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A bstract

On nine beaches and two transects in the surf zone along the Dutch coast 
the presence of benthic macrofauna was studied in relation to basic abiotic 
characteristics. According to Short’s classification system, Dutch beaches are 
mesotidal and dissipative (Í2 =  8.6), and the RTR is low (1.52-1.27), which means 
tha t they are not tide-dominated. BSI ranged from 1.4 to 1.1 for the northern 
and western Dutch coasts respectively and had an overall value of 1.2. The rates 
of exposure of the beaches varied between 8 and 12, and are therefore regarded 
as sheltered to moderately exposed. The Dutch beaches display a geographical 
trend in beach types. Those of the Wadden Sea islands in the northern part of 
the Netherlands are dissipative, flat, fine-grained, and host high densities of many 
species of benthic macrofauna. The beaches along the western Dutch coast are 
less dissipative, steeper, with a higher mean grain size; the species diversity and 
abundance there are lower. Species diversity and abundance on the beaches increase 
from the high- to the low-water line. The maximum number of species was found
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between 0 and -1 m relative to the mean tidal level. The abundance peaks just 
above the mean tidal level, while the biomass reaches a maximum at the mean 
tidal level.

Species diversity and abundance are low in the surf zone, but increase towards 
deeper water. Species numbers are high and the abundance is very high in the 
trough between the two bars.

The relation between the diversity and abundance of macrobenthic species on 
the one hand, and the sediment composition, water column depth, and position 
between the bars on the other show a clear pattern  of zonation for the beach, 
surf zone and near-shore: (1) a supralittoral zone with insects and air-breathing 
crustaceans, (2) a midshore zone, with intertidal species, (3) a lower shore zone, 
whose species extend into the shallow surf zone, and (4) a zone of sublittoral fauna 
in the trough between the two breaker bars within the surf zone.

1. In tr o d u ctio n

For 82% of its to ta l length  (432 km ) th e  D u tch  coast consists of sandy  
shores. T his coast is p a r t of th e  sandy  coastal ecosystem  of th e  N o rth  Sea 
ex tending  from  C ap B lanc Nez in F rance as fa r as N o rth e rn  Ju tla n d  in 
D enm ark . T he D u tch  coast can be divided into th ree  physically different 
p arts : th e  W adden Sea islands in th e  no rth , th e  Schelde d e lta  in th e  south , 
and  in betw een, th e  central and  w estern  coasts, a sand b arrie r system  
fronted  by beach and  su rf zones contain ing  2 or 3 bars. T he beaches and 
su rf zones are th e  p ro d u c ts  of w ind-generated  waves in te rac tin g  w ith  th e  
m edium  to  fine shore face sands in a m esotidal environm ent (S hort 1992). 
T h e  seem ingly considerable difference betw een th e  high and  low -w ater levels 
(1 .4-3.8 m) con tribu tes little  to  th e  varia tion  in beach m orphology. In 
fact, th is  is influenced m ainly  by breaker height, w hich ranges from  1.0 m 
(sum m er m ean) to  1.7 m (w inter m ean) along th e  D u tch  coast. D unes, 
beaches and  su rf zones have always p ro tec ted  th e  land against flooding 
by th e  sea. However, a sandy  coast is m ore th a n  ju s t  a pile of sand 
providing a n a tu ra l defence against th e  sea. T he p ro tec tion  of th e  coastal 
environm ent is laid down in (in te r)n a tio n al legislation and  regulations, 
such as th e  E U  W ater Fram ew ork D irective, th e  E U  B ird and  H ab ita t 
D irective, and  in in te rn a tio n al trea tie s  and  recom m endations. E xam ples 
are  th e  global B iodiversity  T reaty  and  th e  recom m endation  to  set up an  
in tern a tio n al netw ork of p ro tec ted  coastal and  m arine areas to  p ro tec t 
th e  m arine environm ent. A ccording to  a recent E U  recom m endation , th e  
m anagem ent of th e  coast will also have to  be based on an ecosystem  
approach. In  order to  p ro tec t th e  coastal environm ent, one has to  know w hat 
to  p ro tec t: W h a t are its characteristics? W hich organism s live in it? W h a t 
functions does it fulfil? W ith  respect to  th e  D u tch  coast, we assum e th a t  th e  
m ain  long-term  th re a ts  are linked on th e  one hand  w ith  clim ate change and
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on th e  o th er w ith  th e  social and  economic use of th e  land on or im m ediately  
behind  th e  dunes. In  th e  sh o rt-te rm , sand nourishm ent to  coun ter erosion, 
th e  m echanical cleaning of beaches, and  d is tu rb an ce  by vehicles and  to u ris ts  
-  all th e  consequences of increasing recreational pressure -  are im p o rtan t 
po ten tia l th rea ts . M oreover, th e  enrichm ent of coastal w aters w ith  n u trien ts  
has very likely exerted  a significant influence in th e  last 20-30 years. In  th is 
p ap e r we present th e  resu lts of our investigations on th e  zonation  of th e  
ben th ic  m acrofauna of th e  beaches and  su rf zone along th e  coasts of th e  
N etherlands. We also exam ine th e  varia tions in te rm s of zoogeographic 
p a tte rn s  and  different beach types.

