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ABSTRACT I

É3E®
M acrobenthic fauna are investigated, to establish the na ture  and  vulnerability of benth ic  comm unities to  aggregate Hillii«» m ining on a subtidal sandbank, the Kwinte Bank, in the Southern Bight of the N orth Sea. W ithin the central part of this
sandbank, a depression (5 m  deep) has been created, as a result of 20 years of dredging over the same small area (1 km 
long and 700 m  w ide). Three stations were sam pled within this central depression; two on the western border; and two 
to the east of the depression. A nother station was sam pled in a “non-exploitecl" area to the no rth  of the depression. 
Four stations were sam pled outside of the concession area, on the adjacent Micldelkerke Bank. The hypothesis is 
tested as to whether or no t the density, species richness, taxon and comm unity composition do no t differ, between 
the depression and the adjacent sites (with similar sedim ent composition) on top of the sandbank. In addition, it is 
exam ined w hether these param eters differ between the depression and reference sites, at the adjacent undisturbed 
sandbank. Differences in density and species richness could no t be detected, between the different locations. Com pared 
to the reference stations at the Micldelkerke Bank and locations next to the depression, crustaceans (amphipocls and 
in particular Bathyporeia spp.) and echinoclerms ( Ophiura spp. and Echinocardium cordatum) were m ore abundant in 
the area of the depression, suggesting a h igher similarity to the swale environm ent, than  was the case previously. The 
observed trends were similar, for both of the sampling periods, February and November 2004. However, the species 
composition difference has been observed within the context of the wide range of species assemblages described 
earlier for the Kwinte Bank, together with o ther Belgian subtidal sandbanks. Sand extraction has created small-scale 
habitat differences on the Kwinte Bank, to which the benthic fauna have adjusted; however, this is no t significant on a 
true larger scale of the sandbank system, one year after cessation of the intensive disturbance.

ADDITIONAL INDEX WORDS: ecological impact, human disturbance, sand extraction, recovery, Kzointe Bank, Middelkerke 
Bank, North Sea,

INTRODUCTION

T h e  in v e s tig a tio n  of th e  ecological im p a c t of s a n d  e x tra c 
tio n  h a s  a  long  h is to ry  (IC E S, 1992, 2001). T h is  o b se rv a tio n  
ap p lie s  a lso  to  th e  K w in te  B a n k  in  th e  B e lg ian  sec to r o f th e  
N o r th  Sea, w h e re  th e  f irs t  im p a c t a s se s s m e n t o f s a n d  e x tra c 
tio n  w a s  u n d e r ta k e n  in  th e  la te  1970s (V a n o s m a e l  et al., 1979; 
V a n o s m a e l  et al., 1982). In  sp ite  of th e  fac t t h a t  s a n d  e x tra c tio n  
from  s a n d b a n k s  in  B e lg ia n  m a r in e  w a te rs  h a s  b e e n  m o n ito re d  
fo r m ore  t h a n  30 y e a rs , th e  effect on m a c ro b e n th ic  co m m u n i
t ie s  h a s  n o t b e e n  d e tec ted , b e fo re  th e  p r e s e n t  in v es tig a tio n . 
T h e  s p a t ia l  v a r ia tio n  in  e x tra c tio n  in te n s i ty  w a s  n o t  a n a ly se d  
in  d e ta i l  b e fo re  2000, a s  a n  e s s e n tia l  p re re q u is i te  to  c h a ra c 
te r is in g  th e  e n v iro n m e n ta l im p ac t. B o n n e  (2003) a t te m p te d  to  
r e la te  b e n th ic  copepod co m m u n itie s  o f d iffe re n t a re a s  a t  th e  
K w in te  B a n k  to  s a n d  e x tra c tio n  in te n s ity , for eac h  sa m p lin g  
s ta tio n , from  th e  “b lack -b o x ” re co rd s  of th e  e x tra c tio n  vesse ls . 
T h e  b e n th ic  copepod co m m u n itie s  id en tif ie d  in  1997, in  h ig h
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e x tra c tio n  in te n s i ty  a rea s , v a r ie d  from  th o se  o b se rv ed  in  1976, 
fro m  th e  sa m e  a re a . A  c e n tra l  d e p re ss io n  on th e  K w in te  B a n k  
w a s  d e tec ted , in  m u lt ib e a m  im ag ery , in  2000; th is  w a s  c h a ra c 
te r is e d  b y  in te n s iv e  s a n d  e x tra c tio n  a c tiv it ie s  a n d  a n  im p o v e r
ish m e n t o f th e  copepod co m m u n itie s . H ow ever, a  p re lim in a ry  
a n a ly s is  of a v a ilab le  m ac ro b e n th o s  d a ta  (from  th e  U n iv e rs ity  
o f G h en t) d id  n o t re v e a l th e  sam e  p a t te rn .  B a se d  u p o n  th e s e  
d a ta , a n y  d iffe ren ces in  d e n s ity  o r sp ec ies  n u m b e r  co u ld  n o t 
b e  d e tec ted , s ince  th e  c o m m en cem en t o f s a n d  e x tra c tio n  on 
th e  K w in te  B an k . H ow ever, a  d e v ia tio n  in  sp ec ies  com p o sitio n  
w a s  o b se rv ed  ( B o n n e , 2003) a n d  co n firm ed  b y  V a n a v e r b e k e  et 
al. (2007). T h e  e x tra c tio n  o f s a n d  from  th e  K w in te  B a n k  ac 
c o u n te d  a lw ay s  fo r m ore  th a n  95 % of th e  to ta l  v o lu m e ex 
t r a c te d  from  B e lg ia n  su b tid a l  s a n d b a n k s , u p  to  2003. U n til  
th is  t im e  th e  effect of s a n d  e x tra c tio n  on th e  K w in te  B a n k  h a s  
n o t  b e e n  a s se sse d  w ith  m o re  t h a n  tw o  sa m p lin g  s ta tio n s , for 
m o n ito r in g  p u rp o se s . H ence, a n  a p p ro p ria te  m ac ro b en th o s  d a 
ta s e t  a n d  a n  a s se s s m e n t of s a n d  e x tra c tio n  on  th is  in te n s iv e ly  
(com m erc ially ) ta r g e te d  sa n d b a n k , w e re  lack in g . W ith in  th is  
con tex t, m a c ro b e n th o s  is  a ccep ted  w id e ly  a s  a n  a p p ro p ria te  
to o l to  in v e s tig a te  a n d  d e te c t ch an g es, c a u se d  by  h u m a n  dis-
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tu rb a n c e s . In  g en era l, m o st s tu d ie s  u n d e r ta k e n  in to  th e  im 
p a c ts  of m a r in e  s a n d  a n d  g ra v e l e x tra c tio n  h a v e  fo cu sed  u p o n  
m a c ro fa u n a  (B oyd  et al., 2005; K e n n y  a n d  R e e s , 1996; N e w e l l , 
S e id e e e e , a n d  H it c h c o c k , 1998; S a e d a  et al., 2000; v a n  D a l f - 
s e n  et al., 2000). T h e  p re s e n t  in v e s tig a tio n  a t te m p ts  to  c h a r 
a c te r ise  th is  fa u n a l  g roup ing , fo r th e  c e n tra l  d e p re ss io n  of th e  
K w in te  B an k ; likew ise , to  c o m p a red  th e m  w ith  a d ja c e n t s ite s  
a n d  a n  u n e x p lo ite d  (re ference) p a r t  o f a  sa n d b a n k . T h e  c e n tra l  
d e p re ss io n  of th e  K w in te  B a n k  w a s  c losed  fo r sa n d  ex tra c tio n , 
in  F e b ru a ry  2003. In  F e b ru a ry  a n d  N o v em b er 2004, th e  fa u n a  
w as  sam p led , to  e s ta b lish  a n y  sh o r t- te rm  recovery . T h e  h y 
p o th e s is  is  te s te d  h e re  t h a t  d en sity , sp ec ies  rich n e ss , ta x o n  
a n d  c o m m u n ity  co m p o sitio n  do n o t d iffe r b e tw e e n  th e  d e p re s 
sion  a n d  a d ja c e n t s ites , w ith  a  s im ila r  se d im e n t com position  
on to p  of th e  sa n d b a n k . In  a d d itio n , w h e th e r  th e s e  p a ra m e te r s  
d iffe r b e tw e e n  th e  d e p re ss io n  a n d  re fe re n ce  s ites , on a n  a d ja 
c en t u n d is tu rb e d  sa n d b a n k .

