu s  a n d  d e b r is  
a c c u m u la t in g  a t the  h ig h  t id e  lines. These m easures  have  resu lted  in  in c ip ie n t  fo re d u n e  
d e v e lo p m e n t  a lo n g  a c c re t in g  sec to rs . C o l la b o ra t iv e  w o rk  in v o lv in g  b e a c h  a n d  fo re d u n e  

surveys c a r r ie d  by the  C o a s ta l  G e o m o r p h o lo g y  a n d  S h o re l in e  M a n a g e m e n t  U n it  o f  the 
U n ive rs ité  d u  L itto ra l C ô te  d 'O p a le  a n d  the  C o n s e il  G é n é ra l d u  N o rd  o v e r  the  past 
years  has e n a b le d  be tte r  ins ig h t in to  b e a ch  a n d  fo re d u n e  s e d im e n t d y n a m ic s . A e o l ia n  
s a n d  tra n s p o r t  m e a s u re m e n ts  a l lo w  fo r  q u a n t i f ic a t io n  o f  sand  e xc h a n g e s  w ith in  the 

d u n e  fro n t.  The  in f lu e n c e  o f  sand  fences  a n d  b ru s h w o o d  b a rr ie rs  o n  in c ip ie n t  fo re d u n e  
g ro w th  is p resen tly  s tu d ie d  a lo n g  a n  e x p e r im e n ta l sec to r. These  surveys h ig h l ig h t  the  
c u r re n t  s ta b il i ty  o f  th is  co a s t. M u c h  o f  the  fo re d u n e  stoss s ide  is n o w  s tab ilised  by 
v e g e ta t io n  a n d  o n ly  e p is o d ic  d u n e  s c a rp in g  o c c u rs  d u r in g  w in te r , w ith  recove ry  in 
s u m m e r. N e a r  the  B e lg ia n  b o rd e r ,  a c c u m u la t io n  p reva ils  a n d  is e m p h a s ize d  by 
in c ip ie n t  fo re d u n e  d e v e lo p m e n t.  T he re  is, h o w e v e r, a need  to  add ress  m o re  p rec ise ly  
the  exac t ro le  o f  h u m a n  in te rve n t io n s  in  the  p resen t sta tus o f  s h o re l in e  s tab ility . The 
re s to ra t io n  p rac tices  m e n t io n e d  a b o v e  have  s ig n if ic a n t ly  e n c o u ra g e d  fo re d u n e  s tab ility  
a n d  in c ip ie n t  fo re d u n e  d e v e lo p m e n t .  H o w e v e r, n o  m a jo r  s to rm  events  have  o c c u r re d  
s ince  1 9 9 0  a n d  a co n te x t o f  ne t se d im e n t su p p ly  f ro m  fo re s h o re  to  d u n e  has ce r ta in ly  
b e e n  a fa c to r  in  e n h a n c in g  s h o re l in e  s tab ility  a n d  d u n e  d e v e lo p m e n t.
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SUPPORTING DUNE MANAGEMENT BY QUANTITATIVE ESTIMATION OF 
EVAPOTRANSPIRATION
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A  p re v io u s  rese a rch  p ro je c t  d e a l t  w ith  the  d e te rm in a t io n  o f  the  é v a p o t ra n s p ira t io n  in 
d u n e  ecosys tem s in o r d e r  to  s u p p o r t  s h ru b  e n c ro a c h m e n t  as  a m a n a g e m e n t  o p t io n  fo r  
n a tu re  c o n s e rv a t io n . F ro m  th is p ro je c t  it b e c a m e  c le a r  th a t  the  L e a f-A re a - In d e x  (LAI) is a 

very im p o r ta n t  in p u t  p a ra m e te r  to  d y n a m ic  v e g e ta t io n  m o d e ls  used  fo r  the  
d e te rm in a t io n  o f  the  o v e ra l l  é v a p o tra n s p ira t io n  (S evenant e t a l.  2 0 0 2 )  a n d  c a rb o n  
s e q u e s tra t io n  in  d u n e  ecosys tem s. In c o n tra s t to  this im p o r ta n c e  it is very d i f f ic u l t  to  
o b ta in  re l ia b le  a n d  s t ra ig h t fo rw a rd  va lu e s  o f  LAI in d if fe re n t v e g e ta t io n  types a t  a c e r ta in  
m o m e n t  d u r in g  th e  s e a s o n , b u t a ls o  o f  its se a so na l e v o lu t io n .

D if fe re n t m e th o d s  exist to  d e te rm in e  th e  LAI. M a n y  m e th o d s  have  th o ro u g h ly  b e e n  

tested  in  fo re s t (e .g . M u s s c h e  e t a l.  2 0 0 1 )  a n d  a g r ic u l tu ra l  c ro p s . H o w e v e r ,  in  d u n e  
ecosystem s a  l im ite d  c o m p a r is o n  o f  m e th o d s  w as  o n ly  re p o r te d  by  S e ve n an t e t a l. 
(2 0 0 2 ) .  These a u th o rs  fo u n d  in  th e ir  s tudy  c o n d u c te d  in 'D e  W e s th o e k ' n a tu re  reserve 
(D e  P anne , B e lg iu m ) d if fe re n t  LAI va lues  w ith  d if fe re n t m e th o d s  b u t fo r  the  sa m e  
v e g e ta t io n  types a n d  m o m e n ts  d u r in g  the  g ro w in g  season.

T h e re fo re , a  n e w  e x p e r im e n t w a s  c o n d u c te d  in  'D e  W e s th o e k ' n a tu re  reserve  (De 
P anne , B e lg iu m ) d u r in g  the  2 0 0 4  g ro w in g  se a so n , w ith  as o v e ra l l  o b je c t iv e s  (1) d ire c t  

d e te rm in a t io n  o f  th e  LAI o f  the  m a jo r  v e g e ta t io n  types, a n d  its s e a so n a l e v o lu t io n ;  (2) 
in d ire c t  d e te rm in a t io n  o f  the  LAI based  o n  severa l o p t ic a l  m e th o d s  fo r  the  m a jo r  
v e g e ta t io n  types a n d  ta k in g  in to  a c c o u n t  the  s e a so n a l e v o lu t io n ;  (3) in d ire c t  
d e te rm in a t io n  o f  the  LAI b a se d  o n  a irb o rn e  im a g e s  (one  f l ig h t  a t  the  b e g in n in g  o f  

su m m e r)  fo r  a  la rg e  a re a  o f  the  n a tu re  reserve in c lu d in g  a l l  m a jo r  v e g e ta t io n  types; (4) 
c o m p a r is o n  o f  the  d if fe re n t  te c h n iq u e s  fo r  LAI d e te rm in a t io n  a n d  f in a l ly  (5) the  use o f  

the  o b ta in e d  in fo rm a t io n  o n  LAI to  e s tim a te  é v a p o t ra n s p ira t io n  in  th is ecosys tem  o n  a 
s p a t ia l ly  in te g ra te d  basis v isu a lise d  in  m aps.
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INVESTMENTS AS A LEVER FOR SUSTAINABLE EQUILIBRIUM BETWEEN 
ECOLOGY AND RECREATION AT THE BELGIAN COAST
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F la n d e rs ' t ra d i t io n  in  c o a s ta l to u r is m  da tes  f ro m  the  b e g in n in g  o f  las t ce n tu ry . It was 
h o w e v e r  n o t un til a f te r  W o r ld  W a r  II a n d  the  in t ro d u c t io n  o f  p a id  leave  th a t  c o a s ta l 

to u r is m  h a d  its e xp lo s ive  g ro w th .  A t  p resen t the  c o a s ta l re g io n  rep resen ts  h a lf  o f  the 
e c o n o m ic  s e c to r  o f  to u r ism  in F lande rs . N o tw ith s ta n d in g  its still in c re a s in g  n u m b e rs  o f  
e m p lo y m e n t in  c o a s ta l to u r ism  (W e s ttoe r, 2 0 0 4 ) ,  th e  re g io n  is fa c e d  w ith  a n  
o b s o le s c e n c e  o f  its to u r is t p ro d u c t ,  a  s trong  se a so na l e m p lo y m e n t  a n d  a n  o n g o in g  

d e te r io ra t io n  o f  its ex is ting  n a tu re . In o rd e r  to  a lte r  these  tre n d s  in to  a m o re  s u s ta in a b le  
fo rm  o f  c o a s ta l to u r is m , a n  in ve s tm e n t p la n  w as  set o u t  w ith  a  b u d g e t  o f  €  1 2 ,5  m il l io n .  
Severa l p ro je c ts  c o u ld  p ro f i t  f ro m  th is 'C o a s ta l  A c t io n  P la n ' o n  th e  c o n d it io n s  th a t  each  

in it ia t iv e  w as to  th e  b e n e f it  o f  the  c o a s t  as a w h o le  a n d  p ro v id e d  th a t  e a c h  in it ia t ive  
o p t im a l ly  s u p p o r te d  the  q u a li ty  a n d  im a g e  o f  the  c o a s t as  a h o l id a y  d e s t in a t io n .  M a n y  
o f  the  a b o v e  p ro je c ts  w e re  a d d it io n a l ly  subs id ised  by 'T o e r is m e  V la a n d e re n ' a n d  the  
E u ro p e a n  R e g io n a l D e v e lo p m e n t F u n d  p ro g ra m m e  'O b je c t iv e  2 ,  C o a s t  F ishe ries '. This 
la t te r  p ro g ra m m e  a im s  a t  re v ita lis in g  the  l i t to ra l re g io n  by re in fo rc in g  the  e c o n o m ic  &  
to u r is t  s truc tu res  a n d  by e n h a n c in g  the  e n v iro n m e n t.  A  sp e c ia l e m p h a s is  in the  

p ro g ra m m e  g o e s  to  the  re c o n v e n t io n  o f  fo rm e r  f is h in g  a c tiv it ie s  to w a rd s  new  fo rm s  o f  
to u r ism  such  as e c o - to u r is m , a ll w e a th e r  in fra s tru c tu re , c u ltu re  to u r is m . . .

In the  g e n e ra l p e rc e p t io n  o f  the  c o a s t  as a re g io n , the  n a tu ra l e le m e n ts  su ch  as  sea, 
b e a c h ,  d u n e s , es tua r ies  a n d  p o ld e rs  a re  essen tia l. I ro n ic a l ly  these e le m e n ts  w h ic h  
p ro v id e  the  a ttra c t iv e  c h a ra c te r ,  a re  th re a te n e d  by th e ir  o w n  p o p u la r ity .  Several 
in it ia t ives  w e re  u n d e r ta k e n  by the  F lem ish  g o v e rn m e n t to  fo resee  in the  necessary 
p ro te c t iv e  m e a su re s  such  as the  D u n e s  d e c re e  a n d  the  re c e n t p ro p o s a l o f  a P o lde r 
d e c re e . In o rd e r  to  a ch ie ve  a m o re  p ro -a c t iv e  p o lic y  in c o a s ta l p ro te c t io n ,  sp e c ia l 

a t te n t io n  w ith in  the  a b o v e  a c t io n  p la n  a n d  o th e r  p o l ic y  a re a s  w as  g iv e n  to  n a tu re  
re s to ra t io n  p ro je c ts  w h ic h  in te g ra te d  s u s ta in a b le  m e a ns  o f  e n c lo s in g  these n a tu ra l 
va lu e s  fo r  the  rec rean t.

This p a p e r  assesses the  p it fa lls  a n d  successes o f  th is p o l ic y  o u ts e t f ro m  1 9 9 9 - 2 0 0 4 .  In 
se a rch  o f  a n  o p t im a l  b a la n c e  b e tw e e n  b io -d iv e rs ity  a n d  a d d e d  re c re a t io n a l v a lu e ,  it 
tries to  d is t i l la te  c o n c lu s io n s  f ro m  e xp e rie n ce  g a in e d  fro m  the  severa l p ro je c ts  
in c o rp o ra t in g  the  e v o lu t io n  o f  the  s o c ie ta l o p in io n s  to w a rd s  th e  in it ia t ive s  ta k e n . S tudy 
cases w ith in  th is p a p e r  in c lu d e  the  N a tu re .C o a s tM a n a g e r ,  o n e  o u t  o f  e ig h t  m a n a g e rs  
a p p o in te d  to  c re a te  a  m o re  c o h e re n t  co a s ta l p o l ic y  in  d if fe re n t a reas.

T h e  re c ru itm e n t o f  the  first N a tu re .C o a s tM a n a g e r  w as a n  in it ia t iv e  o f  the  F lem ish 

re p re se n ta t ive  o f  N G O  B ird life  In te rn a t io n a l,  'N a tu u r p u n t '  a n d  the  M in is te r  o f  T o u r is m , 
R enaa t Landuyt. W ith  the  s p e c if ic  task  to  sea rch  fo r  synerg ies  b e tw e e n  re c re a t io n  a n d
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n a tu re  c o n s e rv a t io n ,  the  m a n a g e r  sets o u t to  c re a te  n e w  p a rtn e rsh ip s  a n d  in n o v a t iv e  
p ro je c ts . T h e  p a p e r  w il l  re p o r t  o n  the  exp e rie n ce s  o f  the  first w o rk in g  year.

O th e r  s tudy cases w il l  in c lu d e  a first e v a lu a t io n  o f  th e  new ly  c re a te d  c o a s ta l cyc ling  

ro u te  a n d  its c o n n e c t io n  to  the  c y c lin g  ju n c t io n  n e tw o rk  a n d  the  va r io u s  p o in ts  o f  
n a tu ra l in te res t. The  d if fe re n t e xp e r ie n ce s  by w h ic h  n a tu re  c o m p e n s a t io n s  in  the  l ig h t o f  

the  H a b ita ts -  a n d  Birds D ire c t iv e  a re  e n c lo se d  to  s u s ta in a b le  to u r ism  w il l  a lso  be 
d iscussed . T h e  f in a l case  is the  e x e c u t io n  o f  the  d e s ig n  fo r  the  es tua ry  o f  N ie u w p o o r t  
w h ic h  s c o p e  w as  to  im p le m e n t  a l l  sec to rs  in to  a n  in te g ra te d  p la n ,  thus  a t ta in in g  w in -w in  
s itu a t io n s  b e tw e e n  c u ltu re ,  h o u s in g ,  yach t - p o r t  e n la rg e m e n t ,  e m p lo y m e n t,  n a tu re  
re s to ra t io n  a n d  re c re a t io n .
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RABBITS (ORYCTOLAGUS CUNICULUS L.) IN  COASTAL DUNE 
GRASSLANDS
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The 'w i ld '  ra b b i t  (O ry c to la g u s  cu n icu lu s  L.), a l th o u g h  n o n -n a t iv e ,  has b e c o m e  o n e  o f 
the  m os t im p o r ta n t  f re e - l iv in g  h e rb iv o re s  in  o u r  c o a s ta l d u n e  g ra ss la n d s . W e  d e sc r ib e  a 
f ie ld  e x p e r im e n t to  assess the  im p a c t  o f  th is  s m a ll g ra z e r  o n  the  d u n e  g ra ss la n d  
v e g e ta t io n .

