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ABSTRACT: The faunal  assemblages of a mussel  bed  (Mytilus edufis L.) and  ambient  sand_flat were  
compared to study how a bioherm of suspension feeding organisms affects benthic  communit ies  in a 
tidal flat. During a survey of mussel beds  in the Wadden Sea at the island of Sylt {North Sea}, a total 
of 52 macrofaunal  species and  44 meiobenthic  plathelminth species were detected. They occupied 
different microhabitats in the mussel bed. 56 % of the macrofauna species were dwell ing in the 
sediment  benea t h  the mussels and 42 % were epibenthic or epiphytic. The latter were restricted in 
their occurrence to the mussel  bed. Along a transect  from the sandflat to the mussel  bed  the mean  
species densities of macrofauna did not differ significantly, while abundances  were significantly 
lower in the  mussel  bed  than  in the sandflat. The composition of the assemblages  shifted from a 
dominance of Polychaeta in the sandflat to Oligochaeta in the mussel bed. Surface fil ter-feeding 
polychaetes of the sandflat  (Tharyx mariom) were displaced by deposit feeding polychaetes  under  
the mussel  cover (Capitella capitata, Heteromastus filiformis}. The total meiobenthic  density was 
lower and  single taxa (Ostracoda, Plathelminthes, Nematoda} were ~ignificantly less abundan t  in the 
mud of the mussel  bed. The plathelminth assemblage was dominated by grazing species 
(Archaphanostoma agile}, and differed in community structure from a sandflat  assemblage.  An 
amensalistic relationship was found be tween  the suspension-feeding mussels and  suspension- 
feeding infauna, while deposit-feeders were enhanced.  The presence of epibenthic  microhabitats  
results in a variety of trophic groups co-occurring in a mussel bed. This is hypothesized as trophic 
group amelioration and  described as an attribute of heterotrophic reefs. 

I N T R O D U C T I O N  

Di sc r e t e  d i s t r i b u t i o n  p a t t e r n s  of f u n c t i o n a l l y  d i f f e r e n t  o r g a n i s m s  in  sof t  s e d i m e n t s  

h a v e  b e e n  e x p l a i n e d  b y  f u n c t i o n a l - g r o u p  h y p o t h e s e s .  T h e  m u t u a l  e x c l u s i o n  of t r o p h i c  

g r o u p s  h a s  b e e n  a t t r i b u t e d  to t r o p h i c  g r o u p  a m e n s a l i s m  (Rhoads  & Y o u n g ,  1970). 

S e d i m e n t  m o d i f i c a t i o n s  b y  d e p o s i t - f e e d e r s  i n t e r f e r e  w i t h  t h e  r e q u i r e m e n t s  of s u s p e n -  

s i o n - f e e d e r s  a n d  c a u s e  t h e m  to se t t l e  in  s e p a r a t e  a r e a s .  W o o d i n  (1976) h y p o t h e s i z e d  

a d u l t - l a r v a l  i n t e r a c t i o n s  as  t h e  m e c h a n i s m s  to m a i n t a i n  d i s c r e t e  a s s e m b l a g e s .  S h e  

p r e d i c t s  t h a t  n o  i n f a u n a l  fo rms  s h o u l d  a t t a i n  h i g h  d e n s i t i e s  a m o n g  d e n s e  s u s p e n s i o n -  

f e e d i n g  b i v a l v e s .  T h i s  w a s  r e j e c t e d  b y  C o m m i t o  (1987} a n d  C o m m i t o  & B o n c a v a g e  (1989) 

w h o  f o u n d  h i g h  i n f a u n a l  d e n s i t i e s  i n s i d e  m u s s e l  b e d s  a n d  s u g g e s t e d  a m o d i f i c a t i o n  of 

W o o d i n ' s  h y p o t h e s i s  b y  e x c l u d i n g  i n f a u n a  w i t h  b e n t h i c  d e v e l o p m e n t  s t age s .  

* Present address: Australian Institute of Marine Science PMB No. 3, Townsville M.C. Q 4810, 
Australia 

�9 Biologische Anstalt  Helgoland, Hamburg  
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Mussel  beds  are dense  a s semblages  of suspension-feeders .  In the W a d d e n  Sea, the 
b iomass  va lues  of inter t idal  mussel  beds  are  among  the h ighes t  for ben th ic  communit ies  
(Asmus, 1987; Beukema,  1976), and  they  are an impor tant  componen t  of the  product ion 
of the W a d d e n  Sea. However ,  the r01e of musse l  beds  as a hab i ta t  for in te r t ida l  organisms 
has  never  been  comple te ly  invest igated.  On rocky subs t ra tes  they  inc rease  habi ta t  
he te rogene i ty  and are  inhab i t ed  by  a species  rich and  diverse  f auna  (Tsuchiya & 
Nishihira,  1985, 1986; Suchanek,  1980). Species  diversi ty of fauna  in  the  sed iment  
accumula t ing  unde r  musse l  cultures decreases  in compar ison with ad j acen t  mussel-f ree  
areas  and  shifts in trophic structure to a dominat ion  of depos i t - feeders  (Mat tson & Linden, 
1983; Roman & Perez, 1982; Rosenberg  & Loo, 1983; Tenore  & Gonzales ,  1976). This 
s tudy evalua tes  the  impact  of musse l  beds  on endoben th ic  and  ep iben th ic  organisms in a 
t idal  fiat. Differences in communi ty  organisa t ion  inside and  outs ide the  musse l  beds  are 
addressed .  Results from exper imenta l  invest igat ions  on the colonizat ion of newly  crea ted  
mussel  agg rega t e s  and  biodeposi t  enr iched  pa tches  are in prepara t ion .  