SITE DESCRIPTION

T h e  K w in te  B a n k  a n d  th e  M id d e lk e rk e  B a n k  b e lo n g  to  th e  
F le m ish  B an k s , a  g ro u p  of (7) l in e a r  su b tid a l  sa n d b a n k s , lo 
c a te d  to  th e  w e s t o f O ostende , a t  10 to  30 k m  off th e  B e lg ian  
co ast (F ig u re  1.). T h ese  s a n d b a n k s  a re  SW -N E  o r ie n te d  a n d  
a re  s e p a ra te d  by  sw ales, w h ich  dip to  th e  n o r th e a s t  (L a n c k - 
n e u s , D e  M o o e , a n d  S t o l e , 1994).
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Figure 1. Map showing the location of the sam pling stations on the 
Kwinte and the Middelkerke Banks: The Kwinte Bank crest stations 
are superimposed onto a multibeam  image. The bathym etry and 
morphology (banks and swales) of the sandbanks are shown including 
the central depression on the sandbank.

T h e  K w in te  B a n k  (F ig u re  1.) is  a n  e lo n g a ted  l in e a r  su b tid a l 
san d b an k , o f ab o u t 15 k m  in  len g th , 3 k m  in  w id th  a n d  ris in g  
b e tw ee n  10 m  (in  th e  n o rth )  a n d  20 m  (in th e  sou th), above th e  
su rro u n d in g  seafloor. T h e  m e a n  w a te r  d e p th  v a r ie s  b e tw een  
6 m  over th e  c e n tra l  p a r t,  to  over 20 m  in  th e  n o r th e rn  a n d  
so u th e rn  edges of th e  b a n k  (L a n c k n e u s  et al., 1992). T he c h a r 
a c te ris tic s  of th e  d ep ression , to g e th e r  w ith  i ts  c rea tio n  by  sa n d  
ex trac tio n , a re  d esc rib ed  in  d e ta il in  D e g r e n d e l e  et al. ( th is  vo l
um e); i t  is  ab o u t 1 k m  long a n d  700 m  wide, lo ca ted  a long  th e  
w e s te rn  c re s t a n d  b e n e a th  th e  “k in k ” in  th e  c e n tra l  p a r t  o f th e  
s a n d b a n k  (F ig u re  1.). T he tw o  sw ales a d ja ce n t to  th e  K w in te  
B a n k  a re  know n, respec tive ly , a s  th e  K w in te  (to th e  n o rth w e st)  
a n d  th e  N e g en v aam  (to th e  so u th e as t) . T he la t te r  is  lo ca ted  b e 
tw e en  th e  K w in te  B a n k  a n d  th e  M id d e lk e rk e  B ank .

T h e  M id d e lk e rk e  B a n k  (F ig u re  1.) h a s  a  le n g th  o f 12 km , 
a m e a n  w id th  of 1,5 k m  a n d  a  h e ig h t  above th e  s u rro u n d in g  
sea  floor w h ich  v a r ie s  b e tw e e n  8 m  in  th e  n o r th e a s t ,  to  15 m  
in  th e  so u th w e s t. T h e  d e p th  (M LLW S) v a r ie s  b e tw e e n  4 m  in  
th e  so u th w e s t, to  20 m  in  th e  n o r th e a s t  (T r e n t e s a u x  et al., 
1994). T h e  sw ale  on th e  n o r th w e s te rn  side  is  k n o w n  a s  th e  
N e g en v a a m  (see above), w h ils t  th e  s o u th e a s te rn  sid e  o f th e  
b a n k  b o rd e rs  th e  U itd iep .

METHODS

Sampling and Processing
E ig h t  s ta tio n s  w ere  sa m p le d  in  F e b ru a ry  a n d  N o v em b er 

2004, over th e  c e n tra l  p a r t  o f th e  K w in te  B an k , to g e th e r  w ith  
4 s ta tio n s  on  th e  a d ja c e n t M id d e lk e rk e  B a n k  in  N o v em b er 
2 004  (F ig u re  1.). T h e  l a t t e r  s a n d b a n k  r e p re s e n ts  a  re fe ren ce  
a re a  fo r m ed iu m -s ize d  san d s; th is  s a n d b a n k  lie s  o u ts id e  th e  
concession  a rea s , h a v in g  n e v e r  b e e n  ex p lo ited . O n th e  K w in te  
B an k , 3 s ta tio n s  w e re  lo ca ted  w ith in  th e  c e n tra l  d e p ress io n  
(K5, K18, K6), 2 s ta tio n s  a lo n g  i ts  w e s te rn  b o rd e r  (K16, K17) 
a n d  2 a t  i ts  e a s te rn  b o rd e r, a t  th e  c re s t  o f th e  s a n d b a n k  (K13, 
K 19). T h e  g ro u p in g  of th e s e  s ta tio n s  is  b a se d  u p o n  a n  a n a ly s is  
o f th e  e x tra c tio n  in te n s i ty  a t  th e  d iffe re n t s ta tio n s , u n t i l  c e s
s a tio n  of e x tra c tio n  in  F e b ru a ry  2003. T h e  v e sse l “b lack -b o x ” 
re co rd s  in d ic a te d  t h a t  s ta tio n s  K5, K 18 a n d  K6 h a v e  b e e n  d is 
tu r b e d  freq u e n tly . O n e  s ta tio n  (K4) w a s  sa m p le d  a t th e  c rest, 
in  a n  u n e x p lo ite d  p a r t  o f th e  b a n k  a sso c ia te d  w ith  co arse  se d i
m e n ts  ly in g  ju s t  to  th e  n o r th  o f th e  d e p re ss io n  on th e  K w in te  
B an k . T h is  s ta tio n  h a s  b e e n  sa m p le d  to  in v e s tig a te  if  i t  can  
b e  c o n s id e re d  a s  a  re fe re n ce  fo r th e  c o arse  se d im e n ts , p re s e n t  
o v er th e  w e s te rn  f la n k  of th e  d ep ress io n .

M ac ro b e n th o s  sa m p le s  w ere  co llec ted  fro m  eac h  s ta tio n  u s 
in g  a V a n  V een  g rab ; for each , 5 re p lic a te  g ra b s  w ere  o b ta in ed . 
F ro m  eac h  of th e  g rabs, a  su b -sam p le  w as  t a k e n  w ith  a  1.5 cm 2 
p e rsp e x  co rin g  tu b e . T h ese  su b -sa m p le s  w ere  d r ie d  im m e d i
a te ly  a t  60°C, fo r g ra n u lo m e tr ic  a n a ly s is . T h e  m ac ro b en th ic  
sa m p le s  w e re  f ir s t  fixed  w ith  fo rm ald eh y d e , th e n  s iev ed  o n 
b o a rd  o v er a  1 m m  m esh -s ize d  sieve. A fte r  s ta in in g  w ith  Rose 
B engal, th e  sa m p le s  w e re  w a sh e d  b y  d é c a n ta tio n  ( re p e a te d  10 
tim es), in  th e  la b o ra to ry  a n d  over a  300 p m  sieve, to  r e ta in  
f ra g m e n te d  o rg a n ism s . A n thozoa, O lig o ch ae ta  a n d  N e m e rte a  
w e re  c o u n te d  a s  g ro u p s  a n d  r e p re s e n ta t iv e s  o f th e  P o ly ch ae ta , 
M ollusca, A rc h ian n e lid a , C ru s ta c e a  a n d  E c h in o d e rm a ta  w ere  
id en tif ie d  u n d e r  a  ste reo sco p ic  m icroscope  to  sp ec ies  leve l 
w h e re  p ossib le .