The  s tudy w as  c a r r ie d  o u t  in  tw o  c o a s ta l d u n e  g ra ss la n d s  in  B e lg iu m  (in the  
IJ z e rm o n d in g  in  N ie u w p o o r t  a n d  in  th e  D o o rn p a n n e  in O o s td u in k e rk e ) .  T o  c o u n te ra c t  
th e  in c re a s in g  d o m in a n c e  o f  g rasses a n d  sh rubs in  th is type  o f  g ra ss la n d s , la rg e  

h e rb ivo re s  w e re  in t ro d u c e d  in  b o th  n a tu re  reserves (sheep  in the  IJ z e rm o n d in g , S he tland  
Ponies in  the  D o o rn p a n n e ) .  A n  e x p e r im e n ta l a p p ro a c h  w as used to  assess the  im p a c t  o f  
these la rg e  h e rb iv o re s , o f  th e  w ild  ra b b its ,  a n d  o f  the  in te ra c t io n  b e tw e e n  ra b b its  a n d  
la rg e  h e rb ivo re s , us ing  exc losu res  w ith  th re e  tre a tm e n ts  (5 exc losu res  in  the  
IJ z e rm o n d in g  a n d  3  in  th e  D o o rn p a n n e ) .  In o n e  t re a tm e n t a ll k ind s  o f  h e rb ivo re s  ca n  
g raze . In th e  o th e r  tw o  tre a tm e n ts  la rg e  h e rb iv o re s  o n ly  a n d  la rg e  he rb ivo re s  a n d  

ra b b its  a re  e x c lu d e d  respec tive ly . A fte r  tw o  years, w e  e x a m in e d  severa l ch a rac te r is t ics  o f  
th e  v e g e ta t io n  (such as spec ies  r ichness , the  p resence  o f  p a r t ic u la r  p la n t  spec ies , the  
v e g e ta t io n  h e ig h t  a n d  the  d o m in a n c e  o f  grasses). R abb it pe lle ts  in  th e  p lo ts  w ere  
c o u n te d  eve ry  fo u r  w ee ks , b e c a u s e  they  ca n  be  used  as a m e a s u re  fo r  the  a b u n d a n c e  
o f  the  ra b b its  in the  v e g e ta t io n .

W h e n  th e  ra b b its  w e re  n u m e ro u s  ( IJze rm o n d in g ), they  se e m ed  to  be  very e ffec t ive  in 
re d u c in g  v e g e ta t io n  h e ig h t a n d  d im in is h in g  the  c o v e r  o f  d o m in a n t  g rass species. T he ir 

im p a c t  w as  a lm o s t  as  s tro n g  as th e  im p a c t  o f  the  la rg e  g razers . F u r th e rm o re , the  
d ig g in g  o f  the  ra b b its , c re a te d  s o m e  u n c o v e re d  so il,  w h ic h  is p os it ive  fo r  the  
g e rm in a t io n  o f  p la n t  spec ies  th a t  have  n o  c h a n c e  in a  h ig h  a n d  d e n se  v e g e ta t io n . In 

D o o rn p a n n e ,  th e re  w as o n ly  l it t le  a c t iv ity  o f  ra b b its . T h e  v e g e ta t io n  h a d  g ro w n  h ig h  a n d  
dense  in  the  p lo ts , e xcep t fo r  these p lo ts  w e re  the  la rg e  g razers  w e re  a b le  to  g raze . 
N eve rthe less , the  la rg e  h e rb iv o re s  w e re  no t a b le  to  c o m p e n s a te  fo r  the  d ig g in g  o f  the 
ra b b its , so  th e re  w as  h a rd ly  a n y  u n c o v e re d  so il in  the  p lo ts. F rom  th is e x p e r im e n t we 
c o n c lu d e  th a t  the  im p a c t  o f  ra b b its  c a n  be  im press ive  w h e n  th e y 're  n u m e ro u s : rabb its  
p la y  a n  im p o r ta n t  ro le  in th e  ecosys tem  o f  a d u n e  g ra ss la n d . If the  d u n e  m a n a g e r  w ants  
a  m o s a ic  o f  n u tr ie n t- r ic h  a n d  n u tr ie n t -p o o r  p a tch e s  o f  v e g e ta t io n  (sh ift ing  m osa ics), 

ra b b its  c a n  c o n tr ib u te  in  th is  p rocess. The re ce n t d ec rease  in  th e  n u m b e r  o f  rabb its , 
e sp e c ia lly  d u e  to  VHS (V ira l H a e m o r rh a g ic  S yn d ro m e ), s h o u ld  n o t be  ig n o re d  in this 
con tex t. If th e  n u m b e r  o f  ra b b its  in  o u r  d u n e  a re a s  keeps d e c l in in g ,  in t ro d u c in g  la rg e  

h e rb ivo re s  w il l  be  even  m o re  im p o r ta n t  th a n  b e fo re .
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MAINTENANCE OF THE FAVOURABLE CONSERVATION STATUS IN  TWO  
SPECIAL PROTECTION AREAS IN  CO-HABITATION WITH DEVELOPMENT 
OF THE ANTWERP HARBOUR
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N a tu re  res to ra tion  a n d  d e v e lo p m e n t is a n  im p o rta n t issue in the  g ro w in g  A n tw erp  Harbour- 
o n  the  left bank  o f  the  river Sche lde, s ince it is m a in ly  lo ca te d  in the Specia l P ro tection Area 
(SPA) o f  b o th  the  H a b ita t a n d  Bird d irectives. This s itua tion  leads to  a cons tan t pressure o f  
e c o n o m ic  activ it ies o n  m a in ta in in g  n a tu ra l va lues o f  the  SPA, a n d  vice versa a cons tan t 
pressure o f  na tu re  p rio rit ies  on  the  e c o n o m ic  expans ion  o f  the  h a rb o u r  reg ion . W ith  the 
d ig g in g  o f  the  D e u rg a n c k d o c k  this stress fie ld  b e ca m e  very p ro n o u n c e d , because part o f  
the  b reed ing  a rea  o f  som e A nnex I species was destroyed. A c c o rd in g  to  the  European 
C o m m is s io n  na tu re  co m p e n sa tio n s  had  to  be im p lied  in the p ro jec t. The d e ve lo p m e n t o f 
these na tu re  c o m p e n sa tio n s  is co u p le d  to  the b u ild in g  pe rm it fo r  the  D e u rg a n ckd o ck  a n d  is 
fo l lo w e d  up  very strictly. A  key w o rd  in the fu r th e r m a n a g e m e n t o f  the  reg ion  is 'c o ­
h a b ita t io n ',  the  a im  o f  the  Flem ish G o v e rn m e n t to  m a in ta in  e q u il ib r iu m  betw een both 
indus tr ia l a n d  e c o lo g ic a l needs.

For the  p la n n in g  o f  the  com p en sa tio n s  an a d d e n d u m  to  the Environm enta l Im pact 
Assessment o f  the losses o f  b irds was m a d e , to g e th e r w ith the  a m o u n t o f  d iffe ren t hab ita ts  
these birds need fo r  o p t im a l survival in the SPA. From  this a m atrix  was d raw n up  po in t in g  
o u t h o w  m uch  o f  d if fe ren t h a b ita t types is needed , w here  it has to  be c rea ted , and  w h o  is 
respons ib le  fo r  a ce rta in  phase in the  p ro jec t. This is n o w  an im p o rta n t to o l fo r  the 
estab lished  M a n a g e m e n t C o m m itte e . The M a n a g e m e n t C o m m itte e  co o rd in a te s  all 
necessary ac tions  in the process fro m  p la n n in g  till rea lisa tion . It is co m p o se d  o f  m em bers  o f 
a ll co -a c to rs , g o v e rn m e n ta l and  n o n -g o ve rn m e n ta l.

Para lle l to  the  p la n n in g  a n d  d e ve lo p m e n t process, a long  te rm  m o n ito r in g  p ro g ra m  is set 
u p  to  fo l lo w  c lose ly  the e vo lu t io n  o f  the nature va lues in the SPA in re la t ion  to the h a rb o u r 
expans ion  a n d  rea lisa tion  o f  the com pensa tions . This m o n ito r in g  is ca rr ied  o u t by the 
Institute o f  N a tu re  C on se rva tio n . It inc ludes census o f  b reed ing  a n d  w in te ring  b irds fo r  
w h ich  the  reg ion  is im p o r ta n t (na tiona l and  in te rna tiona l) , as well as assessment o f  the 
a va ila b il i ty  a n d  q u a lity  o f  d if fe ren t h ab ita t types a n d  h yd ro lo g y  o f  the reg ion . A lso  som e 
o th e r  a n im a l species (insects, na tte rjack  to a d , bats) a re  taken in to  a cco u n t fo r  the ir 
ind ica tive  va lue  o r  because they a re  listed as A nnex IV species in the H a b ita t d irective.

A p a rt from  lo n g  te rm  fo l lo w  up, the d a ta  a lso can  be an  im p o rta n t a id  in p lann ing  a n d  in 
the rea lisa tion  process o f  the com pensa tions , a n d  the rea fte r in the m a n ag e m e n t o f  the 
a re a , w h ich  can  be ad jus ted  a cc o rd in g  to  the results. The m o n ito r in g  a lso  results in a yearly 
repo rt w h ich  fo rm s part o f  the yearly repo rt ing  to  the European C om m iss ion  by the 
M a n a g e m e n t C o m m itte e . N ext to  m o n ito r in g  d a ta  it describes the  g ene ra l status o f  the  SPA 
a n d  po in ts  o u t the  needs fo r  spec if ic  fu tu re  ac tions  co n ce rn in g  m a n a g e m e n t o r  
d e ve lo p m e n t.
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H O W  MAY BEACH NOURISHMENT AFFECT THE SANDY BEACH 
ECOSYSTEM? THE CASE OF BELGIAN BEACHES
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N o u r is h m e n t  o f  b e a ch e s  is m a in ly  used  as a  m e a su re  fo r  c o a s ta l c o n s e rv a t io n . A n  

a m o u n t  o f  s a n d  is d e p o s ite d  o n  the  b e a ch  to  serve as a  p ro te c t iv e  b u ffe r  fo r  the  
h in te r la n d . In s o m e  cases n o u r is h m e n t c a n  a lso  be  a p p l ie d  to  res to re  n a tu ra l va lu e s  o f  
b e a ch e s . Plans exist to  d o  so  fo r  the  b e a c h  in f ro n t  o f  the  F lem ish  n a tu re  reserve 
'IJ z e rm o n d in g ' a t L o m b a rd s i jd e  (W estende). In o rd e r  to  p ro v id e  p o te n t ia l nes ting  

g ro u n d s  fo r  s e a b ird s  (m a in ly  S now y P lover C h a ra d r iu s  a le x a n d r in u s  a n d  Little Tern 
S te rna  a lb i f r o n s ), a la rg e r  d ry  b e a c h  is to  be  c re a te d  by m e a n s  o f  n o u r is h m e n t.  B each 
n o u r is h m e n t is c o n s id e re d  to  b e  a  's o f t '  m e a su re , in c o n tra s t  w ith  'h a r d '  m easures  such 

as  the  c o n s tru c t io n  o f  g ro in s  o r  dykes. N eve rthe less  a se r io u s  (short te rm ) e c o lo g ic a l  
im p a c t  o f  the  d e p o s it io n  o f  a  la y e r  o f  s a n d  w ith  a th ickness  o f  1 .5 -2 m  ca n  be  expe c te d  
o n  the  b e a c h  ecosys tem .

A  s tudy  w as  c o n d u c te d  by a  c o n s o r t iu m  o f  experts  w ith  as m a in  o b je c t iv e s  (1) to  p ro v id e  
a n  in te g ra te d  o v e rv ie w  o f  the  B e lg ia n  b e a ch  ecosystem  a n d  a ll its c o m p o n e n ts ,  (2) to  
c o n d u c t  a firs t e v a lu a t io n  o n  w h a t is k n o w n  o n  th e  e c o lo g ic a l  im p a c t  o f  b e a ch  

n o u r is h m e n t a n d  (3) to  id e n t ify  g a p s  in  th e  sc ie n t if ic  k n o w le d g e  o n  b o th  m atte rs .

A l th o u g h  sa n d y  b e a ch e s  a re  o f te n  c o n s id e re d  o f  less b io lo g ic a l  v a lu e ,  they  a re  the  
h a b ita t  o f  a n u m b e r  o f  b e a c h  s p e c if ic  o rg a n is m s  a n d  p la y  a n  im p o r ta n t  ro le  in 
p ro v id in g  fo o d  a n d  se rv ing  as b re e d in g  g ro u n d s , res ting  a re a  a n d  nursery  fo r  severa l 
p la n ts  a n d  a n im a ls .  A n  in te g ra te d  o v e rv ie w  o f  the  B e lg ia n  sa n d y  b e a c h  ecosystem  has 
b e e n  m a d e , d iv id e d  in to  th re e  a lt i tu d in a l  zones: the  s u p ra l i t to ra l,  the  l i t to ra l a n d  the  
in f ra l i t to ra l zone . Besides s e d im e n to lo g y  a n d  h y d ro d y n a m ic s , five  ecosystem  
c o m p o n e n ts  w e re  ta k e n  in to  a c c o u n t :  m ic ro p h y to b e n th o s ,  v a s c u la r  p la n ts , te rres tr ia l 
a r th ro p o d s ,  z o o b e n th o s  a n d  a v ifa u n a .
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A  re v ie w  o f  p r io r  s tud ies  in d ic a te s  th a t  the  im p a c t  o f  n o u r is h m e n t is ra th e r  c a s e -s p e c if ic  

a n d  th a t  it is d i f f ic u l t  to  d ra w  g e n e ra l  c o n c lu s io n s  (N e ls o n , 1 9 9 3 ) .  N e ve rth e le ss  it seem s 
ve ry  l ike ly  th a t  p o te n t ia l  re co ve ry  f ro m  th e  im p a c t  o f  n o u r is h m e n t w il l  b e  l im ite d  to  tw o  
essen tia l, sp e c ie s  s p e c if ic  p a th w a y s : (1) su rv iva l by  re s iden t o rg a n is m s  a n d  (2) 
re c o lo n is a t io n  by  im m ig ra t in g  in d iv id u a ls ,  th e  la t te r  d e p e n d in g  o n  b o th  the  d ispe rsa l 

c a p a c it ie s  a n d  h a b ita t  d e m a n d s  o f  th e  o rg a n is m s . C o n s id e r in g  the  c u r re n t  p ra c t ic e  o f  
b e a c h  n o u r is h m e n t,  the  first o p t io n  is n o n -e x is te n t. The  la rg e  q u a n t ity  o f  d e p o s ite d  sand  
e xc lu d e s  su rv iva l fo r  a l l  o rg a n is m s  (Lö ffle r &  C o o s e n ,  1 9 9 5 ;  Essink, 1 9 9 9 ;  G re e n e , 

2 0 0 2 ) .  Thus the  re s to ra t io n  o f  the  n a tu ra l va lu e s  o f  a re p le n ish e d  b e a c h  w il l  la rg e ly  
d e p e n d  o n  p o s t h o c  re c o lo n is a t io n  (M e n n , 2 0 0 2 ) .

