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ABSTRACT: During the years 1923-1926 Hagmeier  & K~indler (1927) sampled the macrofauna of 
subt idal  shallows and  channels  of the Wadden  Sea close to the Island of Sylt (German Bight, North 
Sea). Reinvest igat ing this study area in 1980, a substant ial ly al tered faunal  composition was 
recorded. An approach is made  to quantify the comparison in terms of abundance ,  species r ichness 
and diversity of inver tebrate  taxa. Human  interference is assumed to be  responsible  for the major 
changes.  Natural  oyster beds  have b e e n  overexploited and  the local popula t ion of Ostrea edulishas 
b e e n  dr iven to extinction. Subsequently,  mussels  (M~ilus edulis) spread in the  ent ire  region, 
promoted by shell  fishery. Particularly barnacles  and many polychaetes  took advantage  of the 
expansion of mussel  banks  which  is subs tant ia ted  by correlation analysis. Reefs of the colonial 
polychaete  Sabellaria spinulosa stood in the way of shrimp trawling and  became  destroyed together  
with  the associated fauna. A subt idal  Zostera marina bed  was wiped out in 1934 by a natural  
epidemic  disease but  never  succeeded in rees tabl ishing itself. The associated fauna disappeared.  
Large ep ibenth ic  predators and  scavengers  (crabs, snails and  starfish) survived all these changes.  
The total number  of species remained  approximately at the same level but  molluscs exper ienced 
losses and  polychaetes  diversified. Overall  abundance  increased with a disproportionately large 
share of a few species (Mytilus edulis, Balanus crenatus, Cerastoderma edule, Scoloplos armiger). 
The subt idal  fauna of the Wadden  Sea proved to be  vulnerable  to h u m a n  disturbance;  thus, the 
present  community can no longer be  v iewed as the outcome of entirely natural  processes. 

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

A n  u n d e r s t a n d i n g  of t h e  b e n t h i c  e c o l o g y  of t h e  W a d d e n  S e a  n e c e s s i t a t e s  a n  

e x p l o r a t i o n  of i ts  pas t .  Do w e  h a v e  a r e s i l i e n t  c o m m u n i t y  i n  n a t u r a l  b a l a n c e ,  a c o n t i n u -  

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

b e c a u s e  of r e p e a t e d  h u m a n  i n t e r f e r e n c e ?  H e r e  w e  m a k e  a n  a t t e m p t  to p r e s e n t  a 

c o m p a r i s o n  of t h e  tw o  q u a n t i t a t i v e  su rveys ,  55 y e a r s  apa r t ,  o n  t h e  m a c r o f a u n a  of s u b t i d a l  

s h a l l o w s  a n d  c h a n n e l s  to t h e  e a s t  of t h e  I s l a n d  of Sylt .  I n s p i r e  d b y  C. G. J. P e t e r s e n  a n d  

u r g e d  b y  t h e  d e c l i n i n g  o y s t e r  f i she ry ,  H a g m e i e r  s t a r t e d  i n  1923 a s a m p l i n g  p r o g r a m  w i t h  

d r e d g e  a n d  P e t e r s e n  g r a b  i n  t h e  N o r t h  F r i s i a n  W a d d e n  S e a  ( H a g m e i e r ,  1925; H a g m e i e r  

& K a n d l e r ,  1927). H i s  s a m p l i n g  s c h e m e  a n d  d a t a  p r e s e n t a t i o n  d o e s  n o t  a l l o w  a s o u n d ,  

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

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

r o f a u n a .  
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AREA AND METHODS 

The area of inves t iga t ion  is part  of the North Fris ian W a d d e n  Sea, east  of the Island 

of Sylt. The  subtidal  benth ic  fauna is subject  to holomar in  conditions, soft sediments ,  and 
strong t idal  currents wh i l e  the is land provides  some shel ter  from the rough North Sea. 

Grab samples  were  t aken  at 9 sites down the slope of the channel  "Lister Ley" and 

on 2 subtidal  shal lows once occupied  by oyster beds  (Fig. 1). Sites on the transect  refer to 

those descr ibed by H a g m e i e r  & K~ndler (1927, p. 32) as I, II, III, IV, VII, VIII, IX, X, XII 

with a depth  range  from 0.5 m to 18.5 m. Sites in the shal lows (depth 3 m) correspond to 
Nos. 36 and 42 on p. 41, hereaf te r  ca l led  " 'El lenhogen"  and "Hun t j e " .  

We used  a 0.1 m 2 Van Veen  grab. Quant i ty  and qual i ty  of the sed iment  was 

recorded.  Further t rea tment  of samples  was done in the lab. The samples  were  s ieved 

through a 1 mm meshed  screen in a huge  tub. The s ieve  content  was washed  into whi te  
plast ic dishes to pick up the macrofauna.  Numbers  of more than 100 Balanus  crenatus  

indiv iduals  were  est imated,  colonies  of Porifera, Hydrozoa and Bryozoa were  noted as 
present.  

