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ABSTRACT: The muddy sediments of the sublittoral area of the inner German Bight are inhabited 
by a specialized macrofauna with few species. Long-term investigations on community and 
population dynamics have shown that the majority of this fauna are very susceptible to environmen- 
tal stress (e. g. oxygen deficiency), and that the impoverishment trend recorded in 1977 has 
continued. The special hydrographic conditions of the inner German Bight, especially a long 
flushing time and the possibility of thermohaline stratifications, together with its function as a 
sediment trap are discussed. It is proposed that such areas should be considered as sensitive, and 
hence be protected from avoidable additional stress, e. g. introduction of wastes. This proposal is 
discussed with regard to the dangers arising from the view that muddy areas enriched with organic 
matter are inhabited by organisms preadapted to the decomposition of additional waste matter. 

INTRODUCTION 

During the 1967 Internat ional  He lgo land  Symposium ("Biological  and Hydrographi -  

cal Problems of Water  Pollut ion in the North Sea and Adjacen t  Waters"),  Goedecke  

(1968) p resen ted  a comprehens ive  pape r  on the very  compl ica ted  hydrographic  structure 

of the German  Bight. He  concluded - in the face of increas ing pol lut ion - that the next  

a im of hydrographic  research should be  the drawing  up of a synoptic map showing  the 

res idual  currents in this area of the North Sea. Such a map  is not yet  avai lable ,  a l though 

there  have  b e e n  several  n e w  approaches  us ing models  to predict  currents, res idual  

circulat ion and f lushing t ime in the German  Bight (Maiet-Reimer,  1979; Backhaus, 
1980). Dur ing the "Year  of the G e r m a n  Bight"  (1979) several  hydrographic  f ield mea-  

surements  were  taken  to obtain bet ter  insight  into the condit ions which  are decis ive  for 
the carrying capaci ty of this area. The capaci ty  of a special  mar ine  reg ion  is easi ly 

overes t imated  with respect  to its ex tens ion  and supposed  f lushing properties.  
During the Internat ional  He lgo land  Symposium in 1976 I ca l led  at tent ion to a long- 

term trend of faunal  impover i shment  in the muddy-bo t tom biocoenosis  of the inner  

Ge rman  Bight (Rachor, 1977). Further  research  was  done on this symptom of inc reased  

stress, and the present  paper  reports on deve lopments  after 1976 and draws conclusions 
under  the aspect  of " 'Protection of life in the sea," the gu id ing  topic of the "14th 
European  Mar ine  Biology Symposium."  
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S T U D Y  A R E A  

I i n v e s t i g a t e d  t h e  s u b l i t t o r a l  b e n t h i c  m a c r o f a u n a  i n  t h e  c e n t r a l  p a r t  o f  t h e  i n n e r  

G e r m a n  B i g h t  s o u t h e a s t  o f  H e l g o l a n d ,  a z o n e  o f  i n t e n s i v e  c o n v e r g e n c e  of  N o r t h  S e a  a n d  

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

a r e a  i s  c h a r a c t e r i z e d  b y  w a t e r  d e p t h s  o f  2 0  t o  3 0  m a n d  b y  m u d d y  b o t t o m s .  A b o u t  

3 4 0  0 0 0  m 3 of  d i g e s t e d  s e w a g e  s l u d g e  f r o m  H a m b u r g  a r e  a n n u a l l y  d u m p e d  a f e w  

T a b l e  1. A b u n d a n c e  f i g u r e s  ( i n d i v i d u a l s  p e r  m 2) of t h e  m o s t  f r e q u e n t  m a c r o f a u n a  s p e c i e s  f r o m  
s e l e c t e d  s a m p l e s  i n  t h e  p e r i o d  1 9 7 6 - 1 9 7 9  a t  t h e  " m u d  s t a t i o n "  i n  t h e  i n n e r  G e r m a n  B i g h t .  T h e  
s p e c i e s  a r e  r a n k e d  a c c o r d i n g  to  f r e q u e n c y  of o c c u r r e n c e  i n  t h e  p r e c e d i n g  y e a r s  ( 1 9 6 9 - 1 9 7 6 ,  s e e  