F u rth e r rese a rch  is n e e d e d  to  e x p lo re  po ss ib il i t ie s  fo r  re d u c in g  d e tr im e n ta l  e c o lo g ic a l  
e ffects . S p e c if ic  s tud ies  a re  n e e d e d  to w a rd s  the  su rv iva l o p t io n s ,  the  d isp e rsa l a b il i t ie s  

a n d  h a b ita t  d e m a n d s  o f  the  spec ies  p resen t o n  B e lg ia n  bea che s . These  s h o u ld  a l lo w  fo r  
m a n a g e m e n t  g u id e l in e s  to  be  d ra w n  in te rm s  o f  p re fe ra b le  n o u r is h m e n t s e d im e n t 

ch a ra c te r is t ic s , t im in g  a n d  p ra c t ic e  o f  th e  d e p o s it io n  o f  the  sand.
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HARBOURING NATURE: PORT DEVELOPMENT AND DYNAMIC BIRDS 
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D u r in g  th e  tw e n tie th  ce n tu ry , m a n y  co a s ta l a re a s  in  E u ro p e  have  c h a n g e d  d ra m a t ic a l ly  
b e ca u se  o f  c o a s ta l p ro te c t io n  w o rks , h u m a n  e x p a n s io n  d r if t  a n d  b o o m in g  b e a ch  

to u r is m . As a resu lt the  n a tu ra l a re a  o f  s u ita b le  nes ting  h a b ita t  o f  m a n y  co a s ta l b irds  
has d e c re a s e d  e n o rm o u s ly  a n d  a la rg e  n u m b e r  o f  spec ies  a re  n o w  lis ted  as th re a te n e d . 
S o m e  spec ies  w e re  a b le  to  e x p lo it  new  o p p o r tu n it ie s  o f fe re d  by h u m a n  ac tiv it ies , bu t 
m os t c o a s ta l b ird s  a re  n o w  c o n f in e d  to  is lands, p ro te c te d  a re as  o r  a r t i f ic ia l  sites (na tu re  
d e v e lo p m e n t  p ro je c ts , re s to re d  co a s ta l ha b ita ts  a n d  even  f lo a t in g  rafts). P ro te c tio n  o f  
lo c a l reserves, as w e ll as fu r th e r  d e v e lo p m e n t a n d  m a n a g e m e n t  o f  b re e d in g  sites is 

c o n s id e re d  v ita l in m a in ta in in g  the  p o p u la t io n s  o f  th re a te n e d  c o a s ta l b reeders . The 
ra t io n a le  b e h in d  n a tu re  re s to ra t io n  a n d  d e v e lo p m e n t is o fte n  so le ly  based  o n  o ffe r in g  
s u ita b le  h a b ita t  to  the  b ird s , w h i le  its success is m a in ly  ju d g e d  fro m  th e  e v o lu t io n  in  the  
n u m b e r  o f  b ird s  present. As m o re  a n d  m o re  in fo rm a t io n  b e c o m e s  a v a i la b le  o n  the  
re p ro d u c t iv e  p e r fo rm a n c e  o f  c o a s ta l b irds , it b e c o m e s  c le a r  th a t  in  s o m e  p ro te c te d  
a re as  lo n g - te rm  re p ro d u c t iv e  success is b e lo w  se lf-su s ta in in g  levels. A p p a re n t ly  we 

h u m a n s  a re  a b le  to  c re a te  a r t i f ic ia l  nesting h a b ita ts  th a t  a re  h ig h ly  a ttra c t ive  fro m  the 
b ird s ' p e rsp e c tive  b u t a re  in  fa c t  p itfa lls  fo r  the  p o p u la t io n  o n  the  lo n g  te rm . In con tras t, 
the  h a rb o u r  o f  Z e e b ru g g e , B e lg iu m , is an  e x c e lle n t e x a m p le  o f  a n  a r t i f ic ia l nesting  
h a b ita t  o f  h ig h  q u a li ty  in  te rm s  o f  a tt ra c t io n  as w e ll as re p ro d u c t io n .  H e re , vast sandy 
a re as  w e re  ra ised  in  a fo rm e r  m a r in e  h a b ita t  1 9 8 0 s . The  w o rks  m im ic k e d  n a tu ra l 

d y n a m ic  p rocesses a n d  c o a s ta l b re e d in g  b irds ins tan tly  re a c te d . W ith in  2 0  years, the  
a re a  has d e v e lo p e d  f ro m  o p e n  sea to  a b re e d in g  site o f  m a jo r  in te rn a t io n a l 
im p o r ta n c e .  Peak n u m b e rs  o f  s o m e  th re a te n e d  c o a s ta l b irds  by fa r  exceed  the  1% o f  
th e ir  to ta l b io g e o g ra p h ic a l  p o p u la t io n s .  A t p resen t, Z e e b ru g g e  h a rb o u rs  4 %  o f  the  to ta l 
n o r th w e s t E u ro p e a n  C o m m o n  T ern  p o p u la t io n  m a k in g  it the  la rges t c o lo n y  in  E u rope . It 
is a lso  o n e  o f  the  m o s t p ro d u c t iv e  p o p u la t io n s  th a t  a c t  as a m a jo r  s o u rc e  o f  recru its  fo r  
the  b io g e o g ra p h ic a l  p o p u la t io n  as a w h o le . O n  the  o n e  h a n d , the  success o f  the  b ird  
p o p u la t io n s  is based  o n  the  o n g o in g  c re a t io n  o f  s u ita b le  nesting  ha b ita ts  a n d  
m a n a g e m e n t  m easures , l ike  re m o v a l o f  the  v e g e ta t io n  a n d  c o v e r in g  a re as  w ith  shell 
f ra g m e n ts . O n  th e  o th e r  h a n d ,  fe e d in g  c o n d it io n s  a re  very g o o d  b e ca use  the  h a rb o u r  
itse lf fu n c t io n s  as a m a jo r  s o u rc e  fo r  sm a ll prey fish o f  w h ic h  the  a v a i la b i l i ty  is fa c i l i ta te d  
by the  h e a vy  s h ip p in g  tra f f ic  a n d  the  she lte red  c o n d it io n s  o f  the  fe e d in g  a reas. Fu rthe r 
d e v e lo p m e n t  o f  the  h a rb o u r ,  the  a rr iva l o f  th e  fox  a n d  c o m p e t i t io n  fo r  nesting  h a b ita t 
w ith  la rg e  g u lls  a re  m a jo r  th rea ts  fo r  the  b ird  p o p u la t io n .  F u rthe r steps a re  n o w  b e in g  

c o n s id e re d  to  p ro te c t th is v a lu a b le  b re e d in g  site.
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BREEDING BIRDS OF DUTCH COASTS AND DUNES: ACTION PLAN FOR 
BIRDS A N D  PEOPLE!
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1. C o a s ta l breeders u n d e r pressure
The co a s tl ine  is a key fe a tu re  in the  D utch  landscape . From  the W a d d e n  Sea to  the  Schelde 
estuary, the  N e the rlands  has som e 3 0 0  km o f sandy  beaches a n d  dunes. A  rare fea tu re  in 
Europe. In na tu ra l s itua tions the dynam ics  o f  w ind  a n d  w a te r a re  the  d riv ing -fo rces  shap ing  
such coas ta l landscapes. D e p e n d in g  o n  w ind a n d  tides sand is depos ited  a n d  rem oved , 
a n d  creeks, gu llies  a n d  d u n e  slacks are te m p o ra r ily  f i l led  w ith w a te r. The vege ta tion  reflects 
the  h igh ly  d yn a m ic  n a tu re  o f  the  system a n d  succession stages a lte rna te  in space a n d  tim e.

U n fo rtuna te ly , the D utch  coas tline  is no  lo n g e r a n  und is tu rbed  hab ita t. O u r  dunes are 
a rt if ic ia lly  fixed so th a t the  h in te rlands  are bette r p ro tected  a g a in s t the sea. O u r  beaches 
a re  p a cke d  w ith sun -w orsh ippe rs  a n d  kite-surfers. O u r  dunes c ro w d e d  w ith recrea tiona l 
w a lkers a n d  cyclists. As a result o f  the  lack o f  na tu ra l dynam ics  a n d  a h igh deg ree  o f 
h u m a n  d is tu rbance , m a n y  a reas  have becom e unsu itab le  fo r  the  typ ica l b reed ing  b irds o f 
dunes a n d  beaches. M a n y  o f  these species are n o w  listed o n  the D utch  Red List o f  b reed ing  
b irds (2 0 0 4 ).

2 . A c tion  p lan
To co u n te r  the negative  deve lopm en ts , V oge lbesche rm ing  N e d e r la n d  is deve lo p ing  an 
a c t io n  p lan  fo r  2 0 0 5  - 2 0 0 9 .  The p lan  is a im e d  a t typ ica l coas ta l breeders like Little Tern 
(Sterna a lb i f rons ), C o m m o n  Tern (S. hirundo),  Sandw ich  Tern (S. sandvicensis), Artie  Tern 
(S. pa rad isaea) ,  R inged P lover (C haradr ius  hiaticula), Kentish P lover (C. a lexandrinus)  and 
R ed-breasted M e rg a n se r (Mergus serrator). As well as typ ica l d u n e  b reed ing  species like 
N o rth e rn  W h e a te a r  (O e n a n th e  o e n a n th e ), Short-eared  O w l (Asio F lam m eus), Hen H arr ie r 
(Circus cyanus)  and  R ed-backed  Shrike(Lan/'us co l lu r io ).

The a c t io n  p lan  fo r  b reed ing  birds o f  coasts and  dunes sets ou t to:
1. c re a te  m o re  o p p o r tu n it ie s  fo r  n a tu ra l d y n a m ic a l processes, a n d
2 . decrease  hu m an  d is tu rba n ce  o f  b reed ing  birds w h ile  enh an c in g  the  possib ilities fo r  

p e o p le  to  en joy  na tu re  a n d  birds.
In its first phase, the  a c tio n  p lan  focuses on  research to  iden tify  e ffective conserva tion  
m easures. In 2 0 0 5 ,  V oge lb e sch e rm in g  in itia ted  research on  species w hose d ec line  is little 
unders tood .

Northern  W hea tea r
N o rth e rn  W hea tears  nest in deserted rabb it holes. They p re fe r o p e n , very short vege ta tion  in 
o r  nea r sand dunes. The ir b reed ing  num bers have dec lined  d ra m a tica lly  d u r in g  the  last 
twenty-five  years (-70%) a n d  the dec line  is still o n g o in g . The m a in  reason fo r  the species' 
dec line  is the  decreas ing  qua lity  o f  d u n e  hab ita ts . The overa ll lack  o f  o p e n , p ioneer-like  
s itua tions d u e  to  a rt if ic ia l d u n e  fixa tion , e u tro fica tion  and  the decreas ing  rabb it p o p u la t io n , 
is o n e  o f  the m a in  p rob lem s o f  this species in the N etherlands.
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There fo re , la rge -sca le  h a b ita t res to ra tio n  is needed  fo r  the  conse rva tion  o f  the  D utch  
p o p u la t io n  o f  N o rth e rn  W hea tears . V o g e lb e sch e rm in g  N e d e r la n d  conducts  research o n  the 
a c tu a l b reed ing  num bers , the m a in  b reed ing  areas a n d  the  effectiveness o f  specific  
co n se rva tion  m easures, a m o n g s t w h ich  the possib ilit ies to  (tem porarily) increase the 
b reed ing  success o f  N o r th e rn  W hea tea rs  in the D utch  coas ta l zone  w ith a rt if ic ia l burrow s is 
be ing  s tud ied.

H en  H arr ie

In the  N e the rlands , H en H arriers m a in ly  breed o n  the  is lands in the  W a d d e n  Sea. D uring  
the  last ten  years, the  b reed ing  p o p u la t io n  o n  these is lands was halved to  sixty pairs. 
Im p o rta n t preys a re  yo u n g  rabb its , m ice  and  sm all b irds. The exact causes o f  the dec line  
a re  u n know n , bu t ch a n ge s  in m a n a g e m e n t and d is tu rbance  a re  p ro b a b ly  im p o rta n t factors . 
R estoration o f  na tu ra l processes, so th a t p io n e e r stages o f  ve g e ta tio n  succession w ill a p p e a r  
a g a in ,  w ill p ro b a b ly  pos it ive ly  a ffec t the  D utch  b reed ing  p o p u la t io n  o f  H en Harriers.

V o g e lb e sch e rm in g  N e d e r la n d  conduc ts  research o n  the  nesting e co lo g y  o f  H en Harriers 
b reed ing  o n  the  D u tch  W a d d e n  is lands. The research focuses o n  the  causes o f  d e c lin e  and  
o n  co n se rva tion  m easures.

Ringed Plover

Besides research o n  conse rva tion  m easures, V oge lb e sch e rm in g  can  carry o u t conse rva tion  
m easures th a t have a lre a d y  proved  to  be  effective. R inged Plovers breed o n  bare  beaches 
cove red  w ith shells. T he ir b reed ing  p o p u la t io n  has d e c lin e d  d ra m a tica lly . N a tu ra l 
d e v e lo p m e n t o f  the d yn a m ic  b reed ing  h ab ita t hard ly  occurs a nym ore  a lo n g  the  Dutch 
coast. It is q u ite  easy to  create  this h a b ita t by rem ov ing  the  to p - la y e r  o f  the so il, in c lud ing  
vege ta tio n . V o g e lb e sch e rm in g  p ro v id e d  funds to  m ake  such m easures possib le  a lo n g  the 
coas t o f  Lake O o s tv o o rn e ,  in the  sou th  o f  the N etherlands.

3 . C o n c lu s io n s : fu tu re  actions
In the  second  phase o f  the  a c tio n  p la n  m uch a tten tion  w ill be g iven to  increase the 
awareness a n d  s u p p o r t o f  land  m anagers , po licym akers  a n d  the genera l p u b lic  fo r  
conse rva tion  m easures. A  series o f  lo ca l res to ra tion  pro jects  w ill be used to  set exam ples 
a n d  e n ra p tu re  m a n a g e rs  a n d  po licym akers  to  w o rk  to g e th e r a n d  to  s tim u la te  tha t 
co n se rva tion  m easures a re  rep lica ted  elsewhere. Fac ilita ting  the  genera l p u b lic  to  en joy 
b irds a n d  na tu re  is essentia l fo r  the success o f  na tu re  conse rva tion  in intensively used areas. 
The re fo re , the  a c t io n  p la n  sets o u t to  im prove  the  D utch  coas t fo r  b o th  birds and  peop le .