~ltenbogen 
/ 

4o 

Fig. 1. Wadden Sea of northern Sylt (German Bight}, the 6m-isoline marks the channel system, 
Former oyster beds are shaded, numbers of stations are from Hagmeier & K~indler (1927}. The dotted 
line at the western slope of Lister Ley shows the transect with 9 sampling stations investigated in 

1923-1926 and in 1980 
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In addi t ion to grab samples,  d r edge  hauls  were  conducted  in 5 subt idal  shal lows 
inc lud ing  E l l enbogen  and Hunt je  (Fig. 1). The sites correspond to Hagmeie r ' s  & Kand- 

ler 's  Nos. 36, 37, 40, 41 and 42 (p. 44). For the purpose  of comparison, the d redge  of both 

authors was rebuilt ,  with a b lade  length  of 1 m and a mesh  size of 6 cm. Dredge  samples  

were  t reated qual i ta t ive ly  on board. 

RESULTS 

H a b i t a t  s t r u c t u r e  

In 1980, the sites revis i ted  showed  par t ia l ly  a l tered habi ta t  conditions. In the 
subt idal  shallows, where  there  were  once oyster beds  on a sandy bottom, half of the 

samples  conta ined  silty sed imen t  due  to s i l t -assembl ing musse l  banks.  Along the 
transect  down the slope of Lister Ley, the same p h e n o m e n o n  occurred at some upper  

sites, whi le  the  sites in the s teep part  showed signs of erosion. Stones, shel l  gravel  and 
coarse gra ined  sand occurred. A Zostera marina bed, once in the  shal low upper  part  of 

the transect, was absent  in 1980 and so were  reefs of the tube-bu i ld ing  polychae te  

Sabellaria spinulosa on the lower  slope (Fig. 2), 

Ost rea edulis 
Mytilus edulis 

o Cerastoderma edule 
0 endobenthic Bivalvia 

Polychaeta 
~ I  Amphip °da 

Sabellaria-reefs 
Zostera marina 

Fig. 2. Cartoon of benthic assemblages in Lister Ley, a comparison between 1923-1926 and 1980. 
Block-diagrams above correspond to site 36 and the two below to the dotted transect in Fig. 1 

O v e r a l l  sh i f t s  i n  a b u n d a n c e  a n d  s p e c i e s  c o m p o s i t i o n  

Most s tr iking is an  increase  in indiv iduals  per  area  (Fig. 3a). Only two of the sites 
inves t iga ted  - both occupied  by Sabellaria reefs in 1923-26 - show a decl ine.  Balanus 
crenatus and Myti lus  edulis contr ibuted  most to h igh  abundances  in 1980. However ,  

even  wi thout  these  two, abundance  was genera l ly  h igher  in 1980 because  of more 

polychaetes .  
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Fig. 3. Comparison be tween  1923-1926 and 1980 in macrofaunal abundance (logarithmic scale) 
(left) and in species density (right). Nos 1-9: transect Lister Ley, E = Ellenbogen, H = Huntje. The 
line at 45 ° marks equality be tween  surveys; points above represent  higher  values in 1980, points 
below higher values in 1923-1926. All ratios refer to areas of 0.1 m 2, except in (b) where E = 0.9 m 2 

and H = 0.4 m 2 

R a n k i n g  of t he  8 m o s t  a b u n d a n t  s p e c i e s  r e v e a l s  n o t a b l e  c h a n g e s  in  d o m i n a n c e  s i n c e  

t h e  1920s (Table  1). O n l y  t w o  s p e c i e s  r e m a i n e d  in  t he  top  r a n k s  un t i l  1980. B. crenatus  

w a s  a b l e  to t ake  a d v a n t a g e  of t h e  i n c r e a s e d  offer  of s e c o n d a r y ,  h a r d  s u b s t r a t e  p r o v i d e d  

by  m u s s e l  shel l s .  All  a m p h i p o d s  a b u n d a n t  d u r i n g  t h e  y e a r s  1923-26  w e r e  a s s o c i a t e d  

w i t h  Sabel lar ia  ree f s  a n d  t h e  Zostera  b e d .  M o s t  of t h e  s i tes  i n v e s t i g a t e d  s h o w  h i g h e r  

s p e c i e s  d e n s i t y  in  1980, m a i n l y  c a u s e d  b y  p o l y c h a e t e s  (Pig. 3b). T h e  on ly  s i t e s  w i t h  a 

r e v e r s e  t r e n d  are  t h o s e  of f o r m e r  Sabel lar ia  r ee f s  a n d  Zostera  b e d s ,  w h e r e  a f o r m e r l y  r ich  

e p i f a u n a  h a s  gone .  

W h i l e  a b u n d a n c e  a n d  s p e c i e s  d e n s i t y  i n c r e a s e d  at  m o s t  s i tes ,  t h e  to ta l  n u m b e r  of 

s p e c i e s  s e e m s  to h a v e  r e m a i n e d  s t ab le .  H a g m e i e r  & K~indler (1927) r e c o r d e d  54 s p e c i e s  

g a t h e r e d  f rom 22 g rab  s a m p l e s  a n d  5 d r e d g e  hau ls .  W e  f o u n d  89 s p e c i e s  in  123 g r a b s  

Table 1. Most abundant  macrobenthic species in the subtidal Wadden Sea at Sylt during the period 
1923-1926 and in 1980. Three sites, Ellenbogen, Huntje and the transect have been  pooled in equal 

proportions and individuals • m -2 (N) are presented 

1923-1926 N 1980 N 

Balanus crenatus 520 Balanus crenatus 2300 
Sabellaria spinulosa 250 My~ilus edulis 1988 
Corophium bonelli 105 Scoloplos armiger 226 
Scoloplos armiger 29 Cerastoderma edule 164 
Abra alba 17 Heteromastus filiformis 116 
Eumida sanguinea 17 Nereis virens 62 
Ericthonius difformis 14 Pholoe minuta 58 
Caprella linearis 10 Capitella capitata 30 
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and  50 dredge hauls. Converted to their  sampl ing  effort, we obta ined  49 species. This is 
close to the 54 recorded by Hagmeie r  & K~indler. Thus, the increase in species densi ty is 
caused by a more even  dis tr ibut ion of the species in  1980. 

