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ABSTRACT: Macrobenthic and meiobenthic communities of an area off the Belgian coast of the 
North Sea were studied from 1970 until 1975 at 74 stations. On the basis of both macro- and 
meiobenthos, three zones can be distinguished in the area. The coastal zone is characterized by the 
macrobenthic Abra alba community, corresponding to the meiobenthic Microarthridion littorale - 
Halectinosoma herdmani community, and the open sea zone by the macrobenthic Venus gallina 
community and the meiobenthic Leptastacus laticaudatus - Paramesochra helgolandica commu- 
nity. In between is a transient zone where elements of both other zones mix. The distribution of 
these zones is governed by the hydrodynamical regime of the region, especially by the residual and 
tidal current system of the Southern Bight. Within the coastal zone, the composition of the 
community is influenced by pollution which especially affects the epibenthic detritus-feeders of the 
meiobenthos. The spatial stability of parameters describing community structure can be used for 
monitoring changes. Temporal characteristics of these parameters could not be investigated 
properly, but diversity seems to be much stabler than biomass. 

INTRODUCTION 

Much  of the cons iderable  research effort for measu r ing  the b io logica l  impact  of 

pol lu t ion  is d i rec ted  to its effect on the ind iv idua l  organism, main ly  because  non-speci f ic  

effects of pol lu t ion  can genera l ly  be  d iagnosed  by physiological ,  pa thologica l  and 

b iochemica l  responses  which  enab le  quant i ta t ive  assessment  of an imal  hea l th  (Bayne, 

1979). The mer i t  of such studies on indiv iduals  is the early warn ing  that  can be s ignal led,  

because  the effect of sub- le thal  stressors wi l l  b e c o m e  vis ible  in ind iv idua l  response  long 

before  it is apparen t  in the popula t ion  or communi ty  (Bayne, 1979). Moreover  it is 

possible  to es tabl ish causal  and quant i ta t ive  re la t ionships  in laboratory exper iments .  

However ,  in most natural  si tuations pol lut ion is not of a s ingle  type and the 

s imul taneous  and often synergis t ic  action of many  different kinds of pol lutants  is very 

difficult to deduce  from laboratory exper iments  only. Furthermore,  it is ques t ionable  

whe the r  suble thal  effects on indiv iduals  wi l l  provide  sufficient mot ivat ion  for action in 

dec i s ion-mak ing  processes;  only spectacular  effects on popula t ions  or communi t ies  are 

l ike ly  to result  in pol i t ical  concern.  These  effects are hardly  p red ic tab le  from laboratory 

exper iments  on s ingle  species;  whe reas  it is probably  true that  ecologica l  moni tor ing  

wil l  provide  ne i ther  an ear ly  warn ing  nor the possibi l i ty  of es tabl i sh ing  i rrefutably 

causal  relat ionships,  it is the only way  to measure  changes  in communi t ies  directly. 
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M a n a g e m e n t  must  involve moni tor ing  of mar ine  systems. The present  state of 
ecological  theory with its emphasis  on interact ions be t w e e n  popula t ions  as the ma in  
s tructuring force in  communi ty  organisat ion does not  allow predict ion of future states of 
the system and  in  fact ha s  never  b e e n  in t ended  to do so. However,  unde r s t and ing  the 
dynamics  of a process is not necessary for predict ion and  it is not the case that the 
biological  interact ions unde r ly ing  popula t ion  f luctuations have to be unders tood before 
these fluctuations can be predicted. Predict ion can be based on regular i ty  as well  as on 
its explanat ion,  and  statistical models,  based  on sufficiently long t ime series, are to be  
preferred at present  (Poole, 1978). 

Moreover, even  if ecological unde r s t and ing  were possible, there would  r ema in  
uncer ta in ty  in t roduced by  the envi ronment ;  this would  make  it impossible  to use the 
t radi t ional  mechanis t ic  solutions to opt imizat ion problems as used in  the physical  and  
eng inee r ing  sciences. Opt imal  control of systems in  which uncer ta in ty  is the only th ing 
that is certain can only be based  on options in  which the optimal control of the system at 
some future t ime will  depend  on the state of the system at that time, and this requires 
f requent  moni tor ing  of the system. 

Once the necessi ty of moni tor ing  is accepted it is necessary to decide which 
parameters  are sui table to be monitored.  The choice of parameters  depends  on many  
things bu t  must  always involve statistical considerations;  the mar ine  env i ronmen t  is 
he terogeneous  and  therefore information about  the nature  of a p h e n o m e n o n  must  come 
from samples which are dis tr ibuted in  space and  t ime so that they cover all s ignif icant  
scales on which var iabi l i ty  character izing the p h e n o m e n o n  exists. The Nyquist  cri terion 
of t ime series analysis  states that sampl ing  f requency must  be  at least twice the highest  
f requency of the p h e n o m e n o n  studied, and therefore it is clear that w h e n  a large part  of 
the var iance  in  a parameter  is found in  the h igh frequencies  of space and/or  time, that 
parameter  is in  genera l  unfi t  for monitoring.  

