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C O A ST A L  D U N E S  A S A  D Y N A M IC  SY ST E M  

IN T R O D U C T IO N

In essence, the coasta l dune env ironm en t can  be seen as a system : a w ork ing  
system  o f  elem ents, b io tic  an d  ab io tic  by n a tu re  an d  in te rac tin g  w ith  each  o th er 
an d  the ir env ironm en t. F o r  the p u rp o se  o f  th is b o o k  it is necessary to  define 
th e  steering  processes o f  th a t system . O nce know ledge has been o b ta in ed  a b o u t 
the steering  processes, the  m an ag er can  choose to  take th a t know ledge in to  
accoun t. M an ag em en t activ ities can  th en  be app lied  in  such a  w ay  th a t the 
m an ag er is w ork ing  w ith  n a tu re  ra th e r  th a n  aga in st it.

K now ledge o f  the  processes in  dunes an d  the ap p lica tio n  o f  th a t know ledge 
fo r the ir m anagem en t has becom e increasingly  cus tom ary . T h is chap te r 
discusses recen t stud ies o f  coasta l dune processes and , using  exam ples from  
various landscapes, illu stra tes the  p rob lem s faced an d  the  lessons learned . W e 
em phasise the  D u tch  s itu a tio n , b u t a t  the  sam e tim e also try  to  ex trap o la te  to  
the E u ro p e an  situation .

T H E  C O A S T A L  D U N E  SY ST E M

T h e physical se tting  is essential in  every n a tu ra l system . I t  also  determ ines its 
m ain  ab io tic  processes. F o r  exam ple, is the system  m ain ly  aq u a tic , m arine  or 
terrestrial?  A re the  processes p red o m in an tly  geom orpho log ica l o r b io logical in 
ch a rac te r (in o th e r  w ords, a re  processes w ith  w ind an d  w ate r as agents 
de term inan t) o r is th e  p ro d u c tio n  o f  b iom ass and  vegeta tion  structu res 
p red o m in an t?  In  the fo rm er case, the  system  is likely to  be very dynam ic; in  the 
la tte r  case it is p ro b ab ly  a  m ore  stab le  system  w here p lan ts  an d  an im als build  
up  com plex an d  long-liv ing com m unities.
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F igu re  9.1 p resen ts a  sim plified m odel o f  the  coasta l dune system  as seen 
from  a  sed im en tary  perspective. N o te  th a t, from  a system s ap p ro ach , dunes do 
n o t s to p  a t  th e  beach , n o r  do  they  stop  a t the  inner d u n e  ridge. T h e  offshore 
zone, beach a n d  dune shou ld  be seen as one in te rconnec ted  landscape  entity . 
Ideally  th is  en tity  shou ld  be m an ag ed  as such. In  p rac tice , th e  en tity  is o ften  
d iv ided in to  m any  p a rts  an d  m an ag ed  as m an y  (often  even separate) parts.

T h e  co as ta l d u n e  system  consists o f  th ree  m ain  subsystem s: a n  o ffshore  zone, 
a  tra n s it zone an d  a  resting  zone. In  F igu re  9.1 these a re  seen fro m  left to  right. 
T he coastline  itself, the  tran s itio n  fro m  lan d  to  sea, lies in  the  m idd le  from  top  
to  bo ttom .

The Offshore Zone

T his is the  m arin e  p a r t o f  the  d u n e  system . T h e  o ffshore zone is the  sedim ent 
b an k . W hen  th e re  is a  positive sed im en t budget, m o re  sand  is tran sp o rte d
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Figure 9.1. The coastal dune system (from  V an der M eulen 1993).



tow ards the rig h t o f  F igure  9.1 (i.e. from  the o ffshore  zone to  the  beach  an d  
subsequen tly  to  the dunes bey o n d  the  beach). A n  accreting  co ast can  be the 
result. In  the case o f  a negative sed im ent budget, m ore  sand  is tran sp o rte d  from  
the  beach , an d  p erh ap s  also  the dunes, to  th e  o ffshore zone. T his m eans 
erosion . So far, we have on ly  m en tioned  m ovem ents a lo n g  a tran sec t p e rp e n ­
d icu lar to  th e  co ast (on /o ffshore). B u t m o st coasts also  have longsho re  cu rren ts 
such  th a t sed im en t is tran sp o rte d  from  one p a r t  o f  the  sed im ent b an k  to  the 
next. Such tra n sp o r t m ay agg ravate  the tra n sp o r t m ovem ents th a t h av e  ju st 
been outlined . A p a r t from  the  sources m en tioned , sedim ents in  longsho re  
tra n sp o rt can  en te r th e  sed im en t b an k , fo r exam ple by  erosion  o f  a  head lan d  
fu rth e r  dow n the  co ast (top  o f  F igu re  9.1) o r by  d ischarge o f  a  river en tering  
the sea (b o tto m  o f  F igu re  9.1) o r from  the deeper sea b o tto m  (extrem e left o f 
F igu re  9.1). E xam ples o f  coasta l e rosion  caused  by sed im ent s ta rv a tio n  in 
rivers th a t have been dam m ed  u p strea m  are  well know n. T h is illu strates the 
fac t th a t in teg ra ted  coasta l m an ag em en t is o ften  equ ivalen t to  ca tchm en t 
m anagem ent. W e will n o t e lab o ra te  on  this p o in t here. L ong  P o in t pen insu la  in 
L ake E rie, C a n ad a , is an  exam ple o f  a sandy  co ast w here e ro sion  o f  a  head land  
occurs, causing  g row th  o f  the co ast fu rth e r  a lo n g  the shore; b u t th is co -acting  
e ro s io n -accre tio n  system  m oves a long  the  coast, one p rocess follow ing an o th er 
a t any  p a rticu la r  spot.

The Transitional Zone

T his is the  w et-dry  beach  an d  the active dune or, as we call it  here, foredune. 
Sandy  coasts w ith  steep beaches an d  fo reshores a n d  low  tida l differences have a 
n a rro w  tran s itio n a l zone. T h e  opposite  is fo und  on  gently  slop ing  shores with 
g rea t tida l differences. O nce the  san d  is deposited  on  the  beach  by tides and  
w aves, it can  be tran sp o rte d  by th e  w ind. D epend ing  on  w hether the  prevailing  
w inds a re  on- o r off-shore, sand  reaches the  fo redunes o r no t. T he fo redune  is 
th e  firs t p lace w here sand  is effectively trap p e d  by  vegeta tion  a n d  w here real 
dune fo rm a tio n  can  begin (A rens 1996). T h e  evo lu tion , ecological processes, 
aerodynam ics an d  m orp h o lo g y  o f  new  fo redunes on  th e  u p p e r beach  has been 
review ed by Flesp (1989). A  b ou levard  (o r w orse, one w ith  build ings) a long  the 
beach can  c u t o ff  the active dune from  sed im ent supp ly  an d  th u s  rem ove its 
cond itions fo r life. D ep en d in g  on  the in tensity  o f  developm ent, fo redunes have 
been m an ip u la ted  in  m any  w ays, p articu la rly  fo r rec rea tio n  an d  coasta l 
defence. T h is k ind  o f  in terference is d rastic . F o r  exam ple, the  D u tch  fo redunes 
have o ften  been tran sfo rm ed  in to  a  h igh, s tra ig h t sand  dyke w here w ind 
activ ity  an d  the  fo rm a tio n  o f  b low -outs is n o t allow ed. B eyond the in fluence o f 
w ate r an d  w aves, the tran s itio n a l zone is d o m in a ted  by aeo lian  processes. 
N a tu ra l vegeta tion , w hich is essential fo r trap p in g  the  sand , usually  does n o t 
develop m uch  beyond  the  p io n eer stage.
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The Resting Zone

T his is the  zone o f  in lan d  dunes beh ind  the  fo redunes. T h e  resting  zone can  be 
up  to  several k ilom etres w ide, as is the  case on  the  D u tch  m a in lan d  co a s t and  
a long  the F rench  co ast o f  A q u ita in e  (P a sk o ff  1994). In  m ost cases, th is zone is 
a d ep o sitio n a l area  inherited  from  the p as t. W ind  activ ity  is reduced to 
occasional b low -outs. P lan ts have stab ilised  the  su rface  an d  various k inds o f 
vegeta tion  have developed. T h e  vegeta tion  succession in dunes w ith  h igher 
calc ium  c a rb o n a te  co n ten ts  a n d  m o re  n u trie n ts  leads to  a m osaic  o f  g rasslands, 
sh ru b lan d s an d  w ood lands. S tab ilisa tion  m easures have been carried  o u t over 
m an y  cen turies. In  th e  tw en tie th  cen tu ry , large-scale a ffo re sta tio n , m ain ly  w ith  
pines, helped  to  stabilise this zone. V egeta tion  developm ent is associa ted  w ith 
soil developm ent. W hen  the  soils have developed hum ic ho rizo n s the  dune 
surface is m o re  resis tan t to  w ind erosion . Since the  influence o f  the w ind has 
been reduced , we can  characterise  the resting  zone as a  subsystem  w here 
biological processes have becom e d o m in a n t over geom orpho log ica l processes. 
T h is them e is e lab o ra te d  in th e  next section. O n m any  p a r ts  o f  the  E u ro p ean  
coast, fo r exam ple n o r th e rn  F ra n ce  an d  G re a t B rita in , the  sand  dunes m eet 
solid  deposits fu rth e r  in lan d , on  w hich they o ften  p artly  rest. Such deposits 
usually  rise in heigh t above the  dunes, going in land . O n low -lying delta  coasts, 
like th e  D u tch  m a in lan d  coast, w hich is essentially  a coasta l b a rrie r  system , 
dunes b o rd e r  fo rm er lagoonal areas, la te r  filled in w ith  clay an d  pea t, an d  now  
tu rn ed  in to  po lders. T h e  po lders a re  low er th a n  the  sea an d  the  dunes p ro tec t 
them  fro m  flooding.

T H E  S T E E R IN G  P R O C E S S E S

Seen a t a general system s scale an d  look ing  a t steering  processes, the  coasta l 
system  consists o f  a  m arine  an d  a  te rres tria l p a rt. T he m arin e  p a r t is dom ina ted  
by h y d rau lic  processes. T h e  te rres tria l p a r t  is the  visual dune landscape w hich 
is o u r m ain  concern . T his p a r t  is characterised  by land  form s an d  vegeta tion  
cover. T h e  seaw ard  zone is do m in a ted  by geom orpho log ica l processes. T heir 
in fluence dim inishes in land  as b io log ical processes becom e d o m in an t. T his 
m eans th a t every p a r t  o f  the  dune landscape is determ ined  by th e  in te rac tio n  o f 
geom orpho log ica l an d  biological processes, as show n in the  m odel o f  F igure  
9.2. T h e  degree to  w hich each  o f  these processes d om inates, a t  each location , is 
reflected in  the soil profile.

T h e  geom orpho log ica l processes o p era tin g  in  dunes a re  p e rh ap s  m ore 
dynam ic th a n  anyw here else. T hey  com prise the  ac tion  o f  w ind an d  w ater. 
E ssentia lly  they low er the su rface  by ero sion , o r raise the  su rface  by accum u­
la tio n , thereby  chang ing  relief. T h ere  is little o r no  soil p ro file  developm ent as 
long  as these processes keep th e  su rface  unstab le . B iological processes resu lt in
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Figure 9.2. Schematic representation o f  the dune ecosystem and the effect o f  land use 
(after Jungerius and Van der M eulen 1988; w ith perm ission from  Elsevier Science).

the  estab lishm en t an d  developm ent o f  vegeta tion . By bio log ical processes we 
m ean  th e  p ro d u c tio n  o f  b iom ass, the  bu ild ing  up o f vegeta tion  s tru c tu re s , the 
change in  species com position  an d  increase in b iodiversity . U n d erg ro u n d  
biological processes include the  fo rm a tio n  o f  o rg an ic  ho rizons lead ing  to  soil 
p ro file  developm ent. T h e  ro le o f  an im als is ind irect. R ab b its  an d  o th e r  grazers 
reduce the  vegeta tion  cover w hich ap p a ren tly  induces instability .

T h e  first co m p artm e n t o f  F igu re  9.2 rep resen ts the beach and  the foredunes 
w here new  land fo rm s are  created . Som e p lan ts such  as m a rram  grass
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Figure 9.3. Cross-section o f  a coastal dune area along the N o rth  Sea (from  Ellenberg 
1978:493; w ith perm ission from  Verlag Eugen Ulmer).

(.A m m ophila  arenaria) a re  ad a p te d  to  th e  geom orpho log ica l dynam ics o f  this 
zone, b u t b io log ical p rocesses a re  generally  o f  m in o r im portance . N o  soil 
p ro file  is fo und  here. T hese a re  th e  w hite o r yellow  dunes, W eissdünen  (F igure 
9.3) o r dunes blanches. T h e  second co m p artm e n t com prises th e  in n e r dune 
landscape  w here various co m b in atio n s o f  geom orpho log ica l an d  biological 
processes prevail. T h is results in g rea t landscape diversity . T h e  soil is co lou red  
grey by o rgan ic  m a tte r  and  develops an  A C  profile  (grey dunes, Graudünen o r 
dunes grises). T h e  th ird  co m p artm en t co rresp o n d s to  inner d unes th a t are 
com pletely  covered w ith  vegeta tion  (Braundünen).

Besides these, a n o th e r  g roup  o f  p rocesses w hich c a n n o t be read ily  in ferred  
from  F igu re  9.1 is o f v ita l im portance . These a re  hyd ro log ical processes 
(B akker 1990). O nce dunes have been fo rm ed , a  geohydro log ical equ ilib rium  
causes the  fo rm a tio n  o f  a  bell-shaped freshw ater body  w ith in  the  dunes. T he 
to p  is the  p h rea tic  level; the  base is the b rack ish  in te rface  betw een fresh w ater 
an d  sa lt w ater in  the  deeper u n d erg ro u n d . T h e  w id th  o f  the  te rres tria l p a r t o f 
the  coasta l system  an d  the  average sea level are the  m ain  de term in an ts  fo r the 
shape o f  this fresh  w ater b ody  (see C a rte r  1991). T h e  response o f  g ro u n d ­
w ate r to  long-te rm  shoreline erosion  an d  sea level rise is show n in F igu re  9.4. 
In  the  te rres tria l p a r t  o f  the  dune, especially the  resting  zone subsystem , 
b low -ou ts can  fo rm  dune slacks: w hen w ind excavation  o f  sand  reaches the 
p h rea tic  g ro u n d w ate r level, aeo lian  processes cease. F ro m  th en  on, the 
developm ent o f  the  slack is largely do m in a ted  by hydro log ical processes, fo r 
exam ple the  seasonal f lu c tu a tio n s o f  the  g ro u n d w a te r level. D une  slacks have 
becom e the p rim e subject o f  conservation  m anagem en t because o f  their 
b o tan ica l values.