S e d im e n t su b -sa m p le s  w e re  s iev ed  in  th e  lab o ra to ry , u s 
in g  a co m p le te  co lu m n  of s iev es (4000 to  63 m m ). G ra in -s ize  
p a r a m e te r s  h a v e  b e e n  c a lc u la te d  acco rd in g  to  th e  a p p ro ac h  of
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F o l k  a n d  W akd (1957). S e d im e n t c la ss if ica tio n  w as  d e fin ed  ac 
co rd in g  to  th e  W e n tw o rth  sca le  (W e n t w o r t h , 1922).

W a te r  d e p th  m e a s u re m e n ts  w ere  s ta n d a rd is e d  to  M ean  
Low W a te r  S p rin g s  (M LW S), u s in g  th e  M 2 re d u c tio n  m o d el1.

Statistics
D ifferen ces in  m a c ro b e n th o s  d e n s ity  (log (x+ l) tra n s fo rm e d )  

a n d  sp ec ies  r ic h n e ss  (u n tran s fo rm e d ), b e tw e e n  b o th  sa m p lin g  
p e r io d s  a n d  th e  d iffe re n t lo ca tio n s  d is t in g u ish e d  fo r th e  K w in 
te  B a n k  a n d  th e  M id d e lk e rk e  B an k , w ere  a n a ly se d  by m e a n s  
o f a  tw o-w ay  ANOVA. O v e ra ll s ig n if ic a n t d iffe ren ces w ere  
p a irw ise -c o m p a re d  u s in g  th e  T u k ey  h o n e s t  s ig n ific a n t d iffe r
ence  te s t, fo r u n e q u a l  sa m p le  sizes. F o r  th e  n o n -p a ra m e tr ic  
d a ta , su c h  a s  th e  p e rc e n ta g e s  a n d  a b u n d a n c e s  o f p a r t ic u la r  
tax a , th e  K ru sk a ll-W a llis  A N O V A  by R a n k s  w a s  p re fe rre d ; a f
te r  th is , o v e ra ll s ig n if ic a n t d iffe ren ces w ere  f u r th e r  p a irw ise - 
an a ly sed , fo llow ing  C o n o v e r  (1971). A ll o f th e  u n iv a r ia te  s t a 
t is t ic a l  a n a ly se s  w e re  p e rfo rm e d  w ith  S T A T IST IC A  so ftw a re  
(M icrosoft, S ta tS o ft, Inc., 2000).

A n  o rd in a tio n  w as  p e rfo rm e d  on  fo u rth -ro o t tr a n s fo rm e d  
ab so lu te  sp ec ies a b u n d a n c e s . A  D e tre n d e d  C o rre sp o n d en ce  
A n a ly s is  (DCA, H il l , 1 9 7 9 )  a n d  a C an o n ica l C o rre sp o n d en ce  
A n a ly s is  (CCA, H il l  1 9 7 9 )  w ere  se lec te d  a s  in d ire c t  a n d  d irec t 
g ra d ie n t  an a ly se s , re sp ec tiv e ly , to  i l lu s t r a te  th e  ( d i s s im ila r i 
t ie s  in  sp ec ies com position , b e tw e e n  d iffe re n t p e r io d s  a n d  loca
tions; likew ise , to  re la te  th e m  to  se d im e n t c h a ra c te ris tic s .

d e p re ss io n  a t  th e  K w in te  B a n k  a n d  w ith in  th e  re fe re n ce  a re a  
o f th e  M id d e lk e rk e  B an k , som e d iffe ren ces in  se d im e n t com po
s itio n  c an  be d is tin g u ish e d . In  o rd e r  to  ta k e  in to  acc o u n t se d i
m e n t com position , w h e n  c o m p a rin g  d e n s itie s  o f specific  ta x a  
a n d  g e n e ra  b e tw e e n  th e  d e p re ss io n  a n d  th e  re fe re n ce  a re a  a t  
th e  M id d e lk e rk e  B an k , K 5 w ill be  c o m p a red  w ith  M l  a n d  M2; 
K 6 w ith  M4; a n d  K 18 w ith  M 3. H ow ever, th e s e  “s ta tio n -to - 
s ta tio n ” co m p a riso n s  c o rre sp o n d  to  a  re la tiv e ly  low p o w er o f 
th e  a n a ly s is , to  d e te c t s ig n if ic a n t d ifferences.

Biological Parameters
D ensity , species n u m b e r a n d  m ac ro b en th o s  ta x a  com posi

t io n  h a v e  b e en  com pared , betw een : (a) th e  w e s te rn  b o rd e r  of 
th e  dep ression ; (b) th e  d ep ression ; (c) th e  e a s te rn  b o rd e r  o f th e  
dep ression ; (d) th e  u n e x p lo ited  p a r t  to  th e  n o r th  o f th e  c e n tra l  
dep ression ; (e) a n d  th e  e n tire  M id d e lk e rk e  B ank , a s  a n  u n d is 
tu rb e d  re fe ren ce  a rea . S easo n a l d ifferences, b e tw ee n  F e b ru a ry  
a n d  N ovem ber 2004, h av e  b e e n  a sse sse d  for th e  K w in te  B ank .

Density and species number
In  N o v em b er 2004, e s se n tia l ly  h ig h e r  d e n s i tie s  w ere  r e 

co rd ed  th a n  in  F e b ru a ry  2004  (F ig u re  3.). H ow ever, su c h  s e a 
so n a l d iffe ren ces w e re  on ly  s ig n ific a n t fo r th e  e a s te r n  b o rd e r  
o f th e  d e p re ss io n  (p < 0,05). S im ila rly , th e  sp ec ies  n u m b e r  
in c reased , in  g en era l, from  F e b ru a ry  to  N o v em b er 2004, b u t

RESULTS

Sediment Characteristics
A  g ra d ie n t  c an  be  d isc e rn e d  o v er th e  K w in te  B an k , r a n g 

in g  from  v e ry  co arse  se d im e n t to  th e  n o r th  o f th e  d e p re ss io n  
(s ta tio n  K4), th ro u g h  th e  s lig h tly  le ss  co arse  w e s te rn  b o rd e r  
a n d  th e  h e te ro g e n e o u s  se d im e n ts  o f th e  d ep ress io n , to w a rd s  
th e  f in e r se d im e n ts  a t  th e  e a s te r n  b o rd e r  o f th e  d e p re ss io n  
(F ig u re  2.).

T h e  d e p re ss io n  is  c h a ra c te r is e d  by  re la tiv e ly  h ig h  p e rc e n t
ag es o f fine san d , c o m p a red  to  th e  o th e r  lo ca tio n s . W ith in  th e
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1 (Flemish Hydrography, Division Coast, Agentschap voor M aritiem e D ienstver
lening en K ust (MDK), of the Flem ish Public Administration).

Figure 3. Macrobenthos density per station, a t the different locations 
of the Kwinte Bank and a t the M iddelkerke Bank, for February 2004 
(light grey bars) and November 2004 (darker shaded bars). Note: for 
station locations, see Figure 1.
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Figure 2. Average sedim ent composition a t the sam pling stations of 
the Kwinte Bank and the  M iddelkerke Bank. The average m ean grain- 
size is listed for each station, a t the  top of the column. Note: for station 
locations, see Figure 1.
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locations of the Kwinte Bank and a t the Middelkerke Bank, for 
February 2004 (light grey bars) and November 2004 (darker shaded 
bars). Note: for station locations, see Figure 1.
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Figure 5. Relative abundance per location a t the Kwinte Bank (Northern border, W estern border, Depression, E astern  border) and the  Middelkerke 
Bank (reference location) for different macrobenthos taxa: (a) Annelida; (b) Crustacea; (c) Mollusca; and (d) Echinoderm ata.

