
HELGOLANDER MEERESUNTERSUCHUNGEN 
Helgol fnder  Meeresunters .  51, 1-21 (1997) I 

Periodic and episodic benthos recruitment in 
southwest Mecklenburg Bay (western Baltic Sea) 

J. P r e n a  ~, F. G o s s e l c k  2, V. S c h r o e r e n  3 & J. Voss  3 

rlnstitut ffir Ostseeforschung Warnemfmde; PL 30 10 38, D-18I I1 Rostock, Germany" 
2lnstitut ffJr Angewandte  Okologie GmbH; Lindenweg 2, D-18184 Neu 

Broderstor[, Germany 
:~Landesamt ffir Wasserhaushalt und Kf~sten Sch]eswig-Holstem; Saarbrfickenstr. 38, 

D-24114 Kiel, Germany 

ABSTRACT: Temporal changes  in the zoobenthos  of southwest  Mecklenburg Bay were studied 
using routine survey data collected in 1980-94. Earlier studies suggested that long-term oxygen de- 
ficiency on the scale of several months affects the zones below 20 m depth. Episodic benthic  recolo- 
nization occurred during periods with improved oxygen conditions, as a rule by opportunistic poly- 
chaetes followed by some actively immigrating adult species. However, these observations were re- 
stricted to central and southern L0beck Bay. Our recent data indicate that benthic recolonization 
exhibits greater  regularity along the nor thern shore of Ltibeck Bay. Special wind conditions and  wa- 
ter exchange  processes in the western Baltic Sea are likely to displace the deep water in northern 
Liibeck Bay more rapidly than in the southern zones. By means  of multidimensional scaling, two ty- 
pes of episodic recruitment are identified in the benthos  that are probably related to enhanced  nitro- 
gen  discharge through river runoff in the winter and  exceptionally weak water stratification in the 
summer. 

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

T h e  e n v i r o n m e n t a l  s t a t u s  of L t i b e c k  Bay, a n  a p p r o x i m a t e l y  400 k m  2 l a r g e  e m b a y m e n t  

s i t u a t e d  in s o u t h w e s t  M e c k l e n b u r g  Bay, h a s  b e e n  s t u d i e d  i n t e n s i v e l y  s ince  t h e  1980s. 

L a r g e  p o p u l a t i o n s  of t he  o p p o r t u n i s t i c  p o l y c h a e t e s  Capitella capitata a n d  Polgdora cfliata 
o c c u r r e d  in  s o m e  d e e p e r  z o n e s  in J u n e  1980, w h e r e  s u r v e y s  c a r r i e d  ou t  in  t h e  l a t e  1970s 

f a i l ed  to d e m o n s t r a t e  a n y  b e n t h o s  ( G o s s e l c k  & G e o r g i ,  1984). Th i s  r e c o l o n i z a t i o n  e v e n t  

s t i m u l a t e d  f u r t h e r  s tud ies ,  c r e a t i n g  the  b a s i s  for t h e  l a t e r  N a t i o n a l  C o a s t a l  B e n t h o s  Mo -  

n i t o r i n g  P r o g r a m .  Ear ly  r e su l t s  s u g g e s t e d  t h a t  t h e  z o n e s  of L f i b e c k  Bay  b e l o w  20 m d e p t h  

b e l o n g e d  to t h e  Belt  Sea  r e g i o n s  m o s t  s e v e r e l y  a f f e c t e d  b y  l a ck  of o x y g e n  ( G o s s e l c k  et  

a]., 1987). A l t h o u g h  s a m p l i n g  p r o g r a m s  w e r e ,  as  a rule ,  r e s t r i c t e d  to the  c e n t r a l  a n d  sou -  

t h e r n  pa r t s  ( H a g m e i e r ,  1930; Schulz ,  I969 ;  G o s s e l c k  & Georg i ,  1984), t h e  e n v i r o n m e n t a l  

s t a t u s  of L i i b e c k  Bay w a s  o c c a s i o n a l l y  g e n e r a l i z e d  for  all its d e e p e r  z o n e s  ( E h r h a r d  & 

W e n c k ,  1984; Gosse l ck ,  1992). M o r e  i n f o r m a t i o n  a b o u t  t h e  b e n t h o s  d i s t r i b u t i o n  in M e c k -  

l e n b u r g  Bay  is n o w  p r o v i d e d  by  t he  L a n d e s a m t  ftir W a s s e r h a u s h a l t  u n d  Kfis ten ,  Sch l e s -  

w i g - H o l s t e i n  (LW). T h i s  p a p e r  p r e s e n t s  a n d  d i s c u s s e s  t h e  d a t a  c o v e r i n g  t h e  s p a t i a l  a n d  
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t e m p o r a t  d i s t r i b u t i o n  of z o o b e n t h o s  w h i c h  h a s  b e e n  c o l l e c t e d  in s o u t h w e s t  M e c k l e n b u r g  