T h e  steering  processes give coasta l env ironm en ts a  h ighly  dynam ic cha rac te r 
th a t shou ld  be seen b o th  in  a  tem p o ra l an d  a  spa tia l con tex t. U n d erstan d in g  
th is  con tex t is essential to  m anagem en t fo r conservation  o r fo r any  o th e r 
function . R e sto rin g  these processes m eans the  (re )in tro d u c tio n  o f  th e  n a tu ra l 
dynam ics in to  the  coasta l en v iro n m en t (see, fo r exam ple, V an  d er M eulen  and  
Jungerius 1989).
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T H E  S C O P E  O F D U N E  C O A ST  C O N SE R V A T IO N

H IS T O R IC A L  C H A N G E S  IN  T H E  C O N S E R V A T IO N  ISSU ES

T h e need for conservation  com es w ith  the h u m a n  use o f coasta l dunes. The 
conserva tion  tra d itio n  is, therefo re , longest in  the inner dunes. F ro m  recent 
h isto rical records it is c lear th a t the  resting  zone has n o t alw ays been so stable 
as it is today . P eop le have used sand  dunes fo r pu rposes o f  h u n tin g  and  
various fo rm s o f  ag ricu ltu re  since p reh isto ric  tim es (H iggins 1933) an d  along  
m an y  E u ro p e an  coasts  there w ere m obile  dunes, o ften  th rea ten in g  th e  local 
p o p u la tio n . F o r  a t least a  th o u san d  years in  m o st o f  E u ro p e , th is zone has 
received som e fo rm  o f  p ro tec tio n . V arious techniques o f  sand  fixation  were 
app lied  an d  legislation  was developed, fo r exam ple in  D en m ark , w here the 
firs t royal decree w as as early  as 1539 (S k arreg aard  1989). W e sth o ff (1989) 
believes th a t in T h e  N e th e rlan d s ‘the dune area  was ra th e r  like a d esert’ in 
the  p as t, b u t evidence to  su p p o rt h is p o in t is conflicting . P ain tings from  the 
end  o f  the six teen th  cen tu ry  an d  p h o to g rap h s  from  the end  o f  the n ine teen th  
cen tu ry  show  th a t the  landscape o f m uch  o f  the inner dunes w as, in  fact, little 
d iffe ren t from  th a t o f  to d a y  a p a r t  from  the forests th a t  have since been 
p lan ted . T h e  la rge fossilised b low -ou ts th a t have been observed  from  the 
Pyrenees to  Ju tla n d  m ust have been spectacu lar spo ts o f  d efla tion  in  the pas t, 
b u t the ir very existence is also  p ro o f  th a t the  su rface  in betw een the b low ­
o u ts  w as stable.

A gricu ltu re  was never very successful an d  g radua lly  th e  use o f  the  dune 
landscape becam e m ore diversified. E ach  type o f  land  use left its im prin t on  the 
landscape an d  determ ined  fu tu re  m anagem ent. A n in teresting  case is p resen ted  
by D e R aeve (1989). F ro m  C ap  B lanc N ez to  the  W ad d en  islands, the  F lem ish 
coasta l p la ins an d  the D u tch  low lands a re  p a r t  o f  a  com m on  geological setting  
a n d  are  b o th  en tirely  b o rd ered  by coasta l dunes. These dunes belong  to  the 
sam e system  as far as clim atic  an d  floristic cond itions are concerned . T his 
ho lds tru e  also  fo r the  p roperties o f  the sand  (D ep u y d t 1972). C o n tra s tin g  w ith 
the n a tu ra l sim ilarities a re  the  s tro n g  differences in h u m a n  in terference which 
have developed over the  last 100 years. T h e  F lem ish  p la in  a lm ost everyw here 
rises 2 -4  m  above sea level, so the dunes w ere n o t needed to  p ro tec t the 
h in te rlan d . M o reover, the  hydrogeological cond itions o f  inner Belgium  render 
th e  dunes re d u n d a n t fo r d rin k in g -w a te r supply . F lem ish  coasta l dunes 
the re fo re  kep t the ir fo rm er s ta tu s  as w aste land . T heir only use w ere for 
sand  exp lo ita tio n , a ffo re sta tio n , an d  house an d  ho te l bu ild ing  fo r the grow ing  
to u r is t industry . T h e  chao tic  developm ents linked  w ith  the ‘laissez-faire’ 
m en ta lity  in  the  Belgian landscape caused the loss o f  70%  o f  th e  F lem ish  dune 
a re a  b u t, o n  the o th e r  h an d , left p rac tica lly  in ta c t the  m a jo r n a tu ra l processes 
in  the few unexp lo ited  areas, includ ing  active p a ra b o lic  system s a n d  large 
m asses o f  m oving  sand  (D e R aeve 1989).



In  c o n tra s t, in  T h e  N e th e rlan d s w here coasta l defence a n d  the ex trac tio n  o f 
w ate r w ere essential functions o f  the  dune landscape, dune m an ag em en t was 
equ ivalen t to  dune conservation . T h e  large-scale m easures to  stabilise b low ­
o u ts  (w hich reached  lengths o f  50 m  an d  m ore) cam e in to  effect from  the 
m iddle o f  the  n ine teen th  cen tu ry  an d  are  in p laces still app lied  today . T h e  effect 
o f  the s tab ilisa tion  m easures has been th a t the  y o ung  phases o f  the  vegeta tion  
succession have d isappeared , the  areas covered by m a tu re  stages have increased 
a n d  there is consequen tly  a  loss o f  n a tu ra l varia tion . T h is deve lopm en t results 
in a  landscape w ith  low ecological value.

T his a p p ro a ch  in  w hich ‘the  to ta l m aste ry  o f  aeo lian  dynam ics’ is the  m ain  
aim  o f  dune m anagem en t persists in  som e coun tries (B arrère  1992). B ut dunes 
u n d e r n a tu ra l cond itions a re  the  p ro d u c t o f  accu m u la tio n , n o t ero sion , and  
they d isap p ea r only on  a  receding coastline. In  this case the sea is to  b lam e, n o t 
th e  w ind.

In  T h e  N eth e rlan d s , the  ch a rac te r o f  co as ta l dune conserva tion  h as  changed  
considerab ly  u n d er the  influence o f a  g row ing  ap p rec ia tio n  o f  n a tu ra l 
processes. Legal obstacles ag a in st to le ra tin g  w ind activ ity  a re  being rem oved 
(A non. 1994). T h e  policy  o f  no n -in te rv en tio n  w as firs t in tro d u ced  in the  inner 
dunes afte r it w as show n by m any  years o f  m o n ito rin g  th a t b low -ou ts are 
stab ilised  by  a  n u m b e r o f  n a tu ra l processes (V an d er M eulen  an d  Jungerius
1989). T h e  change in  conservation  a t titu d e  has been d rastic. T h e  very acts 
w hich w ere condem ned  in th e  p a s t —  rab b it burrow ing , heavy g razing  pressure 
by ca ttle  an d  horses an d  rec rea tional use —  are  now  stim u la ted  to  destabilise 
the  vegeta ted  su rface  o f  the dune. H ow ever, it takes m any  years before 
the  dunes a re  resto red  to  the ir n a tu ra l s ta te . E xperim ents w ith  artific ial 
reac tiva tion  o f  b low -ou ts have been carried  o u t to  accelera te the  process (see 
below).

T h e  h isto rical developm ent o f  th e  m anagem en t o f  the  foredunes fo llow ed a 
d iffe ren t p a th . P ro tec tin g  the  coastline ag a in st a  lan d w ard  shift, inc lud ing  the 
conservation  o f  the  fo redunes, trad itio n a lly  posed  d iffe ren t m anagem en t 
p rob lem s from  conserv ing  th e  landscape o f  th e  inner dunes. T h e  processes th a t 
c reate  p rob lem s are  m ain ly  m arine , an d  th e  conservation  m easures to  co n tro l 
u n w an ted  developm ents are usua lly  ca rried  o u t by engineers. T hey  include the 
co n s tru c tio n  o f  g roynes, beach  n o u rish m e n t an d  sand  trap p in g  to  increase the 
vo lum e o f  the  fo redunes. T rad itio n a lly , the ap p ro a ch  ad o p ted  by engineers 
does little  to  enhance the ecological quality  o f  the  coast, b u t subsequen t to  the 
change in  a ttitu d e  tow ards a  m ore  n a tu ra l a p p ro a ch  to  the  conserva tion  o f 
the  inner dunes th e re  has recen tly  been a  m ark ed  sw itch in  the app rec ia tion  
o f  ecological values by coasta l m an ag em en t o rgan isa tions. A  policy analysis 
study  fo r coasta l defence m an ag em en t in  T h e  N eth e rlan d s  carried  o u t by 
R ijk sw ate rstaa t (1990) resulted  in  a  m ore  n a tu re -o rien ted  policy for coasta l 
defence m anagem ent. P a r t o f  this w as the decision  by  th e  governm en t to  
m a in ta in  the  1990 coastline by ‘dynam ic p rese rv a tio n ’ (H illen an d  R oelse
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1995). T h is w as achieved w ith  reg u la r beach  n o u rish m en t w hich is the m ost 
n a tu ra l conserva tion  m e th o d  (C arte r 1988).

T he effect o f  the sh ift in  a ttitu d e  o n  the  s tab ilisa tion  o f  sand  w as co m p arab le  
w ith  the  developm ent in  the  inner dunes: suspension  o f  the erection  o f  fences or 
p lan tin g  m a rra m  grass, allow ing b low -ou ts to  develop in the fo redunes, and 
recen tly  even excavating  trenches th ro u g h  the  fo redune ridge to  stim u la te  the 
fo rm a tio n  o f  p a ra b o lic  dunes a n d  ‘s lu fte rs’ w hich are  low -lying area  th ro u g h  
w hich the sea has access to  th e  a re a  behind  the  fo redunes (see below).

T he offshore zone is the realm  o f  m arine  processes such as longshore  
cu rren ts , w aves an d  tides. All these processes resu lt in  the m ovem ent o f  sand  
m asses. In  the ir in te rac tio n  they p roduce  a  specific fo resho re  profile  p erp en ­
d icu lar to  th e  coast an d  a specific co n fig u ra tio n  o f  the  coastline. T h e  co n tro l o f 
these processes needs insight in to  the hyd rodynam ics involved, an d  engineering 
m ethods to  rem edy any u n w an ted  developm ents. T h ere  have as yet been few 
effo rts to  m an ip u la te  the processes o f  the  fo reshore  a long  dune coasts in  o rd er 
to  conserve the coastline, a p a r t from  sand  no u rish m en t, n o t on  the  beach , b u t 
on  the  fo reshore  (D e R u ig  1997). H ow ever, it is considered  feasible to  m ake  use 
o f  geological an d  geom orpho log ica l p rincip les to  expand  the  D u tch  coastline 
(see below). T h is is an  im p o rta n t b reak  from  th e  trad itio n a l m e th o d  o f  m ak ing  
new  lan d  by dum ping  sand  an d  rubb le  on  th e  sea bo ttom .

S T E E R IN G  T H E  P R O C E S S E S

T h e landscape is the  resu lt o f  the  in te rac tio n  o f  a  n u m b er o f  processes. The 
d u n e  m anager has to  possess a certa in  know ledge o f  the  w ay  these processes 
o p era te , because his decisions usua lly  affect the characteristics o f  the dune 
landscape w hich m eans he in terferes w ith  the processes involved. H e can  steer 
the  geom orpho log ica l an d  biological processes in m an y  ways. Basically, it 
com es dow n to  increasing  or decreasing  the  effectiveness o f  these processes. 
B ut there a re  m an y  ways to  achieve this goal. T h e  in terference w ith  processes 
will resu lt in a sh ift a long  the s tab ilisa tio n -d és tab ilisa tio n  axis. T he d irec tion  o f 
d evelopm ent fo r a  n u m b er o f  land  use types is ind icated  in  F igu re  9.2. F o r 
exam ple , coasta l defence benefits from  a  stab le  system : geom orpho log ica l 
p rocesses a re  suppressed , w hereas rec rea tion  tends to  destabilise the  system  
because o f  physical d es tru c tio n  o f  p lan ts. E ven m easures taken  fo r n a tu re  
co n serv a tio n  in te rfere  w ith  n a tu ra l developm ent.

A  n u m b er o f  w ell-know n m easures are:

•  G roynes, b reakw aters , dykes, dune-toe  p ro tec tio n  an d  b an q u e ts  to 
co u n te rac t w ave erosion

•  Beach a n d  dune no u rish m en ts  to  affect sed im ent transfe r
•  P lan ting , fences, c rea tin g  open  spaces to  affect aeo lian  processes
•  G raz in g , sod  rem oval, bu rn in g  to  influence b io log ical processes.



M easures have to  be taken  w ith  cau tion , because there are often side effects. F o r 
exam ple, stab ilisation  o f  the surface results n o t only in  a  decrease o f  geo­
m orphological activity  b u t also in a  change in species th ro u g h  vegetation 
succession. Beach nourishm ent reduces the erosional characteristics o f an  area. 
P lacem ent o f  fences or p lan ting  o f  m arram  grass in the foredunes reduces the 
po ten tia l in land  tra n sp o rt o f sand, w hich affects dune m orpho logy  and 
vegetation . H a rd  structu res m ake a system  sta tic  an d  consequently  enforce 
repeated  interference and  often  increase coasta l erosion elsewhere along  the  coast.

T H E  N E E D  F O R  S P A C E

C onservation  strateg ies are strongly  dependen t on  th e  size o f  the m anagem en t 
un it. F igure  9.5 is a  tran s la tio n  o f  F igure  9.1 in te rm s o f m anagem en t. F igure

A c tu a l  s i t u a t i o n

inner dune

O p t im a l  s i t u a t io n

inner dune

(b)

B oundaries betw een  lan d scap e  z o n es  

B oundaries b e tw een  m an ag em en t units

Figure 9.5. (a) A ctual and (b) optim al boundaries o f  m anagem ent units (from  Van der 
M eulen and Van der M aarel 1989).
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Figure 9.6. R equirem ents in space and tim e for the form ation  o f  aeolian features.

