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ABSTRACT: Environmental  conditions in salt marsh  creeks are intermediate be tween  the open tidal 
coast and  estuaries. A large salt marsh creek at the island of Sylt (North Sea) was studied in order to 
test  whether  its fauna is more similar to that  of the open tidal coast or to that  of estuaries. Because of 
a sandy bar  at the seaward opening, the tidal range  is only 10 cm in the creek, and the water  level 
never  drops below the level of the sand bar. Zoobenthos in the sandy bottom and  on the sandy shores 
was studied at both  ends and in the middle of the creek. Polychaeta and  Plathelminthes were 
determined to species level. On an  average, 2115 metazoans were found below I0 cm 2 of surface 
area. At the seaward end of the creek, abundance  and  taxonomic composition are similar to that  of 
the adjoining Wadden area. Nematoda are the dominant  taxon, followed by Copepoda, Plathelmin- 
thes and  Oligochaeta. Taxonomic composition is different at the landward end. Plathelminthes and 
Nematoda  are most abundan t  followed by Copepoda. Both Oligochaeta and  Polychaeta are scarce at 
these newly eroded sites. Plathelminth abundance  at the landward end  of the creek is exceptionally 
h igh (770-935.10 cm-2). Contrary to what  is general ly found in estuaries, the species density of 
Plathelminthes shows a significant increase toward the land. The species composition of Polychaeta 
and Plathelminthes indicates that the sites below mean  high tide level of the creek correspond to the 
adjacent  eulittoral Wadden area while the fauna of the suprahttoral  sites of the creek is similar to the 
fauna of supralittoral tidal coasts. Typical subhttoral  species did not occur in the salt marsh  creek. 
Thus, salt marsh creeks may be  regarded as a small-scale model for the tidal coast. In context with 
the results obtained, the definition of estuaries is discussed. 

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

A n  e s t u a r y  is a pa r t i a l ly  e n c l o s e d  coas t a l  b o d y  of w a t e r  w h i c h  is e i t h e r  p e r m a n e n t l y  

or p e r i o d i c a l l y  o p e n  to t he  s e a  a n d  w i t h i n  w h i c h  t h e r e  is a m e a s u r a b l e  v a r i a t i o n  of s a l i n i ty  

d u e  to t h e  m i x t u r e  of s e a  w a t e r  w i t h  f r e s h  w a t e r  d e r i v e d  f rom l a n d  d r a i n a g e  (Day, 1980, 

1981}. C o m p a r e d  to t h e  o p e n  t ida l  coas t  o t h e r  e n v i r o n m e n t a l  f ac to r s  s u c h  as  t e m p e r a t u r e  

m a y  b e  m o r e  v a r i a b l e  too. Th i s  a f fec ts  t h e  f a u n a l  compos i t i on .  In  g e n e r a l ,  t h e  n u m b e r  of 

s p e c i e s  is r a t h e r  low, b u t  i n d i v i d u a l  a b u n d a n c e s  m a y  b e  h i g h .  O n  t h e  o t h e r  h a n d ,  

e s t u a r i e s  a re  l e s s  e x p o s e d  to w a v e  ac t ion ,  a n d  food  s u p p l y  m a y  b e  b e t t e r  t h a n  o n  t ida l  

coas t s  b e c a u s e  of r i ve r  or sa l t  m a r s h  i n p u t  (cf. Wolff,  1983 for  a review}.  

T h e  e n v i r o n m e n t a l  c o n d i t i o n s  of l a r g e r  sa l t  m a r s h  c r e e k s  a r e  s imi l a r  to  t h o s e  of 

e s tua r i e s .  T h e  s e a w a r d  e n d  of sa l t  m a r s h  c r e e k s  is d o m i n a t e d  b y  m a r i n e  fac tors ,  a n d  

l i m n i c  a n d  t e r r e s t r i c  fac to rs  b e c o m e  i n c r e a s i n g l y  m o r e  i m p o r t a n t  t o w a r d  t h e  l a n d .  A t  t h e  

s a m e  t ime,  s e a  w a t e r  i n t e r c h a n g e  d e c r e a s e s  a n d  f r e s h  w a t e r  i n f lux  b e c o m e s  m o r e  
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important .  Tempera tu re  exhibits  wide r  r anges  l andwards  than at the  s e a w a r d  end. Water  
movemen t  is genera l ly  weak.  

In estuaries,  the n u m b e r  of species  genera l ly  decreases  with inc reas ing  fresh wa te r  
inf luence (Riemann, 1966; Sanders,  1968; Boesch, 1977; Bouwman,  1981; Wolff, 1983), 
whe reas  species  densi ty  of small  zoobenthos  does not  r e ma rka b ly  c h a n g e  b e t w e e n  
subht tora l  and  supral i t toral  zones of the  t idal  coast  (Armonies & Hel lwig-Armonies ,  
1987). On the is land of Sylt in the nor thern  W a d d e n  Sea, a la rger  salt mar sh  c reek  was  
inves t iga ted  in order  to test whe the r  its fauna  is more similar to that  of es tuar ies  or to that  
of t idal  coasts. 