Bay s i n c e  1980, E m p h a s i s  is p l a c e d  o n  t he  ove ra l l  va r i ab i l i t y  of the  b e n t h i c  c o m m u n i t y ,  

f o r m i n g  n e c e s s a r y  b a c k g r o u n d  i n f o r m a t i o n  for f u t u r e  e n v i r o n m e n t a l  a s s e s s m e n t s .  

MATERIAL A N D  M E T H O D S  

D a t a  o b t a i n e d  by  r o u t i n e  b e n t h o s  s u r v e y s  c a r r i e d  ou t  at  Ros tock  U n i v e r s i t y  (S ta t ions  

LB7 a n d  LB12, 1980-91)  a n d  t h e  LW S c h l e s w i g - H o l s t e i n  (S ta t ions  M B 4 - 8  a n d  MB10,  

1987-94)  w e r e  u s e d  in th i s  s t u d y  (Table  1, Fig.  l).  T h r e e  r e p l i c a t e  g r a b  s a m p l e s  of 0.1 m ~ 

e a c h  w e r e  t a k e n  a n d  w a s h e d  t h r o u g h  a 1 - m m  s c r e e n .  B i o m a s s  w a s  d e t e r m i n e d  as  a s h  

f r ee  dry  w e i g h t  ( ign i t ion  a t  520 ~ a f t e r  p r e s e r v a t i o n  in  4 % b u f f e r e d  f o r m a l d e h y d e - s e a -  

wa te r .  T h e  b i o m a s s  of S t a t i o n s  LB7 a n d  LB12 w a s  e s t i m a t e d  f rom w e t  w e i g h t  d a t a  u s i n g  

Table 1. Position and depth of the monitoring stations in Mecklenburg  Bay employed in this study 

Station Lon9-itude Latitude Depth [m] 

LB7 11 ~ 12.3' 54 ~ 00.7' 23-24 
LB12 1I ~ 27.8' 54 ~ 10.4' 22 23 
MB4 11 ~ 13.3' 54 ~ 12.2' 19 
MB5 11 ~ 04.1' 54 ~ 06.9' 21 
MB6 10 ~ 54.5' 54 ~ 02.5' 21 
MB7 10 ~ 56 3' 54 ~ 00.3' 19 
MB8 10 ~ 47.5' 54 ~ 02.0' 16 

MB10 11 ~ 15.6' 54 ~ 22.0' 16 
O1 1 ~~ 02.7' 54 ~ 03.5' 24 
0 2  l i  ~ 12.5' 54 ~ 05.4' 24 
0 3  l l  ~ 25.0' 54 ~ 07.9' 23 
0 4  11 ~ 41.7' 54 ~ 12.1' 25 

u n p u b l i s h e d  c o n v e r s i o n  fac to rs  e s t a b l i s h e d  for t h e  s t u d y  a rea .  O c e a n o g r a p h i c  d a t a  of 

S t a t i o n s  O 1 - O 4  (Fig. 1) w e r e  k i n d l y  s u p p l i e d  b y  t he  L a n d e s a m t  for  U m w e l t  u n d  N a t u r  

M e c k l e n b u r g - V o r p o m m e r n ,  runof f  d a t a  of T r a v e  r ive r  at  S e h m s d o r f  by  t h e  LW Sch le s -  

w i g - H o l s t e i n .  Dr. T. S c h m i d t  ( W a r n e m f i n d e )  p r o c e s s e d  the  w i n d  d a t a  of B o l t e n h a g e n  

w e a t h e r  s t a t i o n  p r o v i d e d  by  t h e  D e u t s c h e r  W e t t e r d i e n s t  O f f e n b a c h .  I n t e r a n n u a l  diffe-  

r e n c e s  in t h e  w a t e r  s t r a t i f i ca t ion  w e r e  s t u d i e d  u s i n g  t he  d e n s i t y  g r a d i e n t  _k~r m e a s u r e d  

b e t w e e n  w a t e r  s u r f a c e  a n d  s ea  floor. T h e  a r e a  b e l o w  the  g r a p h  f(_kcs, t ime)  d e s c r i b e s  the  

m e a n  ve r t i ca l  d e n s i t y  g r a d i e n t  of a y e a r  a n d  w a s  u s e d  to c o m p a r e  t he  d e g r e e  of w a t e r  

s t r a t i f i ca t ion  b e t w e e n  years .  
M u l t i d i m e n s i o n a l  S c a l i n g  (MDS) a n d  P r i n c i p a l  C o m p o n e n t  A n a l y s i s  (PCA) w e r e  

u s e d  to e x p l o r e  t he  t e m p o r a l  c h a n g e s  in t h e  b e n t h i c  c o m m u n i t y .  P C A  y i e l d s  u n c o r r e l a -  