T r a n s e c t  a l o n g  t he  s l ope  of L i s te r  Ley  

Since the 1920s, the benthos on the slope of Lister Ley has changed  considerably 
(Fig. 2, Table  2). In the Zostera bed  on the upper  part of the slope, Hagmeier  & K~indler 
found dense  popula t ions  of amphipods,  snails and  young  starfish. Endobenth ic  bivalves 
settled all a long the slope. Sabellaria reefs on the lower slope were popula ted  by 
polychaetes,  amphipods  and  cnidarians.  In 1980, h/Iytilus edulis occupied the upper  half 
of the slope, whi le  Balanus crenatus and  many  polychaetes were a b u n d a n t  a long the 
entire range.  Dense patches of Cerastoderma edule were observed at the three upper-  
most sites. 

While Mollusca and  Crustacea have decreased in  species n u m b e r  and  diversity 
since the 1920s, Polychaeta have increased (Table 3). Each site on its own shows little 
similari ty in  1980 to the faunal  composi t ion recorded by Hagmeie r  & K~indler (Fig. 4). 
Few species common to both invest igat ions  were found. Sites with a high n u m b e r  of 
species in 1923-26 (sites 1, 2, 7, 8) were the grass bed  and  the reefs. Sites with a high 
n u m b e r  of species in  1980 are domina ted  by h4. edulis (sites 2 and 6). In Figure 4, 
dendrograms at sites 1, 7 and 8 separate the sample obta ined  by Hagmeie r  & K~ndler 
from all recent  ones. At the other sites, some degree of similarity is brought  about  main ly  
by spatial heterogenei ty.  Rather than  hav ing  species in common, samples wi th in  sub- 
groups lack many  species otherwise present.  

Pas t  oys t e r  b e d s  - m u s s e l  b a n k s  t o d a y  

The constancy of large ep ibenth ic  species was est imated from dredge hauls (Table 
4). Of the 5 species a b u n d a n t  in  1923-26 but  absent  in 1980, Lepidochitona cinerea and  
Psammechinus  miliaris are known  to be still present  in  the area, while  the other three 
are probably  gone. A definite increase is substant ia ted  for Myti lus  edul isand Conopeum 
reticulum. The latter was men t ioned  by Hagmeie r  & Kandler  for some areas south of Sylt 
only. Large sized predators and  scavengers  do not seem to be affected in  their constancy 
by the changed  composit ion in  the benth ic  community.  

Most of the former oyster beds are covered by clusters of mussels  today. As a 
consequence,  grab samples t aken  dur ing  1924-26 and those in  1980 contain quite 
different sets of species or at least different abundances  where  the same species did 
persist  (Table 5). Ostrea edulis has vanished  from the area. It was a b u n d a n t  prior to 1874 
w h e n  yields of the oyster fishery dropped dramatical ly (M6bius, 1893; Hagmeier  & 
Kandler,  1927), r ema in ing  at a low level  over a period of 50 years; and  since 1925, oyster 
f ishing became so unprof i table  that it was f inally abandoned  (Reise, 1980). To our 
knowledge,  no live spec imen has b e e n  dredged dur ing  the last 30 years. 

While mussels  are a pe rmanen t  component  of the subt idal  benthos,  the popula t ion  of 
Cerastoderma edule at E l l enbogen  did not persist. Many  were a l ready tied together by 
byssus threads of M. edulis which settled on top of the cockles. One  year later, in  1981, 
C. edule was rare at the site but  empty  shells were a b u n d a n t  wi th in  clusters of mussels. 
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Table 3. Numerical characteristics of major taxa occurring along the transect down the slope of 
Lister Ley during the period 1923-26 and in 1980. All 9 stations have been  combined to 0.9 m 2 
samples, and the data given refer to this sample size. H "  = - ~ P i "  in Pi; D = ( ~ p i 2 ) - I  ~:~ = ( D-- 1)/ 

(exp H" -- 1) 

Major taxa Mollusca Polychaeta Crustacea 

Survey 1923-26 1980 1923-26 1980 1923-26 1980 

Number of individuals 101 2110 653 294 826 2028 
Number of species 12 3 3 13 14 4 
Shannon-Weaver diversity H" 2.05 0.48 0.24 2.13 1.10 0.04 
Simpson's diversity D 6.04 1.42 1.11 6.82 2 . 3 3  1.01 
Hill's evenness P 0.74 0.68 0.41 0.78 0.66 0.27 