MATERIAL AND METHODS 

S a m p l e  s i t e s  

During wes ter ly  gales, the supral i t toral  salt  marshes  on the i s land of Sylt  are  flooded. 
Sea  wate r  enters  the marsh  at all sites whe re  the level  of the s e a w a rd  salt  mar sh  border  is 
lower  than  the actual  h igh  t ide level.  After  the storm, the  sea  wa te r  re turns  to the  sea, 
f lowing preferent ia l ly  through the small  depress ions  and  grooves of the  salt  marsh.  
Erosion of these  grooves forms salt  marsh  creeks.  Initially, the  c r e e k i s  only  wet  when  a 
storm t ide has  p receeded .  However ,  b y  regress ive  erosion the bot tom leve l  wil l  become  
d e e p e r  after every storm tide. When  the g round  water  level  is r eached  the c reek  is large  
enough  to be  par t ia l ly  filled with wa te r  throughout  the year.  A salt  mar sh  c reek  of this 
k ind  was  studied. 

The  creek  is loca ted  in a salt  marsh  approx imate ly  300 x I000 m in the  nor thern  par t  
of the  i s land of Sylt (North Sea) ad jacen t  to the KSnigshafen W a d d e n  a rea  (Fig. I). The  
c reek  is about  600 m long. At  the  s eaward  end it is about  12 m wide  a n d  it narrows 
l andwards  to less than  1 m. The sur rounding  salt marsh  is in tensively  g r azed  by  sheep.  
Because  of the  geologica l  situation, the  bot tom of the salt  marsh  c r eek  consists of 
re la t ive ly  coarse sand (median d iamete r  of sand grains 300 to 400 ~m). Sort ing is quite 
he terogenous .  The  pe rcen t age  of fine mater ia l  (silt, detr i tal  part icles)  is low at the  
s eaward  side (< 1%) and  tends  to increase  landwards .  However ,  it  is much  inf luenced  by  
smal l -scale  currents, and  dur ing storm t ides  the silt content  may  be  h igh ly  r e duc e d  all 
over  the  creek. 

The min imum wa te r  level  (i.e. the  wate r  level  r eached  dur ing  low tide) is about  
60 cm on the s eaward  side and  decreases  to zero in l andward  direction.  A sand bar  
b e t w e e n  the seaward  end of the salt  marsh  c reek  and the ad jo in ing  W a d d e n  a rea  
prevents  a further sea  wate r  outflow b e y o n d  this level. Therefore,  an a v e r a g e  h igh  t ide 
increases  the wate r  level  of the c reek  by  only 10 cm and the "euli t toral  zone"  is ra ther  
narrow. The "suprali t toral" zone r eaches  up to 35 cm above  m e a n  h igh  t ide level  
(MHTL), and  the sur rounding  salt  marsh  is about  40 to 50 cm above  MHTL. Nea r  bends  
of the creek,  currents e n g e n d e r  sandy  shores. Mostly, however ,  the c reek  borders  direct ly 
on the salt  marsh. Here,  the shore is an almost  vert ical  declivity, or it  has  par t ly  s l ipped  
due  to erosion. These  salt  marsh  shores  were  exc luded  from this study, and  only the  
sandy  sites were  invest igated.  

On October  13th 1986, samples  were  col lected at the s eaward  end  of the  salt  marsh  
creek,  in the middle  of the c reek  and  at  its l andward  end.  There  were  7 s ampl ing  stat ions 
at  the seaward  end,  a r r anged  accord ing  to the he ight  above  MHTL ( - 5 0  cm, - 3 0  cm, 
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--10 cm, 0, +10 cm, +20 cm, +30 cm). The sandy shore was  n o t s o  high in  the middle  of 
the creek, and  the +30 cm station had to be omitted. Because of the l imited vertical 
extension of the shore at the landward  end, there were only 3 stations ( - 1 0  cm, 0, and 
+10 cm above MHTL). Salinity varied be tween  31%~ at the seaward end and  26 %o at the 
landward  end. Water temperature  was 12 to 13 ~ 

S a m p l i n g  a n d  e x t r a c t i o n  

10 rephcates were collected at each station using 1-cm 2 glass tubes. Vertically, the 
samples inc luded all of the oxic sediment  layer plus the uppermost  centimetres of anoxic 
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sediment .  Above  the water  hne, s amphng  was rest r ic ted to 10 cm be low ground  wa te r  
level.  The  sed iment  column was vert ical ly d iv ided  into 10 cm layers  if the s a m p l e d  dep th  
e x c e e d e d  10 cm. 