2. M a ter ia l and  m eth o d s

In  Ju n e  2002 seven localities perp en d icu lar to  th e  w aterline were sam pled 
on each of nine beaches along th e  D u tch  coast (Fig. 1). F ive of th e  localities 
were tidal. T he ac tua l position  of th e  sam pling locality  on th e  beach was 
determ ined  on th e  basis of th e  p red ic ted  tid a l curve in such a way th a t 
flooding tim e was spread  equally over th e  in te rtid a l localities. Locality  1 
was positioned a t th e  h igh-w ater line (H W ), locality  5 a t th e  low -w ater line 
(LW ). Locality  2 was flooded for j  of a tide; locality  3 was flooded for ^ 
of a tid e  and  locality  4 experienced |  tid a l flooding tim e. Locality  0 was 
situ a ted  40 cm  above th e  H W  line and  locality  6 was 40 cm below th e  LW

Fig. 1. Sampling stations on the Dutch coast; 2 surf zone transects and 9 beach 
sampling stations
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line. T h e  elevation could th en  be calcu lated  on site using satellite  equipm ent 
(Scorpio 6502 M K L R K -receiver).

T he following p aram eters  were m easured on each beach: m acrobenthos 
(abundance, diversity  and  biom ass), sedim ent (grain size, so rting  and 
carb o n ate), slope, p en e trab ility  of th e  sedim ent, position  of th e  anaerobic 
layer and  th e  presence or absence of s tab le  burrow s of m acroben th ic  anim als.

M acrofauna was sam pled to  a d ep th  of 30 cm using a stainless steel 
corer w ith  a surface area of 78.5 cm 2. IO subsam ples were collected a t 
each locality. In  all cases a 1 m m -m esh sieve was used to  sep ara te  th e  
m acrozoobenthos from  th e  sedim ent. T h e  organism s th en  were fixed using 
3.8% form aldehyde.

Two sam ples were collected a t each locality  for sedim ent analysis using 
a 20 cm 2 plastic corer sunk  to  a d ep th  of 10 cm. Before analysis th e  sam ples 
were stored  a t -2 0 °C . All sam ples were tre a ted  w ith  H 2 O 2 and  HC1 and 
analysed w ith  th e  M alvern-laser technique to  determ ine th e  grain size, 
so rting  and  carbonate .

T h e  p en e trab ility  was m easured 10 tim es a t each locality  using a m etal 
p robe (Eijkelkam p A grisearch E qu ipm en t). T h e  rod was pushed 30 cm into 
th e  sedim ent a t co n stan t speed by hand  (2 cm sec- 1 ). T he required  pressure 
was expressed in [N cm -1 ].

T h e  slope of th e  tid a l area was calculated  from  th e  difference betw een 
heights and  distances betw een th e  low-water and  th e  h igh-w ater lines.

T h e  d ep th  a t which th e  anaerobic layer first appears was m easured as 
th e  d istance betw een th e  top  layer of th e  sedim ent and  th e  position  w here 
th e  sedim ent was coloured black. If th is  black layer was no t yet visible 
a t a d ep th  of 30 cm, th e  anaerobic layer was assum ed to  be absent. T he 
presence or absence of s tab le  burrow s was assessed visually.

T ransects in th e  su rf zone were sam pled in two localities (Fig. 1) using 
a large tr ip o d  on wheels. T he su rf zone was sam pled to  a m axim um  w ater 
d ep th  of 7 m . T h e  geographical position  and  th e  d ep th  a t which th e  sam ples 
were tak en  were determ ined  by satellite  equipm ent and  presen ted  relative 
to  th e  m ean tid a l level. T he sam ples were tak en  w ith  a 200 cm 2 Van Veen 
G rab  to  a d ep th  of 0.25 m. A sm all subsam ple was tak en  w ith  a 20 cm 2 
p lastic corer from  th e  Van Veen G rab  sam ple for sedim ent analysis.