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

t he  o r i g i n a l  v a r i a b l e s .  M D S  s e e k s  to a r r a n g e  o b j e c t s  in  a g i v e n  n u m b e r  of d i m e n s i o n s ,  so 

t h a t  o b j e c t s  of g r e a t e r  s imi la r i ty  g r o u p  c lose r  to e a c h  o t h e r  t h a n  t h o s e  w i t h  tess.  E u c l i d e a n  

d i s t a n c e  of log(x + 1 ) - t r a n s f o r m e d  a b u n d a n c e  d a t a  w a s  u s e d  in MDS.  P C A  of S t a t i on  M4 

u s e d  the  c o r r e l a t i o n  m a t r i x  of l o g ( x + l ) - t r a n s f o r m e d  a b u n d a n c e  da ta .  T h e  m e t h o d s  a re  

d e s c r i b e d  in m o s t  s ta t i s t ica l  t e x t b o o k s ,  a n d  h a v e  i n c r e a s i n g l y  b e e n  u s e d  in b e n t h o s  s tu-  

d ies  (e.g. O l s g a r d  & Gray,  1995). 
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Fig. 1. Map of NIecklenburg Bay showing the bottom profile and the location of sampling sites 

RESULTS 

B e n t h o s  

A total of 96 species were identified in the 176 samples  taken at Stations LB7, LB12 

and MB4-MBS. Polychaetes ranked first with 45 species, fol lowed by the molluscs (23), 

crustaceans (17), cnidaria (4), priapulid worms (2), echinoderms (2), nemer teans  (1), 
o l igochaetes  (1) and tunicates (1). A considerable  temporal  variation was observed  in 

the number  of species present  at each station. As a rule, there was an increase or little 
change  from spring to summer, and a decl ine toward the au tumn (Figs 2 and 3). This was 

most evident  at the stations deeper  than 20 m, such as Stations MB5, MB6, LB7 and LB12. 
Little or no decl ine occurred in the shal lower  and outer zones, particularly at Station 

MB4. This pat tern varied considerably from year  to year. The number  of species present  

at the deeper  stations was constantly low in 1989, Station LB12 being an except ion 
(Figs 2 and 3). Only a few species colonized at Station LB7 in 1986 and 1987. In contrast, 
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Fig. 2. Biomass and number of species present at Stations MB3-MB8 in 1987-94. Note non-linear 
scale in biomass 

the  ben thos  was  c o m p a r a t i v e l y  d ive r se  in 1990. At  the  sha l low Sta t ion  MB8, a com-  

pa ra t ive ly  l a rge  n u m b e r  of spec ies  o c c u r r e d  in the  s u m m e r  1988 a n d  in the  sp r ing  
1989. 

Total b iomass  was  h i g h e s t  at S ta t ions  MB3, MB4 and  LB12, and,  as a rule,  b e l o w  2 g 
ash  f ree  dry w e i g h t  m -2 at the  s ta t ions  in i n n e r  Lf ibeck  Bay (Figs 2 and  3). B iomass  at Sta- 

t ion MB8, e v e n  t h o u g h  this s ta t ion  was  only  16 m deep ,  was  s imilar ly  low. La rge  inter-  
a n n u a l  va r i a t ion  in the  b iomass  da ta  o c c u r r e d  at S ta t ion  LB12, wi th  v a l u e s  > 5 g m -2 in 

1980, 1981, 1986, and  1988-91 (Fig. 3). 
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Fig. 3. Biomass and number of species present at Stations L137 and LBI2 in 1980-91. Note non-linear 
scale in biomass. Areas shaded illustrate the sampling time shown in Figure 2 