4. B ib liog raphy
V o g e lb e sch e rm in g  N e d e r la n d  &  S O V O N  V o g e lo n d e rzoe k  N e d e r la n d , 2 0 0 5 .  Rode lijst van 
d e  N ed e r la nd se  b roedvoge ls . T ir io n , Baarn

S O V O N  V o g e lo n d e rzo e k  N e d e r la n d  2 0 0 2 .  A tlas van de  N ede rlandse  B roedvoge ls  1 9 9 8 - 
2 0 0 0 .  -  N ed e r la nd se  Fauna 5. N a t io n a a l N a tuurh is to r isch  M u seum  N atu ra lis , Leiden
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DYNAMIC DUNE MANAGEMENT IN PRACTICE -  REMOBILIZATION OF 
COASTAL DUNES IN  THE NATIONAL PARK Z U ID -KENNEMERLAN D IN 
THE NETHERLANDS

Leon T e r lo u w  a n d  R ienk Slings

PWN N orth  H o lland  W ate r Supply C om pany 
Rijksweg 5 0 1 ,  N L -1 991 AS Velserbroek, The Netherlands 
E-mail: leon .te rlouw @ pw n.n l

D u tch  D u n e s  c o m p le te ly  s ta b il ize d  in 19 th  &  2 0 th  ce n tu ry  d u e  to  s to p p in g  o f  o v e r ­

e x p lo i ta t io n ,  sys tem a tic  s ta b i l iz a t io n  p ro g ra m m e s , a i r  p o l lu t io n  a n d  ra b b i t  d iseases. In 

o rd e r  to  a c h ie v e  e n d u r in g  d u n e  d y n a m ic s , n e w  th in k in g  led  to  the  n o t io n  th a t 
re m o b i l iz a t io n  o f  e n t ire , fo rm e r ly  m o b i le  but a r t i f ic ia l ly  s tab ilized  d u n e s , is p ro b a b ly  the  
w a y  fo rw a rd .  S o m e  e xp e rim e n ts  a re  g o in g  o n  a t  the  m o m e n t.  The  first results a re  sh ow n  
here . A  g re a t e f fo r t  is n e e d e d  to  b u ild  consensus fo r  su ch  c o n tro v e rs ia l p ro jec ts .
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ECOLOGICAL ASPECTS OF VEGETATION REMOVAL FROM THE COASTAL 
SAND DUNES OF ISRAEL

H a im  T s o a r1, M o s h e  S h a c h a k 2 a n d  D a n  G . B lu m b e rg '

D epartm ent o f  G eog raphy  and  Environmental Deve lopm ent, B en-G urion  University o f  the
Negev, 8 4  1 0 5  Beer Sheva, Israel
E-m ail: tsoar@ bgu.ac.il

/ Blaustem Institute fo r Desert Research, Ben-G urion University o f the Negev
Sede Boker C am pus, 8 4 9 9 0  Israel

C o a s ta l s a n d  d u n e s  a re  k n o w n  to  be: (i) fre e  o f  v e g e ta t io n  a n d  a c t ive  (¡i) pa rt ly  

v e g e ta te d  a n d  a c t ive  (iii) fu l ly  v e g e ta te d  a n d  fixed . S o m e  o f  the  d u n e s  a re  v e g e ta te d  
n a tu ra lly ,  w h i le  o the rs  w e re  a r t i f ic ia l ly  s tab ilised  fo r  the  p u rp o s e  o f  c o n tro l l in g  sand  
m o v e m e n t o r  b e ca use  o f  b io lo g ic a l  in va s io n  o f  a l ie n  species. The  v e g e ta t io n  th a t  covers  
tw o  p a ra b o l ic  c o a s ta l s a n d  d u n e s  so u th  o f  A s h d o d , Israe l, w as re m o v e d  as p a r t  o f  a 
s tudy o f  d u n e s  m a n a g e m e n t.  This inven tive  a n d  n o t so w e ll  k n o w n  m e th o d  o f 

m a n a g e m e n t  w as used , d e s p ite  the  c o m m o n  id e a  th a t a c t iv e  s a n d  d unes  a re  
u n d e s ira b le  n u isances  w h ic h  a re  th rea ts  to  a ra b le  la n d  a n d  in fra s tru c tu re  e lem en ts . The  
a im s  o f  the  research  a re : (i) to  s tudy th e  g e o m o rp h o lo g ic a l  a n d  d y n a m ic  responses o f  
the  d u n e s  to  re m o v a l o f  v e g e ta t io n  (ii) to  m o n i to r  the  ra te  o f  v e g e ta t io n  reco ve ry , its 

p a tte rn  a n d  e ffe c t o n  d u n e  m o rp h o lo g y  a n d  d y n a m ic s . C o a s ta l d u n e s  p ro v id e  us w ith  
e x a m p le s  o f  d y n a m ic  n a tu ra l p rocesses a n d  the  n a tu re  o f  th e  ecosystem s th a t they 
s u p p o r t  d e p e n d s  o n  th is d y n a m is m . R e -m o b il i ty  o f  s tab ilised  d u n e s  is a n  im p o r ta n t  
te c h n iq u e  o f  e c o lo g ic a l  re s to ra t io n . The  p a ra b o l ic  d unes  o f  the  research  a re a  w ere  
fo rm e d  d u r in g  the  last 3 0  years  a n d  a re  ch a ra c te r ise d  by p h y to g e n ic  m o u n d s , k n o w n  as 

n e b k h a s , c o m p o s e d  o f  w in d b o rn e  s a n d  th a t  w as  t ra p p e d  w ith in  o r  a ro u n d  sh ru b  
c a n o p ie s .  T h e  n e b kha s  w e re  fo rm e d ,  m ostly  o n  the  crest o f  the  d u n e s , b e ca use  the  crest 
is the  a re a  o f  n o  e ro s io n  a n d  n o  d e p o s it io n .

T w o  m e th o d s  o f  v e g e ta t io n  re m o v a l w e re  used. First, re m o v a l o f  a b o v e  g ro u n d  b io m a ss  
by h a n d , w ith  n o  d is tu rb a n c e  to  the  d u n e  sh a p e . By th is m e th o d  th e  n e b k h a  m o u n d s  
w e re  s t ic k in g  o u t  a t  the  d u n e  crest. These  exposed  n e b kh a s  tu rn e d  the  d u n e  in to  a  b lu f f  

b o d y  (a n o n -s tre a m lin e d  shape) th a t  p ro d u c e s  c o n s id e ra b le  res is tance  to  the  w in d . The 
w in d  reacts  to  the  p ro je c t in g  m o u n d s  as an  e ro s io n  fo rc e . A fte r  o n e  y e a r the  n e b kha s  
w e re  n o t e ro d e d . A r t i f ic ia l s a n d  m o u n d s  n e a r the  n e b kh a s  e ro d e d  q u ic k ly  a fte r  a  c o u p le  
o f  s to rm s. T h e  res is tance  o f  the  n e b kh a s  to  the  w in d  is d u e  to  the  w e b  o f  roo ts . A  
s e c o n d  m e th o d  w as  the  f la t te n in g  o f  the  n e b kha s  by a t ra c to r  th a t re in s ta te d  the  fo rm  o f  

a c t iv e  transve rse  d u n e . In b o th  m e th o d s  the  roo ts  o f  the  sh rubs s ta rted  to  s p ro u t a n d  
g ro w , p a r t ic u la r ly  in the  d u n e  th a t  w as  exposed  by the  first m e th o d .
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THE CHOICE BETWEEN KEEPING OUT CHRONIC POLLUTION VERSUS 
ACUTE MORTALITY DUE TO EMERSION: THE CASE OF THE TRICOLOR OIL 
POLLUTION PREVENTION IN  THE ZW IN  NATURE RESERVE (BELGIUM)

C a r i V a n  C o le n 1, M a g d a  V in c x 1 a n d  Steven D e g r a e r 1

M a rin e  B io logy Section, D epartm ent o f  B iology, G hen t University 
Krijgslaan 281 (S8), B -9 0 0 0  G hen t, Belgium 
E-mail: ca rl.vanco len@ ugent.be

As a resu lt o f  the  e m p e n d in g  T r ic o lo r  o i l  p o l lu t io n  in the  S o u th e rn  B igh t o f  th e  N o r th  

Sea a t  the  e n d  o f  J a n u a ry  2 0 0 3 ,  the  Z w in  n a tu re  reserve w as  b lo c k e d  fro m  th e  N o r th  
Sea by use o f  a sand  b a rr ie r .  This m e th o d  o f  p ro te c t io n  has a n  im p o r ta n t  c o n s e q u e n c e  

fo r  t id a l f la t  ecosystem s: th e  a b se n ce  o f  the  t id e . T o  e s tim a te  th e  e ffec ts  o f  the  tide less 
s itu a t io n  o n  the  e c o lo g ic a l  very im p o r ta n t  b o t to m - l i fe  o f  t id a l f la ts , m a c ro b e n th ic  
s a m p le s  w e re  c o l le c te d  s ta rt in g  just b e fo re , tw o  tim es d u r in g  (a fte r  12  a n d  21 days o f  
e m e rs io n ) ,  a n d  fre q u e n t ly ,  a f te r  the  re m o v a l o f  the  sand  b a rr ie r ,  d u r in g  o n e  year. This 

s tudy  show s a  h ig h  res is tance  o f  a ll m a c ro b e n th ic  spec ies  to  a m e d iu m - te rm  e m e rs io n  
d u r in g  w in te r. T w o  e c o lo g ic a l  pa tte rns  c o u ld  be  d is t in g u is h e d  d u r in g  the  e m e rs io n : (1) 
im m ig ra t io n  in to  the  e m e rse d  in te r t id a l zone  o f  Talitrus s a l ta to r  a n d  O rc h e s t ia  

g a m m a re l lu s ,  (2) d e c re a s in g  dens it ies  o f  p o ly c h a e te  spec ies  w h ic h  w e re  very a b u n d a n t  
b e fo re  the  c o n s tru c t io n  o f  the  sand  b a rr ie r .  H o w e v e r  b o th  p a tte rn s  w e re  n o t s ig n if ic a n t.  
In v iew  o f  the  h ig h  su rv iva l o f  the  m a c ro b e n th o s  to  a m e d iu m - te rm  e m e rs io n  a n d  the  
fa c t th a t  a  p o l lu t io n  in  the  n a tu re  reserve w as  in h ib ite d ,  the  c h o ic e  to  p ro te c t the  reserve 
f ro m  the  e m p e n d in g  o i l  p o l lu t io n  by use o f  a sand  b a rr ie r ,  m a y  be  pos it ive ly  e v a lu a te d .
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TIDAL WETLAND RESTORATION AT KETENISSE POLDER (SCHELDT 
ESTUARY, BELGIUM): DEVELOPMENTS IN THE FIRST YEAR

Erika Van den Bergh1, Bart Vandevoorde ', Ingrid Verbessern', Geert Spanoghe', M arie 
Lionard2, Koenraad M uylaert2, N ico  De Regge', Jan Soors', W im  De Beider', Frederic 
Piesschaert' and Patrick M e ire ’

1 Cell Ecohydrology &  A qua tic  Systems, Institute o f  Nature  Conservation 
Kliniekstraat 2 5 , B -1 0 7 0  Brussels, Belgium 
E-m ail: e r ika .van .den .bergh@ instna t.be

7 Laboratory o f Protistology and  A quatic  Ecology, D epartm ent B io logy, University G hen t 
Krijgslaan 2 8 5  (S8), B -9 0 0 0  G hen t, Belgium

3 Ecosystem M a n a g e m e n t G ro u p , D epartm ent Biology, University o f Antwerp 
Universiteitsplein 1, B -2 6 1 0  Antw erp , Belgium

Ketenisse po lder is a fo rm er intertidal brackish marsh (30ha) situated in the mesohaline 
part of the Schelde estuary. In the 19 ,h century its central part was embanked as a 
polder. In the m id 1 9 8 0 's  the area was alm ost completely raised above intertidal level 
when it was used as a dum ping site fo r the excavated soil from  the Liefkenshoek tunnel. 
In 2 002  it was restored as com pensation fo r the construction o f the North Sea container 
term inal on an intertidal mud flat in 1994 -1995 . The rubble o f the summer dike and 
the dum ped m ateria l were removed and the area was levelled with a weak slope below 
mean high water level creating the optim al starting conditions fo r new intertidal 
mudflats and marshes. The m orpho log ica l and ecologica l developments o f the restored 
site are m onitored in a m ultid isciplinary project. Here we present the results o f the first 
m onitoring year after restoration o f the tidal regime.

Sedimentation and erosion were m onitored at 20  sites situated a long 6 transects 
perpendicular to  the shoreline. Sedimentation as well as erosion between 0 and 3 0  cm 
were observed in the first year. Seasonal topographic measurements a long transects, 
spanning the intertidal zone, revealed sim ilar sedim entation/erosion rates. M edian 
gra in size showed large variation particularly at those sites situated in downstream part 
o f the area where the sediment was rather sandy. O rgan ic  carbon content o f the 
sediment varied between 0 .5  and 15%. Chlorophyll a concentrations were negatively 
correlated with m edian grain size and tended to increase from  the low water line to the 
shore. They were slightly lower than at nearby intertidal areas but displayed sim ilar 
seasonal variability w ith a maximum in spring. The m acrobenthos com m unity was 
dom inated by O ligochaetes (Tubifico ides heterochaetus  and A m ph icae ta  sannio),  which 
were present in 73%  of a ll samples and attained an average density o f about 4 0 *1 0  
ind. m J. O the r macrobenthos species found were nematods and copepods. 
M acrobenthic densities and comm unity structure differed from  those on nearby intertidal 
areas. The vegetation was m onitored on m acro scale a t a series o f permanent 
quadrants and by means o f detailed vegetation m apping. The large surface o f tidal 
m udflat and V aucheria ,  a pioneer on tida l marshes, were ind ica tor o f in itia l succession 
stages. W ith increasing a ltitude, and consequently decreasing inundation frequency and 
time, Scirpus m aritim us  and transitional vegetations to C h e n o p o d ia ce a e -ve getations 
established. The Chenopodiaceae-vegetations were relicts o f earlier vegetations before
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the  t id a l re s to ra t io n , a n d  w il l  p ro b a b ly  d is a p p e a r .  16  b re e d in g  b ird  spec ies  w e re  

re c o rd e d  in the  firs t se a so n , the  m os t c o m m o n  spec ies  b e in g  the  P ied A v o c e t 
(Recurv iros tra  avose tta ) .  The  m o s t c o m m o n  w a te rb ird s  w e re  C o m m o n  S he lduck  
(T a d o rn a  ta d o rn a ) ,  G re y la g  G o o s e  (A n se r  a n se r) , C u r le w  (N u m e n iu s  a r q u a ta ) a n d  
L a p w in g  (V a n e l lu s  vane l lus ) ,  ty p ic a l species fo r  the  m e s o h a lin e  p a r t  o f  the  estuary . O u r  

m o n ito r in g  results sugges t th a t  o n e  y e a r  a f te r  the  m a n a g e d  re a l ig n m e n t ,  Ketenisse 
p o ld e r  has the  p o te n t ia l  to  d e v e lo p  to w a rd s  a  n o rm a l fu n c t io n in g  in te r t id a l a re a .
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SUSTAINABLE GROUNDWATER MANAGEMENT OF A DUNE AQUIFER BY 
RE-USE OF WASTEWATER EFFLUENT IN FLANDERS, BELGIUM

E m m a n u e l V a n  H o u tte ,  J o h a n  V e rb a u w h e d e  a n d  Rika D riessens

Interm unicipa l W a te r C om pany  o f the Veurne Region (I.W.V.A.),
D oornpannestraa t 1, B -8 6 7 0  Koksijde, Belgium 
E-mail: em m anue l.vanhou tte@ iw va.be

In July 2 0 0 2  the  In te rm u n ic ip a l W a te r  C o m p a n y  o f  the  V e u rn e  R eg ion  ( I.W .V .A .)  s tarted  

w ith  the  p ro d u c t io n  o f  in f i l t ra t io n  w a te r  by the  reuse  o f  w a s te w a te r  e ff lu e n t. This new  
t re a tm e n t  p la n t ,  c a l le d  'T o r re e le ' ,  c o n ta in s  the  fo l lo w in g  t re a tm e n t s teps: p re sc re e n in g , 
m ic ro f i l t ra t io n  (M F), c a r t r id g e  f i l t ra t io n ,  reverse o sm o s is  (RO) a n d  u lt ra v io le t  ir ra d ia t io n  
(UV). T h e  'T o r re e le ' p la n t  is d e s ig n e d  to  p ro d u c e  2 , 5 0 0 , 0 0 0  m ’/y e a r  o f  in f i l t ra t io n  

w a te r ;  th is is 4 0  %  o f  the  c u r re n t  d r in k in g -w a te r  d e m a n d .  The  f lo w  c h a r t  is show n  

b e lo w .
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Fig. 1 : F low  ch a rt o f the  'T o rre e le ' p la n t

The w h o le  p ro je c t  w as  d e v e lo p e d  to  c re a te  a s u s ta in a b le  g ro u n d w a te r  m a n a g e m e n t o f  
the  ex is ting  d u n e  w a te r  c a tc h m e n t.  Because  o f  the  p re se n ce  o f  s a lt -w a te r  n o rth  a n d  
sou th  o f  these d u n e s , th e  d r in k in g -w a te r  p ro d u c t io n  c a p a c ity  w as  l im i te d 1 a n d  by the  

e n d  o f  the  1 9 8 0 '  s the  I .W .V .A . w as  u n a b le  to  fu r th e r  satisfy the  in c re a s in g  d e m a n d  o f  
d r in k in g  w a te r. A r t i f ic ia l  re c h a rg e  o f  th e  sa n d y  u n c o n f in e d  d u n e  a q u ife r  w as ch o se n  as 
the  best a lte rn a t iv e : th e  p ro d u c t io n  c a p a c ity  c o u ld  be  in c re a se d  a n d  still the  n a tu ra l 

g ro u n d w a te r  e x tra c t io n  c o u ld  s u b s ta n t ia l ly  be  lo w e re d .