3. R e su lts

3.1. Beaches

3.1.1. General description

T he D u tch  beaches can be described using D ean ’s dim ensionless p a­
ram ete r (Q) and  th e  relative tid a l range (R T R ). A ccording to  S h o rt’s
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(1996) classification system , th e  D u tch  beaches are m esotidal and  dissipative 
(Q =  8.6). N evertheless, th e re  are local differences (Table 1). W hile th e  
beaches of th e  west coast (Q =  6.6) are of th e  d issipative ty p e  (5 <  Q <  9), 
those of th e  n o rth  coast are u ltra-d issipative  (Q =  11.5). T h e  R T R  is low 
(1.52-1.27), w hich m eans th a t  th e  geom orphologies of these beaches are no t 
tide-dom inated . T h e  beach s ta te  index  (BSI) (M cLachlan et al. 1993) ranges 
from  1.4 to  1.1 for th e  n o rth ern  and  th e  w estern  D u tch  coasts respectively; 
th e  overall value for th e  D u tch  coast is 1.2. T he ra te  of exposure, based 
on a ra tin g  system  for beaches on a 20 po in t scale (Brown & M cLachlan 
1990), was calculated  on th e  basis of wave action, length  of th e  su rf zone, 
percentage of very fine sand, grain  size, slope, d ep th  of th e  anaerobic layer, 
and  th e  presence or absence of s tab le  burrow s of ben th ic  anim als. T h e  beach 
of Schierm onnikoog-W est is sheltered  (score 8). All th e  o th er beaches can be 
regarded  as m odera te ly  exposed w ith  scores betw een 11 and  12. G enerally  
speaking, th en , we can describe th e  D u tch  beaches as m esotidal, barred , 
dissipative, and  m odera te ly  exposed.

T ab le  1. Dean’s parameter (Í2), relative tidal range (RTR), beach state index 
(BSI) and exposure of the northern Dutch coast (Wadden Sea), the western Dutch 
coast and the mean values for the total Dutch coast

Wadden Sea Western Dutch
coast coast coast

n 11.5 6.6 8.6
RTR 1.52 1.27 1.65
BSI 1.4 1.1 1.2
exposure 8-11 11-12 8-12

3.1.2. V ariation betw een  beaches

An inventory  of th e  beaches shows clear differences betw een th e  beaches 
of th e  D u tch  m ain land  coast and  those of th e  D u tch  W adden Sea islands 
(Table 2). D espite some significant local differences, th e  la tte r  beaches are 
characterised  by fine sand th a t  is poor in ca rb o n a te  and  readily  p en e tra ted . 
T h e  sedim ent is poorly  sorted , i.e. it contains a m ix tu re  of sand grains of 
all sizes. T hose beaches are flat and  host high densities of m any kinds of 
anim als. A long th e  west coast of th e  N etherlands, th e  beaches are  steeper 
and  consist of coarser b u t b e tte r  sorted  sand. T h e  ca rb o n a te  conten t in 
th e  sedim ent of th e  beaches sou th  of E gm ond is h igher th a n  th a t  of th e  
n o rth ern  beaches. P en e tra tin g  th e  sedim ent requires g rea ter s tren g th , and 
th e  species richness and  specim en num bers are no t as high as on th e  beaches 
of th e  D u tch  W adden Sea islands.
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Table 2. Grain size, sorting, penetration, carbonate content, slope, diversity, 
abundance, Shannon-Wiener index and biomass for nine beaches along the Dutch 
coast (mean of all 7 localities)
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Schier Oost 208 4.0 288 2 96 20 1352 1.77 1.5
Schier West 202 4.1 202 2 89 28 4166 1.36 4.7
Texel 261 3.5 261 2 21 23 306 2.23 1.1
Egmond 305 3.5 305 2 42 7 347 0.89 1.9
Castricum 314 3.1 314 25 31 6 451 0.99 2.9
IJmuiden57 257 3.1 257 13 77 5 1179 0.14 1.5
IJmuidenßO 328 3.2 328 8 32 8 553 1.08 4.1
Katwijk 359 2.8 359 12 36 8 471 1.2 2.2
Goeree 218 3.6 218 6 96 10 222 1.48 0.7

A to ta l of 49 species was found on th e  beaches, from  5 to  28 per beach, 
w ith  abundances ranging  from  222 to  4166 indiv. m - 2 . Fig. 2 shows a kite- 
d iagram  of th e  abundance of th e  different species (log scale) a t each locality.