9.5(a) describes the  s itu a tio n  w hich has o ften  developed h isto rically  an d  w hich 
still prevails in  m an y  dune terrains: a  p a tte rn  o f  sm all m an ag em en t un its  each 
w ith  its ow n, sh o rt-te rm  aim s a n d  package o f  m easures. T h e  s itu a tio n  o f F igure  
9 .5(b) is p referab le  from  the v iew poin t o f  m anagem ent: it has large m u lti­
fu n ctio n al landscape un its  fo r w hich an  in teg ra ted  co nserva tion  p lan  can  be 
devised. T he la rger th e  a rea , the  m o re  room  there is fo r u n d istu rb ed  n a tu ra l 
processes (W anders 1989). F igure  9.6 show s th e  space requ ired  fo r the 
fo rm a tio n  or re s to ra tio n  o f  specific aeo lian  features. L arge un its also  allow  
spa tia l p lan n in g  such  as the in sta lla tio n  o f  zones w ith  d iffe ren t functions.

M an ag em en t o f  large un its can  be achieved even if the  un it is d iv ided am ong 
several ow ners. H o u s to n  (1989) gives an  exam ple for the  S efton  C o ast, a  25 km  
stre tch  o f  dunes in no rth -w est E ngland . T h e  a p p ro a ch  is based on the  C oast 
M an ag em en t Schem e estab lished  in  1978. T he fu n d am en ta l p rincip le o f  the 
S efton C o ast M an ag em en t Schem e is th a t the  dune system  m ust be m anaged  as 
a  single u n it, ra th e r  th a n  the  frag m en ta tio n  in  the  early  tw entieth  cen tury  
w hich h a d  led to  an  overall loss o f  land  quality . T h e  Schem e has been ab le to  
resto re a cooperative  a p p ro a ch  to  th e  m an ag em en t o f  d u n e  areas w ith  such 
d iffe ren t functions as n a tu re  con serv a tio n , fo restry  an d  rec reation . T he 
ap p o in tm e n t o f  a  p ro jec t m an ag e r to  p ro m o te  in te r-functional co o p e ra tio n  is 
cen tral to  the  concep t o f  co o rd in a ted  land  m anagem en t (H o u s to n  1989).



P R A C T IC A L  A S P E C T S  O F  D U N E  M A N A G E M E N T

V an der M eulen an d  V an  d er M aarel (1989) published an  im pact m atrix  fo r m ore 
than  ten  land-use types in  coasta l areas, arranged  according to  the ecosystem  
com ponen t they are affecting. T h e  aim  o f  the m anagem ent is to  sustain  all the 
selected functions, be they n a tu re  conservation , coast p ro tec tion , forestry , w ater 
ex traction , recreation  o r any o th e r  activity. T herefore, the aim s o f  m anagem ent 
first m ust be m ade  clear. M aps and  o ther inventories o f relevant te rra in  features 
are p repared  in  the  field, from  aerial p h o tog raphs and  satellite images. R esearch 
m ust be carried  o u t to  identify  the requirem ents for the various sectors o f  dune 
users. C onflicting functions have to  be b rough t in harm ony . T h e  desired steps and 
activities are finally listed in  a  m anagem ent p lan , again  w ith  m apped  d o cu m en ta­
tion . V arious G IS  techniques a re  available to  assist in this k ind  o f  spatial 
p lanning . M any  o f  these aspects o f  dune m anagem ent are e laborated  in  V an der 
M eulen, Jungerius and  V isser (1989) and  C arter, Flesp and  N o rd s tro m  (1990).

P lan n in g  is follow ed by the  execution  o f  co nserva tion  activities, such  as 
o rg an isa tio n  o f  the  w ork , p lan tin g  m a rram  grass, p lacing  fences, sho o tin g  
an im als, gu id ing  v isito rs, ca rry ing  o u t research , p rep a rin g  rep o rts  an d  o ther 
d o cu m en ta tio n , to  nam e a  few identified  by W anders  (1989). P rac tica l h a n d ­
b o o k s are  ava ilab le in  som e countries. T h e  co nservation  h a n d b o o k  w ritten  by 
B rooks an d  A gate  (1986) is a  good  exam ple. A n  env ironm en t checklist such as 
p ro p o sed  by D avies, W illiam s an d  C u rr (1995) can  also  be useful.

P R E R E Q U IS IT E S  F O R  D U N E  C O N S E R V A T IO N

W anders  (1989) lists a  n u m b er o f  p rerequ isites fo r m o d ern  dune landscape 
conserva tion . T h e  m an ag em en t o rg an isa tio n  needs expertise th a t covers the 
en tire  ran g e  o f  functions. T h e  financial m eans sh o u ld  b e  sufficient n o t only fo r 
the  ac tu a l w ork  in the  dune a re a  itself b u t also fo r research  facilities an d  
m anagem en t p lann ing . B iological research  c a n n o t s tan d  alone. R esearch  has to  
be ex tended  to  the physical en v ironm en t, because insigh t in to  the  physical 
processes is necessary  to  ap p rec ia te  the  dune system s’ essen tial characteristics. 
T herefo re , hydro logy , geom orpho logy , soil science a n d  re la ted  sciences o f  the 
physical en v iro n m en t shou ld  be in teg ra ted  in  m anagem en t research . Politic ians 
an d  all those  w ho are  responsib le  fo r u tility  functions m u st realise th a t dune 
m anagem en t n o t only takes care o f  an im als an d  p la n t species b u t is involved in 
all aspects o f  a  d u n e  landscape. E cologists an d  geom orpho log ists  see dunes as a 
dynam ic system , while policy m ak ers , p lanners  an d  the  general pub lic  see 
dunes as stab le  or sta tic  features. T his creates the d ilem m a betw een m a in ta in ­
ing processes a n d  m a in ta in in g  form s (C arte r 1988).

O th er requisites can  be added , such as the  availab ility  o f  h isto rical d o cu ­
m e n ta tio n  a b o u t the area , an d  the p rov ision  o f  facilities fo r (public) education  
an d  in fo rm ation .
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T H E  SU B SY S T E M S

T h e processes, types o f  land-use  an d  m anagem en t issues a re  d iffe ren t in 
the  th ree  subsystem s. W e will begin w ith  the tran sitio n a l an d  resting  zones 
because they  are  trad itio n a lly  the  m ain  concern  o f  d u n e  conservation . 
H ow ever, the technical possibilities o f  o ffshore  m an ag em en t a re  rap id ly  
increasing  an d  sh o u ld  the re fo re  be included  in  a  ch ap te r on  dune 
m anagem ent.

T H E  S U B S Y S T E M  O F  B E A C H  A N D  F O R E D U N E S  

Characterisation

General Characterisation

T h e tran sitio n a l zone is characterised  by a  dynam ic, geom orpho log ica lly  active 
env ironm ent. G eom orpho log ica l processes o p era te  a t a sh o rt tim escale, 
causing  con tin u o u s change. T he landscape com prises tw o linked g e o m o rp h o ­
logical un its , th e  beach  a n d  the  active dune. In  m o st system s, the active dune 
consists o f  d istinctive d u n e  ridges, called fo redunes, backed  up  by less active 
d u n e  form s. In  th is tex t, the  fo redune is defined as the firs t dune ridge, 
irrespective o f  the presence o f  specific p la n t species. T h e  sharing  o f  sedim ent, 
the  active link in  the  sed im en t b u d g e t is an  essential e lem ent o f  th is zone. Its 
c h a rac te r  is determ ined  by the  transgressive o r regressive characteristics o f  the 
coasta l zone an d  the  m ag n itu d e  o f  the processes in the  beach  an d  n ea rsh o re  
zone (P su ty  1989). In  the  developm ent o f  fo redunes, vegeta tion  p lays an  
im p o rta n t role.

T h e ir  co n stan tly  chang ing  ap p e aran c e  m akes fo redunes d ifferen t from  inner 
dunes. F o red u n es reflect p resen t-day  geom orpho log ica l processes, w hereas the 
in n er dunes (includ ing  fossilised fo redunes) usually  reflect geom orphological 
processes o f  the  past. G eom orpho log ica l processes c rea te  a range o f  d iffe ren t 
depositiona l a n d  ero siona l form s. T h e  dunes them selves a re  depositional: 
sm aller-scale em bryon ic  an d  b arch an o id  dunes an d  sand  sheets. E rosional 
fo rm s are  scarps, b low -outs, w ind  gullies an d  defla tion  surfaces (C arte r, H esp 
a n d  N o rd s tro m  1990).

T he im pact o f  h u m an  ac tion  on  fo redunes is considerab le  a long  m an y  coasts 
in tem p era te  regions. O ften , fo redunes a re  stab ilised , ad a p te d  in  fo rm  o r even 
artific ia lly  created  (N o rd stro m , M cC luskey  an d  R osen  1986). T h is causes an  
im p o rta n t d istinction  betw een n a tu ra l system s (undeveloped) an d  developed 
system s. Because o f  in terference, fo redunes a re  o ften  considered  as u n n a tu ra l 
landscapes, resu lting  in  lim ited scientific in te rest (N o rd stro m , P su ty  a n d  C a rte r 
1990).



Features

T h e p red o m in an t tem p era te  co asta l d u n e  types a re  fo redunes, b low -outs, 
p a ra b o lic  dunes an d  transgressive dune sheets (including transverse, b a rc h an  
an d  ob lique dunes) (H esp 1988). In  m o st sandy  coasta l system s, som e k ind  o f 
fo redune is p resen t, b u t its ex ten t depends on the specific local physical 
characteristics. P rim arily , the  ac tion  o f th e  sea a t  the  b o rd e r  o f  a large sand  
b ody  is responsib le  fo r the  c rea tion  o f  a linear feature. S econd , fo redune  
developm ent depends on  sand  supp ly , degree and  type o f  p la n t cover, ra te  o f 
aeo lian  sand  accretion  o r erosion , in itial dune m orpho logy , a n d  m ag n itu d e  and  
frequency  o f  w ave an d  w ind  forces (H esp  1988). In  general, extensive foredunes 
develop w hen there is a  balance betw een the trap p in g  ab ility  o f  p lan ts, the 
ava ilab ility  o f  sand  an d  w ind  energy. S and  supply  m u st n o t exceed the trap p in g  
capac ity  o f  the  vegeta tion . M a rram  grass can  ou tg row  d eposition  o f  up  to 
1 m y r _I . I f  th e  vegeta tion  c a n n o t stabilise the  sand , a  p rec ip ita tio n  ridge will 
develop. All sand  is then  trap p e d  in  a  slipface w hich will m ove in land . T he 
h igher the  dune, the  slow er the m ovem ent. T here  is no  landw ard  tra n sp o r t o f 
ind iv idual grains, except in  very h igh w inds an d  th ro u g h  gaps.

In  extrem e cases, transgressive dunes m ay  develop  a n d  the  m ain  fo rm  o f 
d une developm ent is in land  an d  n o t by seaw ard ex tension  (H esp  a n d  T h o m
1990). O th er exceptions are ‘clim bing’ dunes w here sand  m ay be b low n som e 
d istance upslope beh ind  a sandy  beach , fo rm ing  a  veneer o f  sand  o n  rock 
(D o o d y  1989). In  the  ‘m a ch a ir’ o f  S co tland  and  Ire land , san d  is trap p e d  by 
sh o rt grasses (A ngus an d  E llio tt 1992).

The Processes

A  th o ro u g h  u n d e rstan d in g  o f  the  landscape form s the  basis fo r good  m an ag e­
m en t here as elsewhere. T his is n o t alw ays easy, because sed im ent exchanges in 
the  b e a c h -d u n e  en v iro n m en t are governed  by com plex feedback  m echanism s 
th a t m ay  have im p o rta n t repercussions fo r the evo lu tion  o f  in teg ra ted  beach- 
d une system s (C h ap m an  1989 in  S herm an  an d  B auer 1993). F o r  exam ple, 
A rens a n d  W iersm a (1994) in the ir classification  o f the  D u tch  fo redunes m ake 
a  m ajo r d istinction  betw een progressive, s tab le  an d  regressive fo redunes, w hich 
a p p e ar to  have com pletely  d iffe ren t characteristics w ith respect to  m an ag e­
m ent, features o f  aeo lian  activ ity  an d  the re fo re  conserva tion  value.

T h e  processes can  be g ro u p ed  under the  headings shoreline dynam ics, w ind 
(energy) an d  vegetation .

Shoreline D ynam ics

A  num ber o f  m arine  processes c o n trib u te  to  the  fo rm a tio n  o f  beaches an d  
foredunes (F igure  9.7). L ongsho re  d rift b rings th e  p ro d u c ts  o f  coasta l erosion
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Figure 9.7. Hydrodynamic processes in the shoreface (from Stive and De Vriend 1995; 
with permission from Elsevier Science).

an d  m ateria l supplied  by rivers to  the  offshore zone. F ro m  here the  sed im ent is 
tran sp o r te d  to w ard s the  beach  by  tida l cu rren ts  an d  waves. O n the  beach  it is 
ta k en  up  by the  w ind  an d  deposited  in  a  vegeta ted  env ironm ent. S h o rt and  
H esp  (1982) give a  classification  o f  d u n e  coasts acco rd ing  to  tida l regim e, w ith 
transgressive dunes on  h igh-energy  coasts an d  fo redunes, in te rm ed ia te  b low ­
ou ts a n d  p a rab o lic  dunes on  low  energy coasts. C o n s tan t, tem porally  asym ­
m etric  sed im ent exchange betw een beach  an d  dune is an  im p o rta n t n a tu ra l 
p rocess fo r m a in ta in in g  b o th  m orpho log ical s tab ility  a n d  ecological diversity  
(C arte r 1988).

W inds

S an d -tra n sp o rtin g  w inds are necessary  fo r dune fo rm a tio n , b u t onsho re  w inds 
do  n o t need to  be dom in an t: the  prevailing  w inds on  the east coast o f  E ngland  
are offshore, b u t the re  are dunes in  m any  places. T he d irec tion  o f  the  m ost 
effective w inds is o ften  visible in  th e  d u n e  landscape. T h e  m ore w ind , the  m ore 
sand  can  be tran sp o rte d , b u t the  trap p in g  capac ity  o f p lan ts  m ay be a  lim it to  
d u n e  build ing. T h e  re la tionsh ip  betw een w ind force an d  heigh t o f  the  foredunes 
is less clear: accord ing  to  D ep u y d t (1972) h igher fo redunes are  found  w here the 
beach  an d  o ffshore  profile  a re  steep , w hereas it is also  k n o w n  th a t high 
fo redunes a re  associa ted  w ith  regressive coasts because o f  the  large am o u n ts  o f 
sand  th a t a re  m ade  ava ilab le by  th e  erosion  processes.