Table 1. Significant differences in the relative abundance of particular macrobenthic taxa, between the different locations on the Kwinte Bank and  
the M iddelkerke Bank. Key: * — p  < 0,5; ** — p  < 0.01; and *** —p <  0.001. Note: for the station locations and their description, see Figures 1. and 2.

T axon A nn e lid a

Location Station 4 Western border Depression E a s te rn  b o rd e r Reference area

Station 4 * *** * * * n.s.
03
Ctí Western border ** ** n.s. n.s.
cctí
-

O
Depression *** *** n.s. * * *

Eastern border *** *** n.s. **

Reference area * * n.s. *** * * *

T axon M ollusca

Location Station 4 Western border Depression E a s te rn  b o rd e r R eferen ce  a re a
cC
'S Station 4 n.s. ** * * * * * *

B
03 W estern border n.s. n.s. * * * * * *

Otí Depression n.s. n.s. * *

O Eastern border * n.s. * n.s.

Reference area *** * *** n.s.
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T ab le  2. S ig n if ic a n t d iffe ren ces  in  d e n s ity  o f  p a r t ic u la r  m a c ro b e n th ic  ta x a  b e tw een  th e  d iffe r e n t lo ca tio n s  a t  th e  K w in te  B a n k  a n d  th e  M id d e lk e rk e  
B a n k  (* = p  < 0,5, ** = p  < 0.01, *** = p  < 0.001).

T axon O p h iu ra  spec ies

Location Station 4 Western border Depression Eastern border Reference area

£3 Station 4 n.s. n.s. n.s. n.s.

E
ch

in
oc

ar
di

co
rd

at
ui

r

W estern border n.s. * n.s. n.s.

Depression * ** ** ***

Eastern border n.s. n.s. n.s. n.s.

Reference area n.s. n.s. * n.s.

T axon A m phipoda

X.0)
'50)

Location Station 4 Western border Depression Eastern border Reference area

Station 4 * *** *** *
¡X
es

'<3
-c
srC
eS

W estern border n.s. ** n.s. n.s.

Depression ** * n.s. ***

Eastern border n.s. n.s. n.s. *
m Reference area n.s. n.s. * n.s.

T axon T ellim ya fe rru g in o sa

Location Station 4 Western border Depression Eastern border Reference area

n.s. * n.s. n.s.

W estern border ** n.s. n.s.

Depression n.s. **

Eastern border n.s.

s ig n ific a n t on ly  in  th e  d e p re ss io n  (p < 0,01). O n ly  to  th e  n o r th  
o f th e  d e p re ss io n  (S ta tio n  K4), th e  sp ec ies  n u m b e r  d e c re a sed  
s lig h tly  b e tw e e n  th e  tw o  sa m p lin g  p e rio d s .

D e n s ity  a n d  sp ec ies  n u m b e r  w e re  s ig n ific a n tly  h ig h e r  a t  
S ta tio n  K 4 (p < 0,005, p  < 0 ,0005, resp ec tiv e ly ), in  c o m p ariso n  
w ith  a ll th e  o th e r  K w in te  B a n k  loca tions, in  F e b ru a ry  2004. 
T h is  d iffe ren ce  s ti ll  e x is te d  for d e n s ity  in  N o v em b er 2004, 
b u t  w a s  n o t o b se rv ed  a n y m o re  for th e  sp ec ies  n u m b er, since 
th e  sp ec ies  n u m b e r  in  N o v em b er d e c re a se d  a t  s ta tio n  4 a n d  
in c re a s e d  a t  th e  o th e r  s ta tio n s  in  co m p ariso n  w ith  F e b ru a ry  
(F ig u re  4.). D e n s ity  a n d  sp ec ies  r ic h n e s s  a re  a lso  s ig n if ic a n t
ly h ig h e r  a t  s ta tio n  K4, in  co m p ariso n  w ith  th e  e n tire  M id 
d e lk e rk e  B a n k  (p < 0 ,0005  a n d  p  < 0,05, resp ec tiv e ly ).

D e n s ity  o r sp ec ies  n u m b e r  d a ta  do n o t p e rm it  d if fe re n ti
a tio n  o f th e  d ep ress io n , from  i ts  w e s te rn  b o rd e r  o r  from  i ts  
e a s te rn  b o rd e r, for n e i th e r  o f th e  tw o  p erio d s . T h e  d e p ress io n  
is  c h a ra c te r is e d  b y  a n  in te rm e d ia te  d en sity , b e tw e e n  th o se  of 
th e  w e s te rn  a n d  th e  e a s te rn  b o rd e rs . T h e  sp ec ies  n u m b e r  w as 
v e ry  s im ila r  o v er th e  e n ti re  c e n tra l  p a r t  o f t h e  K w in te  B ank , 
w ith o u t a n y  d is tin c tio n  b e tw e e n  th e  d e p re ss io n  a n d  th e  w e s t
e rn  or th e  e a s te rn  b o rd e rs . No d iffe ren ces cou ld  b e  d e tec ted , in  
t e rm s  of d e n s ity  o r sp ec ies  n u m b e r , b e tw e e n  th e  c e n tr a l  p a r t  
of th e  K w in te  B a n k  a n d  th e  e n ti re  M id d e lk e rk e  B an k .

Taxon composition
In  c o n tra s t  to  th e  f in d in g s  co n ce rn in g  to ta l  m ac ro b en th ic  

d e n s ity  a n d  sp ec ies  n u m b e r  (see above), c le a r  d iffe ren ces in  
ta x o n  co m p o sitio n  cou ld  b e  d e te c te d  b e tw e e n  d iffe re n t lo ca 
tio n s  on th e  K w in te  B an k .

T h e  re la tiv e  a b u n d a n c e  of A n n e lid a  w a s  c le a r ly  lo w est 
in  th e  d e p re ss io n  a n d  d iffe red  s ig n ific a n tly  from  th e  c o a rse r

s e d im e n ts  o f S ta tio n  K 4 (n o r th e rn  b o rd e r), th e  w e s te rn  b o r 
der, a n d  th e  M id d e lk e rk e  B a n k  (F ig u re  5a. a n d  T ab le  1.). T h e  
lo w est re la tiv e  a b u n d a n c e  of A n n e lid a  c o rre sp o n d e d  w ith  th e  
h ig h e s t  re la tiv e  a b u n d a n c e  o f C ru s ta c e a , w ith in  th e  d e p re s 
sio n  (F ig u re  5b.).

T h e  c o n tr ib u tio n  of m o llu sc s  d e c re a s e s  from  th e  c o a rse s t 
u n d is tu r b e d  p a r t ,  o v e r th e  w e s te rn  b o rd e r  o f th e  d e p re s 
s io n  a n d  th e  d e p re ss io n , to w a rd s  th e  e a s te r n  b o rd e r  a n d  th e  
M id d e lk e rk e  B a n k  (F ig u re  5c.). T h e  d e p re ss io n  is  a sso c i
a te d  w ith  a n  in te rm e d ia te  a m o u n t o f m o llu scs. V a lu e s  fo r

T a b le  3. S ig n if ic a n t d iffe ren ces  in  d e n s ity  o f  p a r t ic u la r  m a c ro b e n th ic  
taxa , be tw een  spec ific  s ta tio n s  in  th e  d ep re ssio n  o f  th e  K w in te  B a n k  a n d  
s ta tio n s  w ith  a s im ila r  s e d im e n t c o m p o sitio n  to th a t  a t  th e  M id d e lk e rk e
Bank. (* - p  < 0,5, ** = p <  o.Ol, *** =p <0.001).

K5 co m p ared  
to  M l -M 2

K6 co m p ared  
to  

M4

K18 co m p ared  
to  M3 o r  K16 - 

K17 (1)

Annelida * n.s. n.s.

Crustacea * * * *

Mollusca n.s. * n.s.

Echinodermata * * * n.s.

Ophiura * * * * n.s.

