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A B S T R A C T  

Due to their estuarine origin, the brackish water masses of the 
Baltic Sea result from complicated mixing processes. As a result, 
boundary zones span the whole spectrum of space scales in both the 
vertical and horizontal directions. The ecological effects of 
these boundary zones are exemplified by the results of recent 
surveys. Evidence of a striking increase in primary productivity 
in an offshore front, elevated levels of chlorophyll and phyto- 
plankton biomass in the thermocline, offshore and in coastal 
boundary areas, at the periphery of synoptic eddies, and of a 
higher standing stock of zooplankton in or adjacent to frontal 
boundaries has been obtained. Flow-through particle counting has 
revealed abrupt changes in the size distribution of phytoplankton 
populations indicating different stages of the vernal bloom. It is 
stressed that the frequency of the boundary effects is poorly 
known in both space and time, thus the assessment of their overall 
significance is not possible at present. 

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

The B a l t i c  Sea may b e  r e g a r d e d  as  a l a r g e  " o v e r m i x e d "  e s t u a r y  

( S h a f f e r ,  1 9 7 9 ) .  I t s  b r a c k i s h  w a t e r s  r e s u l t  f r o m  m i x i n g  b e t w e e n  d i f -  

f e r e n t  w a t e r  masses.  A v a r i e t y  o f  m i x i n g  p r o c e s s e s  a r e  i n v o l v e d  on  

t h e  w h o l e  s p e c t r u m  o f  s c a l e s .  As t h e  m i x i n g  i s  n o t  a smoo th ,  F i c k i a n  

d i f f u s i o n ,  a w h o l e  s p e c t r u m  o f  b o u n d a r y  z o n e s ,  b o t h  i n  t h e  h o r i z o n -  

t a l  a n d  v e r t i c a l ,  i s  b e i n g  g e n e r a t e d .  Mos t  p e r s i s t e n t  a r e  t h o s e  i n  

t h e  v e r t i c a l ,  i . e .  t h e  s e a s o n a l  t h e r m o c l i n e  and  t h e  p e r m a n e n t  h a l o -  

c l i n e .  As b o t h  a r e  s t r o n g  p y c n o c l i n e s  a n d  r e s t r i c t  t h e  e x t e n t  o f  

v e r t i c a l  m i x i n g  ( K u l l e n b e r g ,  19821, t h e y  e x e r c i s e  a p r o f o u n d  i n f l u -  

ence o n  t h e  e c o l o g y  o f  t h e  B a l t i c  ( e . g .  J a n s s o n  e t  a l . ,  1 9 8 4 ) .  I n  

t h e  h o r i z o n t a l ,  t h e  b o u n d a r y  zones  a r e  a s  u b i q u i t o u s  t h o u g h  n o t  so  
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persistent. Sharp boundaries in larger scales are commonly known as 

fronts. These transition zones between different water masses are 

often characterized by the accumulation of biomass and the increas- 

ed biological activity (e.9. Holligan, 1 9 8 1 1 ,  and are supposed to 

be important for the feeding and survival of larval and juvenile 

fish (lles and Sinclair, 1 9 8 2 ) .  

The ecological significance of boundary zones in the Baltic, 

apart from the restrictions to the vertical mixing by the pycno- 

clines, is virtually unknown. Compared to better studied oceanic 

shelf analogs (Holligan, 1 9 8 1 ;  Marra et al., 1 9 8 3 ;  Fasham et al., 

1 9 8 5 ) ,  the fronts in the Baltic are expected to be smaller in scales 

and less persistent in time. Their shorter life-time and intermit- 

tent occurence makes their investigation extreme1.y difficult. From 

almost any good-quality satellite image of the Baltic ( s e e  Horst- 

mann, 1 9 8 3 ;  Gidhagen, 1 9 8 4 )  it is readily evident that the whole 

Baltic is tightly packed with eddy-like features and has more o r  
less distinct boundaries in between (Fig.1). Taken singularly, each 

boundary zone may have little ecological impact. However, to assess 

the impact of the whole pattern of locally increased gradients and 

boundary zones is a challenging and important task. Up to now only 

single ecological studies of fronts have been made in the Baltic 

(Kahru et al., 1 9 8 4 ) .  It is our general feeling that due to the di- 

versity of h y drological/hydrobiological situations and the com- 

plexity of interactions, a statistically large number of cases must 

be analysed before any reliable assessment of the overall ecologi- 

cal significance of fronts and other boundaries in the Baltic can 

be made. Here we report some results of our biologically oriented 

studies from both the offshore and coastal areas of the Baltic. 