Vegetation

D u n e  g ro w th  in  tem p era te  reg ions is caused  by  sand  trap p in g  in  vegeta tion  (so- 
called o rganogene D ün en b ild u n g , V an  D ieren  1934). I f  th e re  is no  vegeta tion , 
there will be n o  fo redunes, b u t transgressive dune sheets as in  S ou th  A frica 
(S h o rt 1987). T h e  species o f  trap p in g  p lan ts  differs fo r d iffe ren t c lim ato logical 
cond itions. A  few la rge g ram ino id  geophytes are the  m o st effective (W esthoff 
1989). A  geophy te  has (d o rm an t) b u d s , co rm s o r  rh izom es b u ried  well below  
the  soil surface. In  E u ro p e , these species are: first th e  p ioneer h a lo p h y te  E lym us  
fa rc tu s  o r  sand  couch-grass, w hich is able to  g erm inate  in accum ulations o f 
o rgan ic  tida l litter. T h e  very firs t p ioneers a re  som e specialised ha lo n itro p h i-  
lous an n u a ls , m ain ly  sea ro ck e t (C akile m aritim a), b u t the  dunes they form  
rare ly  survive w in ter sto rm s. E lym us fa rc tu s  is n o t a n  op tim al sand  b inder; it is 
succeeded by  the  m ajo r sand  accu m u la to rs  A m m ophila  arenaria o r  m a rram  
g rass and  L eym us arenarius o r lym e grass. T h e  sterile hybrid  betw een m arram  
g rass an d  w ood  sm all reed, nam ed  C alam m ophila baltica  o r  A m m ocalam a- 
grostis baltica  w hich can  only  p ro p ag a te  vegetatively b u t is o ften  p lan ted  for 
dune stab ilisa tion , is even m ore effective. T o w ard s so u th e rn  E u ro p e  E lym us  
fa rc tu s  is rep laced  by L eym us arenarius (W estho ff 1989). In  b o rea l clim ates 
E lym us fa rc tu s  is replaced by Euphorbia paralias, sea spurge.

C o n tin u o u s  supply  o f  fresh  sand  is needed fo r m a rram  grass to  evade the 
nem atodes an d  fungi w hich affect its ro o t system  (V an d er P u tte n  1989; V an 
d er P u tten , V an  D ijk  an d  P eters 1993). In lan d , w here sa lt sp ray  dim inishes, it  is 
succeeded by o th e r  species inc lud ing  sh rubs a n d  trees (the la tte r  m ain ly  in 
ca lcareous dunes).

H um an Interference

T h ree  types o f  h u m a n  in terference can  be d istinguished . T h e  first is 
in te rv en tio n  w ith  hyd ro d y n am ic  processes. T his is an  ind irec t in fluence on 
the dune system , since only the  b o u n d a ry  cond itions fo r dune developm ent are 
affected. E xam ples o f  such  activ ities include the  co n s tru c tio n  o f  g roynes and  
b reakw aters, an d  shoreface n ou rishm en t. T h e  second type is the  d irect 
in te rven tion  w ith  dune-fo rm ing  processes, thereby  in  som e w ay stim u la ting  
d une developm ent. E xam ples a re  the  co n stru c tio n  o f  sand  fences to  force and  
enhance sand  d eposition  w ith in  a defined zone, o r the  p la n tin g  o f  vegeta tion  
fo r th e  sam e reason . T h e  th ird  type o f in te rv en tio n  is the a d a p ta tio n  o f  the 
d u n e  fo rm  itself, fo r exam ple the bu ild ing  o f  dunes to  m eet safety  requirem ents. 
E xam ples are d u n e  no u rish m en t, o r the c rea tio n  o f dunes by bu lldozing  beach 
sand . O th er exam ples a re  the reshap ing  o f  fo redunes by bu lldozers to  elim inate 
b low -ou ts, in  o rd e r  to  p reven t loss o f sand  by w ind erosion .
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Functions

F o red u n es (the tran s itio n  zone) a re  im p o rta n t fo r th ree com pletely  d ifferent 
functions. D epend ing  on  the specific se tting , th e re  is an  o rd e r  in  the  im portance  
o f  these functions.

Sea  D efence

T he m ain  fu n ctio n  o f  fo redunes in  m an y  low land  coasta l areas is sea defence. 
D unes in  general ac t as a  bu ffe r to  extrem e w aves and  w ind because they are 
ab le to  ab so rb  w ave a ttac k  (C arte r 1988). In  p a rts  o f E u ro p e  dunes fo rm  the 
only b a rrie r to  th e  sea. F o red u n es here p rov ide  p ro tec tio n  aga in st flooding. In 
ad d itio n , fo redunes m ay also safeguard  specific coasta l fea tu res ag a in st the 
dynam ics o f  the  tran s itio n  zone, m ain ly  ag a in st b u ria l by  sand. E xam ples are 
the  p ro tec tio n  o f  p la n ted  pine forests in  Les L andes (B arrère, 1992; F avennec 
1995), w et dune slacks in  T he N e th e rlan d s an d  to u r is t in fra stru c tu re , villages 
an d  settlem ents in  m any  places.

N ature

Because o f  th e ir  characteristics, the  landscape o f  fo redunes fo rm  an  ecological 
n iche in  w hich th e  p lan ts  a re  ad ap ted  to  ex trem e cond itions. T hese cond itions 
involve (heavy) sa lt spray , in tense activ ity  o f  the w ind  a n d  blow n sand , an  
a lm o st com plete  lack  o f  n u trie n ts  an d  d ro u g h t. O nly  a  few p lan ts  a re  ad ap ted  
to  th is env ironm ent. T h e  g rad ien ts in  the  system  and  th e  in tensity  o f  the 
geom orpho log ica l processes m ake  fo redunes very im p o rta n t fo r natu re . Tail 
p ioneer stan d s w ith  grasses hav ing  large rhyzom es (like m a rram  grass, 
A m m ophila  arenaria) a re  com m on  in  exposed sites. In  a  n a tu ra l system , the 
p ioneer species d isap p ea r w hen sand  accum ula tion  decreases. M ore  sheltered  
sites have low  stan d s w ith  m ore species, inc lud ing  m osses like Tortula ruralis 
an d  sm all herbs. In  so u th e rn  E urope , Euphorbia panalis  an d  Erynchyum  
m aritim um  a re  characteristic . In  the  n o rth , the  geophytes o f  stric tly  coasta l 
d is trib u tio n  are rep laced  by a g roup  o f  tiny  w in ter the rophy tes. T h e  risk o f 
severe d ro u g h t in  sum m er is a  determ in ing  ecological fac to r, an d  fu rth e r 
succession hard ly  goes beyond  low  sh rubs o f  b u c k th o rn  (.Hippophae 
rhamnoides). C on serv atio n  o f  th is  system  is m o st effective w hen there is 
ro o m  en ough  o r w hen the  dunes a re  n o t developed fo r o th e r  purposes.

Recreation

T h e th ird  im p o rta n t function  is recreation . T h is fu n ctio n  is m ain ly  re la ted  to  
the  beach , b u t the su p p o rtin g  in fra s tru c tu re  is m ostly  co n cen tra ted  in  the 
fo redunes fo r safety. T h e  fo redunes a re  also  m uch  favou red  fo r buildings,



bou levards, hotels an d  houses because o f the view they p rov ide  over th e  beach 
an d  the  sea.

Implications for Management

In  a  com pletely  n a tu ra l landscape, species diversity  an d  physical cond itions are 
in  balance. P hysical p rocesses do  n o t th rea ten  th e  n a tu ra l function , they are 
p a r t  o f  it. T h is is o ften  n o t u n d e rs to o d  by m anagers. F o red u n es, especially 
a lo n g  a  p ro g ra d in g  coast, requ ire  little  o r no  m anagem en t. In  a n a tu ra l system  
we can  expect th a t sand  taken  from  one a re a  o f  the  dune will be deposited  in 
an o th e r , even in  th e  case o f  increased  erosion  due to  sea-level rise. T h e  loss o f  
dune areas in one p lace is com pensa ted  by a  gain  in  an o th er. H ow ever, since 
m an  likes to  keep w h a t he has go t, he often  upsets the  balance betw een  erosion  
and  accretion  o f  dune areas.

W ith  respect to  sea defence, th e  m a jo r th re a t is a  loss o f  sed im en tary  volum e 
due to  d u n e  erosion . S and  a t the dune to e  is rem oved  by w ave erosion . A s a 
resu lt the  dune f ro n t collapses, a  p rocess know n  as scarp ing . O ften  a  very steep, 
b are  slope rem ains, vu lnerab le  to  w ind erosion . A  loss o f  volum e in  this w ay 
m ay  resu lt in the  d isap p ea ran ce  o f  th e  fo redune  a n d  the re fo re  in  the  d eg ra d a ­
tio n  o f  the  sea defence. M anagers resp o n d  by try ing  to  stabilise the  fo redune, 
to  keep its vo lum e in tac t. I f  the coasta l sed im en t b u d g e t is slightly  negative, 
s tab ilisa tion  o f  fo redunes m ay resu lt in  a  loss o f  vo lum e in the beach  zone. T his 
causes a  g rad u a l steepening  o f the  coasta l p ro file  w hich m ay end  up  in  a 
c a ta s tro p h ic  loss o f  fo redunes. I t has also  been show n th a t s tab ilisa tion  by 
p lan tin g  m a rram  grass favou rs soil developm ent w hich in  tu rn  stim ula tes soil 
p a thogens. T hese, w hich include nem atodes an d  fungi, affect th e  ro o t system  
a n d  m ay  eventually  des tro y  a  n a tu ra lly  v ital s tan d  o f m a rram  grass (V an der 
P u tten  1989).

T h e  m ain  th rea ts  fo r  nature to d a y  are  th e  loss o f  a  very  specific geo- 
ecological env ironm en t by erosion . T h is applies especially  in  th e  m any  
situ a tio n s w here the  landw ard  b o u n d a ry  o f  the  dune system  is fixed. O ther 
th rea ts  include po llu tio n  from  beach littering  a n d  refuse fro m  ships, deposited  
in  the  dunes du ring  s to rm  tides. T h e  p ro b lem  o f  littering  by p lastics is described 
in  a  n u m b er o f  p u b lica tio n s (see W illiam s an d  S im m ons 1996). B each n o u rish ­
m e n t m ay have im p o rta n t effects on  th e  landscape. F o r  exam ple, sand  blow n 
from  a  n o u rish ed  beach  often  d iffers from  the local sand  in  size, n u tr ie n t co n ten t 
o r co lour. L ittle  is know n  a b o u t the  effects on  vegeta tion  o f  this process.

M o st o f  the physical processes im pose a  th re a t to  the  recreational fu n ctio n  o f  
fo redunes. F acilities can  be lost e ither by buria l o r by  erosion . B low ing sand  is 
a  nu isance to  v isitors. S tab ilisa tion  o f  the  fo redune is n o t alw ays the  answ er; it 
m ay  resu lt in  a decreased beach  w id th , w hich m eans a loss o f  rec rea tio n al area.

T h e  m ain  conserva tion  issue is how  to  reconcile the  conflicting  in te rests  o f  
the  th ree  functions. Excessive rec rea tio n al use o f  beaches a n d  fo redunes m ay



248 HABITAT CONSERVATION

d is tu rb  n a tu ra l processes, as m ay  fixation  o f  the  beach  an d  dune system  for 
m ax im um  security . Sea defence an d  rec rea tion  require stab ility , b u t these 
conflict w ith  the in terests  o f  n a tu re  conserva tion  (V an d er M eulen  an d  V an der 
M a are l 1989). N a tu ra l processes involve in stab ility  w hich conflicts w ith  sea 
defence an d  rec rea tion  functions, b u t new  insights a re  being developed (see 
nex t section).

O ften , th e re  is no  conflict: su sta inab le  developm ent, n a tu ra l beaches and  
fo redunes a re  as a ttrac tiv e  fo r rec rea tion  as fo r n a tu re  conservation . N a tu re  
e d u ca tio n  an d  gu ided  tou rism  in n a tu re  areas n u r tu re  ca re  for vu lnerab le  areas. 
B each n o u rish m en t as a  new  m eans fo r sea defence offers possibilities for 
n a tu re  by suspend ing  the  need fo r excessive s tab ilisa tion  m easures an d  fo r 
rec rea tion  (by p ro v id ing  w ider beaches).

Case Studies: Dynamic Preservation o f the Coastline

Scien tific Research fo r  M anagem ent

O ne o f  th e  fears o f  d u n e  m anagers is a  landw ard  loss o f  sand  by the wind. 
R esearch  has fo und  th a t a  closed fo redune acts as a very effective sand  trap . 
A rens (1996) show ed th a t the  decrease in  la n d w ard  tra n sp o rt from  beach  to  
fo redune  is d ram atic . T ra n sp o r t on  the fo redune, du ring  a  m o d era te  sto rm  
even t (average w ind speed on  th e  beach  15 m s-1 a t 5 m  heigh t), is less th a n  
0 .1%  o f  the  tra n sp o r t on  the  beach. D u rin g  low er w ind speeds, tra n sp o rt in to  
the fo redunes declines to  zero. F igu re  9.8 show s tw o exam ples fo r som e D u tch  
fo redunes, one n ea r  G ro o te  K eeten , in  th e  n o r th e rn  p a r t o f  N o rth  H o llan d , the 
second  on  the  W ad d en  island  o f  S ch ierm onnikoog . T h e  figure show s the 
decrease in  lan d w ard  tra n sp o r t d u rin g  onsho re  w inds. M easu rem en ts ind icated  
th a t due to  th e  presence o f  vegeta tion , tra n sp o r t capac ity  decreased to  zero  a t a 
sm all d istance from  the  vegeta tion  bo rd er. B oth  vegeta tion  an d  lee-side effects 
p reven t the  sand  from  leaving the  fo redune  system . T h e  research  ind icated  th a t 
th e  fixation  o f  sand  a t the  seaw ard  side o f  fo redunes is n o t necessary  to  p revent 
su b stan tia l lan d w ard  losses.