MATERIAL AND METHODS 

Musse l  beds  in the  nor thern  par t  of the  W a d d e n  Sea nea r  the  i s land of Sylt (55 ~ 2' N, 
8 ~ 26' E) were  surveyed  from 1982 to 1986. 8.80 % of the a rea  of the  she l t e red  t idal  bay  of 
K6nigshafen were  covered by  beds  of MyO'lus edulis L. (Asmus, 1987) (Fig. 1). Their  
exis tence has  been  repor ted  since the beg inn ing  of this century  (Hagmeie r  & K~indler, 
1927; Wohlenberg ,  1937). Fluctuat ions in the  size of these  musse l  beds  have  b e e n  due to 
severe  winters  (Ziegelmeier ,  1964, 1970) and  human  per tu rba t ions  (Riesen & Reise, 
1982). Severe  winters  and  commercia l  musse l  f ishery des t royed  the musse l  beds  in 1986 
and  1987. 

Musse l  beds  in the K6nigshafen vary  in their  structure (size, s ingle or coheren t  beds  
with or wi thout  t ide pools), their  sed iment  texture  (content  of shell  debris) ,  and  the 
p resence  or absence  of ep i fauna  (mainly barnac le  cover and  graz ing  snails) (Dittmann, 
1987). The m e a n  densi ty  of mussels  was 1301 _+ 459 indiv iduals  m -2 (n = 24). The 
accumula t ion  of b iodeposi ts  by  the mussels  amounts  to 125 1 m -2 yr -1, which  is equiva-  
lent  to an annual  input  of organic  mat te r  of 4 kg  m -2 (Dittmann, 1987). Physical  
character is t ics  of the sandflat  and musse l  bed  are given in Table  1. 

Species  associa ted  with mussel  beds  were  recorded  dur ing  observat ions ,  experi-  
ments  and  benth ic  surveys. To compare  faunal  a s semblages  from sandf la t  and  mussel  
bed,  a t ransect  was laid in the  inner  par t  of the  bay  (Fig. 1). Three  stations we re  sampled:  
the sandflat  (2 m outs ide of the musse l  bed),  the edge  and  the centre  of the  musse l  bed  
(2 m inside). These  stations were  s ampled  on Sep t ember  15, 1984; March  21 and  May  1, 
1985. 

Macrofauna l  samples  (n = 6 for each  station and date) we re  t aken  wi th  a box corer of 
100 cm 2 surface area  down to a' depth  of 10 to 15 cm. In the musse l  bed  the cores  had  to be  
dug  out of the  mud. The sed iment  was s ieved through a gauze  of 0.5 m m  mesh  size. On 

the last  two sampl ing  da tes  the  horizon of 0-2 cm depth  was  sepa ra te ly  s i eved  through 
0.25 mm mesh  size. Residues  from the s ieves  were  washed  into sort ing d i shes  from where  
l iving macrofauna  were  extracted.  Spec imens  were  coun ted  under  a d i ssec t ing  micro- 
scope. Polychaetes ,  molluscs and crus taceans  were  ident i f ied  to spec ies  level.  Oligo- 
chaetes  were  not  de t e rmined  to species.  
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Fig, 1. The tidal flat area of the K6nigshafen at the island of Sylt (North Sea). Mussel beds  above the 
mean  low water  line ( - 0 - )  are shaded. Their expansion is reported for the period of investigation 

from 1982 to 1986. T indicates the location of the transect  

Table 1. Physical characteristics of tidal flat areas in the K6nigshafen at the island of Sylt (North Sea), 
taken  from Reise (1983) and Dit tmann & Reise (1985) 

Parameter  Sandflat  Mussel  bed  

Depth at h igh tide (cm) 
Average duration of exposure (h) 
Sahnity (Too) 
Median  grain size (ram) 
Water content of sediment at low tide (%) 
Organic matter  (loss of ignition in % d.w.) 

160 170 
2 2 

28-32 28-32 
0.46 0.8 

- 45 
0.40 5.10 

M e i o f a u n a l  s a m p l e s  (n = 6 e a c h )  w e r e  t a k e n  a t  t h e  s a n d f l a t  a n d  c e n t r e  s t a t i o n  of t h e  

t r a n s e c t  o n  S e p t e m b e r  29, 1984, w i t h  a co re r  of 1 c m  2 su r f ace  a r e a  to a d e p t h  of 2 cm. 

M e i o f a u n a  w e r e  e x t r a c t e d  b y  d i l u t i n g  t h e  s e d i m e n t  w i t h  f i l t e red  s e a w a t e r  a n d  r e p e a t e d  

s h a k i n g  a n d  d e c a n t i n g  of t he  s u p e r n a t a n t  t h r o u g h  a se t  of s i e v e s  w i t h  0 . 1 2 5 - 0 . 0 8  a n d  
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0.04 mm mesh size. Samples  were  ne i ther  narcot ized nor s tained.  M e i o f a u n a  were  
counted  us ing a d issect ing microscope.  Pla thelminthes  were  ident i f ied  to species  at  
h igher  microscopic magnificat ion.  

The meiofauna  compr ised  0.2-10 % Plathelminthes,  varying b e t w e e n  musse l  beds .  
Their  a s semblage  was  surveyed  in 1982/83 (November,  February ,  May)  (Dittmann, 
1984}. 40 samples  were  t aken  each  month  with a syr inge of 2.2 cm 2 d i a m e t e r  to 1.5 cm 
depth.  The mud was covered  with azoic  sand and soaked  with s eawa te r  (Annonies  & 
Hellwig,  1986}. The  animals  migra ted  into the  sand following an oxygen  g r a d i e n t  and  
could be  ext rac ted  wi thin  one to three  days  as desc r ibed  above.  