Meiofauna  was  ext rac ted  us ing a shak ing-decan ta t ion  procedure .  Samples  were  
w a s h e d  into a b e a k e r  (600 cm3). Fi l tered sea  wa te r  was  a d d e d  (about 50 cm 3) and  the  
b e a k e r  was gent ly  shaken.  Then the s u p e m a t a n t  was decan ted  into a second  beaker .  
Intensifying shak ing  and  rotating, this p rocedure  was  r epea t ed  about  10 t imes. The  final 
2 washes  were  carr ied out using fresh wa te r  ins tead  of sea  water  (appl icat ion t ime 1 min). 
This causes  animals  formerly a t t ached  to sand grains  to lose hold of their  anchors;  they  
can, thus, be  ex t rac ted  easily. No w o u n d e d  or d a m a g e d  animals were  obse rved  after this 
t rea tment .  

The ga the red  superuatants  were  concen t ra ted  by  s ieving through 250-~tm and  40-~tm 
meshes .  The res idues  were  t ransferred into Petri  dishes. From these dishes  the  fauna  was  
sor ted  and all major  taxa counted,  Polychaeta  and  Plathelminthes  were  de t e rmine d  to 
species  level. Other  t axa  were  t r ea ted  as groups.  In she l te red  and semi -exposed  sand, the  
above  method  yields  quanti ta t ive extract ion of all me tazoan  fauna (Hellwig, 1987). Only  
very  small  animals  pass ing  the 40-~m meshes  are  lost. 

S t a t i s t i c a l  a n a l y s e s  

A b u n d a n c e  of most taxa shows signif icant  deviat ion from randomness  (significant 
devia t ion  of the va r i ance - to -mean  ratio from the appropr ia te  reference  of a ch i - square  
table:  Gage  & Geekie ,  1973), and  aggrega t ion  is the rule. The means  and  s t anda rd  
devia t ions  given in Table  1 are therefore  only approximations.  Accordingly,  non-pa ra -  
metr ica l  tes ts 'are  an  adequa te  means  of statist ical  evaluation.  We used  the non -pa rame t -  
r ical  U-test  (Wilcoxon et al. in Sachs, 1984). 

Fauna l  affinities be tween  sites are  expressed  with Renkonen 's  index  (R = 7. pi, wi th  
pi  be ing  the propor t ion of individuals  in the site where  species  i is less abundan t )  and  
S~rensen 's  index  [S = 2j/(a+b),  with j be ing  the joint  number  of species,  and  a and  b are  
the  number  of species  in both sites]. While  S expresses  the fraction of common species,  R 
eva lua tes  the s ignif icance of every  species  and  gives the affinity in terms of dominan ts  
ra ther  than species.  

Species  diversi ty is charac ter ized  by  Shannon ' s  entropy (H' = - s  pi x In pi, w h e r e  pi  
is the proport ion of the  i-th species,  i = 1, 2, 3 . . . .  , S), and  by  a modificat ion of S impson ' s  
measure  of concentra t ion (D = 1 - Z  pi ~, with pi  as above). 

RESULTS 

Abundance and taxonomic composition 

On an overall average, 2115 metazoans were found per 10 cm 2 of surface area. 

Abundance is close to this mean at the seaward end of the salt marsh creek. In the middle 

of the creek, abundance is significantly lower, and at the landward end it is significantly 

higher (Table I). However, considering only sites above mean high tide level there are no 

significant differences, and the above tendency is only due to the 'sublittoral' sites. In the 

middle of the creek, abundance is significantly higher above MHTL than below. The 

opposite is true at the ends of the creek (Table I). 
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At the seaward end  of the creek, metazoan abundance  does not significantly differ 
be tween  - 5 0  cm and  + 20 cm. Only the uppermost  (+30 cm) site shows a significant 
decrease. In the middle  of the creek, the significantly lower a bunda nc e  of metazoans  in 
the 'subhttoral '  compared to the 'supralittoral '  sites is caused by low a b u n d a n c e  at - 1 0  
and  0 cm, while there is no significant difference be tween  the other sites. The highest  
total of metazoan  abundance  was found at the water  line of the landward  end  of the salt 
marsh creek (>3000 �9 10 cm-2). 

Nematoda  reach highest  abundances  in the lowermost sites of every section of the 
creek with highest  values at the seaward side. There are no significant differences in 
n u m b e r  be tween  the 'suprahttoral '  sites (Table 1). Copepoda are more a b u n d a n t  at sites 
above MHTL. Abundance  is highest  at the seaward end at 20 cm above MHTL. In the 
middle the + 10 and  +20 cm sites are equally occupied, and  at the l andward  end  highest  
abundance  is found at the water  edge. The preferred height level changes obviously from 
+20 cm to 0 cm in a landward  direction. 

The abundance  of Plathelminthes shows no trends at the seaward side, and  there are 
no significant differences be tween  the landward  sites (Table 1). In the middle  of the 
creek, abundance  is lowest at the water edge, and  increases towards both higher  and  
deeper  sites. A similar pat tern is also observed in the copepod a bunda nc e  of these sites. 
Presumably, this is an effect of small-scale currents or wind driven waves. In the course of 
the creek, the pla thelminth  abundance  strongly increases toward the land, up to an 
average of near ly  900 �9 10 cm -2. At 10 cm above MHTL they are the dominan t  taxon 
(Table I). 