100 

6 ,  

d e p t h  

Fig. 4. Similarity of macrofauna be tween  1923-1926 and 1980 for 9 sites at the slope of Lister Ley. 
Dendrograms depict similarity be tween  our sets of 7 samples ( • ) and the single ones taken by 
Hagmeier  & K~indler (o), calculated from presence-absence data according to Williams et al. (1966). 
The scale is given to the right. Vertical bars along the transect present  numbers  of species in both 
surveys and those occurring only once (see explanations to the right). For comparison with the 
single samples of the first survey, we included all species occurring in at least 3 out of 7 samples 

Wi th  r e g a r d  to p o l y c h a e t e s ,  o n l y  f e w  s p e c i e s  w e r e  m o r e  a b u n d a n t  in  t h e  ea r ly  

survey .  In i980,  n u m b e r s  of s m a l l  as  w e l l  as  l a rge  s i z e d  s p e c i e s  (i. e. P o l y n o i d a e ,  N e r e i s  

v i r e n s )  w e r e  c o n s i d e r a b l y  h i g h e r .  M a n y  of t h e m  b e i n g  a b u n d a n t  on  the  a d j a c e n t  t ida l  

f ia ts  too. In C r u s t a c e a ,  i n c r e a s e d  n u m b e r s  of b a r n a c l e s  r e p r e s e n t  t h e  m a j o r  d i f f e r e n c e  

b e t w e e n  the  su rveys .  In l a r g e - s i z e d  d e c a p o d s  no c h a n g e s  are  a p p a r e n t .  H i g h  n u m b e r s  of 
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T a b l e  4. F r e q u e n c i e s  (%) of l a rge  m a c r o b e n t h o s  a n d  e p i g r o w t h  c a u g h t  w i th  t he  d r e d g e  d u r i n g  t he  
pe r iod  1923-1926  (5 " r e p r e s e n t a t i v e "  hau l s )  a n d  in  1980 (50 hauls) .  B e c a u s e  of a m b i g u i t i e s  in  
H a g m e i e r  & K~indler 's  data ,  Hydractinia echinata, Crangon crangon, Balanus crenatus a n d  f i shes  

a re  e x c l u d e d  f rom t h e  c o m p a r i s o n s  m a d e  

Spec ies  1923-26  1980 

Sertularia cupressina L. 
Sagartiogeton viduata (O. F. Miiller) 
Ostrea edulis L. 
Lepidochitona cinerea (L.) 
Psammechinus miliaris (Gmel in)  
Hyas araneus (L.) 
Macropipus holsatus (Fabricius)  
Lepidonotus squamatus (L.) 
Alcyonidium 2 spp.  
Taelia felina (L.) 
Asterias rubens L. 
Buccinum undatum L. 
Eupaffurus bernhardus (L.) 
Carcinus maenas (L.) 
Mytilus edulis L. 
Conopeum reticulum (L.) 

100 0 
100 0 
100 0 
100 0 
100 0 
100 38 

80 46 
100 74 
100 74 

80 62 
100 82 

80 72 
100 90 

80 94 
40 100 

0 100 

T a b l e  5. I n d i v i d u a l s .  m -2 of m a c r o f a u n a  at  E l l e n b o g e n  (E) a n d  H u n t j e  (H) d u r i n g  1924-1926  
(n = 9 + 4 grabs)  a n d  in  1980 (n ~ 30 + 30 grabs) .  In the  1980-da ta  all  s p e c i e s  are  i n c l u d e d  w h i c h  
occur red  in  at  l ea s t  4 or 3 s a m p l e s  to a p p r o x i m a t e  t h e  m e a n  n u m b e r  of spec i e s  in  9 or 4 s a m p l e s  
respec t ive ly .  H a g m e i e r  & K~indler (1927) d id  no t  d i f fe ren t ia te  b e t w e e n  spec i e s  of Nephtys t hus  we  

l u m p e d  t h e m  t o g e t h e r  too. x = p r e s e n t  b u t  i n d i v i d u a l s  not  c o u n t e d  

S u r v e y  1924-26  1980 

Si tes  E H E H 

M o l l u s c a  

Lepidochitona cinerea (L.) 
Abra alba (S. Wood)  
Spisula subtruncata (Da Costa)  
Ostrea edulis L. 
Petricola pholadiformis L a m a r c k  
Venerupis pullastra (Montagu)  
Mya spec .  juv.  (truncata?) 
Buccinum undatum L. 
Cerastoderma edule (L.) 
Macoma balthica (L.) 
Mytilus edulis L. 