Echinocardium n.s. n.s. * d )

Amphipoda * * n.s. *

Bathyporeia * n.s. n.s.

Tellimya n.s. n.s. n.s.
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F ig u re  6. C C A -plo t o f a ll  o f th e  s ta t io n s ,  w ith  so m e  sp ec ie s  c h a r a c te r iz in g  th e  d e p re ss io n . Im p o r ta n t  s e d im e n t c h a ra c te r is t ic s  a re  p lo t te d  on  th e  
g ra p h . K ey: F - F e b ru a ry  2004: N- N o v e m b er 2004 : K- K w in te  B an k : a n d M -  M id d e lk e re  B an k ).

th e  d e p re ss io n  a re  s ig n if ic a n tly  lo w e r t h a n  a t  S ta tio n  K4; 
th e y  a re  s ig n if ic a n tly  h ig h e r  t h a n  th e  e a s te r n  b o rd e r  a n d  on 
th e  M id d e lk e rk e  B a n k  (T ab le  1.). A  s im ila r  d e c re a s in g  l in 
e a r  t r e n d  c an  b e  id e n tif ie d  fo r th e  e c h in o d e rm s  (F ig u re  5d.). 
H ow ever, fo r th is  ta x o n  th e  d e p re ss io n  y ie ld s  th e  h ig h e s t  
re la tiv e  a b u n d a n c e ;i t  is  s l ig h tly  g r e a te r  t h a n  a t  S ta t io n  K4, 
a n d  s ig n if ic a n tly  m o re  t h a n  o v e r th e  e a s te r n  p a r t  a n d  th e  
M id d e lk e rk e  B a n k  (T ab le  1.).

T re n d s  in  th e  d is tr ib u tio n  of th e s e  ta x a , over d iffe re n t lo ca 
tio n s  a t  th e  K w in te  B an k , co u ld  b e  d e te c te d  fo r b o th  perio d s .

In  su m m ary , th e  d e p re ss io n  y ie ld s  re la tiv e ly  le s s  a n n e lid s  
a n d  m o re  c ru s ta c e a n s  a n d  e ch in o d erm s, th a n  a n y  of th e  s ites; 
lik ew ise  a n  in te rm e d ia te  n u m b e r  of m o llu scs b e tw e e n  th e  
c o a rse r  se d im e n ts , to  th e  w e s t a n d  n o rth , a n d  th e  s e d im e n ts  of 
th e  e a s te rn  b o rd e r  a n d  th e  M id d e lk e rk e  B an k . T h e  d e p ress io n  
show s a  so m e w h a t h ig h e r  s im ila r ity  to  th e  w e s te rn  b o rd e r, 
for th e  re la tiv e  a b u n d a n c e  of m o llu scs a n d  e ch in o d erm s, a n d  
seem s m ore  s im ila r  to  th e  e a s te rn  b o rd e r  in  re la tio n  to  th e  
re a l tiv e  a b u n d a n c e  o f a n n e lid s  a n d  c ru s ta c e a n s .

T h e  p a r t ic u la r  c h a ra c te r is tic s  o f th e  d e p re ss io n  w ere  con
firm e d  a lso  b y  th e  DCA- a n d  CC A  a n a ly se s  (F ig u re  6.). S ta tio n  
K4 is  s e p a ra te d  c le a rly  from  th e  o th e r  lo ca tio n s  a n d  is  r e la te d  
c lo ses t to  th e  w e s te rn  b o rd e r; th is , in  tu rn ,  is  c h a ra c te r is e d  
b y  a n  im p o v e rish e d  co arse  s a n d  co m m u n ity . T h e  M id d e lk e rk e  
B a n k  show s a p p ro x im a te ly  th e  h ig h e s t  s im ila r ity  to  th e  w e s t
e rn  b o rd e r  o f th e  K w in te  B an k , a lo n g  th e  f i r s t  axis, w h e re a s  
th e  e a s te rn  p a r t  a n d  (c learly ) th e  d e p re ss io n  a re  s e p a ra te d  
a lo n g  th e  second  axis. O n  th e  C C A -plot, som e sp ec ies  t h a t  can

b e  a sso c ia te d  w ith  th e  d iffe ren ces in  sp ec ies  com p o sitio n  of th e  
s ta tio n s , w ith in  th e  c e n tra l  d ep ress io n , h a v e  b e e n  p lo tted .

F ig u re  7. i l lu s tra te s  t h a t  th e  d ep ress io n  y ie ld s h ig h e r  m ea n  
d e n s itie s  of O p h iu ra  species (13 in d ./m 2), E ch in  oca rd iu m  corda
tu m  (11 in d ./m 2), T ellim ya  ferru g in o sa  (9 in d ./m 2), A m phipoda  
(145 in d ./m 2) and, in  p a r tic u la r , B a th yp o re ia  species (70 ind ./ 
m 2) (see T ab le  2. for s ig n ifican t differences), th a n  th e  o th e r  lo
ca tions. T h ese  species a re  im p o r ta n t  in  d is tin g u ish in g  th e  d if
fe re n t a re a s  w ith in  th e  DCA- a n d  CCA an a ly se s. S ig n ifican t 
d ifferences for a ll o f th e s e  ta x a  w ere  o b ta in e d  for b o th  F e b ru a ry  
a n d  N o vem ber 2004. C o m p arin g  each  s ta tio n  of th e  depression , 
w ith  s ta tio n s  h a v in g  s im ila r  se d im e n t c h a ra c te ris tic s  a s  a t  th e  
M id d e lk e rk e  B ank , th u s  red u c in g  th e  p o w er o f th e  an alysis, 
m a n y  of th e  d ifferences re m a in  s ig n ifican t (T able 3.).

DISCUSSION

Density and Species Number
Im p a c ts  of d red g in g  ac tiv itie s  on  m ac ro b en th o s  a re  w ell 

d o cu m en ted  e lsew h ere  a n d  describe  c h an g es  in  d ensity , d iv e r
s ity  a n d  co m m u n ity  s tru c tu re  (see B o y d  et al., 2003; N e w e l l , 

S e i d e e e e , a n d  H it c h c o c k , 1998, for re ferences). A s a re s u lt  of 
s a n d  ex trac tio n , a  decrease  in  m ac ro b en th ic  d e n s ity  a n d  sp e 
cies r ich n e ss  can  be  ex p ec ted  ( D e s p b e z , 2000; N e w e l l , S e i d e e e e , 

a n d  H it c h c o c k , 1998). D red g es im p ac t d irec tly  u p o n  th e  species 
t h a t  live on o r n e a r  th e  seafloor, a s  th e  d red g e  p ip es  phy sica lly  
d is tu rb  th e  h a b ita t,  w h en  th e y  a re  d rag g ed  acro ss  th e  seafloor.
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Figure 7. Density per location for the Kwinte Bank (Northern border, 
W estern border, Depression, E astern border) and the Middelkerke 
Bank (reference location) for different macrobenthos taxa: (a) Ophiura 
species: (b) Echinocardium cordatum: (c) Amphipoda: (d) Bathyporeia 
spp.: and (e) Tellimya ferruginosa.