Ohgochaeta  reach highest  abundances  just above MHTL. A bunda nc e  does not 
significantly differ be tween  the seaward side and  the middle of the creek, bu t  it is very 
low at the landward  end. Polychaeta and Ostracoda are both most a b u n d a n t  be low water  
level, and Halacarida tend to be more abundan t  above water level (Table l). 

Besides these �9 taxa, Gastrotricha (Macrodasyoida), Tardigrada (Batillipes 
mirus), Protohydra leuckar~', Gnathostomula cf. paradoxa, and  the macrofaunal  species 
Hydrobia ulvae, Macoma balthica, and Corophium sp. occurred ("others" in Table  1). 
Locally more a b u n d a n t  were Gastrotricha above MHTL at the seaward end, Tardigrada 

�9 above MHTL and  Protohydra below MHTL at the middle of the salt marsh creek. 
On the seaward side of the creek, Nematoda dominate at the sites below MHTL, and  

Copepoda above. In the course of the creek, the proportion of Nematoda  decreases 
landwards,  and  the share of Plathelminthes increases. On an average of all sites the 
proportion of Copepoda is similar all over the creek. Oligochaeta play a major role only at 
the seaward end  and  in the middle of the salt marsh creek. 

F a u n a l  af f in i t ies  i n  P o l y c h a e t a  

A total of 10 polychaete species is recorded (Table 2). Polychaete a b u n d a n c e  and  
species n u m b e r  show the same tendency.  There are no significant differences be tween  
the seaward end  and  the middle of the creek, bu t  Polychaeta are scarce at the l andward  
end. The 'subhttoral '  is richest in individuals as well as species, and  diversity is highest  
there (Table I, 2, 3). 

The highest  faunal  similarity of all sites is found be tween  the seaward end  and  the 
middle of the creek (4 species in  common), and  lowest be t w e e n  the seaward and  
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Table 3. Species richness and diversity of Polychaeta and Plathelminthes. Computed on the 
combined values of the respective sites {not averages) 

Polychaeta Plathelminthes 

species H' D species H' D 

Seaward end 
MHTL and below 6 1.289 .652 39 2.193 .750 
Above MHTL 1 0 0 38 2.783 .887 
Total 7 1.400 .676 67 2.981 .883 

Middle of creek 
MHTL and below 9 1.745 .776 35 2.549 .870 
Above MHTL i 0 0 25 2.011 .776 
Total 9 1.758 .781 46 2.855 .913 

Landward end 
MHTL and below 2 .451 .278 31 1.998 .810 
Above MHTL 1 0 0 28 1.804 .774 
Total 2 .410 .245 38 2.001 .798 

Overall totals 
MHTL and below 9 1.625 .741 52 2.515 .864 
Above MHTL 3 1.040 .625 63 2.802 .892 
Total of creek I0 1.694 .753 83 2.906 .904 

Table 4. Faunal similarity of Polychaeta and Plathelminthes. Re = Renkonen's  index; Se = 
Ssrensen 's  index; around MHTL = - 1 0  to +10 cm 

Seaward - middle Middle - landward Seaward - landward 

Re Se Re Se  Re Se  

Polychaeta 

All sites .610 .750 .353 .363 .204 .222 
MHTL and below .628 .800 .360 .363 .212 .278 
Above MHTL 0 0 0 0 0 0 
Around MHTL .917 .800 .917 .800 .857 .500 

Plathelminthes 

All sites .539 .673 .361 .643 .289 .495 
MHTL and below .580 .757 .457 .697 .372 .629 
Above MHTL .451 .508 .087 .415 .096 .242 
Around MHTL .486 .555 .235 .600 .207 .410 

l a n d w a r d  e n d s  (no c o m m o n  spec ies ,  Tab le  4). P o l y c h a e t e s  s h o w  a r e g u l a r  f a u n a l  g r a d i e n t  

in  t he  cou r se  of t he  c reek .  H o w e v e r ,  t h e r e  is a ve ry  h i g h  f au n a l  s imi lar i ty  b e t w e e n  the  

s i tes  a r o u n d  M H T L  ( - 1 0  to +10  cm). B e c a u s e  of ve ry  low a b u n d a n c e  a n d  s p e c i e s  

n u m b e r s ,  t he  f auna l  s imi lar i ty  of ' sup rah t to ra l '  s i tes  is ze ro  (Table  4}. Thus ,  t h e  differ-  

e n c e s  in p o l y c h a e t e  f a u n a l  s imilar i ty  a re  only  d u e  to the  s i tes  d e e p e r  t h a n  10 c m  b e l o w  

MI--ITL. 
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F a u n a l  a f f in i t i e s  i n  P l a t h e l m i n t h e s  