Stations LB7 and LBI2 showed some episodes  of grea ter  faunal change,  but re-esta-  

bl ished their former benthic community  (Fig. 4). The temporal  occurrence of these alter- 

nations was essentially in ag reemen t  at both stations, with episodes of s t ronger  colo- 
nization in 1980-84, 1985, 1988, and 1990. The abundance  of species found in these time 

periods was compared  with that of ave rage  observations,  encircled in the MDS-diagrams,  

in Tables 2 (Station LB7) and 3 (Station LB12). In 19 observations, the po lychae te  species 
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Capitella capitata, Polydora ciliata and Bylgides sarsi, and the priapulid Halicryptus spi- 
nulosus typically formed a benthic communi ty  of low diversity at Station LBT, with an 

average  of 77 individuals m -2 and < 4 species present  (Table 2). There w e r e  strong in- 

creases in the numbers  of C. capitata and P. ciliata in the four time periods ident i f ied by 

MDS (Fig. 4A), often accompanied  by an increase in the number  of species present .  Ha- 
licryptus spmulosus, B. sarsi, Scoloplos armiger and Diastylis rathkei colonized in large 

numbers  in 1981, particularly in June.  The  benthos  was diverse  in the s u m m e r  of 1990, 

when  species such as Arctica islandica, Corbula gibba, I~lya arenaria, Mytilus edulis, 
Syndosmya alba, Nephtys sp. and Nereimyra punctata colonized. Capitella capitata was 

absent  in this t ime period. The 1990 colonization at Station LB7 showed dif ferences  from 

the other colonization episodes (Fig. 4A). The benthos at Station LB12 was more  diverse 

compared  to that at Station LB7, with a mean  of 201 individuals m -2 and nine species  pre- 

sent  in 29 observat ions without previous recolonizat ion (Table 3). Abundant  species  with 

regular  occurrence  were  H. spinulosus, Priapulus caudatus, B. sarsi, C. capitata, Hetero- 
mastus [iliformis, P. ciliata, A. islandica, C. gibba and D. rathkei. In 1980-85 species  such 

as C. capitata, D. rathkei, P. ciliata and S. alba occurred occasionally in large  numbers  

(Table 3). Capitella capitata was abundant  in February 1988 and again in N o v e m b e r  

1988, with >1000 individuals m -2. The 1990 colonization episode started with P. ciliata fol- 

lowed by a genera l  increase in the number  of species present.  Several  molluscs coloni- 

zed, such as Astarte borealis, A. elliptica, Cerastoderma lamarcki, Corbula gibba, My- 
sella bidentata, Mytilus edulis and S. alba (Table 3). Capitella capitata was, as a rule, ab- 

sent in this t ime period. The MDS diagram illustrates that the 1990 colonization was 

different from earl ier  recrui tments  (Fig. 4B). 

The benthos  at Station MB4 changed  from year  to year  and be tween  seasons (Fig. 5). 

Samples  taken  in the spring showed,  as a rule, less loading in the second principal  axis 

(i.e. they are shifted downward  in the diagram) when  compared  to the samples  taken in 

the au tumn or summer  (Fig. 5). This can partly be expla ined  by increased occurrence  of 

C. capitata in the spring. The PCA diagram further suggests  that the a b u n d a n c e  of spe- 

cies such as S. alba, C. gibba, M. bidentata and Nephtys hombergii had increased in the 

early 1990s. Figure 6A illustrates that these species occurred infrequent ly  before the 

autumn 1989, but were  more common in 1990-92. Corbula gibba was abundan t  still in 

1993. Mysella bidentata, C. gibba and S. alba occurred more frequent ly at the shallow 

Station MB10, south of Fehmarn  Island. Their  populat ions increased in the au tumn 1989 

(Fig. 6B). Changes  similar to those descr ibed for Station MB4 were  also apparen t  at Sta- 

tion MB3, but  are not illustrated here. 
Seasonal  changes  were  evident  in the benthic  communi ty  at Stations MB5 and MB6 

(Fig. 7). The benthos was, as a rule, more diverse  in summer  and col lapsed in autumn. 