This paper  summarizes  results of a study of benth ic  communi t ies  of the Southern 
Bight of the North Sea; details will  be publ i shed  separately. In this paper  a t tent ion is 
focused on a descript ion of these communi t ies  us ing  structural parameters  such as 
density, biomass and  diversity, and  their poss ib le  use in  ecological  monitoring.  Some of 
the spatial  characteristics of these parameters  are discussed, a nd  the possibi l i ty of 
descr ibing large areas and  the changes  occurring in  them in  terms of the structure of the 
communi t ies  inhab i t ing  them are examined.  

MATERIAL AND METHODS 

D e s c r i p t i o n  of the  s t u d y  a r e a  

The sampl ing  stations (Figs 2, 4) cover a quadrang le  with a length  of about  170 km 
r u n n i n g  paral le l  to the Belgian coast and  a width of 63 km in  the southwest and  95 km in 
the northeast.  Along the Belgian coast the nearest  stations lie about  1 km off-shore; 
a long the Dutch coast all stations are more than  5 km off-shore, except for three wi th in  
the three-mile  zone of the Dutch coastal waters. 

The sediments  in this inves t iga ted  area are heterogeneous.  The area near  the 
Belgian coast acts as a sed iment  s ink where  the highly  turbid  and pol luted waters of the 
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western  Scheldt enter  the North Sea and  turn  in  a huge  gyre be t w e e n  the mouth  of the 
estuary and  Ostend, deposi t ing most of their load of mud  above the fine gra ined  sands 
{median gra in  size: < 200/~m). 

To the south, pol luted muds  and  detri tus enter  the coastal zone part ly from the IJzer 
river and  part ly from currents r u n n i n g  along the nor thwestern  French coast, with its two 
large agglomerat ions  Dunki rk  and  Calais. The m u d  cover however  is not as extensive in  
this part  of the area, and  the patches of fine materials  are not fixed but  seem to be 
r e suspended  and  displaced periodically.  

To the north of the gyre, the runoff from the Rhine is swept by the currents a long a 
narrow strip close to the Dutch coast (McCave, 1973). The fine mater ia ls  r ema in  in  
suspens ion  and  only  unde r  certain condit ions (slack water) are temporary m u d  layers 
formed (Moens, 1974). 

The mud  along the Belgian coast contains  more than  0.5 % organic matter  and  the 
highest  concentrat ions of heavy metals  have also b e e n  found in  this area: Zn  > 200 ppm; 
Cu > 30 ppm; Mn > 500 ppm; Fe203 ~ 2500 ppm (see Wollast, 1977; Elskens, 1974 for a 
descript ion of methods). However,  most of the sed iment  in  the area s tudied consists of 
pure sands with a low clay-silt  fraction (1 to 0.1%) and  accordingly a low amount  of 
organic mater ia l  (< 0.15 ~ The m e d i a n  gra in  size of this sand is not homogeneous  but  
varies according to the dec l in ing  velocity of the t idal  currents: coarser than  350/~m south 
of 52000 , N, 350 -275 /an  south of 52012 ' N and  275-200 #m south of 52025 ' N (Gullentops, 
1974). Since the silt-clay fraction is low, the concentrat ions of heavy metals  and  
pest icides are equa l ly  low (maximum concentrat ions found are 100 ppm Mn, 10 ppm Cu, 
100 ppm Zn, 0.17 ppm Hg and  1.5 %0 Fe203). 

Between the near-shore p redominan t ly  m uddy  bottoms and  the off-shore pure  sands 
is an  in te rmediary  zone where  sediments  are he terogeneous  both in  space and  in  time. 
This he terogenei ty  is e n h a n c e d  by a r ipple- l ike  sandbar  complex. 

S a m p l i n g  

From 1971 unt i l  1975 a total of 2337 samples  were collected from the area. About  250 
samples  covering 60 stations were ana lysed  for macrobenthos  and  about  350 samples 
from 74 stations for meiobenthos .  All samples  were taken  with a 0.1-m 2 Van Veen  grab 
(weight: 50 kg). The mater ia l  was collected in  a bucke t  and  fixed in  7 ~ neut ra l i sed  
formal in  on board the ship. Macrobenth ic  samples  were sorted us ing  a rust-free 0.87-mm 
sieve (the only sieve avai lable  at the time). Meiobenthos  samples were t aken  from the 
bucket ,  prior to s ieving out the macrobenthos.  The use of a bucke t  reduces  the inf luence  
of small-scale spatial  var iabi l i ty  on the est imates (Heip et al., 1977), but  the Van Veen  
grab greatly underes t imates  meiofauna  a b u n d a n c e  and  biomass. In order to correct for 
this, densi ty  in  the grab was compared with densi ty  in  cores s imul taneous ly  collected by 
SCUBA diving;  correction factors of 1.5 for nematodes  and  1.2 for other meiobenth ic  
groups were appl ied  for sandy sediments .  Nevertheless,  sampl ing  with a Van Veen  grab 
always introduces bias which cannot  be  completely e l imina ted  in the way described. 
Meiofauna  samples  were either washed  by decanta t ion  through a 0.038-mm sieve (sandy 
samples), or a sugar-f lotat ion-extract ion technique  was used (in the case of sandy muds 
or pure muds) (see Help et al., 1974, for a descript ion of the method and  an  eva lua t ion  of 
its efficiency). A Mett ler  ME22/BA 25 microbalance,  accurate to 1 ~g, was used for 
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es t imat ing  the dry weight  of the representat ives  of the meiofaunal  groups, measured  
after drying in  an oven at 110 ~ for 2 h. The ash-free dry weight  of the macrofauna was 
measured  after drying for 3--4 h at 550 ~ 