METHODS 

Vertical profilinq 

Vertical distributions of temperature, salinity, density, and 

chlorophyll a fluorescence were obtained by a complex of a Neil 
Brown Mark I11 CTD and a submersible fluorometer. As fluorometer 

first a "Variosens" (Frungel and Koch, 1 9 7 6 )  and later a "EOS" man- 

ufactured by Elektro Optik Juan F. Suarez (Henstedt-Ulzburg, FRG) 

and described by Astheimer and Haardt ( 1 9 8 4 )  were used. The signals 

were interfaced to a computer and processed on-line to equispaced 

(Az = 5 0  cm) vertical profiles. 

D i s c r e t e " me as u r e men t s 

Water samples were drawn from Niskin samplers and used for on- 
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F i g .  1. C Z C S  i m a g e  ( c h a n n e l  3 )  o f  t h e  w e s t e r n  B a l t i c  Sea. Aggrega-  
t i o n s  o f  t h e  b l u e - g r e e n  a l g a e  s e r v e  a s  t r a c e r s  o f  t h e  n e a r - s u r f a c e  
c u r r e n t  f i e l d .  W e l l - d e f i n e d  e d d i e s  a r e  v i s i b l e  s o u t h  a n d  w e s t  o f  
t h e  B o r n h o l m  i s l a n d .  

b o a r d  a n a l y s e s  o f  t h e  e x t r a c t e d  c h l o r o p h y l l  2,  n i t r a t e ,  n i t r i t e ,  

p h o s p h a t e ,  s i l i c a t e ,  p r i m a r y  p r o d u c t i o n  and  f o r  l a t e r  p h y t o p l a n k t o n  

c o u n t s .  N o t  a l l  t h e  p a r a m e t e r s  w e r e  m e a s u r e d  o n  e v e r y  s u r v e y .  C a r -  

bon f i x a t i o n  t e s t s  were  made i n  a c o n t r o l l e d  t e m p e r a t u r e  and  l i g h t  

b a t h  u s i n g  t h e  I4C t e q h n i q u e .  The p o t e n t i a l  p r i m a r y  p r o d u c t i o n  was 

measured  b y  i n c u b a t i n g  v i a l s  w i t h  1 2 0  m l  o f  u n f i l t e r e d  s e a w a t e r  i n  

d u p l i c a t e  a t  a s a t u r a t i n g  l i g h t  i n t e n s i t y .  Z o o p l a n k t o n  s a m p l e s  w e r e  

t a k e n  b y  v e r t i c a l  n e t  (mesh s i z e  = 0 . 0 9  mm) h a u l s  t h r o u g h  t h e  w h o l e  

w a t e r  c o l u m n  o r  t h r o u g h  t h e  u p p e r  10-m l a y e r .  P h y t o p l a n k t o n  s a m p l e s  

were p r o c e s s e d  w i t h  t h e  U t e r m t i h l  m e t h o d  ( U t e r m t i h l ,  1 9 5 8 ) .  More de-  

t a i l s  o n  t h e  m e t h o d s  a r e  f o u n d  i n  Kahrcr e t  a l .  (1984). 
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Underway s a m p l i n q  

S i n c e  1985 a new s y s t e m  h a s  b e e n  d e v e l o p e d ,  c o n s i s t i n g  o f  a sub- 

m e r s i b l e  pump a t  5 m d e p t h ,  a b u b b l e  t r a p ,  a n  o n - l i n e  p a r t i c l e  s i z e  

a n a l y z e r  H i a c / R o y c o  PC-320 (Pugh ,  1 9 7 8 ) ,  a T u r n e r  D e s i g n s  10-005R 

f l u o r o m e t e r ,  and  a c o m p u t e r / d a t a  l o g g e r  w i t h  f l e x i b l e  d i s k  s t o r a g e .  