T h e  m ost com m on species on th e  beaches is th e  b ristle  worm  Scolelepis 
squamata, an  im p o rtan t food source for th e  S anderling  Caldris alba, which 
is p ro tec ted  u nder th e  E U  B ird D irective. Two o th er charac teristic  species 
are  Bathyporeia pilosa -  th e  sand digger shrim p, and  Euridice pulchra, th e  
speckled sea louse.

3.1.3. V ariation w ith in  beaches

By tak in g  th e  resu lts of all nine beaches together, it is possible to  
describe th e  sp a tia l varia tion  on th e  beach perp en d icu lar to  th e  w ater line.

High up on th e  beach, near th e  h igh-w ater line, th e  grain  size is small, 
th e  so rting  poor, th e  conten t of ca rb o n ate  low and  th e  s tren g th  needed to  
p en e tra te  th e  sand high (Table 3). T h e  sedim ent near th e  low -w ater line is 
m ore easily p en e tra ted  owing to  th e  g rea ter w ater conten t, b e tte r  sorting, 
and  th e  larger average gra in  size. B o th  th e  num ber of species and  th e ir 
abundance increases tow ards th e  low -w ater line.

Fig. 3 shows th e  num ber of species found a t each locality  on each beach 
p lo tted  against th e  elevation of th e  locality  com pared to  th e  m ean  tid a l 
level. I t  shows th a t  th e  m axim um  num ber of species was found betw een 
0 and  —I m relative to  th e  m ean tid a l level.
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Fig. 2. Kite diagram of mean macrobenthos abundance over all 
Locality 1 =  HW-level; locality 5 =  LW-level

9 beaches.
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Table 3. Grain size, sorting, penetration, carbonate content, slope, diversity, 
abundance, Shannon-Wiener index and biomass for each of 7 localities on the beach 
(mean of all nine beaches)
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5 279 3.5 250 6.9 12 624 1.4 2.3
6 279 3.4 269 10.9 29 484 2.5 2.5

0
3 2 1 0 1 ■2

elevation relative to mean tidal level [m]

#  Schier Oost ■  Schier West Egmond ■  Castricum ■* Texel

m Katwijk ^  IJmuiden57 A IJmuidenóO + Goeree

Fig. 3. Relation between the number of species found at each locality on all 
beaches, and elevations relative to mean tidal level

Fig. 4 shows th e  abundance p lo tted  against elevation relative to  th e  
m ean  tid a l level. T h e  abundance peaks ju s t  above th e  m ean tid a l level, 
while th e  biom ass reaches a m axim um  a t th is  level (Table 3). T he m ean 
biom ass on th e  D u tch  beaches is 2.3 g A FD W  m - 2 . T his is low com pared
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Fig. 4. Relation between abundance and elevation, and mean tidal level

to  th e  value of 27 g A FD W  m -2  th a t  B eukem a (1981) found on th e  tid a l 
flats of th e  W adden Sea.

T h e  re la tion  betw een diversity  and  abun d an ce  on th e  one hand , and 
grain  size and  slope on th e  o ther, are in accordance w ith  th e  re la tion  given 
by Brow n & M cLachlan (1990): th e  num bers of species and  th e ir abundance 
b o th  increase as th e  grain size and  slope decrease (Tables 2 and  3).

3.2. Surf zone

3.2.1. General description

T h e resu lts of sam pling th e  su rf zone along th e  D u tch  coast show th a t
th e re  are two breaker banks (bars). O ne is approx im ate ly  150 m from  th e
shoreline (low -w ater line), th e  o th er c. 400 m from  th e  shore. Between them  
lies a trough , th e  b o tto m  of which is a t a d ep th  o f -5  m (Fig. 8). Table 4 
com bines th e  resu lts of th e  sam pling sta tio n s a t E gm ond and  C astricum .