R a c h o r  1977).  G r a b  t y p e :  0.1 a n d  0.2 = V a n  V e e n  g r a b s ,  c o v e r i n g  t h e  c o r r e s p o n d i n g  a r e a s  ( in  m2); R 
= R e i n e c k  b o x  s a m p l e r  of 1 /60  m 2. R e d u c e d  n u m b e r  of s p e c i e s :  s e e  l e g e n d  to  P i g u r e  1 

23  29 22 20  26  20 2 26  20  9 
D a t e  A p r  A p r  J u n  O c t  A p r  J u l  O c t  A p r  J u n  O c t  

1976 1977 1977 1977 1978  1978  1978  1979 1979  1979  
G r a b  t y p e  0.1 0.2 0.1 0 . 1 0 . 1 / 0 . 2  0 .2 /R  0.1 0.1 0.1 0.1 
N u m b e r  of g r a b s  5 3 5 6 3/2 2 / 6  3 5 5 5 

Nucula nitidosa W i n c k w o r t h  2 135 108 77 145 38  
Diastylis rathkei (Kr6yer)  6 124 1926  402  429  515  
Ophiura texturata L a m a r c k  8 149 112 28 20 38  
NephtyshombergiiSavigriy 12 212 136 153 324 79  
Mysella bidentata M o n t a g u  - 1 . . . .  
Abra alba (Wood)  - 15 554 20  28  128 
Echiurus echiurus (Pa l l a s )  - 20  2 - - 15 
Harmotho~ sarsi sarsi ( K i n b e r g )  - 5 16 - 1 8 
Pholoe minuta ( P a b r i c i u s )  - 1 22 - - 8 
Phoronis s p e c .  - 1 1 - - - 
Ophiura albida (Po rbes )  - 55 26  17 - - 1 
Anaitides groenlandica ( O e r s t e d )  - 1 24 - - 1 - 
Crangon crangon (L inn~)  - - - 5 - 20  7 
Scalibregrna inflatum R a t h k e  - - 82 - 6 - - 
Pectinaria koreni M a l m g r e n  - - 10 - - 263  - 
Scoloplos armiger (O. P. M i i l l e r )  - 7 6 - 1 - - 
Ampelisca brevicornis D a  C o s t a  - 1 1 17 5 - - 
Ophelina acuminata O e r s t e d  - - 10 . . . .  
Ampharete acutifrons ( G r u b e )  - - 2 - 1 - - 
Lanice conchilega (Pa l l a s )  - - 10 - - 1 - 
Macoma balthica (Linn~)  . . . . . . .  
F, nsis ensis (Linn~)  . . . . . . .  

Cerianthus lloydii G o s s e  - - 114 - - 24 - 

40  78 292 196 
60  144 1132  170 
90  80 120 34 

7 42  98  12 
- - 1 14 

10 - 172 - 

- - 62 44  
- - 6 6  5 0  

- - 6 3 0  

- - - 52 

- 1 2  - 

- 2 2 7 0  - 

- 166 516  
20 6 - 

- 568  - 
- -  4 - 

26 38  4 
- - 38 
- -  4 - 

N u m b e r  of i n d i v i d u a l s  of o t h e r  s p e c i e s  - 17 7 
T o t a l  n u m b e r  of i n d i v i d u a l s  p e r  m 2 28  744  3 1 6 9  
T o t a l  n u m b e r  of s p e c i e s  4 21 23 
R e d u c e d  n u m b e r  of s p e c i e s  4 10 17 