Differences in faunal  densi t ies  b e t w e e n  samphng  sites were  t e s ted  wi th  the  non-  
paramet r ic  U-test  of Wilcoxon, M a n n  & Whi tney  (Sachs, 1984). A d i f fe rence  was  con- 
s idered  significant if P_< 0.05. The  m e a n  densi t ies  (x) and  s tandard  dev ia t ions  (s} of 
rephca te  samples  are  given. Similari ty b e t w e e n  stations was  compared  wi th  Sorensen ' s  
index  QS (Sorensen, 1948), test ing for common species,  and  Renkonen ' s  i n d e x  R (Renko- 
nen, 1938), tes t ing the dominance  structure of species  common to both sites. 

RESULTS 

Species s u r v e y  

96 inver tebra te  species  were  assoc ia ted  with the inter t idal  musse l  beds  of the 
Kbnigshafen (Table 2). Species  were  d is t r ibuted  within the following microhabi ta t s :  71 
species  occurred in the  sed iment  b e n e a t h  the  musse l  layer;  27 species  we re  r eco rded  as 
epifauna,  pr imari ly  on the mussels  (13 species}, or secondar i ly  on sponges ,  hydrozoans  or 
a lgae  associa ted  with the mussels  (17 species).  Three  of the la ter  c a t ego ry  were  also 
found pr imari ly  on mussels  (Littorina fittorea, Harmoth'oe impar, Polydora ciliata). Five 
species  were  ei ther  endoben th ic  or ep iben th ic  on the mussel  b e d  (Promesostoma gracilis, 
P. karlingi, P. rostratum, Eumida sanguinea, Polydora cihata). Three  spec ies  occurred  on 
musse l  beds  as low tide or high t ide guests,  as did  species  of fish and birds  not  inc luded  in 
the  p resen t  invest igat ion.  

C o m p a r i s o n  b e t w e e n  m a c r o f a u n a l  a s s e m b l a g e s  of m u s s e l  b e d  a n d  s a n d f l a t  

The mean  species  densi ty  over all stations, i r respect ive  of microhabi ta t ,  was  I0 
species  100 cm -2 (Table 3). The n u m b e r  of species  was  h igher  in the musse l  b e d  due  to 
the  occurrence of ep iben th ic  and  epiphyt ic  species  (mainly crus taceans  and  molluscs,  see  
Table  2). 56 % of the  macrofauna  species  were  found in the  sed iment  and  42 % on the 
mussels.  The species  densi ty  of endoben th ic  Polychaeta  was s ignif icant ly  h igher  
{P < 0.001) in the sandflat .  

The m e a n  ind iv idua l  densi ty  of the total  macrofauna  dechned  a long the t ransec t  with 
abundances  be ing  lower  in the musse l  b e d  (125 _+ 97 individuals  100 cm -2) than  in the 
sandflat  (173 + 62 individuals  100 cm -2) (P-<0.05) (Fig. 3). The composi t ion  of mac-  
rofauna shif ted from Polychaeta  domina t ing  in the sandf la t  (83 % of all individuals)  to 
Ohgochae t a  (61% of the  total) in the  musse l  b e d  (Fig. 2). At  the  edge  of the  musse l  b e d  
they  occurred in a lmost  equal  proport ions  of the  macrofauna.  Rare po lychae t e  species  
(mean abundance  < l indiv idual  100 cm -2) were  found f requent ly  in the  sandflat ,  but  not 
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Tab l e  2. Spec ies  r eco rded  b e t w e e n  1982 and  1986 on  inter t idal  m u s s e l  b e d s  of the  K 6 n i g s h a f e n  (Isle 
of Sylt, Nor th  Sea). Acco rd ing  to their  occu r r ence  in  mic rohab i t a t s  t hey  are  r eco rded  as  e n d o f a u n a  or 
ep i fauna ,  wi th  M = ep f f auna  on musse l s ,  A = e p i f a u n a  on a lgae  (Pucus vesiculosus), S = ep f f auna  

on s p o n g e s  (Halichondna panicea) a n d  H = ep i f auna  on  h y d r o z o a n s  (Laomedea sp.) 

T A X A  E n d o f a u n a  Ep f f auna  G u e s t  

PORIFERA 

Hah'chondfia panicea (Pallas) 

ANTHOZOA 
Metfidiurn senile L. 

P L A T H E L M I N T H E S  

Pseudostomum brevicaudatum D6rjes 1968 + 
Pseudaphanostoma pelopbilum D6rjes 1968 + 
Pseudaphanostoma psammophilum D6rjes 1968 + 
Archaphanostoma agile (Jensen 1878) + 
Anaperus tvaerminnensis (Luther 1912) + 
Philachoerusjohanni D6rjes 1968 + 
Philactinoposthia saliens (Graft  1882) + 
Mecynostomum auriturn (Schul tze  1851) + 
Archirnonotresis lirnophila M e i x n e r  1938 + 
Pseudostomum quadnoculatum (Leuck 1847) 
Macrostomum pusillum Ax 1951 + 
Microstomum papillosum Graft  1882 + 
Microstomum bioculatum Faube l  1984 + 
Archilopsis unipunctata Fabr ic ius  1928 + 
Promonotus schultzei M e i x n e r  1943 + 
Monocoelis fusca Oers t ed  1843 + 
Pratoplana salsa Ax 1960 + 
Promesostoma gracilis Ax 1951 + 
Promesostoma karlingi Ehlers  1974 + 
Promesostoma rostra tum Ax 1951 + 
Promesostoma m e / x n e r / A x  1951 + 
Promesostoma marmoratum (M. Schul tze  1851) + 
Promesostoma cafigulatum Ax 1952 + 
Ptychoptera westbladi Luther  I943 + 
Ptychoptera hartogi Ax 1971 + 
Proxenetes quinquespinosus Ax 1951 + 
Proxenetes quadrespinosus D e n  Har t og  1966 + 
Proxenetes intermedius D e n  Har tog  1966 + 
Proxenetes segmentatus D e n  Har t og  1966 + 
Proxenetes ampullatus Ax 1971 + 
Breslauflla reh'cta Reis inger  1929 + 
Halammovortex macropharynx M e i x n e r  1938 + 
Pogaina suecica (Luther  1948) + 
Pseudografilla arenicola M e i x n e r  1938 + 
Acrorhynchides robustus K a r h n g  1931 + 
Gyratrix hermaphroditus E h r e n b e r g  1831 + 
Scanorhynchus forcipatus Karl ing 1955 + 
Phonorhynchus helgolandicus (Mezcnik.)  
Zonorhynchus seminascatus Karl ing 1956 + 
Placorhynchus octaculeatus (Kafl ing 1947) + 
Psittacorhynchus verweyi Den  Har t og  1968 + 