P o l y c h a e t a  

Gattyana cirrosa (Pallas) 
Sabellaria spinulosa Leucka r t  
Ampharete acutifrons (Grube)  
Eumida sanguinea (Oersted)  
Lanice conchilega (Pallas) 

15 

50 
31 

3 3 
1 25 

3 
1 
1 
0.2 
1 
1 3 1 

117 
14 

2804 
8 

1425 
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Table  5 (continued) 

Survey  1924-26 1980 

Sites E H E H 

Pectinaria koreni  M a l m g r e n  
Neph tys  caeca ÷ IV. hombergi i  
Scoloplo$ armiger (O. IF. Miiller) 
Lepidonotus squamatus  (L.) 
Harmothoe imbricata (L.) 
Harmothoe impar (Johnston) 
Pholoe minuta (iFabricius) 
Heteromastus fi l i formis (Clap.) 
Capitella capitata (iFabricius) 
Nereis  virens Sars 
t~ulafia viridis (L.) 
L~teone longa (iFabricius) 
Anai t ides  mucosa (Oersted) 
Kefersteinia cirrata (Keferst.) 
Malacoceros tetracerus (Schmarda)  
Malacoceros ful iginosus (Clap.) 
Tharyx marioni (Saint -Joseph)  
Spio  filicornis (O. IF. Mfiiter) 
Pygospio elegans (Clapar&de) 

C r u s t a c e a  

Cheirocratus sundevall i i  (Rath.) 
Caprella linearis (L.) 
Apherusa  bispinosa (Sp. Bate) 
Dexamine  spinosa (Montagu)  
Bodot•ia scorpioides (Montagu)  
Macropipus  holsatus (Fahricius) 
Eupagurus bernhardus (L.) 
Crangon crangon (L.) 
Carcinus maenas  (L.) 
Balanus crenatus Brugui&re 
Hyas araneus (L.) 
Corophium bonelli  Milne  E d w a r d s  
Gammarus locusta (L.) 
Bathyporeia sarsi Watkin  

O t h e r  s p e c i e s  

Sagartiogeton viduata (O. IF. Mtiller) 
Metr idium senile  (L.) 
Psammechinus  miliaris (Gmelin)  
Asterias rubens L. 
Ophiura albida IForbes 
Sertularia cupressina L. 
Hydractinia echinata (Fleming) 
Taelia felina (L.) 
Laomedea longissima (Pallas) 
Laomedea flexuosa Alde r  
Alcyonid ium po lyoum (H~issall) 
Conopeum ret iculum (L.) 
Tubificoides benedeni  (Udekem) 

3 
17 

32 27 
1 

14 

1 
1 
1 

18 
15 

1 
11 

800 

× 

12 
7 

260 

X 
X 

2 
9 21 

118 483 
24 10 
39 11 
24 13 
90 78 

198 110 
56 6 

103 34 
26 4 

3 4 
3 3 
6 
3 11 
2 
2 3 
5 
7 3 

1 
5 
1 

48 
4000 

7 
4 

2 
7 
9 

1000 

6 
24 
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t h e s e  s p e c i e s  i n c l u d e  j u v e n i l e s  i n  b o t h  se t s  of s a m p l e s .  T h e  h e r b i v o r  Hyas araneus w a s  

a b s e n t  f rom t h e  g r a b  s a m p l e s  d u r i n g  1 9 2 4 - 2 6  b u t  o c c u r r e d  in  a l m o s t  a l l  d r e d g e s  a t  t h a t  

t ime .  

B e c a u s e  of a l l  t h e s e  d i f f e r e n c e s  i n  s p e c i e s  c o m p o s i t i o n  a n d  s p e c i e s  a b u n d a n c e ,  

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

t h e  r e c e n t  o n e  ( T a b l e  6). In  a l l  m a j o r  t a x a  r e p o r t e d  t h e  to ta l  n u m b e r  of i n d i v i d u a l s  

i n c r e a s e d ,  a n d  i n  p o l y c h a e t e s  s p e c i e s  r i c h n e s s  is m u c h  h i g h e r  i n  1980. D i v e r s i t y  a n d  

e v e n n e s s  d e c r e a s e d  in  M o l l u s c a  a n d  C r u s t a c e a ,  w h i l e  i n  P o l y c h a e t a  t h e r e  w a s  a n  

i n c r e a s e  i n  d i v e r s i t y  a t  E l l e n b o g e n .  

Table  6. Numerical  characteristics of major taxa occurring at El lenbogen (E) and  Huntje  (H) dur ing 
the period 1924-1926 and in 1980. Number  of species refer to 9 grabs at E and  4 grabs at H. See also 

Table  3 

Major taxa Mollusca Polychaeta Crustacea 

Survey 1924-26 1980 1924-26 1980 1924-26 1980 

Individuals - m - 2  E 8 2936 133 726 862 4066 
H 34 1433 60 628 289 1048 

Number  of species E 6 4 7 22 9 7 
H 4 2 6 18 5 6 

Shannon-Weaver  diversity H '  E 1.67 0.20 1.46 2.23 0.37 0.10 
H 0.87 0.03 1.43 1.46 0.45 0.25 

Simpson's  diversity D E 4.57 1.09 3.75 6.71 1.16 1.03 
H 1.77 1.01 3.31 2.45 1.23 1.10 

Hill 's evenness  F E 0.83 0.41 0.83 0.69 0.36 0.29 
H 0.56 0.37 0.73 0.44 0.41 0.34 

S p e c i e s  a s s o c i a t e d  w i t h  m u s s e l s  

Myti lus  edulis g a v e  t h e  p a s t  o y s t e r  b e d s  t h e i r  n e w  s t ruc tu re .  C l u s t e r s  of m u s s e l s  

a c c u m u l a t e  silt ,  p r o v i d e  s h e l t e r  for o t h e r  s p e c i e s  a n d  s u r f a c e s  for  e p i g r o w t h .  At  t he  s i t es  

E l l e n b o g e n  a n d  H u n t j e ,  60 g r a b  s a m p l e s  w e r e  t a k e n  in  1980 c o n t a i n i n g  v a r i a b l e  

a m o u n t s  of m u s s e l s .  O u t  of t h e  12 m o s t  f r e q u e n t l y  s a m p l e d  spec i e s ,  7 a re  p o s i t i v e l y  

c o r r e l a t e d  w i t h  t h e  n u m b e r  of m u s s e l s  p r e s e n t  ( T a b l e  7). B. crenatus is a n  a b u n d a n t  

e p i g r o w t h  o n  m u s s e l s ,  w h i l e  p o l y c h a e t e s  wi l l  p ro f i t  f r om s h e l t e r  a n d  a c c u m u l a t e d  silt.  