F igu re  9.9 show s the  m echanism s o f  sand  tra n sp o rt over vegeta ted  an d  b are  
fo redunes. In  th e  case o f  a  vegeta ted  seaw ard  slope, landw ard  tra n sp o rt is 
negligible, because all sand  is trap p e d  in th e  vegeta tion . I f  th e  seaw ard  slope is 
b are , som e la n d w a rd  tra n sp o rt m ay occur. D epend ing  on  the steepness o f  the 
slope, sand  will be tran sp o rte d  in e ith e r sa lta tio n  o r suspension . In  the  la st case, 
the  sand  will be tran sp o rte d  fu rth e r  landw ard , b u t still, m o st o f  the sand  will be 
a rrested  w ith in  a b o u t 100 m  from  the fo redune.

D ecreasing M anagem ent E ffo rts  fo r  N a ture  D evelopm ent/restoration

A  large p a r t o f  the  D u tch  m a in lan d  co ast consists o f  rigo rously  m anaged  
fo redunes, resem bling  sta tic  sand  dykes ra th e r  th a n  dynam ic geom orpho log ica l
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Figure 9.8. Sand transport over foredunes (after A rens 1996).

system s. T ra d itio n a l m anagem en t has involved im m ed ia te  recovery  o f  sto rm  
dam age by  the  sm o o th in g  o f  cliffs a n d  the p lan tin g  o f  b are  spo ts w ith  m arram  
grass, thereby  reducing  po ten tia l w ind erosion . In  1990, the  au th o rity  in  charge 
o f  coasta l safety decided to  suspend  the cu rren t m anagem en t a lo n g  a  1 km  w ide 
section o f the  shoreline, in line w ith  a stra tegy  o f  ‘D ynam ic  P rese rv a tio n ’
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Figure 9.9. C onceptual scheme o f landw ard tran spo rt over foredunes (from  A rens 1996; 
w ith perm ission from  Elsevier Science).

ad o p ted  by the D u tch  governm ent. T he loss o f  sedim ent from  the beach-foredune 
system  by either w ind or w ave erosion  was prevented  by  periodic beach 
nourishm ent. In  1999, the fo redune exhibited a  steep cliff-like slope w hich was 
m ostly  being eroded by the w ind. Sm all b low -outs h ad  been form ed. The 
fo redune slope w as slow ly ad ap tin g  to  the new  situation , b u t it was n o t clear yet 
w h a t the final fo rm  w ould  be. T he presence o f  a steep and  b are  cliff induces 
suspension tra n sp o rt (see F igure  9.9), causing  som e o f  the sand  to  be blow n over 
the foredune, to  be deposited  a t a few tens o f  m etres in  the  lee. T his gave som e 
p roblem s fo r the m ain tenance o f  a  ro ad  behind the  foredune, because o f  sand 
deposition  o n  th e  ro ad  accom panied by a n  increase in verge height due to  the 
increased g row th  o f  grass. T he shape o f  the foredune con trasted  w ith  the  static 
sand  dyke feature it used to  be, w hich is illustrated  by F igure  9.10.

A ctive Interference fo r  N ature D evelopm ent including H a b ita t Restoration

N ea r Schoorl, in  T h e  N eth e rlan d s, the fo redunes a re  backed  by a  d u n e  area  
several k ilom etres w ide. In  the  pas t, these fo redunes w ere m a in ta in ed  as th a t 
p a r t  o f  the  dune zone w hich ensured  safety an d  on w hich safety  regu la tions



Figure 9.10. The foredunes near P arnassia (m ainland coast, The N etherlands).

w ere applied . T h e  fo redunes w ere m an ag ed  by the H o o g h eem raad sch ap  
U itw aterende  Sluizen, w hereas the  inner d u n e  a re a  is m an ag ed  by the S tate 
F o re s try  D ep artm en t. Because o f  grass en cro ach m en t a n d  cen tu ries o f  
stab ilising  activities (K o o ijm an  an d  V an der M eulen  1996; V eer 1998) dynam ic 
geom orpho log ica l processes in the  dune a re a  have declined. C u rren tly , only 
som e sm all sp o ts  a re  active, m ain ly  due to  the  d igg ing  activ ities o f  rabb its: 
m o st geom orpho log ica l ac tiv ity  is lim ited  to  the  fo redune  zone. In  the  past, 
occasional m ajo r sto rm s created  gaps in the fo redunes, w hich w ere closed 
im m ediate ly  by the  fo redune  m anagers. In  1995, a p ro jec t p ro p o sa l was 
p resen ted  to  resto re  the  n a tu ra l dynam ics (S tich ting  D u in b eh o u d  1995). T he 
p ro jec t involved co o p e ra tio n  betw een all the  au th o ritie s  in the  region w ith  
responsibilities in  coasta l m anagem en t. T h e  m ain  idea w as artific ia lly  to  c reate  
a gap  in the  fo redunes, th ro u g h  w hich th e  sea w ould  occasionally  in u n d a te  the 
sw ale beh ind  (F ig u re  9.11). T o  accom plish  th is , the  idea o f  the  fo redune as a 
p rim ary  sea defence h a d  to  be ab an d o n ed . Because o f  the  w id th  o f  the  dune 
zone beh ind , a new  sea-defence zone cou ld  be defined, la n d w a rd  o f  the  swale. 
In  the  swale, vegeta tion  and  soil w ere rem oved , to  in itia te  aeo lian  activity . 
T hese activities should  resto re  several g rad ien ts, such as fre sh -sa lt, d ry -w et, 
c a rb o n a te -r ic h -c a rb o n a te  poor.

In  1997 the  p lan  w as executed. T h e  sea has now  entered  an d  inunda ted  the 
dune swale several tim es. Sm all p a rts  a t the b o rd er o f the swale have been buried
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Figure 9.11. A rtificially created gap in the foredunes between Bergen and Schoorl.

by aeo lian  deposits. T h e  p ro jec t h as d raw n  m uch  a tten tio n  in  th e  m edia, an d  this 
has a ttrac ted  large quan tities o f  visitors, w ho fu rth e r in terfere w ith  th e  intended 
‘n a tu ra l’ developm ent. T he in itia to rs o f  the p ro jec t have already expressed d oub ts 
th a t the  gap will n o t be sealed by the sea an d  the w ind w ithin a  few years.

O ne o f  the  cu rious aspec ts o f  th is k in d  o f  p ro jec t is the eagerness for 
im m ed ia te  results. O ne cou ld  ask  w hether, in  a  case like this, it w ou ld  n o t have 
been p referab le  to  let n a tu re  do  the w ork  in  its ow n good  tim e, and  learn  from  
the  results. T h e  answ er to  this question  is n o t clear. A fter som e years o f  n o n ­
m anagem en t, n a tu ra l b low -ou ts m igh t have developed in the fo redunes, w hich 
m ig h t g radua lly  have evolved in to  n a tu ra l gaps. H ow ever, the ou tcom e o f  the 
strategy  is very uncertain : there is no  g u aran tee  o f  success, an d  the  desired 
resu lt m igh t ta k e  years to  develop. Besides, it  is very  unlikely th a t aeo lian  
activ ity  in  the com pletely  vegeta ted  dune sw ale could  ever be created  w ith o u t 
h u m a n  in terven tion .

T H E  S U B S Y S T E M  O F  T H E  IN N E R  D U N E S  

Characterisation

In  the  m odel p resen ted  in  F igu re  9.1, the  subsystem  o f  th e  inner dunes is show n 
as ‘th e  resting  zo n e’. In n er dunes are fo und  in  m any  coun tries betw een the



active fo redunes a n d  the  h in te rlan d . T hey  have also  been called  ‘secondary  
d u n es’ (K lijn  1990). Ecologically , this zone covers the Graudünen  (grey dunes) 
and  the  Braundünen  (b row n  dunes) in F igu re  9.3. T h ere  is a  varie ty  in  dune 
fo rm s inc lud ing  p a ra b o lic  dunes, com b dunes, p rec ip ita tio n  ridges, b low -ou ts 
an d  secondary  dune slacks. M o st o f  these dunes are rem n an ts  o f  the  p as t (K lijn 
1990). S econdary  dune fo rm a tio n  is triggered  by the d es tru c tio n  o f  p la n t cover 
an d  subsequen t w ind erosion . H ere, active processes c reate  fo rm s super­
im posed  on a  fossil aeo lian  landscape.

The Processes

A  num ber o f  processes a re  re levan t in the  co nserva tion  o f  the inner dunes such 
as erosion  by  w ind and  w ater, soil fo rm a tio n , b iom ass p ro d u c tio n , sa lt spray  
a n d  the  flu c tu a tio n s o f  the  g ro u n d w a te r level. T hese  a re  g ro u p ed  as geo­
m orpho log ica l a n d  bio log ical processes in F igu re  9.2. In  th is  figure, the  inner 
dunes a re  rep resen ted  by  co m p artm en ts  II  a n d  III. T h e  geom orpho log ica l an d  
pedological processes a re  touched  u p o n  below .

W ind

T h e w ind as a  géom orpho log ie  agen t is m uch  less im p o r ta n t in  the  inner 
dunes th a n  in the foredunes: it has been calcu la ted  th a t  the  w ind  o n  the 
beach  can , a t force 7, m ove m ore sand  in  tw o m inu tes th a n  th a t p ro d u ce d  by 
a  sizeable b lo w -o u t in  th e  in n er du n es in  one w hole year, in  term s o f  flux 
across a  line o f  equal w id th  (Jungerius 1989). T h e  aeo lian  processes in  the 
inner dunes a re  described by C arte r, H esp  an d  N o rd s tro m  (1990) an d  H esp  
an d  T h o m  (1990). T h e  effect o f  w ind erosion  depends o n  th e  re la tionsh ip  
betw een th e  erosiv ity  o f  the w ind an d  the  erod ib ility  o f  the  site. T h e  erosiv ity  
o f  the w ind is la rgest in exposed areas  such  as d u n e  ridges an d  sum m its. T he 
erod ib ility  o f  the  site is determ ined  by vegeta tion  and  soil p ropertie s. H igher 
p la n ts  b reak  the  force o f  the  w ind, b u t a  co n tin u o u s cover o f  vegeta tion  as 
low  as m oss a n d  algae is also  sufficient to  p ro tec t the  soil ag a in st erosion . 
W h e th e r a su rface  w ith o u t vegeta tion  cover is affected  by  w ind  depends on 
th e  characteristics o f  the sand . T h e  presence o f  loam , coarse  m ateria l and  
even a  th in  co a tin g  o f  organ ic m a tte r  on  sand  g rains will effectively reduce 
erod ib ility . P rev alen t am o n g  the  aeo lian  form s in  the  inner dunes is the b low ­
o u t (C arte r, H esp  an d  N o rd s tro m  1990), a  shallow  depression  o f  m ostly  
elliptic ou tline  w hich is free o f  vegeta tion .

W ater

T h e traces o f  w ater erosion  in  the in n e r dunes a re  m uch  less consp icuous th a n  
those o f  the w ind an d  have generally  n o t been sub ject to  conservation
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m easures. Y et m uch  m ateria l is sh ifted  dow nslope d u rin g  ra in , especially in 
sum m er w hen th e  san d  o f  the A  ho rizon  is very dry an d  w ater-repe llen t (R u tin  
1983). T h e  m ain  types o f  e rosion  by w ate r are sp lash  an d  surface w ash. T heir 
effect is the  g rad u a l f la tten in g  o f  relief. C olluv ium  is deposited  a t  the  base  o f 
the  slope, w ith  the  seeds en tra in ed  from  the surface soil in  the  u p p er slope 
positions. W ate r e ro sion  often  paves the  w ay for w ind  erosion , by rem oving  the 
hum ic su rface  soil on  u p p e r slopes.

So il Form ation

T h e developm ent o f soils on  sand dunes has been described by W ilson (1990, 
1992) an d  Jungerius (1989, 1990). A lthough  soils a re  n o t generally studied  in a 
dune terrain , their co lou r is o ften  used to  classify the dunes (E llenberg 1978). Soil 
fo rm ation  as p a r t o f  the landscape is show n in F igure 9.2. In  co m p artm en t I, 
w here geom orphological processes prevail, there is n o  soil fo rm ation . These are 
the ‘raw  sands’ o f  W ilson (1992) an d  consist o f  little altered  m ineral m aterial.

C o m p artm e n t II  is characterised  by g rea t variab ility  in the balance betw een 
geom orpho log ica l an d  bio log ical processes. A s a  resu lt there is also  g reat 
variab ility  in the  developm ent o f  the  soil profile. O n stab le  sites th e  fo rm a tio n  
o f  a  B h o rizo n  is no exception , b u t shallow  an d  tru n ca ted  soils prevail w here 
e ro sion  is active, especially on  the  u p p er p a r ts  o f  steep slopes. P rofiles low er 
dow nslope reflect the  balance betw een co lluvation  an d  soil fo rm a tio n . W here 
soil fo rm a tio n  can  keep pace  w ith  the  d eposition  o f  co lluv ium , abno rm ally  
th ick  A  ho rizons a re  form ed. Sites w ith  a  sequence o f  b u ried  A ho rizons a re  an  
ind ica tion  to  the  m an ag er th a t periods o f  stab ility  an d  p la n t g row th  have 
a lte rn a ted  w ith  periods o f  instab ility  and  d eposition  o f  colluvium  o r aeo lian  
sand . W ilson (1992) classifies the  A -C  profiles in this co m p artm en t as sand- 
p a ra re n d z in a s  an d  the  A -B -C  profiles w hich occur w here acid ification  and  
décalcification  can  p roceed  fo r som e tim e, as b row n  ca lcareous sands. In 
co m p artm e n t III  w here soil developm ent con tinues u n h in d e red  u n d er a  closed 
v egeta tion  cover, podzo ls a re  even tually  fo rm ed  (W ilson, 1992). In  T he 
N e th e rlan d s this stage has now here  been reached a lth o u g h  there a re  podzolic 
trends in  the  n o rth e rn  d istric ts  w here the  calc ium  c a rb o n a te  co n ten t o f  the 
dunes sand  is low.

Functions

N ature Conservation

T h e o u ts tan d in g  n a tu ra l an d  ecological value  o f  the  dune landscape has been 
p raised  in  so m any  p u b lica tio n s th a t th e re  is no  need to  e lab o ra te  on  th is them e 
here. T h e  E u ro p e an  U n io n  o f  C o asta l C on serv a tio n  w as expressly founded  in 
the 1980s fo r the p u rp o se  o f  safeguard ing  the  ‘go lden  fringe o f  E u ro p e ’. T he



proceedings o f  the  congresses they o rgan ise  co n ta in  co n trib u tio n s  from  all 
E u ro p e an  coun tries w here  n a tu re  conserva tion  o f  the  in n er dunes is an  issue. 
H o listic  n a tu re  co n serv a tio n  em braces all com p o n en ts  o f  the  landscape: 
clim ate, geology, land fo rm s, soils, w ater, vegeta tion  a n d  fauna .