Pla thelminthes  are rich in species  all over  the. salt marsh  creek.  A total  of 83 spec ies  is 
recorded  (Table 5). As is the  case in ind iv idua l  abundances ,  the  average  spec ies  densi ty  
pe r  I0 cm 2 is h ighes t  at  the  l andward  end.  There  are  20.3 species  �9 I0 cm -2 at  the  s e a w a rd  
end,  20.0 in the middle,  and  25.7 �9 I0 cm -2 at the l a n d w a r d  end.  These  dif ferences  are 
evdn more evident ,  when  the sites b e t w e e n  - I 0  and  + 10 cm above  MHTL are  compared  
(i.e. the  he ight  level  of the  l andward  sites). At this level  there  were  18.7 spec ies  �9 I0 cm -2 
on the s eaward  side and  18.0 in the  midd le  of the creek,  

The highest  similari ty of faunal  composi t ion is found b e t w e e n  the s e a w a rd  end  and 
the middle  of the  c reek  (13 species  in common),  and  similari ty is lowest  b e t w e e n  the 
s eaward  and  l andward  ends  (Table 4). These  2 sites have  only 3 species  in common,  and 
4 species  are common to the middle  and l a n d w a r d  side. Thus, as is the case in Polychaeta ,  
Pla thelminthes  show a regula r  faunal  g rad ien t  in the  course of the  creek,  The  ave rage  
similari ty is h igher  b e t w e e n  the 'subli t toral '  sites than  b e t w e e n  sites above  MHTL 
(Sorensen 's  index,  Table  4). Regard ing  Renkonen ' s  index,  the  differences b e c o m e  more 
p rominen t  because  of different  dominants .  Unl ike Polychaeta,  the  faunal  s imilari ty is not  
extraordinar i ly  h igh  a round  MHTL. Never theless ,  when  compar ing  all sites the  pa t t e rn  of 
faunal  similari ty r esembles  that  of Polychaeta .  

The  low faunal  similari ty of Polychaeta  b e t w e e n  the s eaward  and l a n d w a r d  ends  of 
the c reek  is due to low abundance  and species  numbers  at the  l a n d w a r d  sites, which  also 
causes  low diversi ty H' (Table 3). This is not  the  case  in Plathelminthes.  Divers i ty  H' 
decreases  towards  the l andward  end  of the  salt marsh  c reek  because  of the  s trong 
dominance  of a few species,  and  not because  of decreas ing  species  r ichness {cf. Tab le  5). 

From the total  of 83 p la the lminth  species,  23 occurred at all 3 stations. 26 species  
were  restr ic ted to the  seaward  end,  7 to the  l a n d w a r d  end,  and  only 2 to the midd le  of the 
creek.  Pseudaphanostoma pelophilum (Acoela) was the most a b u n d a n t  species  wi th  up to 
350 individuals  pe r  I0 cm 2, fol lowed by  Pogaina suecica (Dalyellioida). This spec ies  was  
dominan t  in the  middle  and the seaward  end  of the creek,  and  P. pelophflum at the 
l a n d w a r d  end (Table 5). Both species  feed  on diatoms. 

DISCUSSION 

A b u n d a n c e  a n d  t a x o n o m i c  c o m p o s i t i o n  c o m p a r e d  to t h e  t i d a l  c o a s t  

Some weeks  prior to this study, a ne twork  of sublittoral,  eulittoral,  and  supral i t toral  
sites was sampled  near  the  is land of Sylt, and  the benth ic  fauna was eva lua ted  {Armonies 
& Hel lwig-Annonies ,  1987). Because of similar methods,  and  the short d i s tances  both  in 
t ime and space b e t w e e n  the sampl ing  occasions,  this s tudy is wel l  qualif ied to serve  as a 
comparison.  As concerns  the sed iment  composit ion,  the ' m u d d y  sand '  sites of the  above  
s tudy are most similar to the salt marsh  creek.  However ,  the supral i t toral  and  euli t toral  
samples  of Armonies  & Hel lwig-Armonies  (1987) r eached  further down into the  anoxic 
sed iment  layer,  and  accordingly,  a h igher  proport ion of the  taxa  l iving there  is to be  
expected.  Above  all, this concerns N e m a t o d a  and deep  dwel l ing  annelids.  Conversely,  
most of C o p e p o d a  and Pla thelminthes  live in the oxic surface layer,  and  these  taxa  were  
not  affected. 
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At the  s eaward  end  of the salt marsh  creek,  total  zoobenthos  a b u n d a n c e  decreases  
from the ' subht toral '  sites toward  the 'suprali t toral ' .  This is main ly  caused  by  the 
a b u n d a n c e s  of N e m a t o d a  which are the "dominant taxon here.  The same t endency  was 
obse rved  in the adjo in ing  W a d d e n  area.  In contrast, in the midd le  of the  creek,  abun-  
dance  of both  total  meiofauna  and N e m a t o d a  is lowest  in the 'euli t toral '  (=MHTL).  In the 
s e a w a r d  as wel l  as  in the  middle  part  of the  creek,  the  number  of Polychae ta  strongly" 
dec reases  from the 'subli t toral '  towards  the 'suprali t toral ' ,  and  ohgochae te  numbers  
increase.  The s ame  t endency  was observed  at the  t idal  coast. A b u n d a n c e  of C o p e p o d a  
cont inuously  increases  towards  the 'supral i t toral '  in both  the  s e a w a rd  and  middle  par t  of 
the  creek.  At  these  sites, the distr ibution of Pla thelminthes  shows no genera l  t endency  
bu t  a b u n d a n c e  is lowest  in the 'euli t toral '  {Table 1). In the adjo in ing  W a d d e n  area, 
dis t r ibut ion pa t te rns  of these  taxa  are  just  the opposi te  (Armonies & Hel lwig-Armonies ,  
1987}. 