The species occurring in  more than  5 % of the stations were used for cluster analysis.  
In the Q-mode the analyses  were based  on matrices of similari ty be tween  all possible 
pairs of stations and  in  the R-mode be tween  all possible pairs of species. The indices 
used were, in  the Q-mode: the Canberra  metric {Lance & Williams, 1967) and  the 
Czekanowski  quant i ta t ive  similarity coefficient (Sneath & Sokal, 1973)~ in  the R-mode: 
the product -moment  correlation coefficient. The matrices of similari ty thus obta ined  
were subjected to group-average  sorting (Sokal &Snea th ,  1963) and  flexible sorting 
{Lance & Williams, 1967), with the cluster in tens i ty  coefficient ~ set at - 0.25. 

For macrobenthos,  after inspect ion of the dendrograms resul t ing from this analysis  
of 60 stations, 18 station groups were formed to filter out noise caused by small-scale 
spatial  variabili ty.  The total n u m b e r  of species in  these 18 groups was aga in  subjected to 
cluster analysis  in  the Q- and  R-mode. n 

As a measure  of diversity the Shannon-Wiene r  index was used: H'  = - ~ Pi log2 Pi 
(Pielou, 1966). i=t 

RESULTS 

M a c r o b e n t h o s  of t he  S o u t h e r n  B i gh t  

Using cluster analysis,  two species groups can be es tabl ished (Govaere, 1978). The 
first corresponds roughly to the "boreal  off-shore sand association" of Jones (1950) or the 
"Venus ga111na communi ty"  of Petersen (1914) and  is characterized by Spisula elliptica, 
Ophiura affinis, Echinocyamus pusillus and  a n u m b e r  of intersti t ial  polychaetes.  The 
second group corresponds to the "boreal  shallow muddy  sand association" {Jones, 1950) 
or the "Abra alba communi ty"  (Petersen, 1914). Characteristic species are Abra alba, 
Tellina fabula and  Nephtys hombergii. 

The normal  analysis  (Q-mode} of the 18 station groups revealed  three major  clusters 
corresponding to; (1) open sea zone (2) a coastal zone and  (3) a t ransi t ion zone (Fig. 1). 

Numerica l  dominan t  species in the open sea zone - which cannot  be considered 
homogeneous  on the basis of hierarchical  cluster ing - are, in  descending  order, 
Spiophanes bombyx {more than  50 % of total numbers}, Hesionura augeneri, Ophiura 
affinis, Nephtys cirrosa, Eteone longa, Bathyporeia guilliamsoniana, Echinocardium 
cordatum, Scolelepis bonnieri, Glycera capitata, Anaitides subulifera, Spisula elliptica 
and  Echinocyamus pusi1Ius. In terms of biomass the dominant  species are: Nephtys 
cirrosa, Ophiura affinis, Spisula elliptica, Spiophanes bombyx, Echinocardium cot- 
datum, Scolelepis bonnieri, Echinocyamus pusillus and Glycera capitata, which make  
up more than  50 0/0 of the total biomass. A n u m b e r  of species occur exclusively in  this 
zone: e. g. Anaitides subulifera, Ophiura affinis, Tellina pygmaea, Echinocyamus pusil- 
lus, Branchiostoma Ianceolatum and  many  intersti t ial  polychaetes such as Exogone 
hebes, Macrochaeta helgolandica, Streptosylli s arenae and  Opisthodonta pterochaeta. 
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Fig. 1. Map of the Southern Bight with the investigated area, showing the three zones delimited on 
the basis of macrobenthic associations 

The coastal  zone is a very  he te rogeneous  col lect ion of species-poor  stations. N u m b e r  

and b iomass  are domina ted  by Cistena cylindraria, Macoma balthica, Nephtys homber- 
gii and Albra alba. Capi te l l id  polychae tes  are f requent  and re la t ive ly  abundant .  