T h e r e  is a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  of t h e  t o t a l  n u m b e r  of p o l y c h a e t e s ,  t h e  n u m b e r  

of p o l y c h a e t e  s p e c i e s  a n d  t h e i r  d i v e r s i t y  w i t h  m u s s e l  d e n s i t y .  Thus ,  t h e  c o n s i d e r a b l e  

i n c r e a s e  i n  p o l y c h a e t e s  s i n c e  t h e  s u r v e y  of 1 9 2 3 - 2 6  m a y  b e  a c o n s e q u e n c e  of t h e  s p r e a d  

i n  M. edulis. H o w e v e r ,  no t  a l l  p o l y c h a e t e  s p e c i e s  a b u n d a n t  i n  1980 a re  c o r r e l a t e d  w i t h  

m u s s e l  d e n s i t y  a n d  t h e  g e n u s  Nephtys  s h o w s  a n e g a t i v e  co r r e l a t i on .  

D I S C U S S I O N  

O n  c o m p a r i n g  t h e  r e s u l t s  of t h e  t w o  su rveys ,  a t r e n d  t o w a r d s  a m a s s i v e  l o n g - t e r m  

i n c r e a s e  of t h e  m u s s e l  b a n k s  a n d  a s s o c i a t e d  spec i e s ,  p a r t i c u l a r l y  p o l y c h a e t e s  a n d  
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Table 7. Abundance  of macrofaunal  species at El lenbogen and  Hunt je  as functions of mussel  
abundance  (Mytilus edulis). Linear regressions calculated from n = 60 grab samples  t aken  in July 
1980. Individuals - 0.1 m -2 = a + b (Mytilus • 0.1 rn~2), a, b = coefficients, * indicates  significance 

(P < 0.05) of the correlation coefficient r. All species present  in at least  20 samples are l isted 

Species a b r 

Lepidonotus squamatus  0.033 + 0.008 + 0,732* 
Eulalia viridis 0,190 + 0,006 + 0,714" 
Nereis  virens 2.426 + 0.021 + 0,705* 
Balanus crenatus 62.967 + 0.835 + 0.702* 
Harmothoe imbricata 0,682 + 0.009 + 0,686* 
Pholoe minuta 4,237 + 0,020 + 0.541" 
Heteromastus filiformis 7.004 + 0.040 + 0,441 * 
Carcinus maenas  1.743 + 0.005 + 0.245 
Capitella capitata 1.681 + 0.004 + 0.239 
Harmothoe impar  1.318 + 0.003 + 0.198 
Scoloplos armiger 22.347 -- 0.006 -- 0.118 
Nephtys  2 spp. 1.976 -- 0.002 -- 0.303" 

b a r n a c l e s  b e c o m e s  e v i d e n t .  S p e c i e s  r i c h n e s s  i n  m o l l u s c s ,  as  w e l l  as  t h e  a b u n d a n c e  of 

s o m e  a m p h i p o d s  a s s o c i a t e d  w i t h  s e a g r a s s  a n d  S a b e l l a r i a  r ee f s  d e c r e a s e d .  In con t ras t ,  

l a r g e  e p i b e n t h i c  p r e d a t o r s  a n d  s c a v e n g e r s  c o u l d  h o l d  t h e i r  pos i t i on .  

To w h a t  e x t e n t  m a y  t h e  c l a i m e d  l o n g - t e r m  d i f f e r e n c e s  r e s u l t  f r o m  a r t i f ac t s  or 

u n e q u a l  s a m p l i n g  e f f i c i ency?  For  d r e d g i n g  w e  u s e d  e x a c t l y  t h e  s a m e  d e v i c e  as  H a g -  

m e i e r  & K~indler  (1927) did,  t r a w l i n g  for  10 r a in  a n d  a b o u t  1000 m. A l t h o u g h  H a g m e i e r  & 

K~indler  p r e s e n t  n u m b e r s  of i n d i v i d u a l s  e n c o u n t e r e d  i n  a t r a w l  a s s u m e d  to b e  " t y p i c a l "  

for a g i v e n  site,  w e  c o n f i n e d  ou r  c o m p a r i s o n  to p r e s e n c e - a b s e n c e  da ta .  T h u s ,  e f f i c i e n c y  

i n  c a t c h i n g  l a r g e  e p i b e n t h i c  i n v e r t e b r a t e s  is no t  c o n s i d e r e d  to b e  d i f f e r e n t  i n  t h e  two  

su rveys .  