2 3 95  
721 963  1233 

10 13 17 
8 7 12 

2 - 35 208  
217 390  5052  1368  

9 6 22 15 
5 6 17 13 

S u p p l e m e n t a r y  a b u n d a n c e  f i g u r e s  a b o u t  d o m i n a t i n g  s p e c i e s  d u r i n g  t h e  p e r i o d  1 9 7 6 - 1 9 7 9 :  
Lanice conchilega 4 0 8 8  (22 J u n  1976),  Pholoe minuta 306  (17 A u g  1976),  Diastylis rathkei 3800  
(24 M a y  1978),  Polydora pulchra C a r a z z i  182 (6 A u g  1979),  Pectinaria koreni 1466  a n d  t~nsis 
ensis 112 (29 A u g  1979) 



524 E. Rachor 

k i lomet res  to the east  of the  i nves t i ga t ed  area.  For fur ther  de ta i l s  on the s tudy a r ea  and  
on methods  u sed  see  Rachor  (1977). 

RESULTS 

The impover i shmen t  t rend  in macro fauna  spec ies  n u m b e r ,  as demons t r a t ed  by  
samples  from our cont inuous ly  i nves t i ga t ed  "mud  s ta t ion"  dur ing  the pe r iod  from 1969 
unt i l  spr ing  1976, has  become  m a s k e d  in the  subsequen t  years  by  t empora r i ly  successful  
reco loniza t ion  efforts du r ing  the ear ly  summer  months  (Table 1 and  Fig. 1). However ,  in  301 
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Fig. 1. Development of macrofauna species numbers from 1969 till 1979 at the "mud station" in the 
inner German Bight. Reduced numbers (single findings and highly mobile crustaceans omitted) 

1976 as wel l  as in  1977 and  1978, spec ies  number s  d e c l i n e d  in la te  summer  (Augus t -  
September) ,  and  la te  in 1978 comparab ly  low f igures  as in 1975/76 were  r e a c he d  (4 
spec ies  pe r  s a m p l i n g  date).  The  annua l  f luctuat ions in  spec ies  r ichness  - h igh  va lues  in 
ear ly  summer  and  a s u d d e n  dec rease  in h igh  summer  - as we l l  as the  long- te rm 
d e v e l o p m e n t  can be  shown be t t e r  by  a f i l te red  curve (running means)  wh ich  compen-  
sates  the  i r regula r i t i es  due  to res t r ic ted  sample  sizes of the  ind iv idua l  s ampl ing  da tes  (in 
most  cases  5 g rabs  of the  Van  Veen  type  of 0.1 m2). But, this  me thod  r ema ins  somewha t  
a rb i t ra ry  w h e n  s a m p l i n g  is not regular .  The  long- te rm d e v e l o p m e n t  m a y  be  shown by  
us ing  only la te  win te r  (March/Apri l )  s a m p l i n g  da ta  as these  are  most  s tab le  (Fig. 2). 

The spec ies  surv iv ing  the obvious ly  de t r imen ta l  la te  summer  are  usua l ly  the  same:  
the  b iva lve  Nucula nitidosa, the crus tacean  Diastylis rathkei, the  br i t t le -s ta r  Ophiura 
texturata, and  the po lychae te  worm Nephtys hombergii. Other  spec ies  were  conspicuous  
by  t empora r i ly  co loniz ing  the  a rea  somet imes  in  h igh  to very  h igh  densi t ies ,  but  b e i n g  
unsuccessful  in e s t ab l i sh ing  p e r e n n i a l  popu la t ions  due  to co l lapses  dur ing  summer:  the  
po lychae te s  Lanice conchilega, Scalibregma inflatum, Pectinaria koreni, Ophelina 
acuminata, Pholoe minuta, and  Polydora pulchra and  the b iva lve  Ensis ensis (Table 1). 
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Pig. 2. Long-term development  of macrofauna species richness at the "mud station", Dotted line = 
running 3-monthly means (same data as in Pig. 1); broken line = number  of species per  200 
individuals calculated by Sander 's  rarefaction method (diversity) for late winter samples; unbroken 

line = reduced species numbers  for late winter  samples 
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Pig. 3. Variations in numerical  abundance of Echiurus echiurus compared with the variations in 
Harrnotho~ species. Cross = Harmotho~ sarsi sarsi; triangle = Harmotho~ spp. 
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The other b iva lve  present,  Abra alba, showed  a s imilar  pattern,  but  in several  years  a few 