Be tween  the open  sea and the coastal  zone there  is a t ransi t ion zone where  the 

fo l lowing species  are numer ica l ly  dominant :  Lanice conchilega, Nephtys cirrosa, 
Spiophanes bombFx, Magelona papillicornis, Cistena cylindraria, Anaitides mucosa, 
Tellina fabula, Eumida sanguinea, Ophelia limacina, Nephtys hombergii, Abra alba and 

Mysella bidentata, which  account  for near ly  40 ~ of total  numbers .  In terms of b iomass  

the dominant  species  are Abra alba (50 % of total biomass), Tellina fabula, Nephtys 
hombergii and Nephtys cirrosa, which  together  account  for more than 60 % of total 

biomass.  Ne i the r  in this nor in the coastal  zone are there  species  which  are exclus ive  to 

the zone. 

Six station groups were  recogn ized  in each  of the three zones. Table  1 gives  the 

b iomass  and diversi ty of the three  zones (as means  of 6 station groups in each  zone). 

From this table,  it can be seen  that there  is a clear  gradient  in diversi ty from the coast 

towards the open  sea (Fig. 2), a gradient  that  can be de tec ted  qui te  easi ly as the s tandard 

error on diversi ty va lues  is small. There  is much  more var iabi l i ty  in the biomass data, 

and this var iabi l i ty  is l a rger  in the coastal  zone: the coefficient  of var ia t ion s/~ varies  

from 0.47 in the open sea over  0.71 in the transi t ion zone to 1.71 in the coastal  zone for 

the Polychaeta.  For diversi ty the respect ive  f igures  are only 0.04, 0.36 and 0.40. For 

macrobenthos  as a whole ,  b iomass  var iabi l i ty  shows the same pattern, vary ing  from 0.43 

over  1.30 to 1.31, whereas  diversi ty var ies  from 0.08 over  0.24 to 0.39. This c lear ly  

demonstra tes  the much  more he te rogeneous  nature  of the near-shore  stations. 
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Table  1. M e a n  biomass and  diversity of rnacrobenthos in three zones of the Southern Bight (B: g ash- 
free dry weight;  H : bits per  ind.). Mean  and  s tandard error (n = 6) 

Zone Polychaeta Moliusca Total 

Open  sea zone B 0.94 __+ 0,18 0.27 _• 0.99 2.12 • 0.37 
H 2.59 ___ 0,04 0.69 • 0.13 3.28 ___ 0.11 

Transi t ion zone B 0.83 • 0.24 1.72 ___ 1.24 2.74 • 1.45 
H 1.98 ___ 0.29 0.92 • 0.23 2.58 __ 0.25 

Coastal zone B 0.40 • 0,28 0.97 __ 0.75 1.46 __ 0.78 
H 0.62 ___ 0.10 0.35 • 0.03 1.18 __ 0.19 

/ 
H'=O- 1.50 BITS/IND. �9 �9 �9 �9 �9 �9 f' 

�9 H':1.51-3.00 BITS/IND. 
t 

�9 H'=> 3.00 BLTSIIND. 

�9 

MACROBENTHOS 

Fig. 2. Species diversity (Shannon-Wiener  index) of macrobenthos  on 60 stations during the 
1971-1972 survey 

M e i o b e n t h o s  of  t h e  S o u t h e r n  B i g h t  

V a n  D a m m e  & H e l p  (1977) c l a s s i f i e d  t h r e e  z o n e s  a c c o r d i n g  to t h e i r  h a r p a c t i c o i d  

c o p e p o d  c o m p o s i t i o n .  T h e s e  z o n e s  c o i n c i d e  m o r e  or l e s s  w i t h  t h o s e  b a s e d  o n  m a c r o b e n -  

thos .  A g a i n  t h e r e  a r e  t w o  c l e a r l y  d i s t i n g u i s h a b l e  c o m m u n i t i e s  w i t h  a t r a n s i t i o n  z o n e  i n  

b e t w e e n  (Fig. 3). 

C l o s e  to t h e  coas t  a n  a s s e m b l a g e  of s p e c i e s  d e s i g n a t e d  as  t h e  M i c r o a r t h r i d i o n  

f i t tora le  - H a l e c t i n o s o m a  h e r d m a n i  c o m m u n i t y  is f o u n d ;  t h i s  is a n  i s o - c o m m u n i t y  of t h e  

v e r y  w i d e s p r e a d  H. h e r d m a n i  - H a r p a c t i c u s  f l e x u s  c o m m u n i t y  (Soyer,  1970). M. l i t tora le  

is v e r y  d o m i n a n t ,  f o l l o w e d  i n  d e s c e n d i n g  o r d e r  b y  H. h e r d m a n i ,  H. s a r s i  a n d  C a n u e l l a  

p e r p l e x a .  Al l  t h e s e  s p e c i e s  a re  l a r g e  e p i b e n t h i c  or e n d o b e n t h i c  fo rms .  I n t e r s t i t i a l  s p e c i e s  