Pilot tests us ing  m e m b ra n e  f i l t ra t io n  te c h n iq u e s  s h o w e d  th a t,  a l th o u g h  s tr in g e n t q u a lity  
s ta n d a rds  w e re  set, w a s te w a te r  e ff lu e n t c o u ld  b e  used as the  s o u rc e  fo r  the  p ro d u c t io n  

o f  in f i l t ra t io n  w a te r.

This p re s e n ta t io n  w il l  d e sc r ib e  the  results o f  in f i l t ra t io n  in  the  d u n e s , a  p e r io d  th a t w ill 

c o v e r  o v e r  3  years a t  the  t im e  o f  p re se n ta t io n .

1 Increased production  cou ld  cause saline w ater in trusion in to  the dune aqu ife r
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The in f i l t ra t io n  w a te r  re c h a rg e s  the  sa n d y  u n c o n f in e d  d u n e  a q u ife r ;  the  re s id e n ce  t im e  

o f  the  re c h a rg e d  w a te r  in  the  a q u ife r  is m in im u m  4 0  days.
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NATURE DEVELOPMENT AND MANAGEMENT IN  INNER COASTAL DUNES
ALONG THE BELGIAN COAST
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D u n e s  a lo n g  the  B e lg ia n  c o a s t a re  c h a ra c te r iz e d  by a h ig h  d isp e rs io n . E spec ia lly  the  

b o rd e r l in e  a re as  b e tw e e n  d u n e s  a n d  p o ld e r  a n d  m id d le -o ld  d u n e s  a re  th re a te n e d  by 
u rb a n iz a t io n  a n d  a g r ic u l tu re  a m o n g  o th e r  fac to rs .

D e sp ite  these  th re a th s , still m a n y  a re as  have  h ig h  sc ie n t if ic  v a lu e .  T w o  s p e c if ic  cases a re  
p re se n te d , D 'H e y e  (B redene ), a  m id d le -o ld  d u n e  c o m p le x  w ith  im p o r ta n t  re lic t  a c id ic  

d u n e  v e g e ta t io n s  a n d  th e  B e lvédè re  (K oks ijde ), a d u n e -p o ld e r  v e g e ta t io n  a re a  w ith  o n e  
o f  the  fe w  re m a in in g  fro n ts  w ith  b lo w in g  sand  a lo n g  the  B e lg ia n  coas t.

In b o th  cases firs t a  v e g e ta t io n  s tudy w as  u n d e r ta k e n  a n d  c o m b in e d  w ith  h y d ro lo g ic a l 

a n d  o th e r  a b io t ic  d a ta  to  fo rm  the  basis o f  the  m a n a g e m e n t  p la n s  a n d  to  id e n t ify  the  
re q u ire d  h a b ita t  types. R e c o n c il ia t io n  w as s o u g h t  w ith  o th e r  la n d  uses, in c lu d in g  
a g r ic u l tu re ,  re c re a t io n  a n d  to u r is m  a n d  poss ib ly  d r in k in g  w a te r  e x tra c tio n .

In it ia l m a n a g e m e n t  p ro p o s e d  re m o v in g  o f  co n s tru c t io n s  a n d  g a rb a g e .  Th is w as 
fo l lo w e d  by s o d -c u t t in g  o f  p o te n t ia l ly  f lo r is t ic a l ly  v a lu a b le  zones  a n d  re s to ra t io n  o r  
c o n s tru c t io n  o f  p u d d le s . D u r in g  the  firs t years a re as  w e re  m o w n  fo l lo w e d  by  extensive 

g ra z in g . N o w  b o th  a re a s  a re  u n d e r  extens ive  g ra z in g  m a n a g e m e n t.

T h e  p o s te r  w il l  g iv e  a n  o v e rv ie w  o f  the  w orks  u n d e r ta k e n  in  b o th  a re a s , in c lu d in g  an  

assessm en t o f  the  results o b ta in e d .
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RESTORATION AND MANAGEMENT PLAN OF 'HET Z W IN ', A SALT WATER
MARSH O N THE BELGIAN COAST
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'H e t  Z w in ' (K n o kke -H e is t)  is a n  in te rn a t io n a lly  re k n o w n  n a tu re  reserve a n d  is o n e  o f  the 
fe w  sa lt w a te r  m a rshe s  o n  the  W e s te rn -E u ro p e a n  c o a s t.  W ith  its size o f  a p p ro x im a te ly  
1 5 0 h a ,  la rg e ly  lo c a te d  in  B e lg iu m , it has a very h ig h  b io lo g ic a l  va lu e .

T h e  n a tu re  reserve  is th re a te n e d  by m a n y  fa c to rs , in c lu d in g  s ilt in g  u p  w ith  sand  fro m  the 
N o r th  Sea. Th is a b io t ic  fa c to r  has c a u s e d  a d e c re a se  o f  the  e c o lo g ic a l  v a lu e  d u e  to  the 
less f re q u e n t in u n d a t io n  w ith  s e a w a te r  a n d  even  th re a th e n s  the  fu r th e r  ex is tence o f  the  

s a lt -w a te r  m a rsh e s  as a w h o le .

In o rd e r  to  s a lv a g e  th is  a re a ,  a m a n a g e m e n t  p la n  w as  d e v e lo p e d ,  ta k in g  in to  a c c o u n t  
a ll d if fe re n t fu n c t io n s  o f  the  n a tu re  reserve.

R ecent s tud ies  o f  v e g e ta t io n ,  fa u n a  a n d  a b io t ic  fa c to rs  served  as a  g u id e l in e  to  d e v e lo p  
a  g lo b a l  v is io n  fo r  the  n a tu re  reserve . Severa l po ss ib il i t ie s  w e re  in v e s t ig a te d , in c lu d in g  
a n  o f fs h o re  s a n d  fa l l ,  s h o v e lin g  o f  a re a s  o f  the  m a rsh  s u r fa c e , re s to ra t io n  o f  n a tu ra l 
t id a l in f lu e n c e , tu b e  systems a n d  c re a t io n  o f  sa lt m a rshe s  in  c u r re n t  p o ld e r  la n d  a n d  

o the rs .

A fte r  a n  e v a lu a t io n  o f  the  d if fe re n t po ss ib il i t ie s  a n d  th e ir  im p a c t ,  a m a n a g e m e n t  p la n  is 
p re sen ted  a im e d  a t the  re s to ra t io n  a n d  c o n s e rv a t io n  o f  the  v a lu a b le  sa lt m arshes.
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OOSTHOEKDUINEN: A SATISFACTORY AGREEMENT BETWEEN NATURE 
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The n a tu re  d e v e lo p m e n t  p ro je c t  'O o s th o e k d u in e n ' in c lu d e s  the  O o s th o e k d u in e n  s.s., 

the  C a lm e y n b o s  a n d  th e  K ra k e e ld u in e n . The a re a  is s itu a te d  a t  D e  P anne  a n d  covers  
1 9 0 h a .  This a re a  is le g a l ly  p ro te c te d  in  severa l ways : p ro te c te d  la n d s c a p e , 'g re e n  
a r e a '  o n  th e  z o n in g  p la n s  d ra w n  u p  u n d e r  th e  'L a w  o f  the  o rg a n iz a t io n  o f  to w n  a n d  
c o u n try  p la n n in g ' ,  S p e c ia l P ro te c t io n  A re a s  in  a p p l ic a t io n  o f  Bird d ire c t ive  
( 7 9 /4 0 9 /E E C )  a n d  H a b ita t  D ire c t iv e  (9 2 /4 3 /E E C ) ,  a n d  pa rtly  u n d e r  the  D e c re e  fo r  

p ro te c t io n  o f  th e  d u n e s  (BS 31 / 8 / 1  9 9 3 ) .

Th is  p ro te c t io n  sta tus co n tra s ts  w ith  the  c o n t in u o u s  g ro w in g  re c re a t io n a l p ressure  o n  the  
a re a . T o  a c c o m m o d a te  th o s e  a p p a re n t ly  o p p o s in g  in terests, the  N a tu re  D iv is io n  o f  the  
M in is try  o f  th e  F lem ish  C o m m u n i ty  c o m m is s io n e d  the  FLA to  d e v e lo p  a n d  e xecu te  a 

n a tu re  re s to ra t io n  p ro je c t  in  th is  a re a .

T h e  p ro je c t  a im s  a t  the  re s to ra t io n  a n d  d e v e lo p m e n t o f

■ o p e n  d u n e  h a b ita ts  o f  d u n e  g ra s s la n d  a n d  m oss d u n e  ( 'g re y  d u n e s ') ,

■ d u n e  s h ru b  c o m m u n it ie s ,

■ d u n e  p o n d  a n d  p o o ls ,
■ m o is t to  w e t p o ld e r  g ra s s la n d  a n d  lo w  p ro d u c t iv e  n a tu ra l g ra ss la n d ,

■ in t ro d u c t io n  o f  e c o lo g ic a l  fo re s t m a n a g e m e n t,

■ z o n in g  o f  re c re a t io n .

D e g ra d a t io n  o f  the  g rey  d u n e s , a p r io r ity  h a b ita t  p ro te c te d  by the  H a b ita t  D ire c tive  is 
ca u se d  by a  la c k  o f  n a tu re  m a n a g e m e n t  a n d  to o  m u c h  tre a d in g  by re c re a t io n . A  

g ra z in g  a re a  w as  e s ta b lish e d  to  m a in ta in  the  d u n e  g ra s s la n d  v e g e ta t io n .

T h e  K ra k e e ld u in e n  fo rm s  a m o s a ic  o f  d u n e  sh rubs , d u n e  g ra ss la n d  a n d  m oss dunes . To 
m a in ta in  the  d u n e  s h ru b  v e g e ta t io n  invas ive  p la n t  species such  as O n ta r io  p o p la r  
(P op u lu s  c a n d ic a n s ), G re y  p o p la r  (Populus canescens)  a n d  S yca m o re  (Acer 
p s e u d o p la la n u s ) w e re  re m o v e d . T h e  cu tt in g  d o w n  o f  th e  p la n te d  p o p la r  lanes  w as  the  

first s tep  to w a rd s  the  re s to ra t io n  o f  the  p a ra b o l ic  d u n e  lan d sca p e .

The  C a lm e y n b o s  is o r ig in a l ly  a  d ive rse  a f fo re s ta t io n  fro m  a ro u n d  1 9 0 0 .  N o w a d a y s  

a b o u t  6 0 %  o f  the  in it ia l ly  p la n te d  taxa  a re  still p resen t. T h e ir  re g e n e ra t io n  h o w e ve r, is 
d if f ic u lt  e xce p t fo r  the  S yca m o re . The  p u rp o se  o f  the  p ro je c t  is to  in t ro d u c e  e c o lo g ic a l 
fo re s t m a n a g e m e n t .  T h e re fo re  c o n ife ro u s  p la n ta t io n s  a re  re p la c e d  by  d e c id u o u s  trees,
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fo re s t s tru c tu re  is im p ro v e d ,  re g e n e ra t io n  o f  in d ig e n o u s  tree  species like  C o m m o n  ash 
(Frax inus e x c e ls io r ) a n d  e lm  (U lm us  spec.)  is fa c i l i ta te d  by c le a r in g  m o re  c o m p e t it iv e  
spec ies  a n d  th e  p ro p o r t io n  o f  d e a d  w o o d  is in c re a se d .

In th e  fo rm e r  m il i ta ry  zo n e , a ll m il i ta ry  in fra s tru c tu re  su ch  as s to re  houses, c o n c re te  

p la t fo rm s , w a tc h - to w e rs  a re  re m o v e d  excep t fo r  o n e  b lo c k h o u s e  w h ic h  w il l  be  res to red  
as  a  h ib e rn a t io n  sh e lte r  fo r  bats.

B e fo re  th e  s ta rt o f  the  p ro je c t ,  the  d u n e  - p o ld e r  tra n s it io n  z o n e  w as in  in tens ive  
a g r ic u l tu ra l  use. Th is  z o n e  w a s  a c q u ire d  by th e  N a tu re  D iv is io n  o f  the  M in is try  o f  the  
F lem ish  C o m m u n i ty  a n d  has n o w  the s ta tu te  o f  F lem ish  N a tu re  Resen/e 'D u in z o o m '.  
The  re s to ra t io n  o f  the  d u n e - p o ld e r  zone  w as e s ta b lish e d  by lo c a l ly  re m o v in g  the  n u tr ie n t 
r ich  s u r fa c e  h o r iz o n , in c re a s in g  m ic ro re l ie f  o n  fo rm e r  a ra b le  la n d ,  re p ro f i l in g  the  banks  

o f  th e  w a te rc o u rs e  'L a n g g e le e d ' a n d  o th e r  d itch e s , e n la rg in g  ex is ting  p o o ls  a n d  d ig g in g  
n e w  o n e s . Part o f  the  a re a  is m a n a g e d  by m o w in g ,  the  o th e r  p a r t  by p e rm a n e n t 
g ra z in g .

T o  c h a n n e l the  re c re a t io n a l ac tiv it ie s , a g re e m e n ts  w e re  m a d e  w ith  n e ig h b o u rs  a n d  
users (e .g . the  s c o u t in g ,  m o u n ta in  b ike  a n d  horse  r id in g  c lubs). T h e re fo re  tra ils  w e re  
e s ta b lis h e d  fo r  w a lke rs , m o u n ta in  b ike rs  a n d  ho rse  riders. In c o n f l ic t in g  s itu a tio n s  w h e re  

w a lk e rs , m o u n ta in  b ike rs  a n d  ho rse  r iders  in te r fe re d  to o  m u c h  the  pa ths  w e re  se p a ra te d  
o r  re ro u te d  a lto g e th e r .