individuals  were  successful in surviving the de t r imenta l  late summer  conditions.  The 

same can be assumed for the bur row-bui ld ing  worm Echiurus echiurus, a l though it did 

not at tain such h igh  densi t ies  as in 1969 and 1970, or - in 1976/77 - i n  the ne ighbour ing  

area  more close to the Elbe River mouth  (Barrel & Rachor, in preparation).  As repor ted  

previous ly  (Rachor, 1977), the presence  of several  other species  is posi t ively correla ted 

with  the occurrence  of Echiurus, e. g. Harmotho~ sarsi (Fig. 3), Gattyana cirrosa, 
Notomastus latericeus, and maybe  also Pholoe minuta. As wil l  be  descr ibed  (Bartel & 

Rachor, in preparat ion) Echiurus has indirect  posot ive effects by sed iment  reworking,  

burrow bu i ld ing  and vent i la t ion  of the bot tom substratum as wel l  as direct effects by 

provid ing  shel ter  for Harmotho~ and Gattyana. 
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Fig. 4. Variations in macrofauna species number from 1976 till 1979 at the "mud station" (M) 
compared with the numbers at stations in the west (W) and in the east (E). The figures are derived 
from two grabs per sampling date. The horizontal lines indicate mean values of all samples. The 
locations of the stations are indicated in the small map; square = dumping site of sewage sludge 

The area, for which  our results are considered to be representa t ive ,  covers about  

30 km 2. The  centre  of faunal  impover i shment  is east of our cont inuously inves t iga ted  

"mud  station." There  is a gradual  increase in species  numbers  and total macrofauna 

abundance  from this centre {water depth, about  20 m) to the west  {Fig. 4); species  

numbers  of our long- te rm "mud  station" (M) are compared  with  those of stations about  
2 km to the east and 5.5 km to the west.  F igure  4 also shows that  the west- to-eas t  

gradient  has b e e n  a genera l  feature for at least  several  years and that  the very  poor 
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f indings  from au tumn  1978 are  va l id  for al l  the  stations. At the  worst ,  ear ly  in 1976, there  
was  even  no macro fauna  found in the  eas te rn  station, which  is only  5 to 6 km a w a y  from 
the d u m p i n g  a rea  of s e w a g e  s ludge .  

DISCUSSION 

As d i scussed  p rev ious ly  (Rachor, 1977), the  fauna  of the  m u d  a rea  south of Helgo-  
l and  suffers from oxygen  dep l e t i on  and  H2S-formation in the  m u d d y  bot tom subs t ra te  
and  in the  nea r -bo t tom water .  This seems  to have  become  a more  or less r egu la r  event  
dur ing  each  summer.  With  r e g a r d  to both  e l emen t s  of s tabi l i ty,  n a m e l y  res is tance  
(constancy) and  res i l i ence  (elasticity),  the  macro fauna  communi ty  in the m u d  a rea  of the  
inner  G e r m a n  Bight is d i s turbed:  w ide  f luctuat ions  in  a b u n d a n c e  wi th  s u d d e n  b r e a k -  
downs  of severa l  popu la t ions  have  b e e n  a c c o m p a n i e d  by  a s t eady  impove r i shmen t  in 
spec ies  composi t ion,  which  m e a n s  d e g r a d a t i o n  of the  communi ty  structure.  After  reach-  
ing  the  h ighes t  deg ree  of d e g r a d a t i o n  to da te  after the  win te r  storms of 1976, the  
communi ty  d id  not  ach ieve  its former complexi ty .  Indeed,  the  overa l l  condi t ions  in the  
a rea  a l l owed  a g rea t  n u m b e r  of spec ies  to be  successful  in co loniz ing  it aga in ,  bu t  these  
spec ies  and  e spec ia l ly  charac ter i s t ic  k e y  spec ies  (Stripp, 1969) l ike  Echiurus ed2iurus 