a r e  e x t r e m e l y  s c a r c e  i n  t h i s  r e g i o n  (on ly  t w o  i n d i v i d u a l s  w e r e  found) .  O n l y  30 ou t  of 53 
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Open sea zone 
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Fig. 3. Map of the Southern Bight with the investigated area, showing the three zones delimited on 
the base of the associations of harpacticoid copepods 

coastal stations y ie lded  harpact icoid copepods. The total n u m b e r  of species was 
extremely low (ten). The average n u m b e r  of species per  station was 0.90, average 
diversity H'  = 0.18 bi ts / ind.  The ini t ia l  results (June 1979) of an  ongoing  survey in  the 
same area (18 stations) are s t r ikingly similar: the average n u m b e r  of species per  station 
was 0.89 and  the average diversity of H '  = 0.20 bi ts / ind.  (Table 2; Fig. 4). 

The nematode  fauna  of the coastal zone is domina ted  by the genera  Sabatieria and  
Theristus and  other non-select ive  deposit-feeders such as Tubolaimoides tenuicaudatus, 
Daptonema norrnandicum, Odontophora armata, Daptonema tenuispiculum and  Vis- 
cosia viscosa. 

The t ransi t ion zone is characterized by a Leptastacus laticaudatus - Halectinosoma 
herdmani community,  i. e. an  association where  both ep ibenth ic  and  interst i t ial  harpac-  
ticoids occur. In the 1972 survey 31 species were found at 8 stations; the most common 
species in  descend ing  order of dominance  were Leptastacus laticaudatus, Halec- 
tinosoma herdmani, Paraleptastacus espinulatus, Kliopsyllus holsaticus, Arenocaris 
bifida, Intermediopsyllus intermedius and Halectinosoma sarsi. The average n u m b e r  of 
species per station was 8.9 and  the average diversity H'  = 1.98 bi ts / ind.  

The nematode  fauna  of stations in  the t ransi t ion zone close to the coastal region 
bears  a close resemblance  to the fauna  of that region, with Sabatieria, Richtersia 
inaequalis and  Theristus spp. compris ing more than  half the indiv iduals  (Jensen, 1974). 

The open  sea is characterized by a Leptastacus laticaudatus - Paramesochra hel- 
golandica communi ty  in  which  the large ep ibenth ic  or endobenth ic  species are near ly  
absent.  In the 14 stations in  the 1972 survey 54 species were found; the  most common 
were (in descend ing  order of dominance)  Leptastacus laticaudatus, Paramesochra hel- 
golandica, Arenosetella germanica, Kliopsyllus paraholsaticus, Psammotopa phyllose- 
tosa, Interrnediopsyllus intermedius and  Evansula incerta. All these species are small  
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Fig. 4. Species diversity (Shannon-Wiener  index) of the harpacticoid copepods (meiobenthos) on 74 
stations dur ing  the 1971-1972 survey 

Table 2. Harpacticoid species  in the coastal zone of the Southern Bight. Cumula t ive  n u m b e r  and  
f requency in n stations 

Species 1972 1977-78 
(25 stations) (14 stations) 
N f N f 

Halectinosoma herdmani 39 
Halectinosoma sarsi 11 
Halectinosoma gothiceps 0 
Halectinosoma propinquus 0 
Pseudobradya tenella 0 
Pseudobrad]za beduina 1 
Pseudobradya spec. 1 
Canuella perplexa 6 
Thompsonula hyaenae 0 
Microarthridion littorale 130 
Ameira parvuloides 1 
Altheuta interrupta 0 
Robertsonia propinqua 1 
Kliopsyllus holsaticus 
Cylindropsyllus laevis 

Mean  n u m b e r  of species  per station 
Total diversity: (bits/ind) 
Total n u m b e r  of species  

1 
1 

1.5 
1.35 

10 

9 5 4 
9 9 3 
0 6 2 
0 1 1 
0 2 1 
1 0 0 
1 0 0 
2 8 1 
0 3 1 

11 76 12 
1 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 0 

2.0 
1.63 

10 
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interst i t ial  forms. The ave rage  n u m b e r  of species  per  station was 13.7 and the ave rage  

diversi ty 2.73 bits/ ind.  

Most nematodes  from this area  are epis t ra tum feeders  wi th  dominant  gene ra  such as 

Chromadorita, Neochromadora, Hypodontolaimus and Dichromadora (Jensen, 1974). 

Other  me io fauna  groups such as Hydrozoa  (Halammohydra), Gastrotricha, Archian-  
nel ida,  Ech inodermata  (Leptosynapta minuta), Kinorhyncha,  Ol igochae ta  and 

Halacar ida  are all present  in this zone but absent  from the coastal  zone. 