A 

M 

H 

H 
H 
H 

H 
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Table 2 (continued) 

TAXA Endofauna Epifauna Guest 

PLATHELMINTHES 
Schizorhynchoides spirostylus Boaden 1963 
Schizorhynchoides indet. 
Rhinepera remanei Meixner 1928 

NEMERTINI 
Lineus viridis (Mfiller) 
Ampln'porus lactifloreus (Johnston) 
Cephalotrix linearis (Rathke) 

ECHIURIDA 
Echiurus echiurus (Pallas) 

MOLLUSCA 
Mttorina littorea L. M, A 
1.2ttonna obtusata L. A 
Hydrobia ulvae (Pennant) 
Macoma balthica L. 
Cerastoderrna edule (L.) 
Mya arenaria L. 
Mytilus edulis L. M 

ANNELIDA 
POLYCHAETA 
Polynoidae 

Harmothoe impar (Johnston) M, S 
Harmothoe imbricata (L.) M 
Lepidonotus squamatus (L.) M 

Sigalonidae 
Pholoe minuta (Fabricius) 

Phyllodocidae 
Eteone longa (Fabricius) 
Anaitides mucosa (Oersted) 
Eumida sanguinea (Oersted) 
Eulalia viridis (L,) 

Hesionidae 
Kefersteinia cirrata (Keferstein) 
Microphthalmus aberrans (Webster & Bened.) 

SyUidae 
Autolytus spec. S, H 

Nereidae 
Nereis diversicolor (O. F. Mfiller) 
Nereis succinea Prey & Leuckart 

Orbinidae 
Scoloplos armiger (O. P. Mfiller) 

Spionidae 
Polydora quadrilobata Jacobi 
Polydora ciliata (Johnston) M, S, H 
Polydora ligni Webster H 
Pygospio elegans Claparede 
Malacoceros tetracerus (Schmarda) 
Malacoceros fuliginosus (Claparede) 
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TAXA Endofauna Epifauna Guest 

ANNELIDA 
POLYCHAETA 
Cirratulidae 

Tharyx marconi (Saint-Joseph) 
Capitellidae 

Capitella capitata (Fabricius) 
Heterornastus ffliformis (Claparede) 

Arenicolidae 
Arenicola marina (L.) (juvenile) 

Ampharetidae 
AInpharete finrnarchica (M. Sars) 

TerebeUidae 
Neoarnphitrite figulus (Dalyell) 

OLIGOCHAETA 
Peloscolex benedeni (D'Udekem) 
Tubificoides pseudogaster (Dab.l) 
Paranais fitorafis (Mtiller) 

PANTOPODA 
Nymphon grossipes (Fabricius) 

CRUSTACEA 
Jaera albifrons Leach 
Idotea cheh'pes (Pallas) 
Carnrnarus locusta (L.) 
Semibalanus balanoides (L.) 
Balanus crenatus Breguiere 
Carcinus rnaenas (L.) 
Crangon crangon (L.) 
Pagurus bernhardus (L.) 

ECHINODERMATA 
Asterias rubens L. 

+ 
+ 
+ 

H 

M 
M 
M 
M 
M 

M 

+ 
+ 
+ 

in the musse l  bed.  The dechne  in polychaete  abundance  and the cor responding  increase  
in ohgochae tes  were  significant ( P -  0.001). Molluscs and  crustaceans,  rare  in the sand-  
flat, compr ised  toge ther  12-15 % of the macrofauna  at the edge  and  wi thin  the  musse l  
bed.  This distr ibution pa t te rn  corresponds with a significant increase  in a b u n d a n c e  
be tween  the sandflat  and  the mussel  bed  edge  (P-< 0.01 Mollusca;  P ~ 0.001 Crustacea ,  
Fig. 3). 

Polychaete  abundances  along the t ransect  could be  sepa ra t ed  into three  dis t r ibut ion 
patterns:  
(1) dec reas ing  a b u n d a n c e  from the sandflat  towards  the  musse l  b e d  of Tharyx marioni, 

Heteromastus ffliformis, Scoloplos armiger, Pygospio elegans, Polydora quadfilobata; 
(2) increas ing  a b u n d a n c e  from the sandflat  towards  the  mussel  b e d  of Capitella capitata, 

Nereis diversicolor, 1VIalacocerus tetracirrus; and 
(3) a s teady  a b u n d a n c e  at all stations of Eteone longa, Anaitides mucosa, NIicrophthal- 

mus  aberrans. 
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Table  3. Macrofaunal  species recorded along three stations of a transect. The total n u m b e r  of species 
from three  sampling dates is given above. Mean  species densities benea th  100 cm 2 (standard 
deviations in parenthesis ,  n = 6} and their significant differences be tween  stations a re  given below 

{asterisks sign for significance level of U-test) 

Taxon Sand_flat Mussel  bed  U-test  
(s) Edge (e) Centre (c} s - e  s - c  e - c  

Total 
Polychaeta 16 12 13 
Molluscs 4 6 5 
Crustacea 4 3 

Total benthos  20 25 25 

M e a n  
Polychaeta 8.0 (1.6) 6.7 (1.5) 5.2 (1.6} 
Mollusca 0.8 (0.7} 3.2 (1.1) 2.7 (1.1) 
Crustacea 0.7 (0.8} 1.2 {0.8} 

Total benthos  8.6 {2.0) 11.0 (2.7} 9.7 {2.7} 

~ 1 7 6 1 7 6  * * *  n . s .  