could not  e s tab l i sh  p e r e n n i a l  popula t ions .  It is a s sume d  that  the  Abra alba communi ty  
sensu  Str ipp (1969) r ep resen t s  a h igher ,  more  mature  s tage  of success ion than  the 
t ransi tory  s tages  wh ich  are  found there  now dur ing  each  summer.  In accordance  wi th  the  
pos tu la tes  of Pearson & Rosenberg  (1978), these  t ransi tory  success ion  s tages  are  unpre-  
d ic tab le  so tha t  spec ies  composi t ion  and  dominances  vary  from yea r  to year.  Dur ing  the 
last  t en  yea r s  the  fauna  was  not  successful  in ove rcoming  these  t rans i tory  stages,  but  
r e tu rned  to a very  s imple  and  p red i c t ab l e  s tage  dur ing  every  h igh  summer  per iod.  It is to 
be  s t ressed  that  this  p r ed i c t ab l e  s tage  is composed  only of depos i t - f eed ing  and  p reda to r  
spec ies  l iv ing  in or just  b e l o w  the s ed imen t  surface. An  increase  or p r e d o m i n a n c e  of 
depos i t - f eed ing  spec ies  as we l l  as an  e l imina t ion  of sub-surface  spec ies  is r e g a r d e d  as 
an  ind ica t ion  of i nc reased  o rgan ic  inpu t  (Pearson & Rosenberg,  1978). Besides,  the  four 
spec ies  left  are r e la t ive ly  to lerant  of or insuscep t ib le  to oxygen  def ic iency,  and  therefore  
the r e d u c e d  associa t ion  of these  spec ies  is r e g a r d e d  as an  indica tor  "communi ty"  for 
t empora r i ly  anae rob ic  m u d  bottoms.  

In conclusion,  one cannot  but  accept  that  the  impover i shed  and  very uns t ab le  
bot tom fauna  of the  centra l  m u d  a rea  in the  inner  G e r m a n  Bight  charac te r izes  this  r eg ion  
as eco log ica l ly  sensi t ive.  It is to be  s t ressed that  in 1976 parts  of the  m u d  a rea  were  
a l r e ady  devo id  of any  macrofauna.  This ex t reme  f ind ing  can be  e x p l a i n e d  by  the 
combina t ion  of adverse  factors such as the  overa l l  d i s tu rbed  nea r -bo t tom oxygen  r eg ime  
la te  in  1975 and  the  devas t a t i ng  storm effects in J a nua ry  1976~: On  the other  hand,  the 
s t r ik ing  exp los ion  of severa l  popu la t ions  dur ing  ear ly  summer  1976 is to be  a t t r ibu ted  to 
benef ic ia l  effects of these  storms, resu l t ing  e spec ia l ly  in improved  oxygen  supp ly  and  re- 
a r r a n g e m e n t  of the  bo t tom sediment .  The  s imi lar  exp los ion  of popula t ions  dur ing  the 
summer  1979 was  p r e s u m a b l y  favoured  by  the cold  t empera tu re s  of the  p r e c e d i n g  win te r  
(cf. Ziegelmeier~ 1970} and  by  a r e la t ive ly  u n d i s t u r b e d  oxygen  r eg ime  dur ing  the 
summer  due  to low wa te r  t empera tu re s  and  effect ive ver t ica l  mixing.  