M e a n  densi ty  and biomass of me io fauna  from all  stations in the three different zones 

are g iven  in Table  3. In terms of both densi ty  and b iomass  there  is a sl ight  decrease  over  

the five years. However ,  it is imposs ib le  to eva lua te  the s ignif icance of this decrease  as 

sampl ing  was  ex t remely  erratic dur ing this period.  We wish to draw at tent ion to the 

similari ty of these  data, main ly  due to the ove rwhe lming  dominance  of nematodes ,  

wh ich  m a k e  up more than 99 % of total me ioben th ic  biomass  in the coastal  zone and 

74 % in the open  sea zone. 

The  ave rage  we igh t  of an ind iv idua l  nema tode  was 1.26 ___ 0.11 ~g dwt (mean of 26 

de te rmina t ions  on 100 indiv iduals  each), wi th  ins ignif icant  differences b e t w e e n  the 

zones: 1.37 ___ 0.35 #g (coastal zone, 4 stations), 1.24 ___ 0.18 ~ I  (transition zone, 13 

stations) and 1.24 ___ 0.18 ~g (open sea zone, 9 stations). However ,  la ter  measuremen t s  of 

coastal  stations by Bisschop (1977) y i e lded  lower  values  in most cases and an ave rage  of 

0.59 ___ 0.09 #g (n = 11) was found. Bisschop's  data  are from very pol lu ted  stations close 

to the Belg ian  coast, whe re  total nema tode  biomass  goes as low as 40 mg  dwt /m 2. Surkyn 

(1977) found va lues  closer to ours: 0.92 + 0.24 ~g in the eastern Scheldt  (8 stations) and 

1.19 ___ 0.15/~g dwt in Lake G r e v e l i n g e n  (7 stations). Claeys  (1979) found an ave rage  of 

2.60 #g dwt on a sandbar  in the t ransi t ion zone, wi th  a nema tode  fauna re la ted  to wha t  

was found in the open  sea zone (Vincx, personal  communicat ion) .  

Table 3. Total density and biomass of meiobenthos in three zones of the Southern Bight. N: ind./ 
10 cm 2 - B: g dwt/m 2 

Year Coastal zone Transition zone Open sea zone 
N B N B N B 

1971 (summer) 934 1.21 1739 2.44 1640 2.24 
1972 1182 1.51 2735 1.81 1340 1.75 
1973 1261 1.60 774 1.02 852 1.24 
1974 1092 1.39 761 1.04 803 1.02 
1975 (winter) 1129 1.43 623 0.84 757 0.97 

DISCUSSION 

Compar ing  the pat tern  of res idual  currents (Fig. 5), mater ia l  in suspension (Fig. 6) 
and turbidi ty  (Fig. 7) wi th  the distr ibut ion of the macro-  and meiofauna  reveals  a s tr iking 

similarity. There  seems to be a very close re la t ion b e t w e e n  veloci ty  and direct ion of t idal  
and res idual  currents and the distr ibut ion of the macrobenth ic  communit ies .  
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Fig. 5. Residual currents in the Southern Bight, taking into account the tidal stress, but not the wind 
stress. The friction coefficient on the bottom is considered equal to K = 1.25 10-3m/s. The isocurrent 

lines are expressed in 103 m3/s (modified after Ronday, 1976) 

Fig. 6. Distribution of average concentrations of material in suspension (mg/1) along the Belgian and 
Dutch coast (1970-1979) (modified after Gullentops et al., 1977) 

T h e  m a c r o b e n t h i c  coasta l  c o m m u n i t y  c o i n c i d e s  w i t h  the  area c o v e r e d  b y  the  
r e s i d u a l  gyre  (Fig. 5), w h e r e  h i g h l y  p o l l u t e d  m u d s  d e r i v e d  from the  w e s t e r n  S c h e l d t  a n d  
from coastal  e f f luent s  are t rapped  a n d  d e p o s i t e d  in  an  e x t e n s i v e  layer  of m u d .  T h e  
s m a l l e r  southern  part  of  the  m a c r o b e n t h i c  coasta l  z o n e  near  the  IJzer es tuary  is not  
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Fig. 7. Distribution of turbidity (mg/1) along the Belgian and Dutch coast in 1971 (modified after 
Wollast, 1972} 

rela ted to res idual  currents: a small  muddy  patch persists here because  the output  of 
mud  from the river exceeds the amount  which can be removed by tu rbu lence  and  
currents (Gullentops et al., 1977). In Dutch coastal waters  a similar  s i tuat ion is found 
nea r  the Rhine estuary and  the I~oordzeekanaal.  Impover ished Abra alba communi t ies  
also occur here, bu t  they were not sampled  dur ing  our survey. 

The macrobenthic  t ransi t ional  zone coincides with the region  swept by residual  
currents with an  in tens i ty  be tween  230 • 103 m3/s and  240 • 103 m3/s (Fig. 5). In this 
area cont inenta l  coastal water  transports a relat ively h igh load of mater ia l  in  suspens ion  
(5 to 10 mg/1). In the south this mater ia l  is from French coastal effluents and  submar ine  
deposits, and  in  the north from the Rhine and  the Noordzeekanaal .  However,  the 
suspended  mater ia l  in  the t ransi t ional  zone is not deposi ted bu t  only temporar i ly  and  
per iodical ly  decanted  (Gullentops et al., 1977). It thus appears  that this combina t ion  of 
features - i. e. sandy sediments  and  suspens ion- loaded  waters - allows the existence of a 
mixed community.  