In  th e  area w ith in  200 m of th e  low -w ater line, th e  grains vary  in size 
from  246 to  377 ¿tm and  are no t well sorted . T h e  sedim ent in th e  tro u g h  
is coarse-grained, w ell-sorted sand w ith  high ca rb o n a te  and  silt contents. 
Beyond th e  su rf zone, th e  sand varies in grain size from  170 to  252 ¿tm, is 
poorly  sorted , and  has a low silt conten t. Species num bers in th e  su rf zone 
are low (2 -7  species), as is th e  abundance (c. 100-1000 indiv. m - 2 ). Beyond
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Table 4. Grain size, sorting, carbonate content, silt, density and abundance, 
depth and distance from the low-water line (LW) for two transects in the surf 
zone (Castricum and Egmond)
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Castricum 0 -1.4 341 2.3 37.0 0.4 3 400
Egmond 0 -1.5 298 3.7 3.1 0.5 6 85
Egmond 0 -1.5 302 3.7 3.5 0.2 4 130
Castricum 32 -2.9 267 3.5 22.4 0.6 3 80
Egmond 32 -3.0 335 3.3 6.2 0.4 2 25
Castricum 61 -1.4 377 2.5 59.5 0.3 2 2080
Egmond 64 -3.0 334 3.0 10.9 0.4 3 95
Egmond 96 -2.9 249 4.0 5.4 0.8 4 60
Castricum 121 -2.7 266 3.7 9.8 0.6 2 80
Egmond 128 -2.3 246 3.8 5.7 0.7 5 35
Egmond 160 -3.0 279 3.6 6.0 0.6 4 55
Castricum 181 -4.8 787 1.1 71.2 0.4 4 520
Egmond 192 -4.0 285 3.7 5.0 0.5 5 160
Egmond 224 -5.3 553 1.3 22.2 0.4 2 15
Castricum 241 -4.9 230 5.6 37.1 1.2 16 256 800
Egmond 256 -5.3 344 1.4 30.4 2.2 6 40 545
Egmond 288 -5.5 632 1.4 36.6 0.2 3 800
Egmond 320 -5.5 762 1.3 41.2 7.0 3 1560
Egmond 320 -5.6 717 1.2 54.2 0.5 2 520
Egmond 397 -3.7 241 3.8 5.5 0.8 4 55
Castricum 422 -3.8 231 3.9 9.3 0.8 6 120
Egmond 438 -4.2 252 3.8 7.0 0.8 4 45
Egmond 438 -4.4 252 3.8 6.8 0.6 4 65
Castricum 482 -5.6 186 4.2 8.9 1.2 8 150
Egmond 492 -5.8 223 3.9 7.4 0.9 11 925
Egmond 510 -6.2 228 3.9 7.6 0.9 8 1535
Castricum 542 -6.2 199 4.1 11.4 1.2 12 1020
Egmond 542 -6.5 207 4.0 8.6 0.9 10 1150
Egmond 596 -6.8 212 3.9 9.2 0.9 9 585
Castricum 602 -6.3 182 4.3 10.1 1.0 13 2415
Egmond 604 -6.9 198 4.0 9.1 0.9 14 1075
Castricum 724 -6.7 172 4.3 10.6 1.5 16 1015
Castricum 737 -6.7 170 4.4 11.9 1.2 15 440
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Castricum
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Fig. 5. Kite diagram of mean macrobenthos abundance at Castricum; distance 
from the low-water line (LW) =  0
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Fig. 6. Kite diagram of mean macrobenthos abundance at Egmond; distance from 
the low-water line (LW) =  0
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th e  su rf zone, species d iversity  and  abundance increase to  approx im ate ly  16 
species and  1000 indiv. m -2  a t a d istance of m ore th a n  700 m from  th e  low- 
w ater line. In  th e  tro u g h  betw een th e  two bars, species num bers are high 
(16 a t C astricum ) and  th e  abundance is very high (c. 100 000 indiv. m - 2 ).

Figs 5 and  6 present th e  relative abundance of m acrobenth ic  species 
a t C astricum  and Egm ond in th e  form  of k ite-d iagram s. Polychaetes are 
dom inan t. Seaw ards of th e  second breaker bank  and  hosting  a higher 
num ber of species th a n  th e  su rf zone, th e  o u ter zone is in h ab ited  prim arily  
by am phipods, bivalves and  echinoderm s.

‘T yp ica l’ beach species like S. squamata, H austorius arenarius and 
B. pilosa  occur in th e  p a r t of th e  su rf zone nearest to  th e  beach. A num ber of 
charac teristic  anim als in h ab it th e  trough , some 200-300 m from  th e  beach, 
m ost specifically, th e  sand m ason (Lanice conchilega). We m ay therefore 
infer th a t  th e  tro u g h  is a special zone w ith in  th e  su rf zone, and  th a t  th e  su rf 
zone is itself very d is tin c t from  th e  offshore area beyond, w here Spiophanes 
bombyx is th e  m ost ab u n d an t species.