A s study , th e  d irec t im p acts , th ro u g h  th e  rem o v a l o f th e  fau n a , 
a re  u n d e n ia b le . V a n o s m a e l  et al. (1979) s tu d ie d  th e  rem o v a l of 
m ac ro b en th ic  o rg a n ism s  by  s a n d  e x tra c tio n  in- s itu  in  B elg ian  
te r r i to r ia l  w a te rs , b y  follow ing th e  d u m p in g  of d e ad  a n d  live 
o rg a n ism s  b y  th e  s a n d  e x tra c tio n  vessel. 45 % of th e  an im a ls  
re ta in e d  on th e  sieve a b o a rd  th e  vessel, th e n  d u m p ed  in to  th e

sea, w ere  fa ta lly  d am aged ; th e s e  acco u n ted  for 70 % of th e  b io 
m ass. M olluscs c o n tr ib u te d  m ain ly  to  th is  p e rce n ta g e  of fa ta lly  
d a m a g ed  fau n a . S a m p lin g  th e  e x tra c tio n  s ite  befo re  a n d  a f te r  
d red g in g  re v ea le d  a re d u c tio n  in  th e  m ac ro b en th ic  abun d an ce , 
b y  80 % (V a n o s m a e l  et a l ,  1979). In  th e  p re s e n t  s tudy , no  dif
fe ren ces in  d e n s ity  a n d  species r ich n e ss  cou ld  b e  de tected , be-
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tw e en  a n  in te n s iv e ly  ex p lo ited  a re a  a n d  th e  re fe ren ce  s ite s  on 
th e  M id d e lk e rk e  B an k . T h e  h ig h e r  d e n s ity  a t  S ta tio n  K 4 is r e 
la te d  m a in ly  to  th e  n a tu ra lly  h ig h e r  a b u n d an c e  of in te r s t i t ia l  
p o lychaetes, w ith in  th e s e  coarse  se d im e n ts  (V a n o s m a e l  et al., 
1982). D a ta  p re se n te d  in  th is  s tu d y  d a te  a re  c h a ra c te ris tic  of 
th e  depression , a f te r  o r d u rin g  ecological recovery, since d re d g 
in g  o ver th is  a re a  h a s  b e en  p ro h ib ite d  since F e b ru a ry  2003. 
H ence, p o st-e x tra c tio n  c h a ra c te ris tic s  a re  d esc rib ed  for a n  area , 
to p o g rap h ica lly  a n d  geom orpholog ically  a lte re d  by  sa n d  e x tra c 
tion ; th is , in  tu rn , m ay  im p ly  la s tin g  ecological d ifferences w ith  
th e  n a tu r a l  su rro u n d in g s . C o m m u n itie s  in h a b itin g  san d y  sed i
m e n ts  a re  m a in ta in e d  in  a  t r a n s it io n a l  s ta te  b y  n a tu r a l  en v i
ro n m e n ta l d is tu rb a n c e  a n d  a re  lik e ly  to  reco v er w ith in  a  p e rio d  
of 2-3 y ears, a f te r  th e  cessa tio n  of d red g in g  (N e w e l l , S e id e e e e , 
a n d  H it c h c o c k , 1998). T h e  r a te  o f recovery  is  h ig h ly  v a riab le , 
d ep en d in g  u p o n  th e  ty p e  of com m unity , th e  la t i tu d e  a n d  th e  
e x te n t to  w hich  th e  co m m u n ity  a d a p ts  n a tu ra l ly  to  h ig h  levels 
of sed im e n t d is tu rb a n c e  a n d  su sp en d e d  p a r tic u la te  lo ad  (N e w 
e l l , S e id e e e e , a n d  H it c h c o c k , 1998). A ccording to  R e e s  (1987), 
co lon isa tion  by  a  ra n g e  of in fa u n a l species w ill occur in  soft 
se d im e n ts  w ith in  w eek s o r m o n th s , d ep en d in g  u p o n  season, 
la rg e ly  th ro u g h  la rv a l re c ru itm e n t. Also, d iv e rs ity  w ill in c re ase  
by  th e  im m ig ra tio n  of in v ad in g  species. A ccording to  N e w e l l , 
S e id e e e e , a n d  H it c h c o c k , (1998), d e n s ity  is  th e  f irs t co m m u n ity  
p a ra m e te r  w h ich  re ac h es  th e  p re -d is tu rb a n c e  level, one y e a r  a f
t e r  th e  cessa tio n  of th e  d is tu rb a n c e  activ ity . S u b seq u en tly , th e  
species r ich n e ss  s tab ilize s  follow ing p o te n tia l  in c re ase  d u rin g  
th e  p e rio d  over w h ich  th e  co m m u n ity  evolves in to  i ts  f in a l s ta te . 
S ince sam p lin g  for th e  p re se n t  s tu d y  h a s  ta k e n  p lace  one y e a r  
a f te r  th e  cessa tio n  of d redg ing , th e  d irec t effects of th e  d is tu r 
b an ce  a re  n o t b e in g  d e tec ted  anym ore ; a s  such, th e  co m m u n ity  
re p re se n ts  a  t r a n s it io n a l  s ta te . V a n a v e k b e k e  et al., (2007) h av e  
i lu s tr a te d  re ce n tly  t h a t  m ac ro b en th ic  d e n s ity  a n d  d iv e rs ity  in  
th e  K w in te  B a n k  c e n tra l d ep ress io n  w a s  low, im m e d ia te ly  fol
low ing th e  cessa tio n  of d red g in g  (M arch  2003), in c re as in g  d is 
tin c tly  one y e a r  la te r.

Species Composition
T h e  d e p re ss io n  is  d is t in g u ish e d  c le a rly  from  i ts  s u r ro u n d 

ings, on  th e  b a s is  of g eo m orpho log ica l a n d  sed im en to lo g ica l 
c h a ra c te r is tic s  (B e l l e c  et al.; D e g r e n d e l e  et al., t h is  vo lum e). 
H ow ever, th e  d iffe ren ces  in  ecological p a r a m e te r s  w e re  n o t a s  
s tra ig h tfo rw a rd .

V a n o s m a e l  et al. (1982) d e sc rib e d  tw o  m a jo r  co m m u n itie s  
on th e  K w in te  B an k , a t  th e  e n d  of th e  1970s: a  r ich  c o m m u 
n ity  o v er th e  n o r th e r n  p a r t  o f th e  sa n d b a n k , in c lu d in g  S ta tio n  
K4, to g e th e r  w ith  p o o re r c e n tra l  a n d  s o u th e rn  c o m m u n itie s . 
T h ese  c o m m u n itie s  c o rre sp o n d  to  th e  N e p h ty s  c irrosa  c o m m u 
n ity  a n d  th e  O phelia  lim a c in a  - G lycera la p id u m  co m m u n ity , 
re sp ec tiv e ly ; or, m o re  p a r tic u la r ly , to  a  t r a n s i t io n a l  spec ies 
a sso c ia tio n  b e tw e e n  th e s e  tw o  co m m u n itie s  (V a n  H o e y , D e - 
g e a e e , a n d  V in o x  (2004)). In  V a n  H o e y , D e g k a e k , a n d  V in c x  
(2004) siev in g  live sp e c im en s  u n d e r s t im a te d  th e  m e a n  d e n s ity  
o f th e  O phelia  l im a c in a  - G lycera la p id u m  co m m u n ity , due  
to  th e  h ig h  lo ss of in te r s t i t ia l  p o ly ch ae te s . T h e  m ac ro b en th ic  
ta x o n  com positions, d e te c te d  b e tw e e n  th e  d iffe re n t s i te s  o f th e  
p re s e n t  s tu d y , a ll fa ll w ith in  th e  ra n g e  of th e  sp ec ies  com po
s it io n s  d e sc rib e d  fo r th e  ty p ic a l s a n d b a n k  c o m m u n itie s  (V a n  
H o e y , D e g k a e k , a n d  V in o x  , 2004). S ta tio n s  K5 a n d  K6 w ere  
sa m p le d  p re v io u s ly  b y  V a n o s m a e l  et al. (1982). A t t h a t  tim e, 
S ta tio n  K6 w a s  c la ss if ied  w ith in  th e  s o u th e rn  K w in te  B a n k  
co m m u n ity , b u t  S ta tio n  K5 sh o w ed  a h ig h e r  s im ila r ity  to  th e  
co m m u n ity  fo u n d  a t S ta tio n  K4, t h a n  in  th e  p re s e n t  s tu d y .