' ' n . s .  n . s .  

e d g e  

s a n d f l a t  m u s s e l  b e d  

c e n t r e  

= P o l y c h a e t a  ~ = C r u s t  a c e a  

= O l i g o c h a e t a  ~ = N e m e r t i n i  

fTTTi = M o l l u s c a  

Fig. 2. Percentage of taxa on the total macrofaunal  abundance  along three stat ions of a transect, 
based  on the individual  sum of six samples per  station and  month. 360 ~ of the circle a re  equivalent  to 

100 % 

T h e  r a n k  o r d e r  of a b u n d a n c e  of P o l y c h a e t a  a t  t h e  t h r e e  s t a t i o n s  v a r i e d  w i t h  t h e i r  f e e d i n g  

m o d e  ( T a b l e  4). T h e  s u r f a c e  f i l te r  f e e d i n g  T. marioni w a s  t h e  m o s t  a b u n d a n t  in  t h e  

s a n d f l a t  s t a t i o n  w h i l e  s u b s u r f a c e  d e p o s i t  f e e d i n g  cap i t e l l i d s  (H. filiformis a n d  C. capitata) 
w e r e  t h e  m o s t  c o m m o n  a t  t h e  e d g e  a n d  c e n t r e  of t h e  m u s s e l  bed .  H. ffliformis h a d  a h i g h  

r a n k i n g  in  t h e  m u s s e l  b e d ,  a l t h o u g h  its a b u n d a n c e  w a s  l ow  h e r e  c o m p a r e d  to i ts 

a b u n d a n c e  in  t h e  sandf la t .  
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Fig. 3. Abundances of macrofauna along the transect from sandflat to mussel bed (edge and centre). 
Polychaete species with a mean abundance > 1 are given. Mean abundances from three samphng 
occasions (A September, �9 March, �9 May) and the mean abundance over all seasons (connected by 

lines) are given 

No seasonal changes were detected in the general  distribution pattern. An increase 
in total abundance  in spring (Fig. 3) was found at all stations. Juveni le  bivalves (Macoma 
balthica) settled in the mussel  bed sites from March onward�9 The increase in ohgochaete  
density be tween  October and  the coming spring samphng dates may have b e e n  due to an 
improved t reatment  of samples (separation of the upper  layer). Seasonal  differences in 
polychaete abundances  were more pronounced in the sandflat and  the edge of the 
mussel  bed  than in its centre (Fig. 3). Larvae of Tharyx marioni settled in the sandflat  
station in May, but  did not occur in the mussel  bed. The filter feeding Polydora 
quadrilobata estabhshed a populat ion in  the sandflat in spring. At the edge of the mussel  
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Table 4. Rank-order of abundance of Polychaeta inhabiting three stations of a transect during 
September (IX), March (III) and May (V). The three top ranks are given with the first rank taking the 
largest symbol. In March and May two species with equal abundances shared the third rank in the 

sandflat. Feeding modes are according to Fauchald & Jumars (1979) 

Species Feeding Sandflat Mussel bed 
mode Edge Center 

IX III V IX III V IX III V 

Tharyx marioni SMT �9 O 
Heteromastus filiformis BMX �9 �9 
Capitella capitata BMX �9 �9 
Nereis diversicolor 0 
Scoloplos armiger BMC �9 
Pygospio elegans FSDT 
Anaitides mucosa CMX 

�9 �9 �9 �9 �9 
�9 O 0  �9 O 0  �9 
�9 �9 �9 �9 �9 

�9 �9 �9 

bed, the abundance  of H. f i l i formis decl ined from late summer  to spring. Most  of the 

polychaete  species occurred in high densities in the late summer  prior to populat ion 
dechnes  in the winter. The samphng date in March was the first after a seve re  winter  

which had covered  the tidal bay  with ice for several  weeks.  The scaveng ing  Ana i t i de s  

m u c o s a  was the only polychaete  found moving  over  the fiats at this t ime of year, in 

response to an increased food supply and reproduct ive cychcity (Hfittel, 1984}. 

In their vertical  distribution, 80-90 % of the individuals of all taxa l ived in the top 

2 cm of the substrate. This was the almost flocculent layer of mussel  biodeposits .  Below 
two centimeters,  the mud was firm and anoxic. In the sandflat, 81% of the  Polychaeta  

hved  in the layer of 0-2 cm depth. In the mussel  bed, 60 % of the Polychaeta  h v e d  in that 

layer and 40 % in 2-15 cm depth. 