Polydora ciliata and C. capitata were  p redominan t  at Station MB6 throughout  the year 

but occurred in lower numbers  in the autumn. Predators such as P. caudatus, B. sarsi, 
Anaitides mucosa and Eteone longa colonized only in the spring and summer,  and were  

absent  in the autumn. Greater  numbers  of D. rathkei showed up only in the summer.  Not- 

able deviat ions from this colonization pat tern occurred in the summers  1988-90. Capi- 
tella capitata colonized with 1100-1700 spec imens  m -2 in 1988. The benthos was less di- 

verse throughout  1989 (till spring 1990), and similar to the impover ished benthos  collec- 

ted in the au tumn of other years. The 1990 colonization was particularly strong, with 
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Fig. 5. PCA of the benthic community at Station MB4 in 1987-94 demonstrat ing an increase of some 
species in the early 1990s (Sp - spring, Su - summer, A - autumn) 

s e v e r a l  m o l l u s c s  s u c h  as  A. islandica, C. gibba, Macoma balthica, S. alba a n d  Mya trun- 
cata b e i n g  p r e s e n t .  S imi l a r  s e a s o n a l  c h a n g e s  w e r e  a p p a r e n t  at  S ta t ion  MB5.  Capitella ca- 
pitata w a s  a b u n d a n t  on ly  in t he  s p r i n g s  1988, 1989, 1991 a n d  1992, a n d  in t h e  s u m m e r  
1988 (1100 m-2). 

E p i s o d e s  of m a j o r  b e n t h i c  c o l o n i z a t i o n  w e r e  a p p a r e n t  a t  S t a t i on  M B 8  b e t w e e n  1988 

a n d  1991 (Fig. 8). Mytilus edulis a n d  Pygospio elegans w e r e  ve ry  a b u n d a n t  in  t h e  s u m -  

m e r  1988. H o w e v e r ,  t h e s e  p o p u l a t i o n s  h a d  v a n i s h e d  b y  a u t u m n ,  w h i l e  C. capitata a n d  P, 

ciliata o c c u r r e d  in l a r g e  n u m b e r s .  M o l l u s c s  s u c h  as  C. gibba, M. bidentata a n d  S. alba 
c o l o n i z e d  in t he  s p r i n g  1989, a n d  the  b e n t h o s  e x h i b i t e d  r e m a r k a b I e  d i v e r s i t y  (Fig. 2). 

S o m e  c o l o n i z a t i o n  o c c u r r e d  in  t he  s u m m e r s  1990, 1991 a n d  1993, w h e r e a s  r e c r u i t m e n t  

w a s  p o o r  in 1989 a n d  1992 (Figs 2 a n d  8). Mytilus edulis, P. elegans a n d  P. ciliata d o m i -  
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Fig. 6. Abundance (n m -2) of S. alba, C. gibba, NI. bidentata and N. hombergii at Station MB4 (A) 
and Station MB10 (B) in 1987-93. Note non-linear scale 

nated in 1993. Macoma balthica and Hydrobia sp. were  the dominants  in 1990 and 1991. 
Samples of a particular season were  less similar to one another  than at Stations MB5 and 

MB6. 

O c e a n o g r a p h i c  a n d  w e a t h e r  c o n d i t i o n s  

Oxygen  conditions near  the bottom deter iora ted  in Lfibeck Bay b e t w e e n  April and 
Sep tember  when  a pycnocl ine was established.  The density of the deep  wa te r  was on 

average  grea ter  in inner Lfibeck Bay than in Meck lenburg  Bay (Fig. 9A). A similar gra- 
dient  occurred in oxygen saturation near  the sea floor in the summer, wi th  the lowest  

average  oxygen  saturation found at Station O1 in Sep tember  (Fig. 9B). 

Interannual  differences in the stratification of water  masses were  s tudied at Stations 
O1-O4 using the mean  annual  density gradient  be tw een  the top and bot tom water  

layers. A strongly marked  stratification occurred in 1981 and 1988, and to a lesser  deg ree  
in 1976, 1985 and 1987. Stratification was w e a k  in 1980, 1989-90 and 1992-93 (Fig. 10). 
Westerly winds of 3-10 m s -1 prevai led  during the per iod of strongest  stratification, 

Ju ly -Sep tember ,  at Bol tenhagen  wea the r  station (Fig. 11). Winds from the eas t  occurred 

too, but were  less common. Conditions w e r e  very stable in Ju ly /Augus t  1988, with weak  
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Fig. 8. MDS of the benthic community at Station MB8 in 1987-94 showing total a b u n d a n c e  and 
dominant  species in some episodes of rapid colonization (Sp - spring, Su - summer, A - autumn) 

w e s t  w i n d s  of 2 -5  m s -~ on  a v e r a g e  a n d  s l i gh t  e a s t  w i n d s  (Fig. 12). T h e r e  w a s  a h i g h e r  

p r o p o r t i o n  of p r e v a i l i n g  ea s t  w i n d s  in t he  o t h e r  yea r s ,  b o t h  in y e a r s  w i t h  h i g h  a n d  low 

w a t e r  s t r a t i f i ca t ion  (Fig. 12). 
T h e  g r e a t e s t  s o u r c e  of f r e s h w a t e r  runof f  to L f i b e c k  Bay is t h e  r ive r  T rave ,  d r a i n i n g  