P a r t i c l e s  i n  1 2  s i z e  c l a s s e s  w i t h  t h e  e q u i v a l e n t  d i a m e t e r  f r o m  1 t o  

1 0 0 0  m i c r o m e t e r s  were c o u n t e d .  The t i m e  i n t e r v a l  b e t w e e n  t h e  f u l l  

c y c l e s  o f  measuremen ts  was 1 m i n .  D e p e n d i n g  o n  t h e  s h i p  speed  t h e  

c o r r e s p o n d i n g  s p a c e  i n t e r v a l  was b e t w e e n  1 8 0  and  4 0 0  m. S i m u l t a n e -  

o u s l y  t h e  n e a r - s u r f a c e  t e m p e r a t u r e  and  c o n d u c t i v i t y  were  r e c o r d e d .  

N e a r - s h o r e  s u r v e y s  

C o a s t a l  a r e a s  were  v i s i t e d  w i t h  s m a l l e r  v e s s e l s  and  s i m p l e r  

e q u i p m e n t  (NBmmann, 1 9 8 5 ) ,  l e a v i n g  m o s t  o f  t h e  s a m p l e s  t o  l a t e r  l a b -  

o r a t o r y  a n a l y s e s .  I n  a d d i t i o n ,  a l g a l  a s s a y s  w e r e  made w i t h  a c u l -  

t u r e  o f  Scendesmus b r a s i l i e n s i s  t o  a s s e s s  t h e  c o n c e n t r a t i o n  o f  nu- 

t r i e n t s  i n  t h e  b r a c k i s h  w a t e r ,  d i r e c t l y  u t i l i z a b l e  b y  t h e  p h y t o -  

p l a n k t o n  (see K a l l q v i s t ,  1 9 7 3 ) .  

The p r i n c i p a l  componen t  a n a l y s i s  was u s e d  t o  d i s c o v e r  s p a t i a l  

p a t t e r n s  i n  m u l t i v a r i a t e  d a t a  o f  p h y t o p l a n k t o n  numbers ,  n u t r i e n t  

c o n c e n t r a t i o n s  and  o t h e r  e n v i r o n m e n t a l  v a r i a b l e s .  The s p e c i e s - a b u n -  

d a n c e  c u r v e s  were  c a l c u l a t e d  f o r  t h e  e m p i r i c a l  p h y t o p l a n k t o n  abun- 

d a n c e s  t o  d i s c o v e r  s h i f t s  i n  t h e  d o m i n a n c e  p a t t e r n  w i t h i n  t h e  p h y t o -  

p l a n k t o n  a s s e m b l a g e s  (see L e v i c h ,  1 9 8 0 ) .  

RESULTS 

V e r t i c a l  s t r u c t u r e  

The s u b s u r f a c e  c h l o r o p h y l l  maximum i s  a c o n s p i c u o u s  f e a t u r e  o f  

many o c e a n i c  and  s h e l f  a r e a s  ( C u l l e n ,  1 9 8 2 ) .  I n  t h e  B a l t i c ,  a c l o s e  

a s s o c i a t i o n  b e t w e e n  t h e  c h l o r o p h y l l  maximum l a y e r s  and  t h e  d e p t h s  o f  

t h e  l o c a l  maxima i n  t h e  B r u n t - V a i s a l a  f r e q u e n c y  h a s  been  a s c e r t a i n -  

e d  ( K a h r u ,  1 9 8 1 ) .  I n  r e l a t i o n  t o  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  den- 

s i t y  ( o r ,  t e m p e r a t u r e )  f o u r  p h e n o m e n o l o g i c a l  t y p e s  o f  t h e  c h l o r o -  

p h y l l  maximum l a y e r s  may b e  d i s t i n g u i s h e d  ( F i g . 2 ) .  I n  c a s e  o f  a 

w e l l - m i x e d  u p p e r  l a y e r  and  b l o o m  c o n d i t i o n s  t h e  t y p e  H 1  maximum may 

e x t e n d  t o  t h e  s u r f a c e .  However ,  t y p e  H 1  may a l s o  b e  a s u b s u r f a c e  

maximum i n  an  i n t e r n a l  homogeneous l a y e r .  Type H2, i . e .  a w e l l - d e -  

f i n e d  c h l o r o p h y l l  maximum w i t h o u t  an  a d j a c e n t  v e r t i c a l  d e n s i t y  g r a -  