Compar ing  the occurrence of all macrobenthic  species (QS) and their abundances  (R) 
along the transect, the assemblages  of the edge  and the centre of the musse l  bed  were  

more similar to each other than to the sandflat  (Table 5). The sandflat a s semblage  in turn 

was more closely related to that at the edge  than to that in the centre of the musse l  bed. A 
comparison of the polychaete  communi ty  along the transect revea led  a g radua l  dechne  in 

similarity from the sandflat to the mussel  bed  (Table 5). Similar species inhab i ted  the 

sandflat and the edge  station, but  with different abundances .  The macrofauna  in the 
mussel  bed  and sandflat formed distinct communit ies  (Table 6) and diversi ty was h igher  

Table 5. Comparison of macrofaunal assemblages at three stations of a transect. QS = Sorensen 
Index, R = Renkonen Index. The data are based on total findings on three sampling dates 

Sandflat/Edge Sandflat/Centre Edge/Centre 
QS R QS R QS R 

Total benthos 0.68 0.54 0.61 0.33 0.80 0.71 
Polychaeta 0.86 0.68 0.76 0.46 0.80 0.74 
MoUusca 0.55 0.59 0.44 0.42 0.83 0.78 
Crustacea 0 0 0 0 0.86 0.62 
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Table 6. Characterization of the macrofaunal assemblages at three transect stations, averaged from 
three samphng dates. H = Shannon's index of diversity, D = dominance index by Huflbert (1971), 

e = eveness (Pielou, 1966), ds = species richness (Margalef, 1958) 

Index Sandflat Mussel bed 
Edge Centre 

H = -Epi lnp i  1.54 2.07 1.98 
D = I - Z p i 2  0.69 0.82 0.79 
e = H/log S 1.31 1.59 1.56 
ds = S - I/log N 4.75 6.35 6.58 

in the mussel  bed. The edge of the mussel  bed  can be described as an in termedia te  
transition zone rather than an ecotone with enhanced  numbers.  

C o m p a r i s o n  b e t w e e n  m e i o f a u n a l  a s s e m b l a g e s  of m u s s e l  b e d  a n d  s a n d f l a t  

The abundance  of meiofauna was significantly lower in the mussel  bed  (123 +_ 30 
individuals 10 cm -2) compared to the adjacent  sandflat (199 ___ 40 individuals 10 cm -2} 
(P--<0.01) {Fig. 4}. This trend was exhibited by all taxa except for the Copepoda.  
Plathelminthes comprised 0.2 % of the meiofauna in the mussel  bed  and 1.8 % in the 
sandflat. In another  mussel  bed of the KSnigshafen, 10.6 % of the meiofauna consisted of 
Plathelminthes. The plathelminth assemblage of this mussel bed had been  invest igated 
in detail during 1982 and 1983 (Dittmann, 1984). Seasonal variation was low and  a 
characterization of. the assemblage is given in Table 7. Acoelous Plathelminthes 
accounted for 87 % of the abundance .  Their density reshlted in an increased m e a n  
abundance  compared to the plathelminth assemblage in a nearby  sandflat (Reise, 1984) 
{Table 7}. In the mussel  bed, 32 species (out of 44} occurred, each with a density of less 
than 1% of the total abundance .  

No spatial differences were detected for benthic  meiofauna, but  macroalgae and  
hydrozoan colonies of temporary pools were colonized by epiphytal p la thelminth  species 
(Pseudostomum quadrioculatum and  Phonorhynchus helgolandicus) {Table 2). 11% of 
the plathelminth species were epibenthic.  

The abundance  and species composition of plathelminth feeding modes were well 
ba lanced  in the sandflat (Table 7). In contrast, a few grazing species accounted for 90 % 
of overall abundance  in the mussel  bed, and predatory species were rare. The meioben-  
thic plathelminth community in the mussel  bed  clearly differed from those of the ambien t  
sediments.  

DISCUSSION 

M u s s e l  b e d s  as h a b i t a t  

Aggregations of suspension-feeding blue mussels are common in the lower intert idal  
of the Wadden  Sea, where they form bioherms of heterotrophic organisms (Reise, 1985). 
Beneath the mussel  cover the sediment  is muddy,  rich in organic matter and often anoxic 
with high levels of H2S (Dittmann, 1987; Verwey, 1952~ Wohlenberg,  1937). Above the 
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surface, mussel  shells provide  novel  subs t ra ta  for se t t lement  of hard  bo t tom fauna.  Such 
hard  subst ra ta  do not  exist in ad jacen t  sandflats.  Any  evaluat ion of the  f auna  assoc ia ted  
with a mussel  b e d  should  consider  the  microhabi ta ts  and  ecological  p rocesses  of the  
faunal  components .  

The  edge  station was a phys iognomica l  par t  of the  musse l  bed  and  i n h a b i t e d  by  the 
same ep ibenth ic  organisms as the centre.  Sediment  modificat ions by  the musse l s  are  not  
as severe  at the edge  as ins ide  the  mussel  bed  and  the e n d o b e n t h i c  communi t ies  
c h a n g e d  more gradual ly  with d is tance  from the beds .  Faunal  s imilar i t ies  to e i ther  
ad jacen t  habi ta t  were  high at the  edge .  No species  occurred exclusively at  the  e d g e  of the  
musse l  bed,  nor was  diversi ty higher .  Thus the edge  does not r ep resen t  a n  ecotone.  

I n f a u n a l  d i s t r i b u t i o n  p a t t e r n s  

The infauna benea th  the  musse l  b e d  differed from the sandflat  i n f auna  in spec ies  
composit ion,  abundance  pa t te rns  and  t rophic structure. Total  species  n u m b e r s  and  m e a n  
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Table 7. Abundance and diversity of the Plathelminth assemblages in the upper layer (0-1.5 cm} of a 
natural mussel bed and a nearby sandflat investigated by Reise (1984). For indices see Table 6 

Plathelminth assemblage Sandflat Mussel bed 

Mean abundance 10 c m  - 2  111 160 
Number of species 10 cm -2 24 7 
Total number of species 83 44 
Abundance of predators (%) 53 10 
Abundance of grazers (%) 42 90 
Predatory species (%) 65 74 
Grazing species (%} 35 26 
Most abundant species Neoschizorhynchus Archaphanostoma 

parvorostro agile 
Biomass (g/m 2} 0.26 0.08 
Mean length of 
individuals (mm) 1.06 0.30 

H 3.35 0.71 
D 0.95 0.24 
e 1.75 0.43 

species  densi t ies  of infaunal  polychaetes  and p la the lminthes  were  lower  in musse l  beds .  
While  most  of the po lychae te  species  were  recorded  from both sites, they  occurred with  
vary ing  densi t ies  a long the transect  and  rare species  were  encoun te red  less f requent ly  in 
the musse l  bed.  The pla thelminth  as semblages  in and  outside of the musse l  b e d  were  
composed  of similar pe rcen tages  of p reda to ry  and graz ing  species,  but  a s ingle graz ing  
species  (Archaphanostoma agile) domina ted  in abundance  in the musse l  b e d  (Table 7). 