Further  west  the res idual  currents carry the Engl ish  Channe l  waters, which are 
pract ical ly suspension-free  and nutr ient -poor  (Wolff, 1973). This zone conicides with the 
macrobenth ic  "open  sea" zone. 

In comparison wi th  the macrobenthic  zones, the following differences may be noted  
in  the dis t r ibut ion of the meioben th ic  zones: (a) The meiobenth ic  coastal zone extends 
over a much  larger  area and  cont inues  a long the Dutch coast. The no r t he m area 
coincides with the macrobenth ic  t ransi t ional  zone. (b) The meiobenth ic  t ransi t ional  zone 
is d iscont inuous  a long the Belgian coast, but  b roadens  s ignif icant ly towards the north. 

Unl ike  the macrobenth ic  coastal area, the meiobenth ic  zone seems to cover the 
maximal  area in f luenced  by  the gyre, i. e. the whole of the coastal region. This region  is 
sh ie lded by sandbars  s tretching out in  a southwest-northeast  direction, so that the 
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hydrodynamic  condit ions are those of an  outer lagoon. Pure mud  patches cover only a 
relat ively minor  part of the bottom but  - due to water  tu rbu lence  - the r ema in ing  sandy 
areas seem to be pe rmanen t ly  mixed with mud  (2 % to 36 % mud). Al though the mud  
content  of the sands is usual ly  relat ively low (5 % to 6 %) (Gullentops et al., 1977), the 
interst i t ial  bacteria-feeders have d isappeared  and  the detri tus-feeders are drastically 
reduced (with the except ion of nematodes).  This marked  impover i shment  of the fauna  
cannot  be  expla ined  exclusively by hydrodynamic  forces, which affect the interst i t ial  
fauna;  it must  also be caused by the severe pol lut ion in  this area, which affects the 
ep ihenth ic  detritus-feeders.  Along the Dutch coast the pol lu ted  runoff from the Rhine 
and  Noordzeekanaa l  s imilarly affects the meiobenthos  a long the narrow stretch where  
these waters are carried by the t idal and  res idual  cur ren ts .  

The discont inui ty  in  the meiobenth ic  t ransi t ion zone as mapped  in the 1972 survey is 
probably  erroneous;  it may be due to the small  n u m b e r  of sampl ing  stations and  the 
topography of the area. Further  study in  the region of the Flemish Banks (Claeys, 1979) 
showed that a t ransi t ional  type of fauna  does i ndeed  occur, probably  over the entire area 
of the banks.  The true shape of the meiobenth ic  t ransi t ional  zone a long the Belgian coast 
must  therefore resemble  that of the macrobenthos.  At the nor theas tern  edge of the grid 
the meiobenth ic  t ransi t ional  zone broadens  dist inctly and  is s imilar  to the dis t r ibut ion of 
turbidity. Aga in  hydrodynamics  are involved but  no single hypothesis  has yet b e e n  
genera l ly  accepted to account  for the turbidi ty  pattern. The curving of the turbid  area to 
the northwest  seems related to the fact that the t idal  currents turn  northwest  dur ing  the 
incoming  tide, whi le  w h e n  the tide goes out the currents descend from the nutr ient- r ich 
W a d d e n  Sea. It appears  that the existence of a mixed macrobenthic  communi ty  is 
de te rmined  on the one hand  by the velocity and  direct ion of currents (either t idal  or 
residual) which transport  a certain amount  of mater ia l  in  suspens ion  but  do not allow it 
to settle, and  on the other hand  by water  tu rbulence  which mixes the suspended  
materials  with the sandy surface. The fact that the meiobenth ic  t ransi t ional  zone shifts 
more to the northwest  than  the corresponding macrobenthic  zone only indicates  that a 
smaller  amount  of suspended  materials  must  reach the sed iment  for smaller  meiobenth ic  

detri tus-feeders to exist. 
As with the macrobenthic  zone, the meiobenth ic  "open sea" zone corresponds to the 

region where  waters of the Engl ish Channe l  are t ransported by the residual  currents and  
the amount  of suspended  mater ial  is minimal ;  this results in  harpact icoid fauna  domi- 
na ted  by interst i t ial  bacteria-feeders.  

From the foregoing considerat ions it must  be  concluded that hydrodynamic  and  
rela ted forces regulate  and  de termine  the dis t r ibut ion of f iner sediments,  suspended  
materials  and  nutrients ,  and  hence  the benth ic  communit ies .  Pollut ion seems to greatly 
affect the smaller  meiobenth ic  groups. The boundar ies  of the macrobenthic  coastal zone 
are de te rmined  by the extens ion of the muddy  sediments  and  not by pollution,  a l though 
this factor inf luences  the qual i ty  of macrobenthic  life inside the zone. 