Recreation

T h e inner dunes com bine o u ts tan d in g  scenic v a ria tio n  w ith  a  w ealth  o f  an im al 
an d  p la n t life an d  an  equally  valuab le  ab u n d a n ce  o f  geom orpho log ica lly  
in te resting  landfo rm s. T his m akes them  very a ttrac tiv e  fo r h u m a n  activities 
w hich a t  the sam e tim e co n s titu te  the  m ain  th re a t fo r conservation . W ell- 
know n  sources o f  dam age to  vegeta tion  an d  w ildlife a re  tram p lin g , th e  co n ­
s tru c tio n  o f  ro ad s  an d  ca r  p a rk s, vandalism , cam ping , an d  the  increased  risk  o f 
fire (B rooks an d  A gate  1986). T ra m p lin g  causes shifts in species com position  
an d  decreases in  vegeta tion  cover (see W illiam s an d  R an d erso n  1989).

M an y  dune m anagers  a re  co n fro n ted  w ith  increasing  use o f  the  dunes for 
recreation . I f  the  p ro p e r m easures a re  tak en , there does n o t need to  be a 
p ro b le m /M a n a g e m e n t aspects are discussed by  C a rte r  (1988: C h a p te r  13).

W ater E xtraction

T h e g ro u n d w ate r sto red  in  the  dunes is an  a ttrac tiv e  source  o f  d rin k in g  w ater 
a n d  its ex trac tio n  has becom e an  im p o rta n t use o f  dunes in several countries. 
In  T h e  N eth e rlan d s , g ro u n d w a te r  is the  m ain  reason  th a t the  d u n e  landscape is 
p ro tec ted  fro m  u rb an  developm ent an d  m ass tou rism . O n the  o th e r  han d , 
w ate r ex trac tion  can  cause ecological im poverishm en t a n d  the  co n s tru c tio n  o f  
associa ted  in fra s tru c tu re  can  dam age v a luab le  d u n e  form s. L ow ering  o f  the 
g ro u n d w a te r  tab le  is o ften  follow ed by the  d isap p ea ran ce  o f  valuab le  dune 
slack  eco topes. In  recen t tim es these dune areas  have been fed artific ia lly  w ith 
su rface  w ate r from  elsewhere.

F orestry

A t p resen t, fo rests cover extensive p a rts  o f  the coasts o f  several E u ro p ean  
coun tries such  as D en m ark , P o lan d , the  U n ited  K in g d o m  a n d  so u th ern  
F rance . M an y  o f  these forests a re  p la n ta tio n s , o ften  o f  exotic p ine species. T he 
p ines low er the  g ro u n d w a te r tab le  by tran sp ira tio n . M oreover, the  decaying 
needles have an  acid ify ing effect on the  soil. In  coun tries w here fo restry  is no 
longer a  p ro fitab le  en terp rise , these p la n ta tio n s  have been rem oved  or 
converted  in to  n a tu ra l forests.
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Implications for M anagement

T h e m an ag em en t issues depend  on  land  use. N a tu re  co nserva tion  m anagem en t 
includes re s to ra tio n , the  m a in ten an ce  o f  in trinsic  landscape diversity , p reser­
v ing the  u n d is tu rb e d  re la tio n sh ip  betw een b io tic  and  ab io tic  processes, the 
reg u la tio n  o f  g ro u n d w a te r  level, etc. O bviously , fo r rec rea tio n  the  issues are 
qu ite  different: the m ain tenance  o f  ca rry ing  capacity , the developm ent o f  an 
aesthetically  p leasing  landscape, an d  the  c rea tio n  o f an  ad eq u a te  in fra s tru c tu re  
w ith  sufficient rec rea tio n al am enities. F o r  the  ex trac tio n  o f  d rink ing  w ate r it is 
also  necessary  to  c reate  a  specific in fra s tru c tu re  an d  to  co n tro l the  hydro log ical 
p ro p ertie s  o f  the  te rra in . O n ly  the im plica tions o f  m anagem en t fo r n a tu re  
conserva tion  are  e lab o ra ted  in  th is section.

M an ag em en t in  th is co n tex t is concerned  w ith  in te rv en tio n  in  the  landscape- 
fo rm ing  processes. I f  these in te rven tions cause u n w an ted  d is tu rb an ces fo r 
o th e r functions, m itigating  m easures m u st be taken . Z o n in g  the  use o f  the 
dunes is one o f  the possibilities. B u t th e re  is n o t alw ays a  need  fo r conflict. A s 
W e sth o ff  (1989) p u ts  it: ‘H u m a n  im p ac t o n  n a tu re  is b o th  beneficial and  
deleterious. T h e  m ain  concern  o f  env ironm en ta l m an ag em en t is to  p ro m o te  the 
fo rm er an d  c o u n te rac t the  la tte r  asp ec t’. T here  a re  a  n u m b er o f  techniques to  
reach  th is goal.

S  tab ilisa tion-destab ilisation

S tab ilisa tion  o f  m oving  sand  is no  longer seen as essen tial to  the  conservation  
o f  n a tu re , unless the sand  m ay bu ry  ra re  p la n t species o r valuab le  dune slacks. 
W here th is applies, o r in fra s tru c tu re  has to  be p ro tec ted , com m on stab ilisa tion  
techn iques can  be app lied  (B rooks an d  A gate , 1986). F o r  b low -ou ts, the 
co m m o n  type o f  w ind  e ro sion  in the inner dunes, this is generally  n o t 
necessary. O ften , a  leew ard dune develops w hich catches all th e  sand  leaving 
the  b low -ou t. M o reover, m o n ito rin g  experim ents have show n th a t th e re  a re  a  
n u m b e r o f  n a tu ra l s tab ilisa tion  processes an d  th a t m o st b low -outs have a 
lim ited  lifespan if left a lone (V an der M eulen  and  Jungeriu s  1989). N a tu ra l 
stab ilisa tio n  m echanism s include the  g ro w th  o f  algae w hich colon ise defla tiona l 
areas w ith in  the  b low -ou ts, an d  the  accu m u la tio n  o f  sand  w ith in  the  b low -ou t 
w hen its ra tio s  o f  length , w id th  an d  d ep th  are no  longer aero  dynam ically  
ap p ro p ria te , o r the fact th a t th e  b low -ou t m ay becom e to o  deep fo r the sand  to  
leave. I f  s tab ilisa tio n  m easures have to  be tak en , it is recom m ended  th a t they 
jo in  forces w ith  n a tu ra l m echanism s. F o r  exam ple, to  stabilise b low -ou ts it is 
best n o t to  co u n te rac t the  erosion  o f  the  inner p a rts , b u t to  stim ula te  the 
g ro w th  o f  the leew ard d u n e  w hich will even tually  p rev en t the  sand  from  leaving 
the  d efla tion  area.

A s we s ta ted  before, s tab ilisa tio n  is increasingly  seen as a  d an g e r to  n a tu re  
because o f  its stifling effect on  the landscape. P eop le are  n o t alw ays to  b lam e



fo r th e  s tab ilisa tion . T h e  decrease in  th e  rab b it p o p u la tio n  in  th e  1950s also 
co n trib u ted  to  the  increasing  stab ilisa tio n  o f m any  E u ro p e an  dunes. H u m an  
in te rv en tio n  m ay be needed to  resto re  n a tu ra l values. T h ere  are a  n u m b er o f 
m easures to  choose  from : rem oval o f  vegeta tion , rem oval o f  sod o r the  in tro ­
d u ctio n  o f  grazers.

Grazing

G rass  en cro ach m en t is one o f  the  consequences o f  increased  a tm ospheric  
deposition  o f  acid ify ing and  eu tro p h y in g  co m p o n en ts , a lth o u g h  it can  also be 
caused by the  suppression  o f  n a tu ra l p rocesses by co n tin u o u s artific ial 
s tab ilisa tion . G rass en cro ach m en t can  be co u n te rac ted  by grazing. T h e  effect 
o f  g razing  by rab b its  w as realised m any  years ago  (P ickw orth  F a rro w  1917). 
W here the  n u m b er o f  rab b its  w as reduced , la rge g razers such as sheep, goats, 
ca ttle  an d  horses w ere successfully in tro d u ced . N u m ero u s stud ies have dealt 
w ith  th e  effects o f  g razing  on  th e  vegeta tion  o f  g rassland  com m unities (see 
Belsky 1992; G ibson  an d  B row n 1992). G raz in g  results in  a  red u c tio n  o f  the 
s tan d in g  crop  an d  a  m o re  open  vegeta tion  s tru c tu re , a change in  hu m u s fo rm , 
an d  a  shift in  species com position  in  favou r o f  sm aller species, associa ted  w ith 
co n d itio n s o f  m o re  light n ea r  the soil surface. T h e  specific effects o f  g razing  are 
dependen t on  m any  fac to rs inc lud ing  soil developm ent, hydro logy , m an ag e­
m en t h isto ry , g razing  density  and  type o f  g razer (K oo ijm an  and  V an  der 
M eulen  1996). U ntil the beg inn ing  o f  the  tw en tie th  cen tu ry , extensive grazing 
by dom estic  an im als w as com m on  prac tice  in  dunes, so the accep tance of 
g razing  as a m anagem en t to o l to  resto re  b iod iversity  levels is in  fact a 
ré in tro d u c tio n  o f  th is old p rac tice  (K o o ijm an  an d  D e H aa n  1995).

M ow ing  (A nderson  an d  R om eril 1992) an d  sod  rem oval have also  been 
app lied  to  resto re  b o ta n ica l diversity , b u t these m ethods m ay have deleterious 
effects on o th e r com p o n en ts  o f  the  ecosystem : fo r exam ple , b o th  m ethods 
d rastica lly  reduced  the  n u m b er a n d  d ep th  o f  occurrence o f  soil fau n a  in  the 
D u tch  dunes (Jungeriu s et al. 1995).

Groundwater Control

E x trac tio n  o f  d rink ing  w ate r causes the  low ering o f  th e  g ro u n d w a te r tab le  and  
c o n c o m itan t desiccation  o f  the soil. In fil tra tio n  o f  w ate r from  ou tside  usually  
rem edies th is p rob lem  b u t creates new  ecological p rob lem s w hen th is  w ater is 
p o llu ted  or eu troph ic . V an  D ijk  (1989) m ade  a th o ro u g h  analysis o f  th e  im pact 
o f  d rin k in g -w ate r p ro d u c tio n  on  the  d u n e  landscape. E la b o ra te  a n d  costly  
m easures a re  necessary to  pu rify  the  w ate r before it is su itab le  fo r in filtra tion . 
In  T h e  N eth e rlan d s , surface in filtra tio n  has g radua lly  been su b stitu ted  fo r 
artific ia l in filtra tio n  in to  deep aquifers.
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M ain ten an ce  o f  w et d u n e  slacks needs special care. F o r  dune slacks to  
su p p o rt a  valuab le  vegeta tion  it is necessary to  keep the w ate r tab le  a t a 
co n s tan t level. R e sto ra tio n  o f  d u n e  slacks also  depends on  the  quality  an d  the 
flux o f  the  g ro u n d w a te r  in  the  su rro u n d in g  area  (V an d er M eulen  and  
Jungeriu s  1989).

Case Study: the Reactivation o f Blow-outs as a M easure to Restore the 
Natural Dune Landscape

A ctive b low -ou ts are , a t p resen t, ra re  in  the D u tch  coasta l dunes. E ven  in  areas 
w here s tab ilisa tion  m easures have been suspended  an d  w ind ac tion  is allow ed, 
th e re  has been a g rad u a l decrease in the n u m b er o f  b low -outs. R educed  grazing 
p ressu re  by  rab b its  due to  repea ted  o u tb rea k s  o f  m yxom atosis in th e  la st few 
decades is p a r t  o f  the  cause, b u t th e re  a re  o th e r fac to rs such  as the  increased 
in p u t o f  n u trie n ts  by a tm ospheric  deposition . E u tro p h ica tio n  stim ula tes 
vegeta tion  g ro w th  an d  is th e re fo re  th o u g h t to  be responsib le for the en cro ach ­
m en t o f  ce rta in  algae (P luis an d  V an  Boxel 1993), grasses an d  shrubs. T h is m ay 
lead  to  the  s tab ilisa tion  o f  active b low -outs a n d  p rev en t the fo rm a tio n  o f  new 
ones.

A rtificia l reac tiv a tio n  o f  b low -ou ts can  help to  resto re  the  n a tu ra l dynam ics 
o f coasta l dunes (V an Boxel et al. 1997). A ro u n d  active b low -ou ts there is a 
ran g e  o f  deposition  rates, depend ing  on  the size o f th e  b low -ou t, from  up  to  
5 0 c m y r_1 n ear the  edge to  a few m m y r 1 a t a  d istance o f  a b o u t 100 m  from  the 
b low -out. C a lcareous an d  n u tr ie n t-p o o r sand  deposited  here can  co u n te rac t 
the  effects o f  acid ification  an d  eu tro p h ica tio n . V egeta tion  type a n d  cover will 
react to  the changes.

W ith in  th e  fram ew o rk  o f  a p ro g ram m e sponso red  by the D u tch  governm ent 
to  test various m easures fo r co u n te rac tin g  the  d e te rio ra tin g  influence o f  air 
po llu tio n  (V an d er M eulen  et al. 1996), experim ents w ere ca rried  o u t to  
reactiva te  b low -outs. T w o s tudy  areas w ere selected. T h e  one d iscussed here is 
located  in the  inner dunes n ea r  H aa rlem , a t a  d istance o f  1.5 km  from  the coast 
(V an Boxel e t al. 1997). T h e  relief o f  the s tudy  a re a  is fla t to  undu la tin g . T he 
sand  co n ta in s  7 -9 %  calcium  ca rb o n ate . T h e  vegeta tion  is open  dune g rassland , 
w ith  increasing  invasion  o f  exo tic  m oss (C am pylopus in tro flexus) an d  sea 
b u ck th o rn  (H ippophae rhamnoides).