The  e ffec tiveness  o f  these m e a su re s  w ill be m o n ito re d  d u r in g  1 0  years. Lessons th a t  w ill 
b e  le a rn e d  fro m  th is  m o n ito r in g  w il l  b e  o f  v a lu e  in  fu tu re  m a n a g e m e n t  p ro jec ts .
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The site o f  the  A b b e y  o f  the  D unes  is s itu a te d  in  a d u n e  a re a  o f  1 1 5 h a . The  A b b e y  o f  

the  D unes  (D u in e n a b d i j)  a t K o ks ijd e  w as  fo u n d e d  in  the  1 2 th  ce n tu ry  a n d  a b a n d o n e d  
a ro u n d  1 6 0 0 .  In 1 9 4 9  e x c a v a t io n s  s ta rted  o n  the  site , the  d iscove ries  w e re  
c o n s o l id a te d  w ith  the  te c h n iq u e s  a v a i la b le  a t  the  t im e  a n d  p u t  o n  d isp la y  fo r  the  p u b lic .  
D u r in g  the  sa m e  p e r io d ,  p a r t  o f  the  a b b e y  d is a p p e a re d  u n d e r  a new ly  co n s tru c te d  ro a d  
(Van B u g g e n h o u t la a n ) .  Th is ro a d  severed  the  h is to r ica l l in k  b e tw e e n  the  a b b e y  site a n d  
the  d u n e s . A n  a rc h a e o lo g ic a l  p a rk  a n d  a very a ttra c t ive  a n d  m o d e rn  m u seum  w as 
c o n s tru c te d . H o w e v e r ,  by  lack  o f  new  investm en ts , the  e x h ib i t io n  b e c a m e  o u td a te d ,  the  

ru in s  o f  the  a b b e y  a n d  th e  p a rk  fe ll in to  d e c a y  a n d  e v e n tu a lly  the  m u seum  c lose d  its 
d o o rs  in  1 9 9 8 .

S ince 1 9 9 9  the  m u n ic ip a l i ty  o f  K oks ijde  a im e d  a t u p g ra d in g  the  a b b e y  site a n d  
req ue s ted  the  F lem ish  Land A g e n c y  (FLA) to  p a r t ic ip a te  in the  re s to ra t io n  o f  the  A b b e y  
o f  the  D unes  site. W ith in  the  F A  a  m u lt i-d is c ip l in a ry  te a m  w as  es ta b lish e d  to  s tudy the 
A b b e y  o f  the  D unes . B ecause  o f  its sp a tia l p o s it io n , b o rd e r in g  o n  the  N o o rd d u in e n  a n d  
c a u g h t  b e tw e en  th e  u rb a n iz a t io n  o f  K o k s i jd e -D o rp ,  K o k s i jd e -B a d  a n d  S t- ld e sb a ld , it 

w as  s o o n  d e c id e d  to  in vo lve  the  w id e r  e n v iro n m e n t o f  the  A b b e y  o f  the  D unes in  the 
p ro je c t .  Th is a p p ro a c h  w o u ld  e n su re  a c o n s o l id a t io n  o f  the  fra g m e n te d  d u n e  a re a  a n d  

a n  in te g ra t io n  o f  the  a b b e y  in its o r ig in a l  lan d sca p e .

A n  inve n to ry  w as m a d e  fo r  the  d if fe re n t aspects  such as e n v iro n m e n t ( fauna  a n d  f lo ra ,  

h y d ro lo g y ,  p e d o lo g y  a n d  g e o m o rp h o lo g y ) ,  re c re a t io n , a rc h a e o lo g y  a n d  c u ltu ra l-  
h is to r ic a l la n d s c a p e  e le m e n ts , a n  ana lys is  o f  bo tt le n e cks  a n d  a v ie w  w as fo rm u la te d .  
N e x t a c o m p re h e n s iv e  s tra tegy  w as d e te rm in e d  in w h ic h  the  d if fe re n t g o a ls  w ere  

in te g ra te d .

T h e  firs t phase  o f  the  p ro je c t  a im e d  a t a c u ltu ra l-h is to r ic a l v a lo r is a t io n  o f  the  en tire  
fo rm e r  a b b e y  site. T h e  p ro je c t  'I rise fro m  b e n e a th  the  s a n d ' fo cu ss in g  o n  the  m u seum  
a n d  the  in c o rp o ra t io n  o f  the  ru ins in  an  o p e n -a i r  m u s e u m , w as  la u n c h e d  by the 

m u n ic ip a l i ty  a n d  fo rm s  the  su b je c t o f  a la n d  use p la n n in g  p ro je c t  rea lized  in p a rtn e rsh ip  

by th e  F A .

The  se co n d  phase  c o n c e rn s  d e fra g m e n ta t io n  by the  re m o v a l o f  the  V an  

B u g g e n h o u t la a n .  Th is m e a s u re  is s u p p o r te d  by the  m u n ic ip a l i ty  c o u n c il  a n d  aw a its  
a p p ro v a l  o f  the  M in is te r .  The  b re a k in g  up  o f  the  ro a d  fo rm s  su b je c t o f  a m u lt i-m o d a l 
t ra f f ic  s tudy  w h ic h  h a d  to  s im u la te  the  fu tu re  tra ff ic  f low s. F rom  the study it w as  c le a r  
th a t m o s t o f  the  tra f f ic  c o u ld  be  d e v ia te d  a lo n g  the  Ter D u in e n la a n . Because  this ro a d
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runs th ro u g h  re s id e n tia l a re a  it is necessary to  re b u ilt  the  ro a d . A fte r  th is re a liz a t io n  the  

V a n  B u g g e n h o u t la a n  ca n  be  b ro k e n  u p  a n d  the  e xca va tio n s  o f  the  d u n e  a b b e y  a n d  
ex te n s ion  o f  the  p a rk  ca n  p ro c e e d .

T h e  th ird  p ro je c t  c o m p rise s  n a tu re  re s to ra t io n  o f  the  N o o rd d u in e n .  The  p o lic y  o f  the 

M in is try  o f  the  F lem ish  C o m m u n ity ,  N a tu re  d iv is io n  is the  c o n s e rv a t io n  a n d  re s to ra tio n  
o f  th e  s p e c if ic  e n v iro n m e n ta l d u n e  e n v iro n m e n ts  a n d  to  s t im u la te  its b io d ive rs ity . The 

p ro je c t  a im s  to  s tre n g th e n  the  n a tu re  va lues  e sp e c ia l ly  the  m oss d u n e s  a n d  d u n e  
g ra ss la n d s  w h ic h  a re  p r io r ity  h a b ita ts  u n d e r  the  H a b ita t  D irec tive . The  m a in  a c t io n s  
in c lu d e  re m o v a l o f  sh rubs  a n d  e xo tic  p la n t  spec ies , in t ro d u c t io n  o f  a g ra z in g  re g im e , 
s tre n g th e n in g  o f  s m a ll la n d s c a p e  e le m e n ts  e .g . m a k in g  d r in k in g  p o o ls  a n d  re s to ra tio n  
o f  w o o d e d  b a n k s  b o rd e r in g  fo rm e r  f is h e rm e n 's  f ie lds  a n d  c h a n n e l l in g  o f  re c re a t io n .
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ASSESSING COASTAL DUNE REHABILITATION USING VERY HIGH  
RESOLUTION DIGITAL ELEVATION MODELS: AN EXAMPLE FROM
LEFFRINCKOUCKE, NORTHERN FRANCE

Stéphane Vanhée and O liv ie r Cohen

Coasta l G e o m o rp h o lo g y  and  Shoreline M anagem ent Unit E A 3599, Université du  L itto ra l-C ôte  
d 'O p a le ,  189a , avenue M aurice  Schum ann, F -5 9 1 4 0  Dunkerque, France 
E-mail: vanhee@ univ-lit to ra l.fr

The northern shores o f France are bounded by large beaches associated with a coastal 
barrier com prising two or three sub-shore paralle l dunes. Until the early 1990s, much 
o f the coast between Dunkirk and the Belgian border suffered severe erosion involving 
dune blowouts and breaches and bluffs cut into the dunes. This coast is presently in a 
state o f stability. Since 1997, dune restoration has been undertaken by the 'Conseil 
Général du N o rd ' (Departmental authorities) and the 'Conservatoire du Littoral'. This 
restoration scheme has focused on a large b lowout in Leffrinckoucke, and has involved 
the use o f longshore oriented sand fences, cross-shore oriented brushwood barriers and 
the planting o f A m m o p h i la  a renar ia .  The m onitored sector reported in this study is a 
part o f the rehabilita tion zone, and comprises the upper beach, and the dune front and 
crest. From September 1999 to O ctobe r 2 0 0 1 , nine very high resolution topographic 
surveys were realized over a 25x30m  sector using an electronic total station (Leica 
TC 600). An average o f 708 data points were collected each tim e (i.e. » 1 point per m2) 
This dataset was used to create nine D igital Elevation Models (contours maps and 3D 
models). N ine com parison maps were com puted: eight maps generated fo llow ing 
subtraction o f one DEM from the next one, and the last map by com paring the first and 
the last DEMs. Theses maps show regular dune growth in the fence-equipped area 
(dune front and crest), and sometimes m inor accum ulation o r erosion on the upper 
beach. However, theses maps do  not give a clear synthesis o f the m orphological 
changes and do not a llow  fo r assessment o f the efficiency o f the dune rehabilitation 
measures. The DEMs were therefore divided into three sub-zones (upper beach, dune 
front and crest) using the 5 and 7 .5m  contours (relative to French elevation datum) as 
limits. C alculations of g loba l and partial volumes were carried out and then statistically 
synthesized: mean volumes, time trends, standard deviations and variation coefficients 
were com puted. The results confirm  the trends detected from  analysis o f the comparison 
maps and provide further in form ation. They h igh light regular volume growth on the 
dune front and crest, thus enabling better assessment o f the efficiency o f the fences and 
brushwood barriers. In contrast, the upper beach is stable o r in m ild erosion on the 
whole, but exhibits much higher variability than the two others zones. The upper beach 
is subject to  active phases o f erosion o r accretion.
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LIFE-NATURE ALONG EUROPEAN COASTS

F rank  Vassen
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S ince 1 9 9 2 ,  L IF E -N a tu re  has b e e n  fu n d in g  n a tu re  c o n s e rv a t io n  p ro je c ts  across  the  

E u ro p e a n  te rr ito ry  o f  th e  EC M e m b e r  states. The  c u rre n t a r t ic le  b r ie f ly  e xp la in s  the 
ra t io n a le  o f  the  L IF E -N a tu re  p ro g ra m m e ,  its re la t io n s h ip  to  the  im p le m e n ta t io n  o f  the  
B irds a n d  H a b ita ts  D irec tives  a n d  p ro v id e s  a n  o v e rv ie w  o f  the  types o f  a c t io n s  fu n d e d . 
G iv e n  th a t  L IF E -N a tu re  is a l im ite d  fu n d  c o m p a re d  to  the  n eeds  o f  the  N a tu ra  2 0 0 0  

n e tw o rk ,  fu n d in g  is o n ly  a v a i la b le  fo r  the  m os t re le va n t a c t io n s  a t  th e  E u ro p e a n  leve l.
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W INDOW S IN  THE DUNES - THE CREATION OF SEA INLETS IN  THE 
NATURE RESERVE DE WESTHOEK IN DE PANNE

T o o n  V e rw o e s t ',  Peter D e  W o l f ' ,  Je an -Lou is  H e rr ie r2 a n d  M a re  Leten2

' Coasta l D ivis ion, W aterways and  M arine  Affairs Adm in istra tion, M inistry o f the Flemish 
C om m un ity , Vrijhavenstraat 3 , B -8 4 0 0  O ostende , Belgium 
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Coastal C onserva tion  Unit, Nature  Division, Ministry o f the Flemish C om m un ity  
Zandstraat 2 5 5 , B -8 2 0 0  Bruges, Belgium

The F lem ish  N a tu re  Resen/e 'D e  W e s th o e k ' cons titu tes  to g e th e r  w ith  the  F rench  s ta te- 
d o m a in  'La D u n e  d u  P e rroque t' a  t ra n s -b o rd e r  co a s ta l d u n e  a re a  w ith  a  su p e rf ic ie s  o f  
7 0 0  hec ta re s , s itu a te d  b e tw e en  D e Panne (B e lg ium ) a n d  B raydunes  (F rance). From  
h ig h - t id e  m a rk  to  p o ld e rs ,  the  ra n g e  o f  d unes  has a w id th  o f  n e a r ly  2  k i lo m e tre s . In the  
years  1 9 5 0  h e a vy  s to rm s  h a d  b e a te n  a  b re a c h  th ro u g h  th e  fo re -d u n e s  o f  'La D u n e  du  
P erroque t'. The  c o n s e q u e n c e  w as th a t  d u r in g  sp r in g  tides  th e  s e a w a te r  c o u ld  p e n e tra te  

th ro u g h  the  b re a c h  in to  a  d u n e -s la c k .  This p h e n o m e n o n  is c a l le d  a 'sea -in le t '.  In those 
days the  s e a w a te r  c o u ld  d u r in g  s to rm  tides  a lso  to p  o v e r  the  fo re -d u n e s  o f  the  B e lg ia n  
'W e s tho e k ', bu t a t the  e n d  o f  the  years 1 9 7 0  a c o n c re te  d ik e  w as  b u ilt  in  f ro n t  o f  the 
fo re -d u n e s  to  p re v e n t fu r th e r  m a r in e  e ro s io n . S ea -in le ts  in  th e  d u n e s  a re  a  ra re  
p h e n o m e n o n  a lo n g  the  c o n t in e n ta l coas ts  o f  n o rth w e s te rn  E u ro p e . They  usua lly  h a rb o u r  
a h ig h ly  s p e c ia l is e d  b ird - l i fe  a n d  s a lt - to le ra n t f lo ra .  The  m a n a g e m e n t-p la n  fo r  the  
N a tu re  Reserve ‘D e  W e s th o e k ',  th a t  w as a p p ro v e d  in  1 9 9 6 ,  p resc ribes  to  c re a te  a 
c o u p le  o f  se a - in le ts  by lo c a l ly  re m o v in g  the  c o n c re te  d ik e . The  fe a s ib il i ty  o f  th is a c t io n  
fro m  the  p e rsp e c tive  o f  co a s ta l safe ty had  a lre a d y  b e e n  d e m o n s tra te d  by a  study 

execu ted  in 1 9 9 5  by a  h y d ra u lic  e n g in e e r in g  co n s u lta n t.  As the  c o a s ta l d e fe n c e -p o l ic y  
o f  the  F lem ish  R e g io n a l A u th o r ity  has s ince  lo n g  e v o lv e d  to  a m o re  d y n a m ic  a p p ro a c h ,  
the  C o a s ta l D iv is io n  a g re e d  to  e xecu te  the  p re s c r ip t io n  o f  the  m a n a g e m e n t  p la n . 