d i e n t ,  i s  mos t  p r o b a b l y  c a u s e d  b y  t h e  a c t i v e  a g g r e g a t i o n  o f  v e r t i -  

c a l l y  m i g r a t i n g  p h y t o p l a n k t o n .  D u r i n g  t h e  summer t h e r m a l  s t r a t i f i -  

c a t i o n  t h e  c h l o r o p h y l l  maxima a r e  mos t  commonly a s s o c i a t e d  w i t h  t h e  
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F i g .  2 .  P h e n o m e n o l o g i c a l  t y p o l o g y  o f  t h e  c h l o r o p h y l  
t i n u o u s  c u r v e s )  i n  r e l a t i o n  t o  t h e  v e r t i c a l  d e n s i t y  
t e d  c u r v e ) .  The c h l o r o p h y l l  maxima r e s i d e  e i t h e r  i n  
mogeneous r e g i o n  ( t y p e s  H)  o r  i n  a g r a d i e n t  r e g i o n  
t y p e s  a r e  f u r t h e r  d i f f e r e n t i a t e d  i n  r e l a t i o n  t o  t h e  
w i t h  an  ex t remum i n  t h e  v e r t i c a l  d e n s i t y  g r a d i e n t .  
bounded a t  l e a s t  o n  one s i d e  b y  a d e n s i t y  ex t remum 

maxima ( c o n -  
s t r u c t u r e  ( d o t -  
a v e r t i c a l l y  h o -  
t y p e s  G ) .  B o t h  
a s s o c i a t i o n  
ypes  1 a r e  

Type H 1  may a l -  
s o  b e  bounded  f r o m  a b o v e .  T y p e s - 2  a r e  n o t . b o u n d e d  b y  e x t r e m a  i n  t h e  
d e n s i t y  g r a d i e n t .  

v e r t i c a l  d e n s i t y  g r a d i e n t ,  b e l o n g i n g  e i t h e r  t o  t y p e  G 1  ( w i t h  an  e x -  

tremum i n  t h e  v e r t i c a l  d e n s i t y  g r a d i e n t )  o r  t y p e  G 2  ( w i t h o u t  a n  ap-  

p a r e n t  ex t remum i n  t h e  v e r t i c a l  d e n s i t y  g r a d i e n t ) .  However ,  t r a n -  

s i t i o n s  b e t w e e n  t h e  t y p e s  do o c c u r .  I n  t h e  t y p i c a l  summer c o n d i -  

t i o n s  i n  A u g u s t ,  1 9 7 9  a l l  t h e  6 2  v e r t i c a l  p r o f i l e s  o b s e r v e d  h a d  

c h l o r o p h y l l  maxima w i t h i n  t h e  i n t e r v a l  o f  4 m f r o m  t h e  n e a r e s t  l o -  
c a l  maximum i n  t h e  B r u n t - V a i s a l a  f r e q u e n c y  w i t h  t h e  s t a n d a r d  d e v i a -  

t i o n  b e t w e e n  t h e  t w o  d e p t h s  o f  1 . 3  m ( K a h r u ,  1 9 8 1 ) .  I t  s h o u l d  b e  

n o t e d  t h a t  t h e  c h l o r o p h y l l  maxima c o n s i d e r e d  h e r e  h a v e  t h e  v e r t i c a l  

s c a l e  o f  a few  m e t e r s  and  a r e  r e p r o d u c e d  on  c o n s e q u t i v e  v e r t i c a l  

p r o f i l e s .  I n  t h i s  r e s p e c t  t h e y  d i f f e r  f r o m  t h e  " m i c r o p a t c h e s "  d i s -  

c u s s e d  b y  A s t h e i m e r  and  H a a r d t  ( 1 9 8 4 ) .  As we h a v e  no  r a t e  measure -  

ments f o r  t h e  B a l t i c  c h l o r o p h y l l  maxima,  no  f i r m  c o n n e c t i o n s  b e -  

tween t h e  p h e n o m e n o l o g i c a l  t y p e s  and  t h e  f u n c t i o n a l  t y p e s  o f  C u l l e n  

( 1 9 8 2 )  c a n  b e  e s t a b l i s h e d .  