I n s t e a d  of u s i n g  a P e t e r s e n  g r a b  as  H a g m e i e r  & K/~ndler  d id ,  w e  h a d  to u s e  a V a n  

V e e n  g r a b  of t h e  s a m e  s ize .  P a r t i c u l a r l y  o n  s a n d y  b o t t o m s  t h e  l a t t e r  co l l e c t s  m o r e  

s e d i m e n t  a n d  t h e  b i t i n g  p r o f i l e s  a r e  s l i g h t l y  d i f f e r e n t  ( G a l l a r d o ,  1965; Z i e g e l m e i e r ,  

1968). H o w e v e r ,  c u r r e n t s ,  w a v e s ,  a n d  e x p e r i e n c e  in  h a n d l i n g  t h e  g r a b  a r e  v a r i a b l e s  of 

e q u a l  i m p o r t a n c e .  O n  a v e r a g e ,  5 1 of s e d i m e n t  w e r e  o b t a i n e d  w i t h  b o t h  g r a b s ,  a n d  w h e r e  

a s a m p l e  c o n t a i n e d  l e s s  i t  w a s  r e j e c t e d .  T h e  m e s h  of s i e v e s  w a s  e q u a l  b u t  t h e  s o r t i n g  

p r o c e d u r e s  d i f fe red .  H a g m e i e r  & K~indler  p i c k e d  u p  t h e  o r g a n i s m s  d i r e c t l y  ou t  of t h e  

s i eves .  B e c a u s e  th i s  t a k e s  s o m e  t ime ,  s l e n d e r  w o r m s  h a v e  a g o o d  c h a n c e  to e s c a p e .  In  

1980 w e  d i d  t h e  s o r t i n g  i n  d i s h e s  a t  t h e  l a b  a n d  t h u s  p r o b a b l y  w o r k e d  w i t h  h i g h e r  

e f f i c i e n c y  r e g a r d i n g  s o m e  p o l y c h a e t e s  s u c h  as  S p i o n i d a e ,  C a p i t e l l i d a e  a n d  O r b i n i i d a e .  

O n  t h e  o t h e r  h a n d ,  d i f f e r e n c e s  i n  s o r t i n g  e f f i c i e n c y  c a n n o t  a c c o u n t  for  a n  i n c r e a s e  in  

s u c h  l a r g e  s i z e d  p o l y c h a e t e s  as  L e p i d o n o t u s  s q u a m a t u s ,  H a r m o t h o e  spp. ,  Eula f ia  v i r id i s  

a n d  N e r e i s  v irens .  W h i l e  i m p r o v e d  s o r t i n g  a f fec ts  o u r  e s t i m a t e s  o n  p o l y c h a e t e  a b u n -  

d a n c e ,  i t  w i l l  h a r d l y  a l t e r  t h e  n u m b e r  of s p e c i e s  e n c o u n t e r e d ,  as  w e  do  n o t  r e p o r t  o n  

s p e c i e s  s m a l l e r  t h a n  t h o s e  l i s t e d  b y  H a g m e i e r  & K~nd le r .  

S e v e r e  w i n t e r s  a r e  k n o w n  to h a v e  l a s t i n g  e f fec ts  o n  b e n t h i c  m a c r o f a u n a  i n  t h e  N o r t h  

S e a  (Smidt ,  1944; Z i e g e l m e i e r ,  1964, 1970; D6r jes ,  1980; R e i c h e r t  & D6r jes ,  1980; Buhr ,  

1981). Z i e g e l m e i e r  (1978) n o t e d  a g e n e r a l  sh i f t  f r o m  d o m i n a n c e  of m o l l u s c s  to  d o m i -  
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nance  of polychae tes  in the years fo l lowing a very cold winter.  As such a shift is c la imed 

to be  one of the major  long- term trends in the present  study, the sequence  of severe  

winters  throughout  the per iod of concern is worth recording:  1923/24, 1928/29, 1939/40, 

1940/41, 1941/42, 1946/47, 1955/56, 1962/63, 1969/70 and 1978/79. There is no trend in 

f requency  or ampli tude,  and both surveys are conducted  subsequent  to a part icularly 

cold winter.  Thus, winter  effects cannot  account  for the differences observed but the 
possibi l i ty of popula t ion  fluctuations t r iggered  off by other  envi ronmenta l  factors in the 

course of decades  cannot be ru led  out. Unfortunately,  we  have  no re l iable  long- term data 
on physical  factors in the study area. More  f requent  surveys in the future are n e e d e d  to 

test our conclusions. 
Are all the  proposed long- te rm changes  u l t imate ly  caused by human  interference? 

Oyster beds, once common in the shal low parts of the North Sea are absent  from the 

German  Bight today. There  has b e e n  some deba te  as to the actual  cause of the decl ine  
(MSbius, 1877; H a g m e i e r  & K~ndler, 1927) but  more recent  accounts on the subject  leave  

little doubt  that  overexploi ta t ion by oyster fishery is responsible  for the ext inct ion of 
Ostrea edulis in the area  cons idered  here  (Linke, 1937; Korringa, 1980; Reise, 1980, 

1982). 