Overal l  infaunal  densi t ies  were  h ighes t  in the sandflat  stat ion of the  transect ,  
whe reas  Commito (1987) recorded compara t ive ly  low infaunal  densi t ies  outs ide of a 
musse l  bed.  This s tudy does not suppor t  an enhancemen t  of infauna coexis t ing with 
musse l  beds,  as p roposed  by Commito & Boncavage  (1989). The  macroben th ic  commun-  
ity in the mussel  bed  was domina ted  by  depos i t - feed ing  Ohgochae ta  (Fig. 2). This 
posit ive correlat ion b e t w e e n  mussels  and  ohgochae te  densi ty  is well  r ecorded  (Commito, 
1987; Commito & Boncavage,  1989; Wohlenberg ,  1937; Larsen, 1985). In all ci ted s tudies  
the a b u n d a n c e  rank ing  of infaunal  organisms was comparable ,  with crustaceans,  b iva lves  
and depos i t - feed ing  polychaetes  following the top- ranking  ohgochaetes .  

Polychaeta  from sediments  benea th  mussels  (H. ffliformis, C. capitata, IV. diversi- 
color, M. tetracirrus, P. ligm) genera l ly  exhibi t  opportunis t ic  hfe s t ra tegies  (see Pearson & 
Rosenberg,  1978 and  therein). The occurrence of depos i t - feed ing  and  opportunis t ic  
infauna is also character is t ic  of fauna hying in the organic  rich m u d  accumula t ing  
unde rnea th  musse l  cul tures  (Kaspar et al., 1985; Mat tson  & Linden, 1983; Roman & Perez,  
1982; Rosenberg  & Loo, 1983). Within the polychae te  a s semblage  H. filiforrnis r a n k e d  
h ighes t  in the musse l  bed,  a l though its abundance  there  was signif icantly lower  than  in 
the sandflat.  H. filiformis lives ups ide -down  in the sed iment  and  causes  an almost  
homogenous  vert ical  distr ibution pa t te rn  for po lychae tes  in the musse l  bed.  In the 
sandflat ,  b iogenic  s tructures by polychae tes  and bivalves  provide  endoben th ic  micro- 
habitats ,  accommoda t ing  further infauna  (Reise, 1981, 1983 and  1985). This endoben th ic  
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habitat heterogeneity is missing beneath the mussel cover. Instead, mussel beds  increase 
epibenthic heterogeneity. 

E p i f a u n a l  d i s t r ibu t ion  p a t t e r n s  

Almost a third of the species recorded were epibenthic on the mussel bed  and half 
thereof were dwelling in microhabitats provided by epifauna or epiphytes on the mussels. 
Due to the epibenthic species, total species numbers and species diversity were  higher in 
than outside of the mussel bed. Species occurring epibenthically on mussel beds belong 
to various trophic groups. Predatory crabs and polychaetes, grazing snails and 
amphipods as well as suspension-feeding barnacles and polychaetes were found on the 
mussels, in their algal cover, on sponges or in shell debris entangled in byssus threads. 
Tsuchiya & Nishihira (1985, 1986) studied the community of experimental mussel  patches 
on rocky substrates and found diverse feeding habits associated with them. 

F.pibenthic habitats are unpredictable, as seasonal, year to year and within mussel 
bed variability is high. During severe winters, epibenthos or the whole mussel  layer can 
be dislodged when frozen to the ice. Over the summer, macroalgae (Pucus vesiculosus) 
cover parts of mussel beds (Wohlenberg, 1937). Hydrozoan colonies were only found in 
pools of mussel beds during summer months. Crabs (Pagurus bernhardus and Carcinus 
maenas) migrate from their subhttoral winter refuge into the tidal flats and find shelter 
under the algal cover or in pools of mussel beds during low tides. Aggregat ions of the 
snail I.u'ttorina littorea were often pronounced on mussel beds, but also found on ambient 
muddy sediments. 

Year to year  variations occurred during the 4-year study period, including increased 
settlement rates of juvenile mussels and barnacles after severe winters. High larval 
output after such winter conditions has been repeatedly observed for many intertidal 
organisms (Ziegelmeier, 1964, 1970; Beukema, 1979; Reise, 1985). Other year  to year 
variations could not be explained. Abundant  hydrozoan colonies, anthozoans and 
sponges were found in pools on mussel beds only in 1983 and 1984, but only rarely in the 
following years. 

P r e d a t i o n  

Predation pressure by epibenthic predators on a mussel bed  varies with season and 
tidal cycles. Crabs, taking refuge on a mussel bed during low tide, can increase the 
predation pressure on the infauna. C. maenas preys on infauna (Scherer & Reise, 1981} 
and P. bernhardus is an occasional predator on meiofauna (Gusky, 1987}. Endobenthic 
predation by Nereis diversicolor on the ohgochaete Peloscolex benedeni was found in 
field and laboratory experiments (Dittmann, 1987 and in prep.). Other endobenthic 
predators among the macro- and meiobenthos were rarely encountered in mussel beds. 