A l though  the macro fauna  of na tu ra l  m u d  areas  should  be  a d a p t e d  to r e l a t ive ly  h igh  
organic  inpu t  and  t empora r i ly  cri t ical  oxygen  condi t ions  in the  bo t tom sediment ,  the re  
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a re  good reasons  not  to overes t imate  this  adap tab i l i ty .  If o rganic  inpu t  becomes  too h igh  
and  bac te r i a l  decompos ing  act ivi ty  increases  wi th  r i s ing  tempera tures ,  the  endofauna  is 
l imi ted  to the  u p p e r  s ed imen t  layers  (cf. A n k a r  & Jansson,  1973). Provided  the  s ed imen t  
becomes  anae rob ic  and  the  nea r -bo t tom wate r  poor  in oxygen  or even  con tamina ted  
wi th  H2S, the  endofauna  as we l l  as the  less  mobi le  ep i f auna  wil l  col lapse.  Such a fauna  
cannot  be  u sed  by,  for example ,  d e m e r s a l  fish, as the  nea r -bo t tom wate r  qua l i ty  prevents  
these  fish from forag ing  there.  This aspec t  - that  a ve ry  h igh  produc t ion  of macro fauna  
cannot  be  op t imal ly  used  b y  h ighe r  t rophic  leve ls  - should  be  cons ide red  w h e n  
eva lua t ing  the  impor tance  of an  a rea  and  the effects of was tes  ma in ly  in  respec t  to h igh  
produc t iv i ty  (see also Caspers ,  1978). With  r ega rd  to depos i t ed  was te  mat te r  conta in ing  
harmful  subs tances  l ike  h e a v y  meta l s  or toxic and  pers i s ten t  organics ,  it  should  also be  
cons ide red  that  a h igh  ben th ic  p roduc t ion  and  its use  by  fish comprises  the  d a n g e r  of re-  
ac t iva t ion  and accumula t ion  of such subs tances  in the  food web.  

Wha t  are  the  env i ronmen ta l  condi t ions  that  account  for the  faunal  ins tab i l i ty  and  
impove r i shmen t  in the  inves t iga t ed  a rea  of the  inner  G e r m a n  Bight  so that  it  m a y  be  
cons ide red  sensi t ive? 

(1) The a rea  is g e o 1 o g i c a 11 y charac te r i zed  as compr i s ing  - b e l o w  20 m dep th  - 
sed iments  wi th  h igh  propor t ions  of c lay and  silt  as we l l  as o rganic  mat te r  (Reineck et al., 
1968}. Such sed imen t s  have  a na tu ra l  t e n d e n c y  to become  anaerobic .  Fur thermore ,  this  
a rea  is the  only l a rge r  subl i t tora l  env i ronment  in the  G e r m a n  Bight  wi th  these  fea tures  
and  thus the  only  p lace  where  a typ ica l  mud  bot tom communi ty  wi th  Abra aiba and  
Nucula nitidosa as charac ter i s t ic  spec ies  (see Stripp,  1969~ G16marec, 1973} can develop.  
Wi th  r ega rd  to sens i t iv i ty  aga ins t  pe r tu rba t ions  one has  to k e e p  in mind  that  the  h igh  
sed imen ta t ion  ra te  of f ine ma te r i a l  favours the  en r i chment  of the  bo t tom subs t ra te  wi th  
noxious  subs tances  l ike  t race meta l s  and  pers i s ten t  organics.  A l though  m u d  a reas  can be  
an  u l t imate  s ink  of such noxious  subs tances  (GESAMP, 1975}, it  is thought  that  the  inner  
G e r m a n  Bight  is sub jec t ed  to s ed imen t  r e suspens ion  and  t ranspor t  dur ing  heavy  storm 
per iods  so that  depos i t ed  subs tances  can  become  mob i l i zed  again .  