S u ch  a  d ifferen ce  m ay  b e  a co n seq u en ce  o f th e  d isa p p e a ra n c e  
o f v e ry  la rg e  d u n e s  a t  t h a t  s ta tio n , w h ich  w ere  p re s e n t  in  th e  
197 0 's  b u t  h a v e  la rg e ly  d is a p p e a re d  fro m  th e  p re s e n t  d e p re s 
sion  (D e g r e n d e l e  et al., th is  vo lum e). T h e  h ig h e r  s im ila r ity  of 
S ta tio n  K5 to  S ta tio n  K4, in  th e  1 9 7 0 's  c o rre sp o n d e d  a lso  w ith  
a  h ig h e r  s im ila r ity  in  se d im e n t c h a ra c te ris tic s , b e tw e e n  b o th  
o f th e  s ta tio n s  (V a n o s m a e l  et al., 1982).

W ith in  th e  p re se n t  s tudy , s ig n ifican t d ifferences h a v e  b een  
d e tec ted  in  th e  re la tiv e  a b u n d an c e  of an n elid s, c ru s tac ea n s , 
e ch in o d erm s a n d  m olluscs and , in  p a r tic u la r ,  O p h iu ra  species, 
E ch in o ca rd iu m  co rda tum , a m p h ip o d s  (B a th yp o re ia  species) 
a n d  th e  b iv alv e  T ellim ya  ferrug inosa , b e tw ee n  th e  d iffe ren t lo
ca tions. T he la t te r  species h a s  a  co m m en sal re la tio n sh ip  w ith  
E. co rda tum  (D a a n , M u l d e r , a n d  V a n l e e u w e n , 1994). Urothoe 
poseidon  is, a n  a m p h ip o d  liv ing  in  th e  b u rro w  of th e  ech in o id  E. 
co rda tum  (G il l a n , R ib e s s e , a n d  d e  R id d e r , 2004), w as  obse rv ed  
f req u e n tly  also  in  th e  d ep ress io n  in  th e  p re se n t  s tu d y . E. cor
d a tu m  h a s  b e en  d esc rib ed  a s  a  ty p ica l species b e lo n g in g  to  an  
e q u ilib riu m  co m m u n ity  and , a s  such, of th e  f in a l s tag e  a f te r  
recovery  took  p lace  (N e w e l l , S e id e e e e  a n d  H it c h c o c k , 1998). 
A n in te re s t in g  o b se rv a tio n  is  t h a t  th e  p re se n t  s ta te  of th e  com 
m u n ity  in  th e  d ep ress io n  y ie lds m ore  E. co rda tum  in d iv id u a ls , 
th a n  w ere  fo u n d  on th e  e a s te rn  b o rd e r  o r on th e  M id d e lk e rk e  
B ank , o r d u rin g  an y  of th e  sam p lin g  u n d e r ta k e n  in  th e  1970 's 
or 199 0 's (B o n n e , 2003; V a n o s m a e l  et al., 1982). E. corda tum  
h a s  b e en  d esc rib ed  a s  one of th e  d o m in a n t species of th e  m ac 
ro b e n th ic  co m m u n ity  fo und  w ith in  th e  B e lg ian  C o a sta l B a n k s  
(D e g r a e r  et al., 1999), w h e re  m a te r ia l  in  su sp en s io n  is  g e n e r
a lly  h ig h e r  th a n  over th e  F le m ish  B a n k s  (G o v a e r e  et al., 1980). 
S ince E. corda tum  is  a  se lective  deposit feeder, i t  m ay  b e  con
clu d ed  th a t  th e  h ig h  a b u n d an c e  of E. co rda tum  in  th e  d e p re s 
sion (w ith  a  m ea n  of 11 in d ./m 2), in d ic a te s  t h a t  m ore  o rg an ic  
m a te r ia l  m ay  be  d ep o sited  in  th e  d ep ress io n  th a n  is n o rm ally  
th e  case  on th e  su rro u n d in g  sa n d b a n k  crest. B e l l e c  et al. ( th is  
volum e), h a v e  p o in te d  o u t t h a t  f lu id  m u d d y  la y e r  is  deposited , 
d u rin g  th e  ebb p h a se  of th e  tide , in  th e  d ep ress io n . C olon isation  
d ep en d s  u p o n  th e  a v a ilab ility  of su ita b le  food, b u t  m ay  occur 
o p p o rtu n is tica lly , th ro u g h  m ig ra tio n  of a d u lts  in to  th e  a rea , or 
v ia  la rv a l  re c ru i tm e n t  (R e e s , 1987). A ctive m ig ra tio n  of a d u lt 
E. co rda tum  in d iv id u a ls , to  th e i r  m o st fav o rab le  h a b ita t,  h a s  
b e en  o b se rv ed  (O z o l in ’sh  a n d  N ek r a so v a , 2003). S e d im e n ta tio n  
of o rg an ic  m a te r ia l  is  co n sid ered  to  p e rm it th e  develo p m en t of 
a  d en se  p o p u la tio n  of E . co rda tum  . T h is  species re w o rk s  th e  
o rg an ic  m a tte r , in to  th e  sed im en t, w h ich  m ay  h a v e  c au sed  th e  
b io tu rb a tio n  o b se rv ed  in  th e  cores of th e  d ep ress io n  (B e l l e c  et 
al., th is  volum e). T he h ig h e r  ech in o d erm  d e n s ity  confirm s th a t  
th e  d ep ress io n  h a s  s im ila r  sed im en to log ica l c h a ra c te ris tic s  to 
th e s e  in  th e  sw ale  w here , genera lly , m u ch  m ore  o rg an ic  m a te 
r ia l  is  av a ilab le  a n d  d e n se r  m ac ro b en th o s  c o m m u n itie s  a n d  a 
h ig h e r  b io tu rb a tio n  a re  fo und  (B o n n e , 2003; T r e n t e s a u x  et al., 
1994; V a n  H o e y , D e g r a e r , a n d  V in o x , 2004). G astrosaccus sp in i
fe r  occu rred  a b u n d a n tly  in  th e  sa m p le s  w ith in  th e  depression , 
in d ic a tin g  a n o th e r  s im ila r ity  w ith  th e  sw ale  en v iro n m en t. A t 
th e  F le m ish  B anks, m y sid s a re  s ig n ifican tly  m ore  a b u n d a n t  in  
th e  sw ales, th a n  on  th e  s a n d b a n k  c re s ts  (D e w io k e , 2001). A t 
i ts  so u th e rn  end, th e  d ep ress io n  co nnects to  th e  K w in te  Sw ale 
a n d  is  su b jec t to  s tro n g  flood tid a l  c u r re n ts  (B e l l e c  et al., th is  
volum e; D e g r e n d e l e  et al., th is  volum e). Such  c u r re n ts  cau se  
e rosion  over th e  w e s te rn  p a r t  o f th e  K w in te  B a n k  a n d  induce  
h y d ro d y n am ic  c h a ra c te ris tic s  w h ich  a re  s im ila r  to  th e  sw ale  
e n v iro n m en t in  th e  d ep ress io n  (G a r e l , th is  volum e).

V a n a v e k b e k e  et al., (2007) d id  n o t id e n tify  a n y  d iffe ren ces in  
ta x o n  com p o sitio n  over th e  c e n tra l  p a r t  o f th e  K w in te  B a n k  r e 
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la te d  to  th e  lack  of a n y  ta x o n  co m p o sitio n  a n a ly se s , a t  a  sm a ll 
s p a t ia l  scale . T h ese  in v e s tig a to rs  a n a ly se d  to ta l  p ro p o rtio n  
o f m a jo r  tax o n o m ic  g ro u p s  in c o rp o ra tin g  th e  d a ta  from  a ll of 
th e  s ta tio n s , w ith o u t d is tin g u ish in g  th e  w e s te rn  a n d  e a s te rn  
b o rd e r, from  th e  d ep ress io n . M oreover, th e y  sa m p le d  o n ly  th e  
c e n tra l  a n d  th e  n o r th e r n  p a r t  of th e  d e p re ss io n  o m ittin g  th e  
s o u th e rn  p a r t  of th e  d ep ress io n , w h e re  th e  h ig h e s t  d e n s itie s  of 
E . co rd a tu m  h a v e  b e e n  re co rd e d  in  th e  p re s e n t  s tu d y .