3.3. Zonation o f the beach and surf zones

For th e  purposes of c luster analysis, th e  beach and  su rf zone d a ta  were 
com bined into a single set (W ard ’s D istance M etric: Squared E uclidean). 
C lu ste r analysis of th e  abun d an ce  of m acrobenthos indicates an  obvious 
zonation  a t a d istance of 0.6 (Fig. 7). H igher-beach localities group

Ward's Method, Squared Euclidean
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Fig. 7. Cluster analysis (W ard’s Euclidian) of the abundance of all species. Beach 
samples (S0-S6); SI =  HW; S5 =  LW. Surf zone samples -  Egmond (E1-E23) and 
Castricum (C1-C29); E l and C l are close to the low-water line; E23 and C29 are 
farthest away from the low-water line
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together, as do low er-beach localities. I t is also clear th a t  th e  localities 
in th e  su rf zone and  those beyond it form  two sep ara te  groups. T he la tte r  
group splits in to  two subgroups: th e  E gm ond and  th e  C astricum  localities. 
We can therefore conclude th a t  th e  zonation  of th e  sandy  shores in th e  
N etherlands is as follows: (1) a su p ra litto ra l zone w ith  insects and  air- 
b rea th in g  crustaceans, (2) a m idshore zone w ith  in te rtid a l species, (3) 
a lower-shore zone, whose species ex tend  into th e  shallow su rf zone, and

b each surfzone deeper water

Fig. 8. Number of species in the beach and surf zones in relation to depth and 
distance from the low-water line. Characteristic species are shown: Talitrus saltator 
sand hopper (beach); Scolelepis squamata (beach and surf zone); Lanice conchilega 
sand mason (trough between the two bars); Ensis americanus razor clam (deeper 
water)
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(4) a zone of su b litto ra l fauna in th e  tro u g h  betw een th e  two breaker bars 
w ith in  th e  su rf zone.

Fig. 8 presents a general scheme in w hich th e  num ber of species has been 
p lo tted  against d istance to  th e  low -w ater line and  d ep th  relative to  th e  m ean 
w ater line. I t  also shows som e charac teristic  species of th e  different p a r ts  of 
th e  D utch  sandy  shore. To th is  end, th e  sam pling d a ta  from  th e  su rf zones 
a t C astricum  and E gm ond were com bined w ith  th e  beach d a ta  of those two 
places; th e  d a ta  from  th e  o th er D u tch  beaches were om itted .

4. D iscu ss io n

4.1. Beach

T he D u tch  beaches show a geographical tren d  in beach types. T he 
beaches of th e  W adden Sea islands in th e  n o rth ern  p a r t of th e  N etherlands 
are  dissipative, flat, fine grained, and  host high densities of m any species 
of ben th ic  m acrofauna. T h e  beaches of th e  D u tch  west coast are less 
dissipative, steeper, w ith  a larger m ean grain size, b u t w here species 
diversity  and  abundance are lower. D egrear et al. (2003) describe Belgian 
beaches as u ltra-d issipative, low-tide b a r /r ip  beaches. T hey  rep o rt values 
of Q betw een 2.6-7.0, R T R  betw een 8.5-10 and  BSI betw een 1.8-4.2. 
In  th is  p ap e r th e  corresponding  m ean values for th e  D u tch  beaches are 
Q =  8.6, R TL =  1.65 and  BSI =  1.2. C om pared  to  th e  Belgian beaches, 
th en , D u tch  beaches are influenced m ore by w ind /w ave action  th a n  by tide.