Pro jects th a t  have  a n  in f lu e n c e  o n  the  h y d ro lo g ic a l system o f  n a tu ra l a re as  a re  h o w e v e r  
su b je c te d  to  a n  E n v iro n m e n ta l Im p a c t Assessm ent, so  th a t  fo r  th e  c re a t io n  o f  tw o  sea- 
in lets a n  EIA h a d  to  be  d ra w n . A f te r  the  a p p ro v a l o f  the  EIA by the  c o m p e te n t  a u th o r ity  
a n d  a c o n s tru c t io n  l icense  h a d  b e e n  d e liv e re d , the  w o rks  w e re  c a r r ie d  o u t  b e tw e e n  the 

2 2 n d  J a n u a ry  a n d  the  2 0 th  June  2 0 0 4 .  The  w o rks  cons is ted  o f:

■ lo w e r in g  the  b o t to m  o f  tw o  d e f la t io n  zones b e h in d  the  fo re -d u n e s  a n d  p a rt ly  the  fo re ­
d u n e s  th e m se lve s  to  a  leve l th a t  is lo w e r  th a n  the  sp r in g  t id e  leve l;

■ s tre n g th e n in g  the  d u n e s  th a t  s u rro u n d  those  lo w e re d  d e f la t io n  zones  to  p re ve n t the  
s e a -w a te r  to  p e n e tra te  the  d u n e -a re a  fu r th e r  th a n  is c o n s id e re d  d e s ira b le ;  this 
re in fo rc e m e n t w a s  c a r r ie d  o u t  w ith  the  sand  th a t  w as  e xca va te d  fro m  the d e f la t io n  

zones a n d  the  fo re -d u n e s ;

■ re m o v in g  the  c o n c re te  d ik e  a t  tw o  lo c a t io n s  o v e r  a  d is ta n c e  o f  2 0  m etres a n d  1 5 

m etres to  a l lo w  the  s e a w a te r  to  p e n e tra te  the  d e f la t io n  zones ;

■ b u i ld in g  tw o  b r id g e s  o v e r  the  b re a c h e s  in the  d ik e  to  a l lo w  s tro lle rs  to  c o n t in u e  th e ir  

w a lk  u n in te r ru p te d .
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The tw o  n e w  se a - in le ts  h a ve  a  to ta l supe rf ic ies  o f  a p p ro x im a te ly  3  hec ta re s . The 
d e f la t io n  zones w h e re  the  s e a - in le ts  w e re  c re a te d  co n s is te d  o r ig in a l ly  o f  s a n d y  p la ins  
th a t  w e re  th ic k ly  s trew n  w ith  d e b r is  f ro m  d e m o l is h e d  b lo c k h o u s e s  a n d  h a d  a  sca rce  
M a r ra m -g ra s  [A m m o p h i la  a re n a r ia )  v e g e ta t io n . T h e  c re a t io n  o f  se a - in le ts  s h o u ld  a l lo w  
th e  d e v e lo p m e n t  o f  th e  n a tu ra l h a b ita ts  o f  the  a n n e x  I o f  th e  E u ro p e a n  H a b ita t -d ire c t iv e  
'1 3 1 0  (1 5 .1 1 )  S a l ic o rn ia  a n d  o th e r  a n n u a ls  c o lo n is in g  m u d  a n d  sa n d ' a n d  '2 1 1 0  
( 1 6 .2 1 1 )  E m b ry o n ic  sh if t in g  d u n e s ',  a n d  a lso  o f fe r  b re e d in g  o p p o r tu n i ty  to  a t  least 

K entish  P love r (C h a ra d r iu s  a le x a n d r in u s ) a n d  G re a t  R inged  P lo ve r (C h a ra d r iu s  
h ia t ic u la ). The  results a n d  e ffec ts  o f  the  se a - in le ts  o n  th e  q u a l i ty  o f  the  g ro u n d w a te r  is 

m e t ic u lo u s ly  b e in g  m o n ito re d .
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THE ROLE OF THE EU REGIONAL POLICY O N  THE ETHICAL 
RESPONSIBILITY FOR THE DEVELOPMENT OF RECREATION AND  
TOURISM AND CONSERVATION OF EUROPEAN COASTAL HABITATS

Elena V itk ie n e  

K la ipeda University
H. M a n to  84 , LT -92294 , K la ipeda , Lithuania 
E-mail: rekka t@ gm f.ku .lt .

N a tu re  re s to ra t io n  in  E u ro p e a n  co a s ta l h a b ita ts ,  re c re a t io n  a n d  to u r is m  business 
d e v e lo p m e n t  rese a rch  is c o n s is te n t set to  b e c o m e  a m a jo r  f ie ld  in  the  fu tu re  d u e  to  
im p e n d in g  e n v iro n m e n ta l c h a n g e s  o f  in te g ra t io n  in  the  E u ro p e a n  U n io n  R eg iona l 

Po licy. T h e  E u ro p e a n  U n io n  R e g io n a l Po licy, its p r in c ip le s ,  p r io r it ie s , the  E u ro p ea n  
U n io n  E n v iro n m e n ta l A c t io n  P ro g ra m  w ill be  in te g ra te d  o n  the  c o a s ta l m a n a g e m e n t 
s u s ta in a b le  m a n a g e m e n t .  T h e  results in d ic a te d  c o a s ta l z o n e  m a n a g e m e n t  process 

in te g ra t io n  in to  the  E u ro p e a n  U n io n  R e g io n a l Po licy P ro g ra m s  m ust th e re fo re  be 
c o n n e c te d  o v e r  the  id e a  so th a t  s u s ta in a b le  d e v e lo p m e n t  re c re a t io n  a n d  to u r is m , n a tu re  
re s to ra t io n  in  E u ro p e a n  c o a s ta l h a b ita ts  d e v e lo p m e n t.

The w ays  to  s tu d y  p ro b le m s ,  to  so lu t io n  this p ro b le m s  o f  the n a tu re  re s to ra t io n  in 
E u ro p e a n  c o a s ta l  h a b ita ts ,  re c re a t io n  a n d  to u r ism  d e v e lo p m e n t .  In o rd e r  to  p ro v id e  a n  
in te g ra te d  s o c io e c o n o m ic  re s p o n s ib il i ty  in the  c o a s ta l a re as  m a n a g e m e n t  u n d e r  the  

E u ro p e a n  e c o n o m ic  in te g ra t io n  it is necessary to  fo rm u la te  th e ir  in te g ra te d  respons ib i l i ty  
c o n c e p t io n .  As a n  e m p ir ic a l  a n d  p ra c t ic a l e v id e n c e  suggests  the b u lk  o f  id e a s  in m o d e l  
in te g ra te d  s o c io e c o n o m ic  re s p o n s ib il i ty  in the  c o a s ta l a re as  m a n a g e m e n t  s tra teg ies, 
m a n a g e m e n t  d e v e lo p m e n t  pe rspec tives  in the  E u ro p e a n  U n io n  in te g ra t io n .

The  o v e ra l l  o b je c t iv e  o f  the  E u ro p e a n  U n io n  E n v iro n m e n ta l Systems fo r  in te g ra ted  

c o a s ta l z o n e  m a n a g e m e n t  s u s ta in a b le  d e v e lo p m e n t  is to  p ro v id e  the  E u ro p ea n  
C o m m is s io n  w ith  a p a c k a g e  o f  d o c u m e n ts  e n v iro n m e n ta l issues in the  E u ro p ea n  

R eg iona l Policy.

The  ways to  s tudy re g io n  a re  th ree  d i f fe re n t  c o n c e p tu a l  f ra m e s :  re g io n a l d e v e lo p m e n t a t 
as a  p o l i t ic a l  p rocess , as a n  e c o n o m ic  p rocess (p e rh a p s  p rog ress), a n d  as a spa tia l 

p rocess a ls o  in c lu d e s  the  use a n d  p ro b le m s  o f  n a tu ra l resou rces  a n d  th e  e n v iro n m e n ta l 
im p a c t  o f  the  reso u rce  use, the  d e f in it io n s  o f  th e  B a lt ic  Sea R eg ion  in m a jo r  c o o p e ra t iv e  

p ro je c ts , fo r  e x a m p le ,  'V is io n  a n d  S tra teg ies a ro u n d  the  B a lt ic  Sea 2 0 1  0 ' ,  e n d  etc.

O n e  o f  the  w ays  is the  ana lys is  o f  o  n a tu re  re s to ra t io n , re c re a t io n  a n d  to u r ism  
d e v e lo p m e n t in  the  E u ro p e a n  c o a s ta l ha b ita ts  p ro b le m s , th e ir  s o lu t io n  leve ls ; s e c o n d ,  to  
d e te rm in a te  p ro p o s it io n s  o f  s o c io e c o n o m ic  re sp o n s ib il i ty ;  th i rd ,  e s t im a tin g  the 
e n v iro n m e n ta l issues in  the  E u ro p e a n  R eg iona l P o licy ; fo u r th ,  p re p a r in g  the  m o d e l o f  
s tudy to  s o lu t io n  th is p ro b le m s  o f  the  n a tu re  re s to ra t io n , re c re a t io n  a n d  to u r ism  
d e v e lo p m e n t in the  E u ro p e a n  c o a s ta l a reas  h a b ita ts  m a n a g e m e n t  s tra teg ies  in  the 

fu tu re .

A c c o rd in g  to  th e  E u ro p e a n  R e g io n a l Policy, its p r in c ip le s ,  p r io r it ie s , the  E u ro p e a n  U n io n  
E n v iro n m e n ta l A c t io n  P ro g ra m m e , w h ich  s h o w n  its p o in t  fo r  in te g ra te d  co a s ta l a reas
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h a b ita ts  m a n a g e m e n t  s u s ta in a b le  d e v e lo p m e n t ,  w as  in  f a d  v a l id  p ro v id e  th a t  in te g ra te d  
re s p o n s ib il i ty  m a n a g e m e n t  o f  c o a s ta l re c re a t io n  a n d  to u r ism  bus iness d e s t in a t io n s  ca n  

be  re d u c e d  th ro u g h  a n  im p le m e n ta t io n  o f  the  E u ro p e a n  U n io n  E n v iro n m e n ta l 
m a n a g e m e n t  system s, a n d  S itu a t io n  e th ic  a lg o r i th m ,  d e v e lo p e d  by ou rse lves .

A c c o rd in g  to  S itu a t io n a l e th ic  a lg o r i th m ,  the  ba s ic  te n e t u n d e r ly in g  s itu a t io n  e th ics  is 
th a t  c irc u m s ta n c e s  a l te r  cases. C o m p le x  s ig n if ic a n t  e th ic a l d e c is io n s  a re  m a d e  b a se d  o n  

th e  s itu a t io n  a t  g iv e n  m o m e n t  in  t im e . The fa c to rs  o f  a  S itu a t io n a l e th ics  a lg o r i th m  
in c lu d e s : g o a ls ,  m e th o d s ,  m o tiv e s , co n s e q u e n c e s . As the  c o n s e q u e n c e s  o f  d e c is io n  
b e c o m e  m o re  c o m p le x  a n d  u n p re d ic ta b le ,  th e  S itu a t io n  e th ics  b e c o m e s  necess ity  in  the  
re c re a t io n  a n d  to u r is m  bus iness, n a tu re  re s to ra t io n  in E u ro p e a n  c o a s ta l d e v e lo p m e n t 

m a n a g e m e n t  s tra teg ies  in  fu tu re .
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TIDESED: INTERTIDAL SEDIMENT CHARACTERIZATION USING HYMAP 
IMAGERY

Ilse V its e 1, S te fan ie  A d a m ' ,  A n n e lie s  D e  B a cke r2, Steven D e g ra e r2, Bart D e ro n d e 3, 
R odney F o rs te r ’ , C h r is t ia n  J. J o h a n n s e n ’, Ja o k  M o n b a l iu ' ,  K o e n  S a b b e 6, S indy S terckx3, 
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W ith  o n e  o f  th e  la rg e s t w a d in g  b ird  p o p u la t io n s  in  w es te rn  E u ro p e , a n d  seve ra l ra re  
h a b ita t  types such  as t id a l m arshes, th e  S che ld t es tua ry  is in te rn a t io n a lly  k n o w n  fo r  its 

n a tu re . O n  the  o th e r  h a n d ,  the  es tua ry  is a lso  a site  o f  heavy  industry , a n d  is an  
im p o r ta n t  c o m m e rc ia l  s h ip p in g  ro u te . These tw o  c o n tra s t in g  w o r ld s  m a k e  it d i f f ic u l t  fo r  
c o a s ta l z o n e  m a n a g e rs  to  m a k e  p la n n in g  d e c is io n s  th a t  a f fe c t  th e  w h o le  ecosys tem .

O b ta in in g  a c c u ra te  d a ta  o n  the  ba s ic  b io lo g ic a l ,  c h e m ic a l a n d  phys ica l p rocesses in 
in te r t id a l s e d im e n ts  is expens ive  a n d  d if f ic u lt :  the  a cce ss ib il i ty  o f  the  site is l im ite d ,  a n d  
es tua r ies  a re  c h a ra c te r iz e d  by a  w id e  sp a tia l h e te ro g e n e ity . R em ote  sens ing  m e th o d s  

c a n  p ro d u c e  d e ta i le d  in fo rm a t io n  o n  e c o lo g ic a l  fu n c t io n s  in a  co s t-e ffe c t ive  m a n n e r .

H yp e rsp e c tra l H yM A P  im a g e ry  is c o m b in e d  w ith  in tens ive  g ro u n d  tru th in g  to  q u a n t ify  
th e  m o s t im p o r ta n t  b io lo g ic a l  a n d  phys ica l p a ra m e te rs  such  as p ig m e n t c o n te n t,  

s e d im e n t g ra in  size a n d  w a te r  c o n te n t.

T o  a c h ie v e  these  g o a ls  a c o n s o r t iu m  co n s is t in g  o f  five  research  institu tes w ith  
c o m p le m e n ta ry  sk ills  in re m o te  se ns ing , m a r in e  (and  c o a s ta l zone) e c o lo g y  a n d  
s e d im e n t m e c h a n ic s ,  jo in e d  fo rce s  in  the  TIDESED p ro je c t  f in a n c e d  by the  B e lg ian  
S c ience  P o licy  O f f ic e  in  th e  f ra m e w o rk  o f  th e  STEREO rese a rch  p ro g ra m .
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LAI DETERMINATION IN  DUNE VEGETATION: A COMPARISON OF 
DIFFERENT TECHNIQUES
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R esearch w as c o n d u c te d  in  the  n a tu re  resen/e D e W e s th o e k  (De P anne, B e lg ium ) d u r in g  
the  2 0 0 4  g ro w in g  sea so n . The  m a in  o b je c t iv e s  o f  th is  research  a re  (i) the  d ire c t 
d e te rm in a t io n  o f  the  le a f -a re a - in d e x  (LAI) in  d if fe re n t  v e g e ta t io n  types by des truc tive  

m e a s u re m e n ts , (¡i) the  in d ire c t  d e te rm in a t io n  by d if fe re n t  n o n -d e s tru c t iv e  o p t ic a l 
m e th o d s  ( in c lu d in g  d ig i ta l  h e m is p h e r ic a l p h o to g ra p h y  a n d  a irb o rn e  re m o te  sens ing), 
(iii) c o m p a r in g  the  a p p l ie d  m e th o d s  to  es tim a te  LAI, a n d  (iv) p ro d u c in g  a m a p  o f  the  
h o r iz o n ta l A I  d is t r ib u t io n  in  the  rese a rch  a re a . The  d e s tru c t ive  A I  d e te rm in a t io n  w as 
c o n d u c te d  in h e rb a c e o u s  v e g e ta t io n ,  a n d  in  s h ru b  v e g e ta t io n  (Sa l ix  re p en s ,  H ip p o h a e  
r h a m n o id e s  a n d  L igus trum  v u lg a r e ). It w as fo u n d  th a t  the  A I  o f  h e rb a c e o u s  v e g e ta t io n  
ra n ge s  b e tw e en  0 .8 7  a n d  4 .6 0 ,  w ith  a  m e a n  A I  v a lu e  o f  2 .1  1 ± 0 . 3 4 .  The  A I  o f  sh ru b  
v e g e ta t io n  ra n ge s  b e tw e e n  2 .2 5  a n d  3 .5 8 .  A  m e a n  A I  v a lu e  fo r  the  s h ru b  ve g e ta tio n s  

is 3 . 0 3 ± 0 . 1  9 .  A ll fo rm e r ly  m e n t io n e d  va lues  a re  based  o n  des truc tive  m easu rem en ts . 
G ro u n d -b a s e d  o p t ic a l  d e te rm in a t io n  o f  A I  w as  o n ly  c o n d u c te d  in  the  s h ru b  v e g e ta t io n , 
by  m e a ns  o f  th e  S unS can  (D e lta -T  D ev ices  Ltd, C a m b r id g e ,  UK). The  in d ire c t  A I  
d e te rm in a t io n ,  w ith  a  m e a n  v a lu e  o f  5 . 6 7 ± 0 . 5 0 ,  sys te m a tica lly  o v e re s t im a te d  d irec t 

A I .  A n o th e r  a p p l ie d  o p t ic a l  m e th o d  is d ig i ta l  h e m is p h e r ic a l p h o to g ra p h y  (N ik o n  
C o o lp ix  5 0 0 0  c a m e ra ) .  The  s o ftw a re  used to  a n a lyze  the  h e m is p h e r ic a l p h o to g ra p h s  is 

C A N  EYE ( IN R A -A v ig n o n , F rance ). First results a ls o  in d ic a te  a system atic  
o v e re s t im a t io n .  A irb o rn e  re m o te  sens ing  d a ta  a re  used to  es tab lish  a  re la t io n s h ip  
b e tw e e n  d ire c t  A I  a n d  s o m e  v e g e ta t io n  ind ice s  such  as the  N o rm a liz e d  D if fe re n ce  
V e g e ta t io n  Index  (N D V I). Fa lse c o lo u r  d ig i ta l  o r th o p h o to s  a n d  hype rspec tra l (3 2  bands) 
d a ta  a re  used. B ased o n  the  a b o v e  es ta b lish e d  re la t io n s h ip  a m a p  o f  the  h o r iz o n ta l A I  
d is t r ib u t io n  in th e  n a tu re  reserve D e  W e s th o e k  w il l b e  p ro d u c e d .  First results a lre a d y  
re ve a le d  a (quas i) l in e a r  re la t io n s h ip  b e tw e en  d ire c t  A I  a n d  N D V I d e r ive d  fro m  fa lse  

c o lo u r  o r th o p h o to s  (R2 =  0 .6 5 ) .