T h e  a n n e lid , c ru s ta c e a n  a n d  ech in o d e rm  c o n trib u tio n s , 
b e tw e e n  th e  v a r io u s  loca tions, does n o t re flec t a  s ig n ifican t 
d iffe ren ce  w ith  th e  d iffe re n t c o m m u n itie s , a s  th e y  h a v e  b e en  
d e fin ed  fo r th e  K w in te  B a n k  a n d  o th e r  B e lg ian  su b tid a l  s a n d 
b a n k s . O n th e  K w in te b an k , a  t r a n s i t io n a l  sp ec ies  a sso c ia tio n  
b e tw e e n  th e  N e p th y s  c irrosa  a n d  th e  O phelia  l im a c in a  - G lyc
era la p id u m  c o m m u n ity  can  b e  d e fin ed  in  g e n e ra l te rm s , 
c h a ra c te r is e d  b y  m ob ile  p o ly ch a e te s  (e.g. N e p h ty s  c irrosa) 
a n d  c ru s ta c e a n s  (e.g. B a th y p o re ia  spp.). Sp ec ies c o n tr ib u tio n  
d ifferences, b e tw e e n  se v e ra l c o m b in a tio n s  o f t r a n s i t io n a l  sp e 
c ies a sse m b la g es , e x is t b u t  a re  n o t d is t in g u ish e d  a s  a  s e p a 
r a te  co m m u n ity  on  th e  la rg e r  s p a t ia l  scale . T h e  h ig h  m o b il
i ty  of th e  species, th e  p o v e rty  a n d  th e  w ide  n ich e -w id th  of 
th e  co m m u n ity , to g e th e r  w ith  th e  e x te n t  to  w h ich  th e  com 
m u n ity  is  a d a p te d  to  h ig h  lev e ls  o f se d im e n t d is tu rb a n c e  in  
th e s e  d y n am ic  sy s tem s, m a k e s  it  d ifficu lt to  d e te c t th e  effect 
o f a n th o p ro g e n ic a lly - in d u ce d  p h y s ic a l d is tu rb a n c e . M oreover, 
c o m m u n itie s  o f h ig h -s tre s s  a re a s  a re  c h a ra c te r is e d  by  h ig h e r  
g ro w th  r a te s  ( J e n n e s  a n d  D u in e v e l d , 1985) and , hence , m ore  
c ap a b le  o f r e a d ju s te m e n t  to  th e  im p a c t of d re d g in g  o p e ra tio n s  
(D e s p r e z , 2000). S a n d  e x tra c tio n  h a s  c re a te d  a  d iffe re n t h a b i 
t a t  on th e  K w in te  B an k , to  w h ich  th e  b e n th ic  f a u n a  h a s  a d 
ju s te d , w ith in  th e  w ide  n ich e  w id th  of th e  co m m u n ity . S uch  
a d ju s tm e n ts  do n o t  m e a n  t h a t  no  ch an g e  h a s  b e e n  d e tec ted , it 
is  ju s t  n o t s ig n ific a n t on  th e  la rg e r  s p a t ia l  scale; i t  in d ic a te s  
th a t ,  locally, a  s a n d b a n k  e n v iro n m e n t h a s  b e e n  c re a te d  w ith  
g re a te r  s im ila r ity  to  th e  sw ale  sy s te m  ( th a n  w o u ld  n a tu r a l ly  
b e  th e  case). T h e  e v o lu tio n  of th e  c o m m u n ity  d e p e n d s  u p o n  
th a t  of th e  se d im e n ts  a n d  geom orphology  a n d  h y d ro d y n a m 
ics, w ith in  th e  d ep ress io n . N o n e th e le s s , i t  is  u n lik e ly  t h a t  th e  
o r ig in a l w e s te rn  f la n k  w ill b e  re s to red , s ince  th e  a re a  is  s u b 
jec t to  e ro sio n  (B r iè r e  et al. t h is  v o lu m e ; G a r e l , V a n  d e n  E y n d e  
et al., t h is  vo lum e). In  th e  lo n g er te rm , i t  is  a n tic ip a te d  th a t  
th e  s a n d b a n k  w ill sh if t s lig h tly  to  th e  e as t, to  e s ta b lish  a  new  
e q u ilib r iu m  (B r iè r e  et al., t h is  vo lum e). In  th e  l a t t e r  case, th e  
m a c ro b e n th ic  fa u n a  in  th e  d e p re ss io n  w ill develop  f u r th e r  to 
w a rd s  a  ty p ic a l “sw ale  c o m m u n ity ”. M o n ito rin g  th e  n o r th e rn  
d e p re ss io n  on  th e  K w in te  B ank , c re a te d  a lso  b y  s a n d  e x tra c 
tion , w ill e s ta b l ish  if  th e  e v o lu tio n  in  th e  n o r th , w h e re  th e r e  is  
no  co n n ec tio n  b e tw e e n  th e  d e p re ss io n  a n d  a n  a jo in in g  sw ale, 
w ill d iffe r from  th e  o b se rv ed  t r e n d  in  th e  c e n tra l  d ep ress io n .

CONCLUSIONS

• M ac ro b e n th o s  d e n s ity  a n d  sp ec ies  r ic h n e s s  w a s  s im ila r  
o v er th e  e n tire  c e n tra l  p a r t  o f th e  K w in te  B a n k  a n d  th e  
M id d e lk e rk e  B an k .

• S e a so n a l v a r ia tio n  w as  le s s  im p o r ta n t,  th a n  s p a t ia l  d iffe r
ences.

• A  d e p re ss io n  c re a te d  b y  s a n d  e x tra c tio n  w a s  c h a ra c te r is e d  
b y  a  lo w er re la tiv e  a b u n d a n c e  of a n n e lid s  (%), to g e th e r  w ith  
a  h ig h e r  re la tiv e  a b u n d a n c e  o f c ru s ta c e a n s  (%) a n d  e ch in o 
d e rm s  (%) th a n  i ts  su r ro u n d in g s  a n d  a n  u n e x p lo ite d  s a n d 
b a n k  a s  re fe re n ce  lo ca tion . H ig h e r  d e n s itie s  of O p h iu ra

sp ec ies  (13 in d ./m 2), E ch in o ca rd iu m  co rd a tu m  (11 in d ./m 2), 
T e llim ya  fe r ru g in o sa  (9 in d ./m 2), A m p h ip o d a  ( 145 in d ./m 2) 
and , in  p a r tic u la r ,  B a th y p o re ia  sp ec ies  (70 in d ./m 2) w ere  r e 
sp o n s ib le  for th e s e  h ig h e r  ta x o n  co n tr ib u tio n s .

• T h e  c e n tra l  d e p re ss io n  (w hich  is  p ro b a b ly  n o t go ing  to  in fill 
u n d e r  p re v a ilin g  h y d ro d y n a m ic  con d itio n s) show s s im ila r i
tie s  to  th e  sw ale  en v iro n m en t, b a s e d  a lso  u p o n  th e  m ac 
ro b e n th ic  fa u n a .

• T h e  sp ec ies  co m p o sitio n  o b se rv ed  in  th e  d e p re ss io n  com 
p a re s  to  th e  w id e  ra n g e  of sp ec ies  a sse m b la g e s  d esc rib e d  
e a r l ie r  for th e  K w in te  B a n k  to g e th e r  w ith  o th e r  B e lg ian  
su b tid a l  s a n d b a n k s .

• S a n d  e x tra c tio n  h a s  c re a te d  a lo ca l-d iffe ren t h a b i ta t  on 
th e  K w in te  B ank , to  w h ich  th e  b e n th ic  f a u n a  h a s  a d ju s te d . 
S u ch  sm a ll-sc a le  ch an g e  is  n o t  s ig n ifican t, w ith in  th e  con
te x t  of th e  la rg e r  sca le  o f th e  s a n d b a n k  system .
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