By tak in g  th e  resu lts of all nine beaches together, it was possible to  
describe th e  sp a tia l varia tion  on th e  beach perp en d icu lar to  th e  w ater line. 
H igh up on th e  beach, near th e  h igh-tide m ark, th e  grain size is th e  sm allest, 
th e  so rting  th e  poorest, th e  ca rb o n a te  conten t th e  lowest and  th e  s tren g th  
required  to  p en e tra te  th e  sand th e  highest. For in te rs titia l organism s th is 
m eans th a t  th e  environm ent is m ore favourable lower down on th e  beach 
th a n  h igher up. Towards th e  low-water line th e  sedim ent is m ore easily 
p en e tra ted  owing to  th e  g rea ter w ater content, b e tte r  so rting  and  th e  larger 
average size of th e  grains. All th is  resu lts in an  increasing num ber of species 
tow ards th e  low-water line. T he num ber of individuals is low near th e  high- 
w ater line and  is th e  h ighest a round  th e  m ean-tida l level. For b irds foraging 
on th e  beach it is im p o rtan t th a t  th ey  can easily p en e tra te  th e  sand w ith  
th e ir  bills and  th a t  food such as worm s is readily  available. T he relation  
betw een th e  presence of organism s and  sedim ent characteristics th a t  we 
found for th e  D u tch  beaches corresponds w ith  w ha t is known from  th e  
lite ra tu re  ab o u t th e  ecology of sandy  coasts elsewhere in th e  world (Brown 
& M cLachlan 1990). T he differences in slope, grain  size and  BSI are sm all 
w ith in  th e  lim ited area  of th e  D u tch  coastline. However, th e  general tren d  of
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higher species diversity  and  abundance  a t th e  dissipative, flat, fine-grained 
end of th e  spec trum  com pared to  th e  lower species diversity  and  abundance 
a t th e  m ore reflective end of th e  line, is also applicable to  th e  D u tch  beaches.

Based on th e  k ite-d iagram  of th e  beach d a ta , one can assum e th a t  th e  
com m unity  of species above th e  h igh-w ater m ark  differs from  th a t  found 
betw een th e  high- and  low -water lines. Above th e  h igh-w ater lines, it is 
m ainly  te rre s tria l organism s such as insects and  th e  sand hopper th a t  are 
found. A ccording to  k ite and  c luster analysis, we can assum e no t only 
th a t  a specific group of organism s exists above th e  h igh-w ater line, b u t also 
th a t  th e  tid a l beach m ay be split in to  a zone above th e  m ean w ate r level 
and  a zone below it. T h e  organism s in th e  u p p er zone are com plem ented 
by a num ber of ex tra  species in th e  lower zone. In  p articu la r, am phipods, 
polychaetes and  isopods are found on th e  beach. Surveys of m any E uropean  
beaches have shown th a t  th e re  is a tendency  tow ards th ree  or four zones 
(M cLachlan & Jaram illo  1995). From  th e  resu lts of th e  present study, we 
have come to  th e  conclusion th a t  th ree  zones can be d istinguished  on D utch  
beaches: (1) a su p ra litto ra l zone w ith  insects and  a ir-b rea th in g  crustaceans, 
(2) a m idshore zone w ith  in te rtid a l species, and  (3) a lower shore zone whose 
species ex tend  into th e  shallow su rf zone. T hese zones correspond to  D ah l’s 
scheme (1952) of th e  zonation  of sandy-beach  fauna. T he num ber of species 
increases from  th e  h igh-w ater line to  th e  low -water line. T he sam e tren d  was 
found on Belgian beaches (D egraer et al. 2003) and  in th e  tid a l flat a rea  of 
th e  D u tch  W adden Sea (B eukem a 2002). M oreover, these resu lts correspond 
w ith  th e  hypo thetica l p a tte rn  of species d iversity  across a b ea ch /su rf  zone 
system  as presented  by Brow n & M cLachlan (1990). A ccording to  B eukem a 
(2002), th e  m axim um  num ber of species can be found 20 to  40 cm below th e  
m ean  w ate r level. M oreover, th e re  is a sm aller decrease in species num bers 
tow ards th e  m ean low -w ater line th a n  tow ards th e  h igh-w ater line. B eukem a 
sta tes  th a t  th is  re la tion  is independen t of locality  and  sedim ent com position 
in th e  W adden Sea. T h e  resu lts of th is  s tu d y  of sandy  beaches ind icate  th a t 
th e  re la tion  found by B eukem a is also valid for th e  sandy in te rtid a l beaches 
in th e  N etherlands.

B oth  abundance and  biom ass reach m axim um  values a t th e  m ean tid a l 
level, a resu lt also ob ta ined  by B eukem a (2002) on th e  tid a l flats of th e  
D u tch  W adden Sea. O n Belgian beaches D egraer et al. (2003) recorded 
a m axim um  m acroben th ic  abun d an ce  no t only in th e  u p p er in te rtid a l 
zone b u t also on several beaches a t th e  m id tidal level, as com pared 
w ith  th e  D u tch  beaches. A ccording to  B eukem a (2002), th e  relatively low 
abun d an ce  and  biom ass of ben th ic  anim als a t h igher in te rtid a l levels is 
p robab ly  due to  th e  harsh  environm ental conditions there . T hese levels 
are  characterised  by strong  fluctua tions and  extrem es of such factors as
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tem p e ra tu re  and  salinity, com bined w ith  sho rt im m ersion periods, lim iting 
th e  tim e for activ ities in m arine organism s. A t th e  sam e tim e th e  relatively 
low abundance of ben th ic  m acrofauna a t th e  low -w ater line m ay be related  
to  unfavourable environm ental conditions like m obile sedim ents and  higher 
p red atio n  pressure on th e  p a r t of shrim ps, crabs and  young fish.