At  the  l a n d w a r d  end  of the  creek, most  taxa show unique  dis tr ibut ion pa t te rns  that  
c lear ly  differ from both  the  t idal  coast  and  the other  sites of the  salt  marsh  creek.  Total  
me iofauna  and  C o p e p o d a  are most abundan t  in the  'euli t toral ' ,  whi le  the  a b u n d a n c e  of 
P la the lminthes  and  N e m a t o d a  do not significantly differ b e t w e e n  the ' subht toral '  and  
'eul i t toral '  site, and  abundance  is lowest  in the 'suprali t toral ' .  

As was expec ted  from the l imited sampl ing  depth,  a b u n d a n c e  of total  zoobenthos,  
Nematoda ,  and  of deep  dwel l ing Polychaeta  is lower  in ~ e  salt  marsh  creek,  whe reas  
a b u n d a n c e  of C o p e p o d a  is not significantly different. In the s e a w a rd  and  middle  par t  of 
the  creek,  Ohgochae ta  are  more abundan t  than  in the  W a d d e n  Sea  area,  bu t  their  
n u m b e r  is s t rongly d iminished  at the l andward  end  of the creek.  

The  most s t r iking difference b e t w e e n  the salt  marsh  creek  and  the adjo in ing  t idal  
coast  is the  s ignif icant ly h igher  abundance  of Pla thelminthes  in the  creek.  Their  number  
cont inuously  increases  l andwards  where  they  are  more  a b u n d a n t  than  Copepoda ,  and  
there  is no signif icant  difference b e t w e e n  nematode  and  p la the lminth  abundances .  In the 
' supraht toral ' ,  P la thelminthes  are the dominant  me tazoan  taxon. At  the  same time, the 
propor t ion  of both  Polychaeta  and Ohgochae ta  is unusual ly  small.  Possibly, annehds  
n e e d  longer  to occupy  the newly  e roded  ends  of salt  marsh  creeks,  and  some pla thel -  
minth  species  benef i t  from their  absence.  The grea ter  inf luence of terrestr ial  factors on 
the l andward  ends  of salt  marsh creeks is another  possible  cause  for the differences in 
faunal  composit ion.  

The  above  indica tes  that  the faunal  similari ty b e t w e e n  the t idal  coast  and  the salt 
marsh  creek  dec reases  from the s eaward  towards  the l andward  parts.  The  s e a w a r d  end  of 
the  c reek  is qui te  similar to the W a d d e n  Sea, whi le  the l a n d w a r d  end  has  unique  
characters .  The same t endency  is observed  when  estuaries  are c o m p a r e d  to the  t idal  
coast  (e.g. Ax, 1956}. 

S p e c i e s  r i c h n e s s  a n d  d i v e r s i t y  of P o l y c h a e t a  

At  the  s eaward  sites of the salt marsh  creek,  7 species  of Polychae ta  were  found, and  
9 in the  middle  section. Because of hmi ted  sampl ing  depth,  the po lychae te  fauna  was  not  
comple te ly  recorded.  For instance, many  funnels and  casts g e n e r a t e d  by  the lugworm 
Arenicola marina are  seen  all over the creek,  but  this species  was  not  found in the 
samples .  The small  sample  size (1 cm 2 surface area, 10 replicates)  is another  reason  why  
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Polychae ta  are  not  comple te ly  recorded.  The  small  number  of po lychae te  spec ies  at the  
l a n d w a r d  end  of the  c reek  m a y  also be  caused  by  the l imited vert ical  d imens ion  of the  
'subli t toral ' .  With  these  restrictions, the  polychae te  species  r ichness  is not  s ignif icant ly 
different  from the shal low wate r  sites of the  t idal  coast  (cf. Armonies  & Hel lwig-  
Armonies ,  1987). However ,  diversi ty H' is lower in the salt  marsh  creek,  The  l imited 
sampl ing  dep th  is aga in  a poss ib le  cause,  and  the wider  r ange  of env i ronmenta l  factors is 
another.  All  po lychae te  spec ies  of the  c reek  are  also known from the ad j acen t  t idal  coast  
(Reise, 1985; Armonies  & Hel lwig-Armonies ,  1987). 