I n  o r  n e a r  h o r i z o n t a l  f r o n t s  t h e  v e r t i c a l  s t r u c t u r e  i s  much more 

c o m p l i c a t e d ,  s h o w i n g  v a r i o u s  i n t r u s i o n s  and  i n t e r l e a v i n g s  ( F i g .  3 ) .  

The c o n v e r s i o n  o f  f l u o r e s c e n c e  t o  c h l o r o p h y l l  a c o n c e n t r a t i o n s  i n  

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

t i o n s  may b e  p r o b l e m a t i c a l  due t o  v a r i a t i o n s  i n  t h e  f l u o r e s c e n c e  

y i e l d .  However ,  i n  mos t  c a s e s  w i t h  s u f f i c i e n t  r a n g e  o f  d a t a  p o i n t s ,  

t h e  c a l i b r a t i o n  r e g r e s s i o n s  ( F i g .  4 )  a r e  q u i t e  r e l i a b l e  ( K a h r u  and  

A i t s a m ,  1 9 8 5 ) .  

A n o t h e r  p r o b l e m ,  r e l a t e d  t o  t h e  p o t e n t i a l s  o f  r e m o t e  s e n s i n g  t o  

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

. i s  t h e  c o r r e l a t i o n  s t r e n g t h  b e t w e e n  t h e  n e a r - s u r f a c e  c h l o r o p h y l l  

and t h e  p h o t i c  zone i n t e g r a l  c h l o r o p h y l l . ' O n  t h e  b a s i s  o f  570 v e r -  

t i c a l  p r o f i l e s  f r o m  t h e  B a l t i c  ( K a h r u ,  1 9 8 5 )  i t  h a s  b e e n  shown t h a t  
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F i g .  4 .  C a l i b r a t i o n  r e g r e s s i o n  o f  e x t r a c t e d  c h l o r o p h y l l  5 f r o m  d i s -  
c r e t e  w a t e r  s a m p l e s  versus i n  s i t u  f l u o r e s c e n c e  f o r  su r -veys  i n  J u l y -  
A u g u s t ,  1982 .  
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o n l y  i n  c a s e  o f  a w e l l - m i x e d  u p p e r  l a y e r  s e r v e s  t h e  n e a r - s u r f a c e  

c o n c e n t r a t i o n  a s  a good  e s t i m a t e  o f  t h e  p h o t i c  zone c h l o r o p h y l l .  On 

t h e  o t h e r  hand ,  i n  c a s e  o f  a s t r a t i f i e d  p h o t i c  l a y e r  t h e  c o r r e l a -  

t i o n  b e t w e e n  t h e  n e a r - s u r f a c e  and  t h e  p h o t i c  zone  c h l o r o p h y l l  i s  

l o w .  M o r e o v e r ,  i t  h a s  b e e n  documen ted  t h a t  i f  t h e r e  a r e  s t a t i o n s  

w i t h  a s t r o n g  s u b s u r f a c e  maximum and  w i t h  a more  or less u n i f o r m  

v e r t i c a l  d i s t r i b u t i o n  ( F i g .  51, o r  if t h e  p h o t i c  zone d e p t h  changes  

p r i m a r i l y  due t o  n o n - c h l o r o p h y l l o u s  m a t e r i a l ,  t h e  r e l a t i o n  b e t w e e n  

t h e  n e a r - s u r f a c e  and  t h e  p h o t i c  zone  c h l o r o p h y l l  i s  i n v e r s e .  T h i s  

can b e  a s o u r c e  o f  error f o r  t h e  r e m o t e  e s t i m a t i o n s  o f  c h l o r o p h y l l  

and p r i m a r y  p r o d u c t i v i t y .  

.... 
, ..- 

LI'. ... 
I 
I- 
U 
w 
Q 

F i g .  5 .  Sequence o f  v e r t i c a l  c h l o r o p h y l l  p r o f i l e s  a l o n g  a t r a n -  
s e c t  l i n e  w i t h  a s p a c e  s t e p  o f  2 .5  n a u t i c a l  m i l e s  ( G o t l a n d  b a s i n ,  

6 Aug 1 9 8 2 ) .  Each  e n s u i n g  p r o f i l e  i s  o f f s e t  3 mg m . The s h i f t  i n  
t h e  v e r t i c a l  d i s t r i b u t i o n  f r o m  a s t r o n g  s u b s u r f a c e  maximum t o  a 
more o r  less u n i f o r m  v e r t i c a l  d i s t r i b u t i o n  g a v e  r i s e  t o  an  i n v e r s e  
r e l a t i o n s h i p  b e t w e e n  t h e  s u r f a c e  and  t h e  p h o t i c  zone  c h l o r o p h y l l  
( o n l y  t h e  c e n t r a l  p a r t  o f  t h e  t r a n s e c t  i s  s h o w n ) .  