726 k m  z of m a i n l y  a g r i c u l t u r a l  l and .  M a x i m u m  runof f  o c c u r r e d  as  a r u l e  b e t w e e n  

J a n u a r y  a n d  M a r c h ,  a n d  w a s  low in t he  s u m m e r .  F i g u r e  13 s h o w s  the  m o n t h l y  runof f  

in  1981-94 ,  a v e r a g e d  for J a n u a r y - M a r c h ,  M a y - O c t o b e r  a n d  J a n u a r y - D e c e m b e r  of 

e a c h  year .  Runof f  in  J a n u a r y - M a r c h  w a s  h i g h  in t h e  y e a r s  1981, 1988 a n d  1994, b u t  

w a s  b e l o w  a v e r a g e  in 1989-93 .  T h e r e  w a s  l i t t le  d i f f e r e n c e  b e t w e e n  t h e  s u m m e r  

runoffs ,  1987 b e i n g  a n  e x c e p t i o n .  T h e  y e a r l y  runof f  w a s  g r e a t l y  d e t e r m i n e d  b y  t h a t  of 
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Fig. 9. Monthly means oI temperature (A) and oxygen saturation (B) in the surface dnd bottom 
water at Stations O1-O4 in 1975-93 

the  J a n u a r y - M a r c h  per iod,  a l t h o u g h  the yea r ly  m e a n s  va r i ed  less b e t w e e n  yea r s  

(Fig. ~3). 
A reg res s ion  was  ca l cu l a t ed  b e t w e e n  f r e s h w a t e r  runoff  in the  w i n t e r  p e r i o d  (No- 

v e m b e r - M a r c h )  and  total  n i t rogen  and  the  s u m  of nitr i te  and  ni trate,  r espec t ive ly .  Nitro-  
g e n  c o n c e n t r a t i o n  i n c r e a s e d  s ign i f i can t ly  for v o l u m e  flows up to 6 m :~ s q .  No fu r the r  in- 
c r ea se  was  a p p a r e n t  w h e n  cur ren t  ve loc i ty  was  6 -30  m 3 s -t. In o the r  words ,  ve ry  h i g h  ri- 

v e r  runoff  c a u s e d  an inc rease  in the  n i t r o g e n  load  t h rough  g r ea t e r  v o l u m e  flows, wh i l e  

the  n i t r o g e n  c o n c e n t r a t i o n  r e m a i n e d  g e n e r a l l y  constant .  
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Fig. 10. Degree of vertical water strahfication at Stations O1-O4 in 1975-93 (in percent of maximum 
stratification measured at Station 02 in 1988) 

DISCUSSION 

Macrobenthos  surveys carried out before 1980 by Lenz (1878), Anonymous  (1901-05, 
cited in Stein et al., 1990), Hagmeie r  (1930) and Schulz (1969) showed that the zones in 

L/.ibeck Bay below 20 m depth are greatly impover ished when  compared with  the more 

shal low or open zones of Meck lenburg  Bay. However ,  large populations of Capitella ca- 
pitata and Polydora ciliata colonized in those deepe r  zones in the early I980s, followed 

by predacious species such as Halicryptus spinulosus, Bytgides sarsi and Anaitides ma- 
culata (Gosselck & Georgi, 1984). The benthos  col lapsed again in late s u m m e r  when  oxy- 
gen conditions were  poor (Gosselck et al., 1987). The data presented  in this paper  sug- 

gest  that there was, as a rule, benthic recovery in the spring and summer, wi th  an increase 

in biomass and faunal diversity, and a decl ine toward the autumn. Both rec ru i tment  and 
decl ine of the benthos varied greatly from year  to year. For example,  large populat ions 

of C. capitata and P. ciliata similar to those observed  in the early 1980s colonized  at Sta- 
tions LB7 and LB12 only in 1988. Also, the benthos changed  differently at severa l  loca- 

tions, in the inner  and outer zones, and at the northern and southern shore. Episodes of 
benthic  recolonizat ion occurred at Stations LB7 and LB12, near  the southern  shore, par- 

ticularly in 1980-83, 1988 and 1990. The benthos changed  little be tween  these  events, 

with the same impover ished communi ty  re-establ ishing itself when  oxygen  conditions 
deteriorated.  Changes  in the benthos were  more regular  at Stations MB5 and  MB6, near  

the northern shore of Lfibeck Bay. Nei ther  the colonization episode obse rved  at Stations 
LB7 and LB12 in the spring 1988 nor the strong oxygen  deplet ion in southern  Mecklen-  

burg Bay in August  1988 (Prena, 1994) showed  up near  the north shore. Thus,  our more 
recent  observations on the spatial and temporal  changes  in the benthos distr ibution in 