S p e c i e s  r i c h n e s s  a n d  d i v e r s i t y  of P l a t h e l m i n t h e s  

Pla the lminthes  are  more  specific in their  envi ronmenta l  d e m a n d s  than  Polychae ta  
(Armonies & Hel lwig-Armonies ,  1987; Hellwig,  1987). They  are  r icher  in spec ies  in the 
salt  marsh  c reek  than  in the  adjoin ing W a d d e n  area. This resul t  is  oppos i te  to the  
si tuation often desc r ibed  from estuar ies  (Pdemann, 1966; Day, 1981) w h e r e  l andward  
gradients  of dec reas ing  spec ies  r ichness  a re  observed.  Warwick  & G e e  (1984) also found 
devia t ions  from this rule  (see below). 

At the  s eaward  end  and  in the middle  of the creek, the lowest  numbe r s  of p la thel -  
minth  species  were  found at MHTL. These  low numbers  are  very  similar  to the  ave rage  
species  r ichness  in the  adjo in ing  W a d d e n  area  (Armonies & Hel lwig-Arrnonies ,  1987). 
Because of wind  dr iven waves,  the amount  of mud  and  detr i tus at  the  s ed imen t  surface is 
lowest  at  MHTL of the  s eaward  and  middle  c reek  sections. Thus, the h ighe r  number s  of 
p la the lminth  spec ies  at  the  other  sites of the creek  is p r e sumab ly  due  to the  insignifi-  
cance of wave  act ion and  the lack  of s t ronger  t idal  currents. M u d  accre t ion  and  high 
abundance  o f ' d i a toms  favours the  p la the lminth  fauna. The l a n d w a r d  end  is the  most 
she l te red  par t  of the creek,  and  both indiv idual  and  species  number s  of P la the lminthes  
are  h ighes t  there  (Table 1, 3). The pe rcen t age  of diatom feed ing  ind iv idua ls  is sig- 
nifancfly h igher  in the salt  marsh  c reek  than  in the W a d d e n  a rea  inves t iga ted  by  Reise 
(1984), and  it is s imilar  to that  found in an inter t idal  mud flat (Dit tmann & Reise, 1985}. 

At the  s eaward  end  of the creek,  diversi ty H' of Pla thelminthes  is ve ry  similar  to the 
ad jo in ing  W a d d e n  a rea  but  tends  to dec rease  toward  the l and  (Table 3). This dec rease  is 
caused  by  the s t ronger  dominance  of few species,  not by  low species  numbers .  Thus, 
species  number s  and  divers i ty  H' a re  not  correlated.  A similar s i tuat ion was  obse rved  by  
Sanders  (1968) when  compar ing  the b iva lve  and  polychae te  componen t s  of soft-bottom 
mar ine  faunas.  

Most of the  P la the lminthes  inhabi t ing  the  c reek  are  typical  spec ies  of she l te red  
borea l  t idal  coast. Near ly  all of the species  that  have  been  found be low MHTL of the  
c reek  are also known  from she l t e red  t idal  flats, such as the dominan t  spec ies  in the  creek,  
Pseudaphanostoma pelophilum and  Pogaina suecica (Reise, 1984; Di t tmann & Reise, 
1985; Hellwig,  1987). The  next  most a b u n d a n t  species  Phflocelis ceflata is fur thermore  
known to be  character is t ic  for salt marsh  creeks  (Hellwig, 1987). Obviously,  these  species  
can exist wi thout  t idal  condit ions as well. P la thelminthes  that  were  res t r ic ted  to the  sandy  
supral i t toral  sites of the  c reek  seem to he  res t r ic ted to the supral i t toral  in she l t e red  sandy  
beaches  of the  t idal  coast, too (Hellwig, 1987). Some species  of the  s e a w a r d  ' supral i t toral '  
can also be  found in more exposed  beaches  of the is land of Sylt  (Armonies  & Hel lwig-  
Armonies,  1987). P la the lminthes  from the sur rounding salt marshes  did  not  pene t r a t e  the  
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creek.  These  species  seem to be  restr ic ted to the  brackish  wate r  condit ions of  salt 
marshes  wi th  s trong salinity fluctuations (Armonies, 1986, 1987). Phonorhynchus 
bitubatus has not  been  found elsewhere" in the  Ge rman  Bight. This species  might  be  a 
specia l  inhab i tan t  of salt  marsh  creeks.  

The h igh  species  densi ty  and  abundance  of Pla thelminthes  in the salt  marsh  c reek  
are  p r e sumab ly  caused  by  inc reased  mud  accret ion and high abundance  of diatoms.  
However ,  in the  course of storm t ides much  of the  mud  and detr i tal  par t ic les  a re  w a s h e d  
out  of the creek.  Storms that  flood the salt  marshes  are more f requent  in au tumn and 
winter  but  rare in summer.  Late spr ing and summer  are  the per iods  for m u d  and  detr i tus  
accretion, and  h igh  diatom abundance .  When  the salt  marsh c reek  was sampled ,  these  
summer  condit ions were  still present .  After  the  first au tumnal  storm t ide in ear ly  
November ,  a few samples  were  col lected in the  middle  and the l andward  par t  of the 
creek.  A b u n d a n c e  of both  diatoms and Pla thelminthes  was strongly reduced.  Therefore,  
the  rich p la the lminth  fauna may  be  special  to the  summer  months without  s torms tides. 