T h e b low -outs in  this te rra in  w ere stab ilised  w ith  b ranches in  the 1970s. In  
o rd e r  to  reactiva te  them , the b ranches w ere rem oved , a long  w ith  all the 
vegeta tion . H ow ever, the  rem oval o f  vegeta tion  w as n o t sufficient to  resto re 
w ind ac tion . O rgan ic  m a tte r  in  the sand  acts as b inder, so the w hole o f  the A 
h o rizo n  h a d  also  to  be rem oved. T h is m e an t an  excavation  to  a d ep th  o f  2 0 -  
30 cm even if  the  soil was still young , an d  m o re  if  th e  soil w as o ld  o r if  there 
w ere m any  ro o ts  o f  m a rram  grass o r o th e r  san d -b in d in g  p lan ts  in  the soil. A  
m echan ica l shovel was used fo r th is pu rp o se , and  special m easures h ad  to  be



ta k en  to  m itigate  u n d u e  dam age to  the  te rra in . F o r  th e  sam e reason , the  sand  
cou ld  n o t be rem oved  by tru ck s  an d  h ad  to  be dum ped  close to  the  b low -out. 
A p a rt from  the b low -ou ts, sm all b are  patches w ere reactiva ted  w ith  spade and  
b arro w . T h e  effects o f  these m easures w ere m o n ito red  w ith  precision  
m easu ring  techn iques a t  yearly  in tervals, from  1991 to  1994.

T h e  results (V an Boxel et al. 1997) show ed th a t the sm all patches th a t w ere 
reac tiva ted , stabilised  spon taneously . T his is n o t su rp rising , since m ost 
n a tu ra lly  fo rm ed  b low -ou ts also stabilise in  the  first year afte r the ir fo rm a tio n  
a n d  on ly  a  sm all percen tage reach m a tu rity  (Jungerius a n d  V an d er M eulen 
1989). T h e  reac tiva tion  o f  th e  b low -ou ts w as m o re  successful. T heir a re a  and  
d ep th  increased  slowly. T h e  d eposition  a re a  is a b o u t fo u r to  six tim es the 
d efla tion  area . M o st o f  the  sand  w as deposited  w ith in  30 m  o f  th e  b low -out. 
T h is w as as expected: it is ra re  to  find  sand  m o re  th a n  100 m  aw ay from  even 
the  largest b lo w -o u t in  th e  inner dunes. Cam pylopus in tro flexus  d isappeared  
from  the  accu m u la tio n  sites, b u t n o t th e  sea b u ck th o rn . F o r  th is sh ru b  to  die 
off, the soil m ust be fully leached. T h is to o k  a t least 50-80 years on  Texel, one 
o f  the W ad d en  islands, w here the  d u n e  sand  a lread y  has a low  calcium  
c a rb o n a te  co n ten t to  begin w ith  (D oing  1989).

E veryone w ou ld  like defla tion  to  co n tin u e  un til the  g ro u n d w a te r level is 
reached , in  w hich case a  v a luab le  d u n e  slack  vegeta tion  m igh t develop. 
H ow ever, experience has show n th a t the  defla tion  stops w hen the cap illary  
zone above the  g ro u n d w ate r tab le  is reached . T his triggers p la n t g row th  in  the 
b low -ou t. T his n o t on ly  stops fu rth e r  d efla tion  b u t even p ro m o tes  sand  
trap p in g . W here  a  dune slack  is expected , a  new  d u n e  develops! E ven  i f  a  dune 
slack  is c reated , g eom orph ic  processes will effectively p reven t p la n t g ro w th  if 
the  b anks a re  steeper th a n  a b o u t th ree  degrees.

T H E  O F F S H O R E  S U B SY S T E M  

Characterisation

F o r  o u r p u rpose , the  subsystem  o f  the o ffshore  is defined as th e  shoreface. T his 
is th e  realm  o f  h yd ro d y n am ic  processes. T h e  shoreface (F ig u re  9.7) is th a t p a rt 
o f  the  sea-b o tto m  lying betw een th e  d ry -w e t beach  an d  the shelf. It h a s  a  slope 
o f  1:100 to  1:1000. O n the D u tc h  coast this m o re  or less coincides w ith a 
n a rro w  zone up  to  20 m  below  average sea level.

The processes

T h e m ain  processes o f  the shoreface a re  show n in F igu re  9.7. T h e  co ast has 
been schem atised  an d  th e re  are  n o  inlets. T h is co u ld  well be th e  D u tch  
m a in lan d  coast. In  cells o f  several k ilom etres in  leng th , th e  o ffshore  profile
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responds to  a  varie ty  o f  hyd ro d y n am ic  an d  se d im e n t-tra n sp o rt processes. 
T hese d iffer in d iffe ren t co m p artm en ts  (near, m idd le  an d  low er shoreface). As 
ind ica ted  by  th e  th ickness o f  the arrow s, the m ain  activ ity  o f  the  steering 
p rocesses is w ork ing  in  a  d irec tion  perp en d icu la r to  the coast. T he su rf  zone is 
d iffe ren t from  th e  rest in  th a t processes a re  strong ly  dep th -co n tro lled ; they  are 
d riven  by  an  associa ted  loss o f  m o m en tu m  an d  d iss ipa tion  o f  energy. 
M o rp h o d y n am ic  a d a p ta tio n  o f  the  profile  is assum ed  to  be relatively fast in 
th e  u p p er p a r t an d  slow  in the lower. O bservations suggest tim escales o f  h o u rs  
a ro u n d  the  w aterline to  m illenn ia  n ea r  th e  inner she lf (Stive an d  D e  V riend 
1995). T h e  ex terna l d riv ing  fac to rs  in  th is  w hole system  are  sea-level rise and  
la te ra l sed im en t supply.

L ong-term  analyses have revealed  im p o r ta n t p rocesses in  the  large-scale 
san d  balance a long  the  D u tch  co ast (D e R u ig  1997; V an  R ijn  1995). T hey  show  
th a t serious ero sio n  occurs on  the deeper ( >  6 -8  m  below  sea level) p a rts  o f  the 
shoreface. Sand from  the  deeper zone is tran sp o rte d  to  the shallow  zone an d  
a longsho re  n o rth w a rd  to  the  W a d d en  Sea. T h e  n a tu ra l supply  from  the  b o tto m  
o f  the  N o rth  Sea to  the  deeper p a r t  o f  th e  shoreface is lim ited. T h is m eans th a t 
th e  o ffshore slope is steepening.

Functions

T h e p resen t functions o f th is  subsystem  are  m ain ly  fishery an d  recreation . 
Because the  pressu re  on  the  coasta l zone in H o llan d  is increasing , th e re  a re  now  
p lans fo r lan d  rec lam ation  (cf. D e R uig  an d  H illen 1997; W ate rm an , M isdo rp  
an d  M ol 1998; D e R u ig  1998). T h e  need fo r housing  an d  rec rea tion  facilities in 
th e  dunes is also  grow ing. T he densely  p o p u la ted  low -lying po ld e r land  o f the 
w estern  p a r t o f  the  co u n try , im m ediate ly  beh ind  the  dunes, has increasingly 
less space. F o r  decades, bu ild ing  in  the  dunes w as restric ted  because it was 
th o u g h t to  endanger th e  coasta l defence function  o f  the  dunes, a t risk  of 
flood ing  the  po lders. Since the ‘dynam ic p rese rv a tio n ’ policy has been ad o p ted  
(see above), this is n o  longer a  valid  rea so n , especially n o t in  the  w ider dune 
areas.

I t  is p articu la rly  in  the R ijn m o n d  reg ion , th e  m o u th  o f  the R h ine R iver, th a t 
p lans fo r developm ent are being  m ade. T h e  p rov ince o f  S ou th  H o llan d  is 
develop ing  p ro jec ts  fo r rec lam ation  a long  the coast betw een T h e  H ague  and  
H o o k  o f  H o llan d  (rough ly  4000 ha). These will accom m odate  u rb an , recre­
a tio n a l an d  n a tu ra l areas. T he city  o f  R o tte rd am  is s tudy ing  the rec lam a tio n  o f  
land  o ff the  co ast o f  V oorne. H ere  an  ex tension  o f  the  M a asv la k te -1 is p lanned , 
to  give the h a rb o u r  o f  R o tte rd am  m o re  p o r t facilities. R ecently , studies were 
pub lished  o f p lans to  bu ild  an  island  in  the sea in  f ro n t o f  the D u tch  m ain land  
coast, w hich cou ld  be used  fo r a  new  a irp o r t (D elft H ydrau lics 1997a).

I t  is in te resting  to  n o te  th a t in  all the  p lans th e re  is also  place fo r n a tu re  
developm ent. S tud ies a re  being carried  o u t to  define the  m ak ing , m anagem en t



an d  eva lua tion  o f  coasta l ecosystem s w hich co u ld  be located  on  the new  land  
(L W I 1997). O n the  o th e r  h an d , it m ay  be m o re  w o rth  w hile to  consider the 
developm ent o f  n a tu re  n o t on  new  rec lam ation  p lans them selves b u t a t o th e r 
localities w hich  offer b e tte r op p o rtu n ities . In  an y  case, co m p en sa tio n  fo r losses 
o f  n a tu re  sh o u ld  be m ade  an d  n o t in  the fo rm  o f  sm all b its  an d  pieces o f  land  
b u t in areas o f  su b stan tia l size fo r n a tu re  to  develop.

Threats

W hile engineers an d  po licy-p lanners o ften  th in k  positively a b o u t these p lans, 
m any  o th e r  g roups, am o n g  w hich are  env iro n m en ta l g ro u p s an d  n a tu re  
conservation ists , have m ore d o u b ts  (for exam ple, Janssen  1996).

T h re a ts  to  valuable ecosystem s include the  iso la tion  o f the ex isting  d u n e  area  
from  the sea resu lting , fo r exam ple , in  the  red u c tio n  o f  sa ltsp ray  an d  the 
consequen t m a tu rin g  o f  the  p la n t succession. T h is m ay lead  to  the  d is­
ap p earan ce  o f  p ioneer stages an d  open  dunes, an d  the  increase o f  sh rubs and  
w o o d lan d  (com pare  the  developm ent in  V o o rn e  since 1950s, well docum en ted  
by V an  D o rp , B oot an d  V an  d er M aare l 1985). T h e  fo redunes m ay n o t receive 
any  m ore in p u ts  o f  fresh  sand , a  p reco n d itio n  fo r th e ir  ecology. A n o th e r  m ajo r 
influence will be the  one on  th e  ecosystem  o f  the N o rth  Sea itself. F irs t o f  all, 
all m arine  life will d isap p ea r w hen new  land  is fo rm ed. S econd , the digging o f 
sand  will affect la rge areas o f N o rth  Sea b o tto m . I t  is ca lcu la ted  th a t for 
4000 hectares o f  reclaim ed land , app ro x im ate ly  400 m illion  m 3 o f  sand  will 
be d redged  from  the  sea. O ver an  a re a  o f  200 k m 2, 2 m  o f  sand  will be taken  o ff 
(Janssen  1996). N ew  la n d  in  the  sea will increase the need fo r in fra s tru c tu re  on 
land , increasing  th e  p ressu re  on  coasta l land  a n d  its na tu re . T h e  valuab le  dune 
a re a  will be ‘squeezed’ betw een the  old an d  the  new  land.

H ow  can  the  dam age to  n a tu re  be com pensa ted  fo r by crea ting  new  n a tu re  
on  new  land , if  a t all? I t  is argued  th a t a lternatives , like rebu ild ing  and  
ren o v a tin g  p a rts  o f  the  old su b u rb s, a re  a  b e tte r answ er to  the  need fo r 
housing , an d  th a t these alternatives shou ld  get m o re  a tten tio n .

Implications for Management

R ecently , som e stud ies w ere carried  o u t in the  N e th e rlan d s  a b o u t land 
rec lam ation  in th e  N o rth  Sea. T hey  are  o f  in te rest to  the  to p ic  o f  th is  chap ter. 
T hey  reveal the  w ay o f  th in k in g  in  such large pro jects, w here civil engineers 
an d  ecologists w o rk  together. H o w  can  new  lan d  be m ade? W hich  fo rm  and  
shape  should  it ideally  have? W h a t w ill the  influence be on  th e  ex isting  coast? 
W hich  coasta l ecosystem s shou ld  be created? Is it possib le to  enhance the 
ecological qua lity  o f  the co ast as well as its resilience, an d  a t the  sam e tim e 
fav o u r the  coasta l defence quality  o f  the  coast? R esilience is the  (self- 
o rganising) p ro p e rty  o f  the co ast to  m a in ta in  ac tu a l a n d  p o te n tia l functions
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u n d er chang ing  hy d rau lic  a n d  m orpho log ica l cond itions. T h is p ro p e rty  is 
based  on  the m orpho log ica l an d  ecological processes op era tin g  a t  the  coast 
(D elft H ydrau lics 1997b).

Q uestions like these illu stra te  how  th in k in g  is developing: (1) p lans fo r 
rec lam a tio n  shou ld  be seen in  the  co n tex t o f  all p lans fo r the  co ast an d  in  an 
in teg ra ted  w ay, i.e. long-te rm  effects on  the  to ta l coasta l system  shou ld  be 
considered  a long  w ith  a  d iscussion  on  th e  ac tua l needs o f  specific develop­
m ents; (2) lan d  cou ld  be re tu rn ed  to  th e  sea in  o rd er to  increase the resilience o f 
th e  coasta l system , thereby  decreasing  th e  risk  o f  f lood ing  (D e R u ig  1997, 
1998).

Case Studies: the M aking o f N ew  Land

A n  Island?

D elft H ydrau lics has m ade  a  study  o f  the  feasibility  o f  bu ild ing  an  artificial 
island  o ff the  D u tch  co ast (D elft H ydrau lics 1997a). I t  is m ean t as a  technical 
co n trib u tio n  concern ing  the  possib le lo ca tio n , and  lay -ou t, consequences fo r 
m orp h o lo g y  an d  ecology a n d  best o p tions fo r m itigating  negative effects 
(F igure  9.12). T h e  effect o f  th e  island  o n  tides an d  cu rren ts , sand  an d  silt 
tra n sp o r t, w ate r quality  an d  m arine  ecosystem s w ere exam ined.

T he conclusion  w as th a t a  large-scale p ro jec t such as th e  co n s tru c tio n  o f  an  
o ffshore island  requires carefu l co n s id era tio n  n o t only  o f  its d irect effects b u t 
also o f  the im plica tions fo r th e  fu rth e r  evo lu tion  o f  th e  D u tch  coast. I t  was 
concluded  on the  basis o f  th e  results o f  the  investigation  th a t  the co n stru c tio n  
o f  an  o ffsho re  island  is technically  possib le an d  —  if  op tim ally  shaped  and  
carefu lly  p laced —  w ould  have only  lim ited  effects on  the  sea an d  coasta l 
env ironm en t. H ow ever, if  the  island  w ere bu ilt, the a lready  lim ited  resilience o f 
the  D u tch  co ast w ou ld  d im in ish  even fu rth e r, because m o re  coasta l m a in ­
tenance w ould  b e  necessary. B u t if  the island  w ere to  be com bined  w ith  o th er 
m easures , like se aw ard -p ro tru d in g  sand  h ooks, the resilience o f  the  co a s t m ight 
im prove. T ab le  9.1 gives a n  overview  o f  the consequences o f  co n stru c tio n  and  
presence o f  an  o ffsho re  island .