- 3  

O f f s h o r e  b o u n d a r i e s  a s s o c i a t e d  w i t h  f r o n t s  and  e d d i e s  

Our f i r s t  b i o l o g i c a l  f r o n t  s t u d y  i n  t h e  s o u t h - e a s t e r n  G o t l a n d  

b a s i n  i n  1982  y i e l d e d  r e w a r d i n g  r e s u l t s  ( K a h r u  e t  a l . ,  1 9 8 4 ) .  A 

30-m t h i c k  w a t e r  mass w i t h  a n o m a l o u s l y  l o w  s a l i n i t y  e x t e n d e d  v e r t i -  

c a l l y  a c r o s s  t h e  h o r i z o n t a l l y  u n i f o r m  t h e r m o c l i n e  ( F i g .  6 ) .  The 

f r o n t  was p r i m a r i l y  a s a l i n i t y  f r o n t  and  n o t  a d e n s i t y  f r o n t  ( o n l y  

t h e  i s o p y c n a l s  i n  t h e  t o p  1 0 - 1 4  m w e r e  i n c l i n e d ) .  I n  t h e  t o p  l a y e r  

t h e  h i g h e r  s a l i n i t y  w a t e r  h a d  p r o t r u d e d  o n t o  t h e  l o w - s a l i n i t y  w a t e r .  

I t  was h y p o t h e s i z e d  t h a t  a f t e r  t h e  i n i t i s 1  c o n v e r g e n c e  o f  t h e  t w o  

w a t e r  masses,  a v e r t i c a l  s t r e t c h i n g  o f  t h e  t o p  l a y e r  was p r o d u c e d ,  

t h e  t o p  i s o t h e r m s  b e i n g  l i f t e d  u p ,  and  a c y c l o n i c  c i r c u l a t i o n  es- 
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Fig. 6. (upper panel) Schematic description of the frontal struc- 
ture and of the proposed mechanism for frontal upwelling (Gotland 
basin, 6 Aug 1 9 8 2 ) .  Left from the dashed curve: the low-salinity 
anomaly; continuous curves: isopycnals ( o r  isotherms); arrows: cy- 
clonic circulation; stippled area: supposed deformation of the free 
surface. 
(lower panel) Horizontal distribution of the potential primary pro- 

duction ( m g C  m h ) near the surface ( 5 )  and in the thermocline ( T )  
- 3  -1 
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t a b l i s h e d .  The l i m i t e d  u p w e l l i n g  o f  t h e  u p p e r  t h e r m o c l i n e  w a t e r  was 

s u g g e s t e d  t o  b e  r e s p o n s i b l e  f o r  t h e  7 - f o l d  i n c r e a s e  i n  t h e  p o t e n -  

t i a l  p r i m a r y  p r o d u c t i v i t y  a d j a c e n t  t o  t h e  s a l i n i t y  i n t e r f a c e .  The 

p r o d u c t i v i t y  v a l u e s  were  h i g h e r  i n  t h e  h i g h e r - s a l i n i t y  s i d e  o f  t h e  

f r o n t  and  l e v e l l e d  down f u r t . h e r  away f r o m  t h e  f r o n t .  The s h a r p  t h e r -  

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

a c c u m u l a t e d  s i n k i n g  o r g a n i c  m a t t e r  w h i c h  r e l e a s e d  n u t r i e n t s .  The 

c h a n g e s  i n  p r i m a r y  p r o d u c t i v i t y  were  p r i m a r i l y  c a u s e d  b y  changes  i n  

the a s s i m i l a t i o n  numbers  a n d  n o t  i n  t h e  b i o m a s s  a s  t h e  c h l o r o p h y l l  

c o n t e n t  h a d  o n l y  a s l i g h t  maximum a d j a c e n t  t o  t h e  f r o n t a l  zone .  How- 

e v e r ,  t h e  z o o p l a n k t o n  b i o m a s s  more t h a n  d o u b l e d  i n  t h e  h i g h e r - s a l i -  

n i t y  s i d e  o f  t h e  f r o n t .  