Since the dynamics  of the benth ic  system are a reflection of the dis tr ibut ion of 
residual  and  tidal currents and  the load of suspended  materials,  we may expect that the 
basic composit ion and  occurrence of the respective communi t ies  and  their dis t r ibut ion in  
space will  r ema in  stable as long as the currents and the amount  of suspended  mater ia l  
carried will  not drastically change.  If changes  in  the d imens ions  of the zones do occur, 
they should be predictable  and  trend-l ike.  Since mud  precipi ta t ion in  the gyre is 
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increas ing  (Gullentops et al., 1977) as is organic  and  chemical  pollution,  the macroben-  
thic zone a long the Belgian coast wil l  predictably expand  ~ t i l  it has reached the na tura l  
barr ier  of the Flemish Banks and  coincides with the meiobenth ic  coastal zone. It seems, 
however,  very un l ike ly  that the boundar ies  of the other zones wil l  change  in  the 
fol lowing decades since this would  imply hydrodynamica l  or geophysical  changes  on 
too vast a scale. The recent  extensions to the harbours  at Calais and  Dunki rk  may cause 
pol lut ion and  thereby inf luence  the qual i ty  of the communi ty  of the Belgian t ransi t ional  
zone; bu t  it is very un l ike ly  that the character or the boundar ies  of the zone wil l  change,  
since this would  imply an  enormous increase of suspended  mater ia l  and  a decrease in  
velocity of the t idal and  res idual  currents. 

Only  large changes  in  communi t ies  wil l  be detected by ecological monitoring.  That  
one can del imit  zones in  the dis t r ibut ion of benth ic  communi t ies  which can be charac- 
terized by structural parameters  and  which cover extremely large areas demonstrates  the 
possible use of such parameters  and ,communi t i e s  in  a moni tor ing  scheme. By pool ing 
data to invest igate  spatial  structure, the temporal  structure of the data is lost, but  for 
several  reasons this n e e d  not be a great  disadvantage.  Firstly, we are still far from 
unde r s t and ing  the natura l ly  occurring f luctuations in  mar ine  benth ic  communit ies ,  and  
research programmes a imed at unde r s t and ing  these are only now be ing  developed.  
Secondly, the difficulties and  costs of sampl ing  at sea prohibi t  s tudying the temporal  
characteristics of parameters  descr ibing communit ies ,  as for ins tance  related to the 

Nyquist  criterion. 
Our North Sea data are too i r regular ly  spaced in  t ime to al low the study of temporal  

characteristics of the communit ies .  However,  diversity seems to be one of the most stable 
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Fig. 8. Fluctuations of macrobenthic biomass (g/m 2 ash-free dry weight) and diversity (H' in bits/ 
ind.) at a station in the open sea zone. Diversity remaining stable during the period 1971-1973, 

reestablished in 1975 after a sharp decrease in 1974 
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Fig. 9. Fluctuations of total meiobenth ic  biomass (g/m 2 dry weight)  in the three  faunal  zones 

p a r a m e t e r s ,  b o t h  for  t h e  m a c r o b e n t h o s  (Fig. 8) a n d  t h e  m e i o b e n t h o s  {Table  2). B i o m a s s  

p r o v e d  to b e  v e r y  v a r i a b l e  for  m a c r o b e n t h o s  {Fig. 8) b u t  l e s s  so for  m e i o b e n t h o s  (Fig. 9). 

T h e  s t a b i l i t y  of m e i o b e n t h i c  b i o m a s s  is  c a u s e d  e n t i r e l y  b y  t h a t  of t h e  n e m a t o d e  b i o m a s s .  

W i t h o u t  n e m a t o d e s ,  t h e  m e i o b e n t h i c  b i o m a s s  w o u l d  b e  m u c h  m o r e  v a r i a b l e .  W h e t h e r  

t h e s e  p a r a m e t e r s  a r e  s u i t a b l e  for  d e s c r i b i n g  t h e  t e m p o r a l  b e h a v i o u r  of t h e  s y s t e m  c a n n o t  

b e  j u d g e d  f r o m  o u r  da t a .  H e i p  { u n p u b l i s h e d } ,  u s i n g  s p e c t r a l  a n a l y s i s  o n  d a t a  f r o m  a 

b r a c k i s h - w a t e r  m e i o b e n t h i c  c o m m u n i t y ,  f o u n d  b o t h  b i o m a s s  a n d  d i v e r s i t y  p r e d o m i n -  

a n t l y  l o w - f r e q u e n c y  p a r a m e t e r s ,  t h u s  m a k i n g  t h e m  s u i t a b l e  for  m o n i t o r i n g  e v e n  a t  sea .  
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