E cosystem s on N ew  L a n d

T h e ex tension  o f  the  R o tte rd am  h a rb o u r  facilities in to  the N o rth  Sea will 
include 850 h a  ea rm ark ed  fo r n a tu re . H o w  can  a new  d u n e  area  be m ade  o u t o f 
th e  sea? Basically in  th ree w ays, w herein  m a n ’s in terference is decreasing  b u t 
tim e is needed fo r rea lisa tion  (L öffler a n d  V eer 1999):

» A n th ropogen ic : sand  is deposited  in  the  a re a  w here dunes are p lanned : either 
‘d u n es’ a re  shaped  w ith  a shovel o r o th e r  ea rth -m ov ing  equ ipm en t, o r we
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Figure 9.12. M ap o f  the western p a rt o f the N etherlands show ing locations for possible 
reclam ation o f  new land. 1 =  M aasvlakte II (extension o f M aasvlakte I): harbour, 
industry, nature; 2 =  New H olland: housing, recreation, nature; 3 =  second
international a irpo rt (also designed as island a t various locations in fron t o f  the coast).

w ait fo r dunes to  be created  by  the w ind. A  dune a re a  can  be created  w ith in  a 
few  years, b u t the  system  lacks m a jo r  n a tu ra l characteristics.

® G eom orph ic : sand  is deposited  to  c reate  a  beach  an d  p rov ision  is m ade  (e.g. 
enough  fetch) so th a t fo redunes can  fo rm  them selves by free w ind  activity. 
W ith in  10-50 years a  n a tu ra l dune landscape  m ig h t be fo rm ed  w hich 
basically  possesses the sam e n a tu ra l characteristics as a  n a tu ra l landscape.

o G eological: san d  is deposited  on  the  fo resho re  and  left there; n a tu ra l 
p rocesses o f  tides, cu rren ts  an d  w inds are allow ed to  shape th e  landscape. A 
fully n a tu ra l d u n e  landscape m igh t be fo rm ed  afte r several decades, b u t there 
is n o  guaran tee .



264 HABITAT CONSERVATION

Table 9.1. Overview o f  the consequences o f  construction and presence o f an offshore 
island in fron t o f the D utch m ainland coast (source: D elft H ydraulics 1997a)

Consequences for N atu re  and gravity o f  consequences

Tides and 
current

M orphology

M ud budget

W ater quality 

A lgae grow th

M arine
ecosystems

Birds

C oastal dunes

U ser’s functions 
m arine and 
coastal zone

C ould change in an  area o f 15 to  40 km  around the island 
N o significant influence on large-scale w ater movem ents

A ccretion a t the northern  side o f  the island 
V ariation in accretion (circa lO m y r-1 ) and erosion (circa 

6 m y r“ ‘) in the lee o f  the island along the coast

T em poral rise in suspended m atter content o f  sea w ater during 
construction  o f  the island (in w inter 10-40% , in sum m er 
30-60% ; because o f large na tu ra l variation only observable 
in summer)

Probably  no significant effect o f  the island on m ud supply to the 
W addensea

A round the island up  to m axim um  5% increase in concentration 
o f  PAKs

H ardly any effect on the large-scale spread o f  particles in the sea

Tem porary, sm all (less than 10%) decrease o f  algae grow th during 
the construction  o f  the island, bu t few consequences for higher 
organism s

Small increase o f algae grow th north-w est o f Texel (w ithin the 
na tu ra l variation)

T em porary  loss o f up  to  2800 tonnes o f biom ass (ash-free dry 
weight) due to  sand extraction (recovery o f  population  within 
a few years)

Perm anent loss o f  400 tonnes o f biom ass following the loss o f 
subm arine area

Increase o f biom ass on the h a rd  substrate o f the sea defences o f  
500-800 tonnes and  increase o f bio-diversity

Small decrease in feeding area a t sea due to the presence o f the 
island

New resting and feeding areas on the island
New resting area for birds m igrating over the N orth  Sea

H ardly any effect on wind climate and salt spray 
F ragm entation  o f  dune area and possible influence on 

geohydrology due to  the construction  o f  a connection with 
Schiphol A irport

H ardly any effect on shipping 
Some hindrance fo r recreational shipping 
D am age to fishery due to  a loss o f  fishing grounds and extra 

dam age when fishery is restricted in an area around  the island 
Effect on the openness o f  the seascape
Some noise nuisance for inhabitants and visitors in the coastal



W hich  ecosystem s shou ld  be developed on  new ly reclaim ed land? T h e  
coasta l ecosystem s th a t score h igh ly  fo r n a tu re  a re  in te rtid a l areas, dunes and  
so-called ‘s lu fte rs’. S lufters a re  relatively  sm all sa ltm arshes w ith in  areas o f  d ry  
dune (see above). T hey  d ra in  a  p rim ary  d u n e  slack th ro u g h  th e  fo redune  ridge, 
o r they are  fo rm ed  by  a  b rea k th ro u g h  o f  the  sea o r a  p a ra b o lic  d u n e  th ro u g h  
the  first fo redune  ridge. W hen th e re  is a low -lying area  beh ind  the fo redune 
ridge, sea-w ater invades th e  dunes. T h e  resu lt is a  v a luab le  ecosystem  w ith 
com plex  ab io tic  g rad ien ts. S lufters an d  p arab o lic  dunes fo r a  long  tim e have 
n o t been the  favourites o f  D u tch  coasta l engineers. B ut th e  new  policy o f  
dynam ic p rese rva tion  gives rise to  new  possib ilities (cf. H illen an d  R oelse 
1995).

T h e  ecosystem s we have m en tioned  are  believed to  ad d  to  the  resilience o f 
the  en tire  coasta l system  an d  to  its ecological values. T he m ak in g  o f  such 
system s in  fro n t o f  the  old land  is o f  p a rticu la r  in te rest a t those  p laces w here 
the  dune ridge is n a rro w  w hich m eans th a t the  defence s tru c tu re  is also  th in . In  
th e  ph ilo sophy  o f  resilience, p resen t ag ricu ltu ra l land  cou ld  even be re tu rn ed  to  
the  sea in  o rd e r  to  increase the  resilience o f  the  coasta l system  (see F ren ch  an d  
R eed, th is volum e).

D U N E  C O N SE R V A T IO N  A N D  IN TEG R ATED  C O A ST A L  Z O N E  
M A N A G E M E N T

T h e co ast com prises m o re  th a n  the  dune system : so does in teg ra ted  coasta l 
zone m anagem en t (IC Z M ). T h e  coasta l zone is an  in te rac tin g  system  o f 
physical processes, chem ical reac tions , biological g row th  an d  econom ic 
activities. E xam ples o f  econom ic activities a re  fishery, sh ipp ing , recreation , 
defence, w aste d isposal, sand  and  gravel m in ing , land  rec lam ation , an d  oil and  
gas ex p lo ra tion . E conom ic developm ent in coasta l a reas  depends on su sta in ­
ab le p ro d u ctiv ity  an d  the v iab ility  o f  coasta l resources. C o asta l zone 
m an ag em en t sh o u ld  be based on  an  u n d ers ta n d in g  o f  the com plex ity  o f  the 
coasta l system  an d  its in te rac tio n  w ith  ad jacen t u rb a n  areas, river ca tchm ents 
in  the h in te rlan d , an d  seas and  oceans (H oozem ans et al. 1995). D ecisions have 
to  take  in to  acco u n t g lobal change an d  in te rn a tio n a l policy.

I t  is increasingly  recognised  th a t the su sta inab le  developm ent o f  the  coast, 
an d  its m ultip le  resources in  acco rdance w ith  their ca rry in g  capacity , is possible 
only  by ad o p tin g  a  com prehensive strategy . A ccord ing  to  D o o d y  (1997) this 
will involve in teg ra ted  ac tion  across the  m an y  functions o f  the coast 
(h o rizo n ta l ap p ro ach ) an d  consensus bu ild ing  a t the  d iffe ren t levels o f  decision 
m ak in g  an d  policy fo rm u la tio n  (vertical app ro ach ).

In teg ra ted  coasta l zone m anagem en t can  be p rac tised  a t  several scales. V an 
der M eulen an d  U do  de H aes (1996) ske tched  the  ro le  o f  n a tu re  conservation  
in IC Z M  on  a  global level. A t the h ea rt o f  the p rob lem  is the fac t th a t 50-70%
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o f  the  E a r th ’s p o p u la tio n  is co n cen tra ted  in  coasta l areas. T he com petition  
betw een the  v arious user categories op era tin g  a lo n g  the  co ast is fierce, w ith 
rec rea tion  a n d  tou rism  as the  fastest grow ers. C om bined  use causes a n  ever- 
increasing  tension  betw een sa feguard ing  n a tu ra l resources, on  th e  one han d , 
an d  econom ic developm ent, on  the  o ther. O ften  sh o rt-te rm  econom ic gains are 
chosen  a t the  cost o f  irreversib le ecological losses. T here  a re  m any  exam ples 
th a t show  th a t this leads to  env ironm en ta l d eg ra d a tio n  w hich eventually  
backfires on  econom ic developm ent. V an  der M eulen  an d  U do  de H aes (1996) 
argue th a t su sta inab le  developm ent o f  the  coasta l zone is possible on ly  if 
n a tu re  conserva tion  has a  s tro n g  position  in  in teg ra ted  m anagem ent.

IC Z M  is clearly  a  m a tte r  o f  the  h ighest po litica l level. F o rtu n a te ly  th is is 
g radua lly  being  realised. In  1994 the C ouncil o f  E nv iro n m en ta l M in isters asked 
the  E u ro p e an  C om m ission  to  p rep a re  ‘a  com prehensive stra tegy  on  in teg rated  
m an ag em en t an d  p lan n in g  in  the  C o m m u n ity  coasta l zones, p ro v id ing  a 
fram ew o rk  for its conserva tion  an d  susta inab le  u se’ (D o o d y  1997).

T h e  too ls a n d  techniques developed for IC Z M  are  based  o n  system  analysis. 
I t is beyond  the  scope o f  th is ch a p te r  to  discuss this a p p ro a ch  in any  dep th . T he 
in terested  read er is referred  to  the  course  on  coasta l zone m anagem en t w ritten  
by H oozem ans et al. (1995).

C O N C L U SIO N S

S O U R C E S  O F  IN F O R M A T IO N

T h e references to  th is ch a p te r  list the  m ain  h an d b o o k s  fo r dune m anagem en t 
an d  conserva tion . T hose  in terested  in  m o re  in fo rm atio n  on  coasta l m an ag e­
m e n t issues a re  referred  to  th e  Journal o f  C oastal Conservation  (JC C ), the 
Journal o f  C oastal Research  (JC R ), the  Journal o f  C oastal M anagem ent (JC M ) 
an d  Ocean and C oastal M anagem ent (O C M ). T he JC C  is the  official scientific 
o rg an  o f  the  E u ro p e an  U n io n  for C o asta l C on serv a tio n  (w ho also issue 
Coastline) a n d  is pub lished  by  O pulus P ress A B, U p p sa la , Sw eden. T h e  JC C  
focuses on  applied  research  fo r in teg ra ted  coasta l m anagem en t w ith  a  ‘wise u se’ 
perspective. T h e  jo u rn a l has estab lished  a  policy o f co o p e ra tio n  w ith  the  JC R  
w hich is pub lished  in  the  U SA  an d  is m o re  rela ted  to  p u re  sciences. T h e  JC M  is 
also  pub lished  in  the  U SA . O C M  is an  E lsevier jo u rn a l w hich is ded ica ted  to 
the  m anagem en t also  o f  ocean  resources.

F IN A L L Y

C o asta l dynam ics an d  m anagem en t fo rm  an  ongo ing  process. A long  the D u tch  
co ast we have seen the  fo llow ing  phases in th e  p as t 10-15 years:



(1) T h e  policy o f dynam ic p rese rva tion  created  possib ilities fo r so ft defence 
s truc tu res  instead  o f  h a rd  ones; beach  n o u rish m e n t becam e an  official 
policy.

(2) W ider coasta l zones w ere th o u g h t to  have g rea ter resilience, offering  m ore 
ecological values an d  g rea ter safety, fo r exam ple aga inst rising  sea level.

(3) T h is m e an t th a t on  n arro w  (a few 100 m  w ide) coasts, ex ternal (i.e. 
offshore) activ ities can  be beneficial, w hile on b ro ad  coasts (a few km  
wide) in te rn a l activities a re  o p ted  for; in the la tte r  case, one cou ld  th in k  o f 
the  c rea tion  o f  slufters o r o f  re tu rn in g  ag ricu ltu ra l land  to  th e  sea.

(4) R eclam ation  p lans sh o u ld  be seen in  th is  con tex t, tak in g  in to  acco u n t the 
en tire  co ast an d  its long-te rm  developm ent a long  w ith  a discussion on  the 
various p resen t an d  fu tu re  functions.

F in d in g  an  equ ilib rium  betw een the  in te rests  o f  socio-econom ic developm ent 
an d  the m ain tenance  o f  a  n a tu ra l dynam ic system  is one o f  the g rea t challenges 
o f  o u r  tim e. T h e  above po in ts illu stra te  how  necessary  it is to  p ro p o se  a  k in d  o f 
m anagem en t th a t uses n a tu ra l processes ra th e r  th a n  destroy ing  them . The 
exam ple o f  the D u tch  coast show s w h a t possib ilities can  be explored  w hen 
dealing  w ith  a  so ft sed im en tary  type o f coast.

B u t this is n o t valid  only  fo r the  D u tch  coast. M any  o f the w o rld ’s low land 
delta  coasts have essentially sim ilar characteristics: tw o parties com peting  fo r 
the sam e space; i.e. socio-econom y an d  ecology in  a  dynam ic n a tu ra l setting. 
O nce the  space on  lan d  is a lm ost gone, the eye tu rn s  to w ard s the  sea. These and  
o th e r  experiences can  help to  develop b o th  on- an d  o ffshore space in  a 
responsib le way.
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