A n o t h e r  t y p e  o f  f r o n t s  was u n d e r  o b s e r v a t i o n  i n  t h e  B o r n h o l m  b a -  

s i n  i n  t h e  summer o f  1984 .  I n  a 4 -day  i n t e r v a l  t h e  t r a n s e c t  was c o v -  

e r e d  t w i c e  ( 2  and  6 A u g u s t )  and  a g a i n  a f t e r  4 d a y s  p r o f i l i n g s  were  

made on  t h e  r e c t a n g u l a r  g r i d  o f  s t a t i o n s  ( F i g .  7 ) .  W h i l e  b o t h  o f  

. 
F i g .  7 .  S t u d y  a r e a  i n  t h e  B o r n h o l m  b a s i n  i n  A u g u s t ,  1984 .  S t a t i o n  
s p a c i n g  a l o n g  t h e  t r a n s e c t  and  o n  t h e  g r i d  i s  2 . 5  n a u t i c a l  m i l e s .  
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Fig. 8. Vertical distributions of density (sigma-t units) and chlo- 

rophyll g (mg m-3) on the transect, 6 Aug 1984. Arrows point to the 

frontal structures labeled I and 11. An eddy-like deformation of the 
thermocline ( E )  and two bottom-mixed homogeneous water masses ( H )  
near shallow banks are labeled. Note the chlorophyll maximum in the 
low-salinity side of front I and another maximum above one of the 
bottom-mixing areas. The contour interval is 0.5 for chlorophyll, 
0.25 for the sigma-t range 4.5-6.5 and 1.0 for the sigma-t range 
7-10. 
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t h e  f r o n t a l  s t r u c t u r e s  f o u n d  ( F i g .  8 )  we re  p r i m a r i l y  c a u s e d  by  

changes  i n  s a l i n i t y ,  t h e y  w e r e  a l s o  d i s t i n c t  d e n s i t y  f r o n t s .  The 

f r o n t a l  s t r u c t u r e s  were  n o t  s t a t i o n a r y  i n  s p a c e  b u t  were  a d v e c t e d  

( o r  m e a n d e r e d )  i n  t h e  NU d i r e c t i o n  ( b o t h  f r o n t s  - 1 0  km i n  t h e  1 s t  

4-day i n t e r v a l ,  f r o n t  I - 5 km i n  t h e  2nd  4 -day  i n t e r v a l ) .  The o t h e r  

d i s t r i b u t i o n s  r e v e a l e d  s e v e r a l  f e a t u r e s  r e l a t e d  t o  t h e  f r o n t a l  s t r u c -  

t u r e s .  The c h l o r o p h y l l  maximum was bound  t o  t h e  l o w - s a l i n i t y  edge o f  

f r o n t  I on  b o t h  o f  t h e  t r a n s e c t s .  The t w o  maxima i n  t h e  d i s t r i b u -  

t i o n s  o f  t h e  n o n m i g r a t i n g  z o o p l a n k t o n  m o s t  c o n s p i c u o u s l y  r e s p o n d e d  

t o  t h e  b o t h  f r o n t a l  s t r u c t u r e s  ( F i g .  9 A ) .  The d i s t r i b u t i o n  p a t t e r n  

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

were o v e r m a s k e d  b y  t h e i r  d i e 1  v e r t i c a l  m i g r a t i o n .  The d o m i n a n t  spe -  

c i e s  i n  t h e  f r o n t a l  maxima were  Bosmina  c o r e q o n i  m a r i t i m a  f o r  t h e  

c l a d o c e r a n s  and  S y n c h a e t a  monopus f o r  t h e  r o t i f e r s .  The n u t r i e n t  

c o n c e n t r a t i o n s  w e r e  q u i t e  v a r i a b l e ;  h o w e v e r ,  t h e  n i t r a t e  maximum be-  

tween t h e  s t a s .  6 - 1 0  may b e  a s s o c i a t e d  w i t h  t h e  f r o n t a l  r e g i o n  