4.2. Surf zone

Surf zones have been neglected in ecological stud ies of th e  sea. B u t th is 
is an  u n d ers tan d ab le  lapse in view of th e  logistical problem s of working 
in such environm ents (M cLachlan et al. 1984). W hile some au th o rs  have 
stud ied  th e  hyper- and  ep ibenthos (B eyst et al. 2001), inform ation  on th e  
endobenthos is extrem ely  scarce. B ecause th e  su rf zone is inaccessible to  
ships and  th e  s tan d a rd  sam pling gear, sam pling endobenth ic  anim als th ere  
is logistically restric ted . T h e  tr ip o d  used in th is  s tu d y  -  a vehicle w ith  
th ree  large wheels -  can move ab o u t and  sam ple in th e  su rf zone in good 
and  bad  w eather. In  th e  su rf zone, w here th e  hydrodynam ic conditions are 
harsh , species num bers are lim ited. B u t beyond th e  su rf zone, tow ards th e  
deeper w ater, these increase rapidly. I t  is no t known a t w ha t d istance or 
d ep th  th is  increase stabilises. To p roduce a general scheme of th e  diversity  
along a g rad ien t from  th e  h igh-w ater level on th e  beach down to  a w ater 
d ep th  of m inus 7 m beyond th e  su rf zone, th e  d a ta  from  th e  two beaches 
w here th e  su rf zone was also sam pled -  a t C astricum  and E gm ond -  had  to  
be com bined. T his m ay have led to  an  u nderestim ation  of th e  num ber of 
species on th e  beach, since th e  to ta l sam pling area  p er beach was sm all for 
tem p e ra te  d issipative beaches (Jaram illo  et al. 1995). T his m ay explain th e  
ab e rra tio n  of th is  scheme from  th e  hypo thetical p a tte rn  of species diversity  
across a b e a c h /su rf  zone system  as presented  by Brow n & M cLachlan (1990), 
who showed a decline in species d iversity  in th e  su rf zone com pared to  th e  
lower p a r t of th e  beach.

T he zonation  p a tte rn  found on th e  tw o-barred  d issipative sandy shores 
of th e  w estern  coast of th e  N etherlands shows good correspondence w ith  
th e  zonation  scheme suggested by M cLachlan et al. (1984). T hey  presented 
a d iagram  of th e  zonation  of th e  in te rtid a l and  su b litto ra l m acrofauna on 
high-energy sandy  coasts of so u th -easte rn  Africa. T h e  su p ra litto ra l zone, 
th e  m idshore in te rtid a l zone, and  th e  su rf zone found on th e  D u tch  beaches 
correspond well w ith  th e  su p ra litto ra l, m id litto ra l and  inner tu rb u len t zones 
found by M cLachlan et al. (1984). From  th e  present s tu d y  it is no t qu ite  
clear w he ther beyond th e  su rf zone, w here species d iversity  increases, o ther 
zones can be d istinguished , as is th e  case for th e  beaches of sou th -easte rn  
Africa.
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T h e conditions in th e  tro u g h  betw een th e  two bars are very different 
from  th e  rest of th e  su rf zone. O w ing to  th e  lim ited num ber of sam ples only 
an  ind ication  of these conditions can be given. E ven th o u g h  th e  differences 
betw een E gm ond and  C astricum  ind icate  th a t  local differences m ay be large, 
a general p a tte rn  in abiotic and  biotic variables arises from  th e  d a ta . T he 
high percentage of silt and  th e  high num bers of species and  th e ir abundance 
ind icate  relatively shallow conditions in which large num bers of th e  sand 
m ason dom inate  th e  sedim ent. T he tro u g h  seems to  be a special area of 
local diversity  and  abun d an ce  and  should therefore be tre a ted  w ith  caution, 
as it is p a r t of a conservation area u n d er th e  E u ro p ean  W ater F ram ew ork 
D irective.
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