Lfibeck Bay represent  some aspects not evident  from earlier studies: (1) the  temporal  

changes  in the benthic communi ty  were  locally distinct, with rather episodic  recoloniza- 
tion events  near  the south shore and more periodic changes  near  the north shore; (2) mass 
occurrence of the opportunistic polychaetes  C. capitata and P. ciliata was i r regular  and 

not obviously connec ted  with re -oxygenat ion  of the deep  water; (3) some species  belon- 
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Fig. 11. Frequency of wind velocRy and direction during the period July/September measured at 
Boltenhagen weather station in 1980-91, based on 3-h means 

ging to the Syndosmya alba-community (Petersen, 1913; Thorson, 1957) colonized occa- 
sionally in the deep  zones of Lfibeck Bay. These  observat ions will be discussed in the fol- 

lowing text. 
A strong pycnocline was establ ished in Lfibeck Bay as a rule in J u l y - S e p t e m b e r  cau- 

sing low-oxygen  situations. Somewha t  bet ter  oxygen  conditions prevai led in the more 
open zones of Meck lenburg  Bay where  stratification was weaker.  These observat ions are 

in ag reemen t  with those described by MatthSus (1984, 1992). The inf luence of special  

wind conditions in the breaking up of the stratification of the water  masses was investi- 
ga ted  by Dietrich & Weidemann (1952). They  showed that west  wind may transport  sur- 

face water  toward Meck lenburg  Bay while  deep  water  wells up in inner  Lfibeck Bay. 
Near-bot tom currents remained  w e a k  even  dur ing periods of strong west  wind. Winds 

from the east caused advect ion of surface wate r  into Lfibeck Bay replacing the deep  wa- 

ter at the northern shore. At the same time, an outflow occurred along the southern shore 
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Fig. 12. 3-h means of wind velocity and direction at Boltenhagen weather station during the July/ 
August period of some years with strong (1981, 1988) and weak (1989-90) water stratification. 

Situations with prevailing east wind component are shaded 

to Meck lenburg  Bay. Dietrich & Weidemann  (1952) found also evidence that winds from 
the east caused max imum water current  speed above the sea floor and r ep lacemen t  o[ 
the deep water  in L~ibeck Bay. These observat ions on the influence of w ind  on current  
distribution were confirmed by Schulz (1968) and by some routine measu remen t s  pre- 
sented by Lange (1987). Lange (1987) sugges ted  that, besides the winds, water  exchange  
processes in the Belt Sea affected the current  along the shore of L~ibeck Bay. Data collec- 
ted at Bol tenhagen weather  station in 1980-91 showed that west winds prevai led  dur ing 
the period of maximum water stratification in Lfibeck Bay. This may cause deep-water  
intrusions from Mecklenburg  Bay, with probably  little improvement  in the oxygen  con- 
dition of the deep water in Lfibeck Bay. However, oxygen-poor deep water  wells up in 
the inner  reaches of the Bay offering a plausible  explanat ion for the impover ished ben-  
thos found in some shallow areas, such as Stations MB7 and MB8. On the other  hand,  east 
wind may improve the oxygen conditions along the north shore by replac ing the deep 
water, while more southern areas are only affected by longer lasting w ind  events  
(Dietrich & Weidemann,  1952). Moreover, east winds of shorter duration ma y  cause out- 
flow of oxygen-poor  deep water along the southern shore impacting the benthos  there. 
This would explain why Stations LB7 and  LB12 show only episodic benthic  recrui tment  
while recolonization at the north shore exhibits greater  regularity. 