In the W a d d e n  Sea, oyster beds  were  in te rmedia te  in the vert ical  distr ibution 

b e t w e e n  mussel  banks  above and Sabellaria reefs below, and both t ended  to invade  the 

oyster beds  (Hagmeier  & K~ndler, 1927; Linke, 1937). At Sylt, the entire range  of the 
former oyster beds  is now occupied  by mussel  banks. It is not known whe the r  this 

occurred wi th  or wi thout  the aid of the mussel  fishery. In any case, since the 1950s 

subtidal  banks have  b e e n  stocked with  spat, d redged  from tidal flats. Today, there are 
more extens ive  banks  even  in the inter t idal  zone at Sylt than were  recorded in 1934 by 

Wohlenberg  (1937). The inter t idal  banks  are of no interest  to sea fisheries. There may 
very wel l  be a natural  component  in the spread of Myti lus  edulis but fisheries certainly 

promoted  this trend. 
Sabellaria reefs are comple te ly  lost to the area. Local f i shermen claim to have  

ground them with  heavy  gear  because  the reefs r ipped  apart  the nets when  fishing for 

shrimp. There  is no other  evidence.  The loss of an extens ive  subt idal  seagrass bed  of the 

large  growth form of Zostera marina L. during the genera l  ep idemic  seagrass disease 

(1933-34) is r ega rded  as a natural  event  (Wohlenberg,  1935; Den Hartog, 1970). As in the 
Dutch western  Wadden  Sea, Z. marina fai led to rees tabl ish  itself in the subtidal  zone of 

our study area. Van den Hoek  et al. (1979) suppose that  increased turbidity fol lowing the 

closure of the Zuiderzee  in 1932 p reven ted  recolonizat ion in the Dutch western  Wadden  

Sea. For the Sylt area, we  have  no data on turbidity but  dams connect ing  the Island of 

Sylt (since 1927) and the Island of Romo (since 1948) with the ma in land  are l ike ly  to have  
similar  effects as the closure of the Zuiderzee.  Taken  together,  there  is little doubt that 

all major  habitat  shifts were  caused, promoted  or made  pe rmanen t  by human  interfer- 

ence. 

In recent  years, a number  of species  immigra ted  into the tidal flats of the Wadden  

Sea ( reviewed by Michaelis ,  1978, 1981) without  any apparent  envi ronmenta l  cause, i.e. 
at Sylt Tharyx marioni (Saint-Joseph), Spio filicornis (0. F. Miiller) and Chelon lam- 
brosus (Risso). Recent  gains and losses of species in the Wadden  Sea give no ev idence  of 

any direct ional  change  in climate.  
Long-term comparisons similar  to the present  study have  been  conducted  by Ceder-  
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w a l l  & E l m g r e n  (1980) a n d  P e r s s o n  (1981) in  t he  Bal t ic  Sea.  T h e y  n o t e d  a c o n s i d e r a b l e  

i n c r e a s e  in  t he  b i o m a s s  of b e n t h i c  m a c r o f a u n a  w h i c h  t h e  f o r m e r  a t t r i bu t e  to r e c e n t  

e u t r o p h i c a t i o n  w h i l e  t h e  l a t t e r  a s s u m e s  d e c r e a s e d  p r e d a t i o n  p r e s s u r e  f o l l o w i n g  exp lo i -  

t a t i o n  of f latf ish.  Also  at  Sylt,  an  i n c r e a s e  in  b i o m a s s  m u s t  b e  a s s u m e d  as a c o n s e q u e n c e  

of i n c r e a s e d  a b u n d a n c e  in  s u c h  l a r g e  s p e c i e s  as Myti lus edulis a n d  Nereis  virens. In th is  

area ,  h o w e v e r ,  w e  a s s u m e  the  s p r e a d  of m u s s e l  b a n k s  p r o m o t e d  b y  f i s h e r i e s  to b e  the  

p r i n c i p l e  c a u s e  of i n c r e a s e d  b iomass .  P r e d a t o r s  on  b i v a l v e s  (Carcinus maenas, Asterios 
rubens) do no t  s e e m  to b e  l e ss  a b u n d a n t  t o d a y  t h a n  55 y e a r s  ago.  

It is w e l l  k n o w n  t h a t  m o s t  t e r r e s t r i a l  c o m m u n i t i e s  h a v e  b e e n  s e v e r e l y  a l t e r e d  b y  

m a n ' s  impac t .  H e r e  w e  p o i n t  out  t ha t  t he  s a m e  a p p l i e s  to t he  coas ta l  sea.  T h e  p r e s e n t  

a s s e m b l a g e  of o r g a n i s m s  is no t  t he  p u r e  o u t c o m e  of a n a t u r a l  c h a i n  of e v e n t s .  Thus ,  t h e r e  

is no  r e a s o n  to e x p e c t  a s t ab l e  b a l a n c e  b e t w e e n  t r o p h i c  l eve l s ,  b r o u g h t  a b o u t  by  

coevo lu t ion .  T h e  p r e s e n t  s t a t e  is ap t  to c o n t i n u o u s  c h a n g e  no t  on ly  b e c a u s e  of m a n ' s  

c o n t i n u e d  i n t e r f e r e n c e  b u t  b e c a u s e  t h e  r e l a t i ve  a b u n d a n c e s  are  to a h i g h  d e g r e e  

ar t i f ic ial .  
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