- 1 2 3 -

mailto:roeland.samson@ugent.be




M O N ITO R IN G  DUNE DYNAMICS IN 'DE KERF' (NL) 1997-2003

H a n s  E lg e r W o n d e rg e m

Staatsbosbeheer D irectie-W est,
PO Box 581 74, 1 0 4 0  HD A m sterdam , The Netherlands 
E-mail: h .w ondergem @ staatsbosbeheer.n l

In th e  N e th e r la n d s  'D e  K e rf ' w a s  in it ia te d  as a  p i lo t  p ro je c t  fo r  d y n a m ic  coas ta l 
m a n a g e m e n t .  W ith in  th is  p i lo t  p ro je c t  five  years o f  m o n ito r in g  a n d  e v a lu a t io n  w as 

a p p l ie d .  T h e  m o n ito r in g  o f  the  g e o m o rp h o lo g ic a i  d e v e lo p m e n t a n d  o f  the  v e g e ta t io n  
a n d  f lo ra  w as  s u ff ic ie n t fo r  re c o rd in g  s ig n if ic a n t c h a n g e s  in e c o to p e s . T h e  m o n ito r in g  o f  
m a c ro fu n g i a n d  C a ra b id a e  c o n f i rm e d  these results. T h e  m o n ito r in g  o f  rep tile s  a n d  b irds 
g a v e  o n ly  q u a l i ta t iv e  in fo rm a t io n .
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THE UK LIFE PROJECT O N  SHORELINE MANAGEMENT: 'L IV IN G  WITH THE 
SEA'

S tephen  W o r ra l l  

Environm ent Agency
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C lim a te  c h a n g e  a n d  sea leve l rise is p o s in g  e v e r -g re a te r  c h a lle n g e s  to  the  su s ta in a b le  
m a n a g e m e n t  o f  o u r  coasts .

'L iv in g  w ith  th e  S ea ' w as  a 4 -y e a r  p a r tn e rs h ip  p ro je c t  b e n e f it in g  fro m  E u ro p e a n  

C o m m is s io n  LIFE N a tu re  fu n d in g .  The  U K  p a rtn e rs  w e re  Eng lish  N a tu re ,  the  
E n v iro n m e n t A g e n c y , the  D e p a r tm e n t fo r  E n v iro n m e n t,  F o o d  a n d  Rural A ffa irs  (D e fra ), 
a n d  th e  N a tu ra l  E n v iro n m e n t Research C o u n c i l .

T h e  p ro je c t  fo c u s e d  o n  c o a s ta l a reas  o f  E n g la n d , in  p a r t ic u la r  o n  co a s tl in e s  w ith  
c o m p le x e s  o f  sites d e s ig n a te d  u n d e r  E u ro p e a n  H a b ita ts  a n d  Birds D irec tives . Research 
has in d ic a te d  th a t  c l im a te  c h a n g e  a n d  sea leve l rise w il l  d r iv e  s ig n if ic a n t  h a b ita t  c h a n g e  
o n  these  c o a s tl in e s , w ith  im p lic a t io n s  fo r  h o w  w e  d e liv e r  f lo o d  risk m a n a g e m e n t.  The 
p ro je c t  e n d e d  in  Ju ly 2 0 0 3 ,  a n d  its re c o m m e n d a t io n s ,  m a n a g e m e n t  to o ls  a n d  v is ion  
a re  fe e d in g  in to  b o th  c o n s e rv a t io n , a n d  f lo o d  a n d  c o a s ta l m a n a g e m e n t  p o lic y  a n d  
p ra c t ic e  in  the  UK.

T he re  w e re  fo u r  key e le m e n ts  to  the  p ro je c t,  w h ic h  w il l  b e  d e s c r ib e d . O n e  o f  the  m os t 
fa r  re a c h in g  w as the  d e v e lo p m e n t  o f  seven C o a s ta l H a b ita t  M a n a g e m e n t  Plans 

(C H a M P s) c o v e r in g  N a tu ra  2 0 0 0  site c o m p le x e s  o n  the  e a s te rn  a n d  so u th e rn  coas ts  o f  
E n g la n d . These  e v a lu a te  the  im p a c ts  o f  sea leve l rise a n d  f lo o d  a n d  co a s ta l d e fe n c e  
w o rks  o n  th e  N a tu ra  2 0 0 0  sites, o v e r  the  next 3 0  to  1 0 0  years. They ensure  th a t the  
f lo o d  m a n a g e m e n t  o p t io n s  a re  c o m p a t ib le  w ith  o u r  o b l ig a t io n s  a r is in g  u n d e r  the  
H a b ita ts  a n d  Birds D irec tives . C H a M P s  n o w  have  to  be  p ro d u c e d  in  the  UK p r io r  to  the  

d e v e lo p m e n t  o f  the  se co n d  g e n e ra t io n  S h o re lin e  M a n a g e m e n t  Plans (SMPs), as 
re q u ire d  by D e fra  H ig h  Level T a rg e t 1 1 fo r  f lo o d  a n d  co a s ta l d e fe n c e . SMPs set o u t  the  
f lo o d  a n d  c o a s ta l risk m a n a g e m e n t  po lic ies  fo r  the  U K  c o a s t l in e  a n d  a re  rev iew ed  every 

5  to  1 0  years.

The  lessons le a rn e d  f ro m  p ro d u c t io n  o f  the  C H a M P s  have  b e e n  used to  re fine  p ro je c t  
g u id a n c e ,  w h ic h  has n o w  b e e n  in c o rp o ra te d  in to  D e fra  g u id a n c e  o n  SM P d e v e lo p m e n t.

Th is p a p e r  w il l  p ro v id e  in fo rm a t io n  a b o u t  the  o v e ra l l  p ro je c t  a im s  a n d  successes, the  
C H a M P  c o n c e p t ,  a n d  o th e r  sp e c if ic  e le m e n ts  o f  th e  s tudy  in c lu d in g  the  rev iew  o f  h o w  
w e h a ve  in c o rp o ra te d  the  H a b ita ts  a n d  Birds D irec tives  in to  UK law . T h e  p a p e r  w il l  a lso  
c o n s id e r  the  re c o m m e n d a t io n s  a r is in g  fro m  th is v is io n a ry  p ro je c t  in  the  w id e r  co n te x t o f  
h o w  w e  n e e d  to  m a n a g e  o u r  coas tl in e s , the  c o m m u n it ie s ,  n a tu ra l fea tu res  a n d  w id e r  
la n d  use, so  th a t  w e  c a n  su rv ive  c l im a te  c h a n g e  a n d  sea level rise in  the  lo n g  te rm . W e  
m us t a n t ic ip a te  c h a n g e ,  p la n  fo r  it a n d  p ro v id e  sp a ce  w ith in  o u r  c o a s ta l zones ; zones 
th a t w il l  b e c o m e  m o re  extens ive  a n d  in f lu e n tia l w ith  the  c o n t in u e d  rise in  sea levels a n d  

pressures to  f in d  n e w  d e v e lo p m e n t  o p p o r tu n it ie s .
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NATURE RESTORATION IN  THE HARBOUR OF ROTTERDAM, THE 
NETHERLANDS

M .M .  Z in d le r ,  C . S to rm  a n d  J .A . van  d e r  V e ld e n

South H o lland  D epartm ent, M inistry o f  Transport, Public W orks and  W ate r M anagem ent 
P .O . Box 5 5 6 , N L -3 0 0 0  A N  Rotterdam, The Netherlands 
E-m ail: m .m .z ind ler@ dzh.rws.m invenw.n l

T h e  R o tte rd a m  h a rb o u r  system is n o t  o n ly  w e ll su ited  f o r  c o n ta in e rs . The  u n iq u e  
p ro p e r t ie s  a n d  th e  m a n y  q u ie t  lo c a t io n s  o f fe r  o p p o r tu n it ie s  fo r  ra re  e s tu a r ia n  species. 

The  N e w  W a te rw a y  is th e  o n ly  o p e n  c o n n e c t io n  o f  the  Rhine a n d  M e u s e  rivers a n d  the  
N o r th  Sea w ith  t id a l a c t io n  a n d  a  g ra d u a l tra n s it io n  f ro m  sa lt to  fresh w a te r. It is a 
c ru c ia l  l in k  fo r  m ig ra to ry  fish spec ies , a m o n g  th e m  the  T w a ite  shad  (A lo s a  fa l la x ), the  

L a m p e rn  (L a m p e t ra  f lu v ia t i l is ) a n d  the  Sea t ro u t  (S a lm o  trutta). S h a llo w  a n d  she lte red  
pa rts  in  the  h a rb o u r  serve as s te p p in g -s to n e s  fo r  these  species. The h a rb o u r  
in fra s tru c tu re  serves as a n  id e a l h a rd  subs tra te  fo r  spec ies  like  th e  P lum ose  a n e m o n e  
(M e t r id iu m  sen i le ) .

The R o tte rd a m  h a rb o u r  system is a lso  a n  im p o r ta n t  b re e d in g  a re a  fo r  sh o re  b irds. 
E spec ia lly  the  M a a s v la k te ,  the  la tes t p o r t  d e v e lo p m e n t b u i ld  in to  the  sea, is ide a l fo r  

fo u ra g in g  in  the  n e a rb y  c o a s ta l w a te rs  fo r  the  likes o f  te rns a n d  se agu lls . C o n tra ry  to  its 
im a g e ,  the  p o r t  o f  R o tte rd a m  has m a n y  q u ie t  a n d  u n d is tu rb e d  spots, p ro b a b ly  m o re  
th a n  th e  rest o f  the  h ig h ly  to u r is t ic  D u tc h  coas t.

N a tu re  re s to ra t io n

The R h in e -M e u se  e s tu a ry  is p o te n t ia l ly  o n e  o f  the  m os t im p o r ta n t  w e t la n d  a re as  in  the  
N e th e r la n d s , b u t it has b e e n  su b je c te d  to  excessive in f lu e n c e  fro m  h u m a n  ac tiv it ies , 
g iv e n  th e  g ro w th  o f  the  R o tte rdam  h a rb o u r  o v e r  the  las t ce n tu ry . This ca u se d  heavy 
p o l lu t io n  o f  the  estuary . S ince the  la te  seventies  h o w e v e r, w a te r  q u a l i ty  has im p ro v e d . 
T h e re fo re , h a b ita t  re h a b i l i ta t io n  has b e c o m e  v ia b le . In th is in d u s tr ia l a re a , sm a ll a n d  

s o m e tim e s  te m p o ra ry  m e a su re s  c a n  h a ve  a  re la t ive ly  la rg e  e ffec t.
E xperiences w ith in  the  p o r t  o f  R o tte rdam  h a ve  sh ow n  th a t even  c o m p le te ly  a r t i f ic ia l 
a re a s  c a n  be  c o lo n iz e d  by spec ies  w ith in  a fe w  years, e s p e c ia l ly  by o p p o r tu n is t ic  a n d  
m o b i le  spec ies  l ike  m o s t sh o re  b irds . Fo r in s ta n c e , a  test w ith  f lo a t in g  p o n to o n s  in  the  
s lu d g e  d e p o t  'S lu f te r ' c a n  p ro b a b ly  a l lo w  te rns (Sterna h i r u n d o ) to  b reed  w ith o u t 

d is tu rb a n c e . These  b ird s  w il l  fo u ra g e  in  n e a rb y  co a s ta l w a te rs .
F o r a q u a t ic  fa u n a ,  she lte re d  a re as  a re  b e in g  d e v e lo p e d  to  fu n c t io n  as resting  p laces  
d u r in g  m ig ra t io n .  These  s te p p in g -s to n e s  c a n  a lso  be im p o r ta n t  fo r  spec ies such as the  
Scurvygrass (C o c h le a r ia  d a n ic a ). O n e  o f  the  lo c a t io n s , the  'G o rs  R o ze n b u rg ' boasts  
s izab le  f ie lds  o f  the  ra re  so fts tem  b u lru sh  (Scirpus ta b e m a e m o n ta n i ) .

EU d irec tives
C u rre n t EU Bird a n d  H a b ita t  d irec tives  a re  im p o r ta n t  to  p ro te c t  the  p resen t n a tu ra l 

va lues . But these  le g is la t io n s  seem  to  have  a d e tr im e n ta l e ffe c t o n  the  w il l in g n e ss  o f  p o rt 
a u th o r it ie s  a n d  e n te rp r ises  to  a w a rd  lots as  ' te m p o ra ry  n a tu re '.  A fra id  as they a re  th a t 
o n c e  p ro te c te d  f lo ra  a n d  fa u n a  spec ies  settle , e c o n o m ic  d e v e lo p m e n t  o f  the  a re a  w ill 
b e  h a m p e re d . Th is c a n  even  c u lm in a te  in e n s u r in g  -  s o m e tim e s  fo rc e fu l ly  -  th a t species 
w il l  n o t settle . P e rhaps a m o re  f le x ib le  p o lic y  fo r  o p p o r tu n is t ic  species c o u ld  have  a 
p o s it ive  im p a c t  o n  n a tu re  re s to ra tio n  in  indus tr ia l e n v iro n m e n ts .

- 126 -

mailto:m.m.zindler@dzh.rws.minvenw.nl




M in is te r ie  v a n  de  
V la a m s e  G e m e e n s c h a p  
a fd e l in g  N a tu u r SAT URA 2110 EUCC

K  O  »  S  I  J O  t  

O ç » t o u
S u t  l e i t M i o