T roph ic  g r o u p  r e s p o n s e  

The trophic group response of infaunal organisms to mussel beds suggests  that food 
supply and feeding mode play a role in determining distribution patterns. Even for the 
meiobenthic group of Plathelminthes the distribution patterns of feeding modes indicated 
a different food availability beneath the mussel layer. Low meiobenthos densities 
beneath mussels do not provide sufficient prey for predatory Plathelminthes. A higher 
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abundance of grazing and bacteria-feeding Plathelminthes reflects this food availabihty 
{Dittmann, 1987; Kosfeld, 1989). Subsurface deposit feeding ohgochaetes and poly- 
chaetes inhabited the sediment of the mussel bed, while surface filter-feeders were 
dwelling in the sandflat. At the edge of the mussel bed both feeding modes were 
common. 

The finding of this study that suspension-feeding mussels promote the estabhshment 
of a deposit-feeding infauna, is not in agreement with the trophic group amensahsms 
proposed by Rhoads & Young (1970). Already Posey (1986) and Thrush (1988), finding the 
exclusion of the same feeding modes, reject the apphcabihty of trophic group amensal- 
ism. Trophic group amensalism means that one trophic group (deposit-feeders, 
inhibitors) exclude another trophic group and epifaunal sessiles (suspension-feeders, 
amensals). In mussel beds, suspension-feeders (inhibitors) exclude other suspension- 
feeders (amensals), but facilitate the occurrence of another trophic group (deposit- 
feeders) and of epifauna with a wide range of feeding types. I propose to call this 
interaction trophic group amehoration as an attribute of structural heterogeneity of 
epibenthic bioherms. It is an extension of the promotive process of sediment amehoratlon 
by endobenthos (Reise, 1985), Here, epibenthic macrofauna is the promotor and affects 
associated species by the combination of accomodation, fertilization and hydrodynamic 
properties. Other examples for trophic group amelioration are mussels on rock surface 
(Tsuchiya & Nishihira, 1986) and reefs by sabellid polychaetes in the subtidal Wadden 
Sea (Riesen & Reise, 1982; Hagmeier & K~ndler, 1927). 

Set t lement  and  recru i tment  

Differential settlement within and outside of the mussel bed caused some of the 
differences in abundances reported in this study. Molluscs (hi. balthica) settled preferen- 
tially in the mussel bed while juvenile polychaetes (T. marioni, P. quadrilobata) estab- 
lished populations in the sandflats. These recruitment patterns can be explained by larval 
predation of the mussels, larval response to settlement cues, or the suitability of the 
substrate. The enhanced settlement of M. balthica in the mussel bed could have been 
induced by the suitability of the substrate for demands of early settlement (Beukema & 
deVlas, 1989). Functional group hypotheses use predation on larvae as one aspect for the 
mutual exclusion of feeding modes in soft bottom communities (Hunt et al., 1987; Rhoads 
& Young, 1970; Scheltema, 1974; Woodin, 1976). Woodin (1976) hypothesized negative 
effects of suspension-feeding bivalves on the recruitment of infaunal species. Larvae, 
who pass the mussels alive, have htfle chance of surviving in the mussel biodeposits 
(Mileikovsky, 1974). Commito (1987) observed that infaunal organisms maintaining high 
densities in mussel beds have benthic development stages and rejects Woodin's 
hypothesis that no dense infauna should develop with dense suspension-feeders. Com- 
mito & Boncavage (1989) proposed to hmit her hypothesis to predation on organisms with 
pelagic development stages. This is supported by this study, as Ohgochaeta with benthic 
development were the only abundant infauna beneath mussels. 

Yet, the unsuccessful recruitment of polychaetes may be due to larval predation by 
the mussels. None of the polychaetes attained high infaunal densities beneath the 
suspension-feeding mussels, apart from C. capitata early in the year. While the sulphide- 
containing sediment has a negative effect on settlement of capitellid larvae (Dubiher, 
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1988), t h e y  avo id  p r e d a t i o n  by  the  musse l s  w i th  b e n t h i c  d i s p e r s a l  (Grass le  & Grass le ,  

1974). This  s t u d y  conf i rms  b o t h  W o o d i n ' s  h y p o t h e s i s  a n d  C o m m i t o  & B o n c a v a g e ' s  

p r o p o s e d  a d d i t i o n  to it. T h e  s u s p e n s i 0 n - f e e d i n g  m u s s e l s  p r e y e d  u p o n  p e l a g i c  p o l y c h a e t e  

l a rvae  w h i c h  cou ld  n o t  a t t a in  h i g h  d e n s i t i e s , ' a n d  only  i n f a u n a  w i t h  b e n t h i c  d e v e l o p m e n t  

succes s fu l ly  r e c r u i t e d  a n d  e s t a b h s h e d  p o p u l a t i o n s  in  t he  m u s s e l  b e d .  

M u s s e l  b e d s  a r e  a h e t e r o g e n e o u s  h a b i t a t  in  t he  in te r t ida l ,  c h a r a c t e r i z e d  by  a 

s p e c i e s - r i c h  f a u n a  w i t h  h i g h  divers i ty ,  d i f fe r ing  f rom a m b i e n t  s a n d f l a t  c o m m u n i t i e s  in  

d o m i n a n c e  s t r u c t u r e s  a n d  f r e q u e n c y  of f e e d i n g  types .  A n  a m e n s a l i s t i c  r e l a t i o n s h i p  w i t h  

e n d o b e n t h i c  o r g a n i s m s  con t r a s t s  t he  ame l io r a t i on  for e p i b e n t h o s .  A va r i e ty  of co- 

occu r r i ng  func t i ona l  g r o u p s  a d d s  to t he  f r a m e w o r k  of r e l a t i o n s h i p s  a n d  i n t e r a c t i o n s  

s t ruc tu r ing  t h e  f a u n a l  a s s e m b l a g e  of m u s s e l  b e d s .  
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