(2) The h y d r o g r a p h i c condi t ions  of the  inner  G e r m a n  Bight  are  very  complex.  
Due to the  convergence  of coasta l  and  Nor th  Sea  waters  and  the very  s trong inf luence  of 
Elbe and  Wese r  runoff, r e l a t ive ly  s table  t he rmoha l ine  strat i f icat ions of the  wa te r  can 
deve lop  espec ia l ly  dur ing  ca lm summer  w e a t h e r  condit ions.  These  s tab le  condi t ions  
affect the  oxygen  r eg ime  in the  nea r -bo t tom wa te r  by  h inde r ing  ver t ica l  oxygen  t rans-  
port. Res idual  currents  do not  a p p e a r  to gua ran tee  eff icient  t ranspor t  of surplus  nutr ients ,  
was tes  and  other  undes i r ab l e  mat te r  out of the  Bight. This is i nd i ca t ed  b y  G o e d e c k e ' s  
0968} da ta  on eddies ,  as we l l  as by  current  me a su re me n t s  and  compute r  mode l s  on 
currents  (Backhaus,  1980}. These  mode l s  even  sugges t  that  some eddy  res idua l  c i rcula-  
t ion exists  in cer ta in  wa te r  layers.  Moreover ,  wes te r ly  winds  cause  a r ise of wa te r  l eve l  in 
the  G e r m a n  Bight  and  a nea r -bo t tom compensa t ion  flow out of the  Bight. Eas ter ly  winds  
l e ad  to upwe l l i ngs  and  nea r -bo t tom compensa t ion  flows into the  Bight. Thus, the  effects 
of wa te r  s t rat i f icat ion wil l  inc rease  as no oxygen  is supp l i ed  to the  bo t tom wate r  w h e n  
eas te r ly  winds  prevai l .  If f lushing t ime is t a k e n  as a measu re  of the  car ry ing  capac i ty  and  
accord ing ly  the  sens i t iv i ty  of a mar ine  area,  the  G e r m a n  Bight  is to be  cons ide red  as a 
very  vu lne rab le  par t  of the  North  Sea  wi th  a ca lcu la t ed  f lushing  t ime of about  3 years  
c o m p a r e d  wi th  1 to 2 years  for the  o ther  l a rge r  a reas  of the  North  Sea {Maier-Reimer,  
1979). 
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(3) C h e m i c a 1 and p o 11 u t i o n a s p e c t s must  also be considered.  Nutr ient  

supply is very  h igh  in the inner  G e r m a n  Bight and has increased  dur ing recent  years due 

to Elbe and Weser  influx (for phosphorus  see Lucht & Gillbricht,  1978, and Weichart ,  

1978). Thus, the pr imary  product ion is s t imula ted  (Hagmeier ,  1978), which  results in 

h ighe r  oxygen  demands  for the b r e a k d o w n  of organic  matter.  As the mud  area  of the 

inner  Ge rman  Bight is a sed imenta t ion  centre  of mat ter  p roduced  (Goedecke,  1968), the 

oxygen  r eg ime  in near-bot tom waters  wil l  be in f luenced  nega t ive ly  by increased  

product ivi ty  in the euphot ic  zone. 

Moreover ,  the int roduct ion of d iges ted  s ewage  s ludge  into the eas tern  part  of the 

inner  Bight  has inc reased  organic  input  as wel l  as direct  input  of nutrients.  Hence ,  a 

nega t ive  inf luence  on the oxygen  r eg ime  is to be  expected.  A rough est imate  of such an 

inf luence  indicates  addi t ional  reduct ions  of oxygen  saturat ion values  of 10 % during 

calm summer  per iods  in the water  body be low the thermocl ine.  

CONCLUDING REMARKS 

The inner  Ge rman  Bight has b e e n  demons t ra ted  to be an ecologica l ly  sensi t ive area. 

Hence ,  it is not sui ted for the dumping  of large  amounts  of wastes. Cons ider ing  

sensi t ivi ty one should also bear  in mind that  the is land of He lgo land  wi th  its un ique  and 

very vu lne rab le  hard-bot tom flora and fauna is a part  of this area. Furthermore,  large  

areas of the G e r m a n  W a d d e n  Sea are in direct connect ion  wi th  the inner  Ge rman  Bight. 

Catastrophic mass mortal i t ies  of bot tom animals  as occurred dur ing the summer  of 1976 

in the midd le  Atlant ic  Bight  off N e w  York after severe  oxygen  deple t ion  (Steimle & 

Sindermann,  1978) are possible  events  to be  expec ted  in the German  Bight too. Besides 

the direct harmful  effects, indirect  effects of such dis turbances  on ne ighbour ing  areas 

and on migra t ing  populat ions  of animals  l ike young  fish cannot  be  exc luded  in such 
cases. 
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