Mass occurrence of the opportunistic polychaete species Capitella capitata and Poly- 
dora ciliata is usually interpreted as an indication of  nutr ient  enr ichment  tPearson & 
Rosenberg, 1978). However, the irregularity in the occurrence of such events  led to the 
conclusion that re-oxygenat ion of the deep water may exert greater in f luence  in Lfibeck 
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Fig. 13. Anomaly in the fresh water runoff of Trave river at Sehmsdorf in 1981-94 for the time 
periods January-March, May-October and January-December 

Bay (Gosselck et al., 1987). Episodes of benthic recolonization were  apparent  along the 
south shore of L~beck Bay in 1980-84, 1988 and 1990-91. Large populations of C. capi- 
tdta and R ciliata occurred in the first two of these episodes.  Benthic recolonization was 
different in the summer  1990 when  a diverse fauna colonized and C. capitata was as a 

rule absent. The data suggest  that the spring increase of C. capitata observed in 1981 and 

[988 was possibly related to r iverine nutrient  discharge rather than to re -oxygenat ion  of 
the deep  water. The local conf inement  of the 1981 mass occurrence of C. capitata and 

P. ciliata to the eutrophic inner zones of Lfibeck Bay (Gosselck & Georgi, 1984) may  be 
another  indicator  of the significance of nutrients on the recrui tment  of these species. On 

the other hand,  the benthos was notably diverse at Stations LB7 and LB12 in the summer  
1990 when  wate r  stratification was except ional ly  weak.  Also, large populat ions of Dia- 
stylis rathkei occurred at Stations MB5 and MB6 in other  summers  with be low ave rage  

water  stratification, such as 1980 and 1990-93. It appears  plausible that opportunist ic  spe- 
cies, particularly C. capitata, colonized when  large amounts  of nutrients were  d ischarged 

by freshwater  runoff and the benthos was previously impover ished.  Immigrat ion of some 
other species was more successful when water  stratification was weak  and bet ter  oxygen  
conditions prevai led.  

Exceptional ly large numbers  of Syndosmya alba, Corbula gibba and Mysella biden- 
tara were found at Stations LB7 and LB12 in 1990, a year  with weak  vert ical  water  stra- 
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tification. The populat ions of these species also increased at the shallow Station MB10 in 
1989-93, sugges t ing  a previous episode of larval immigrat ion from the Kattegat .  The  epi- 

sodic occurrence  of these and some other species was illustrated for Kiel Bay by Rumohr 
(1990) and Weigel t  (1991), by means  of a 21-year data series. There is considerable  

a g r e e m e n t  in the temporal  occurrence of those species in Kiel Bay (Rumohr, 1990; Wei- 

gelt, 1991), Ltibeck Bay (this study), and southern Meck lenburg  Bay (Gosselck, unpubl.). 

However ,  immigrat ion was less intensive in the shallow areas east of Ltibeck Bay com- 

pared  to those in Kiel Bay and south of Fehmarn  Island. The spatial distr ibution of the 
benthos presented  by Schulz (1969) shows that several  of these species h a v e  an isolated 

occurrence  in southern  Meck lenburg  Bay. These  populations depend  grea t ly  on larval 

immigrat ion from waters  with grea ter  salinity (Thorson, 1957). Oceanograph ic  conditions 
which favour these immigrations appear  to occur irregularly, thus creat ing the observed 

in terannual  differences in the species community. Furthermore,  larval colonization is 

likely to be confined to the zones with better  oxygen conditions, i.e. the outer  and shal- 
low zones of Ltibeck Bay. Recolonization in zones with longer-last ing oxygen  deficiency 

may occur later through post-larval dispersal from refuge areas. 

In 1988, a major oxygen deplet ion occurred in some shallow areas of southern  Meck-  
lenburg  Bay (Prena, 1994). Deleterious impact  on the benthos at tr ibutable to this event  

was not apparen t  in the data presented  here. This indicates that the anoxic deep  water  

which had caused that impact advec ted  from central  Meck lenburg  Bay rather than 
Lfibeck Bay. However ,  there was some increase in the number  of species present  at Sta- 

tion MB8 prior and posterior to the 1988 oxygen  depletion.  A similar increase  was asses- 
sed in a shal low zone of Wismar Bay in March 1989 (Prena, 1994). Lack of oxygen may 

have  forced the benthos to withdraw temporari ly to the more shallow zones.  

In summary, we found indications that oceanographic  conditions create  locally 

distinct temporal  changes  of the zoobenthos  in the 16-21 m deep zones of southwest  

Meck lenburg  Bay. Riverine nutrient  d ischarge in winter  and water  stratification in sum- 
mer  affecting larval immigrat ion and colonization were  related to some notable  devia-  
tions from ave rage  observations in the benthos.  This result calls for a better  unders tand-  

ing of the inf luence of weather  on oceanography  and benthos of the study area. Sound a 

priori knowledge  about  the causal connect ion be tw een  benthos distribution and local 
s ignif icance of key environmenta l  variables  should support  future envi ronmenta l  assess- 

ments  in this var iable  environment .  
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