Sa l t  m a r s h  c r e e k s ,  a s m a l l - s c a l e  m o d e l  for  t h e  t i d a l  coas t ?  

Based  on the defint ion given by  Day (1981), the  s tudied salt  marsh c r e e k  should  be  
ca l led  an estuary.  General ly,  species  r ichness  was  observed  to decrease  in a l a n d w a r d  
direct ion in es tuar ies  (Wolff, 1983). This was not  the  case in the p la the lminth  fauna  of the 
salt  marsh  c reek  dur ing  this study. Similarly, Warwick  & Gee (1984) descr ib ing the  Tamar  

E s t u a r y  (Southwest  England) s ta ted  that  nema tode  and  copepode  species  divers i ty  did  
not  follow the genera l  expectat ions.  Most  of our knowledge  about  es tuar ine  fauna  is 
b a s e d  on macrobenthos .  Possibly meiofauna  has  qui te  differnt pa t te rns  in estuaries .  The 
p la the lminth  dis tr ibut ion in North Sea salt marshes  is another  example :  whi le  mac-  
rofauna s t rongly decreases  landwards ,  P la thelminthes  are rich in species  and  a b u n d a n c e  
is h ighes t  in the  middle  of the marsh  (A_rmonies, 1986, 1987). 

i t  is not known,  however,  whe the r  the abundance  pat tern  observed  in the sal t  marsh  
c reek  in ear ly au tumn is p resen t  genera l ly  or only seasonally.  Never theless ,  the  p resen t  
s tudy demonst ra tes  that  l andward  increases  in species  r ichness  and a b u n d a n c e  may  
occur in estuaries.  Small -scale  differences in species  composit ion and a b u n d a n c e  may  
coincide with ra ther  slight differences in abiotic factors. 

The p la the lminth  species  distr ibution pa t te rns  found in the salt  marsh  c reek  s t rongly 
re semble  those of the  ad jacent  t idal  coast. Because  of the faunal  similarity, such salt  
marsh  creeks  might  serve as smal l -scale  models  for the  t idal  coast. The supral i t tora l  bel t  
of the  salt marsh  c reek  corresponds to the supral i t toral  of t idal  beaches .  Most  of the  
p la the lminth  species  found in subhttoral  sands  north of the i s land of Sylt are  also k n o w n  
from the euht toral  (Wehrenberg  & Reise, 1985). None  of the remain ing  species  res t r ic ted  
to the subli t toral  of the  t idal  coast  was found in the  creek. Therefore,  the ' subht tora l '  and  
'euht toral '  zone of the  salt  marsh  creek  toge ther  are equivalent  to the in ter t ida l  of the  
t idal  coast. Presumably,  the  wider  r ange  of envi ronmenta l  factors in the c reek  is the  cause  
for the absence  of strictly subht toral  species.  

Since the envi ronmenta l  factors and  meiofauna  of the salt  marsh  c reek  and  the 
adjoin ing W a d d e n  a rea  are h ighly  similar, these  habi ta ts  could both  be  cal led estuarine.  
Related to the amount  of sea  water ,  fresh wa te r  inf luence is small  in both areas,  a n d  there  
seems to be  a ra ther  continuous decrease  in salinity. On the other  hand,  s u d d e n  changes  
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in  s a l i n i ty  a r e  f o u n d  w h e r e  l a r g e  r ive r s  e n t e r  t h e  sea.  B e c a u s e  of t h e  d i f f e r e n t  c o u r s e  of 

s ahn i ty ,  d i f f e r e n t  r e a c t i o n s  of o r g a n i s m s  a r e  e x p e c t e d .  S m a l l  v a r i a t i o n s  of  s a l i n i ty  a r e  

t o l e r a t e d  b e t t e r  t h a n  l a r g e - s c a l e  f l u c t u a t i o n s  b y  m o r e  s p e c i e s  ( D e n  H a r t o g ,  1964). 

T h e r e f o r e ,  g i v e n  t h e  w i d e  d e f i n i t i o n  of a n  e s t u a r y  b y  D a y  (1981), g e n e r a l  c h a r a c t e r i s t i c s  

of ' e s t u a r i n e '  s p e c i e s  c a n n o t  b e  e x p e c t e d .  In  fact,  ff al l  k i n d s  of l a n d w a r d  f r e s h w a t e r  

r u n o f f  a r e  c o n s i d e r e d ,  t h e  t e r m  ' e s t u a r i n e '  b e c o m e s  a s y n o n y m  for  ' coas t a l ' ,  ' n o n - m a r i n e  

a n d  n o n - f r e s h w a t e r ' ,  or  ' p o i k i l o h a l i n e '  s e n s u  D a h l  (1956). 
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