( F i g .  9 6 ) .  The p h o s p h a t e  maximum b e t w e e n  t h e  s t a s .  1 0 - 1 8  ( n o t  shown) 

seems t o  b e  c h a r a c t e r i s t i c  o f  t h e  w a t e r  mass on  t h e  SE s i d e  o f  

f r o n t  I .  A l t h o u g h  t h e  a n a l y t i c a l  e r r o r  v a r i a n c e  o f  t h e  n u t r i e n t  de -  

t e r m i n a t i o n s  m i g h t  b e  c o n s i d e r a b l e ,  t h e  s p a c e  r e s o l u t i o n  o f  2 .5  n. 

m i l e s  is o b v i o u s l y  t o o  b i g  t o  r e s o l v e  t h e  i n t e n s e  s m a l l e r  s c a l e  

v a r i a b i l i t y  ( s e e  Hansen,  1 9 8 5 ) .  The same was p r o b a b l y  t r u e  o f  t h e  

p r i m a r y  p r o d u c t i v i t y  d i s t r i b u t i o n s .  The p r o d u c t i v i t y  v a l u e s  were  

h i g h l y  v a r i a b l e  and  d i d  n o t  show o b v i o u s  c o n n e c t i o n s  w i t h  t h e  o t h e r  

v a r i a b l e s .  T h i s  may p a r t l y  b e  a t t r i b u t e d  t o  t h e  dominance  o f  t h e  

c y a n o b a c t e r i a  (Aphan izomenon ,  M i c r o c y s t i s ,  N o d u l a r i a )  f o r m i n g  l a r g e  

a g g r e g a t e s  and  i n c r e a s i n g  t h e r e t h r o u g h  t h e  s a m p l e  v a r i a n c e .  

U n f o r t u n a t e l y ,  no  c u r r e n t  measuremen ts  i n  t h e  f r o n t s  were  a v a i l -  

a b l e  b u t  i n  g e n e r a l  f r o n t s  a r e  known a s  s i t e s  o f  a c t i v e  c o n v e r g e n c e /  

d i v e r g e n c e .  The i n c r e a s e d  abundance  o f  z o o p l a n k t o n  i n  t h e  f r o n t a l  

r e g i o n s  m i g h t  h a v e  r e s u l t e d  f r o m  t h e  f l o w  c o n v e r g e n c e  i n  t h e  f r o n t s .  

The o r g a n i s m s  w h i c h  c a n  m a i n t a i n  t h e i r  p r e f e r r e d  d e p t h  c a n  e a s i l y  

a c c u m u l a t e  i n  c o n v e r g e n c e  zones  ( O l s o n  a n d  Backus ,  1 9 8 5 ) .  The same 

mechanism, h o w e v e r ,  d i d  n o t  w o r k  f o r  i c h t i o p l a n k t o n  w h i c h  was more 

abundan t  i n  t h e  r e g i o n  b e t w e e n  t h e  t w o  f r o n t s .  A l t h o u g h  f r o n t s  h a v e  

i n c r e a s e d  g r a d i e n t s  i n  t h e  a c r o s s - f r o n t  d i r e c t i o n ,  t h e y  a r e  b y  no  

means m e r e l y  2 - d i m e n s i o n a l  ( v e r t i c a l  and  a c r o s s - f r o n t )  phenomena. 

T h i s  was s u b s t a n t i a t e d  b y  m a p p i n g  t h e  t e m p e r a t u r e ,  s a l i n i t y  and  

c h l o r o p h y l l  d i s t r i b u t i o n s  o n  t h e  2 - d i m e n s i o n a l  g r i d  ( F i g .  1 0 ) .  

Changes i n  t h e  l o c a t i o n  o f  t h e  f r o n t a l  b o u n d a r y ,  i n t e r p r e t e d  a s  t h e  

m e a n d e r i n g  o r  a d v e c t i o n  o f  t h e  f r o n t ,  c o u l d  e a s i l y  b e  f o l l o w e d  i n  
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Fig. 9. Horizontal distributions along the transect through the B o r n -  
holm basin, 6 Aug 1984. (A) Salinity ( o / o o )  at the depths of 5 m ( 5 )  

and 10 m ( 0 1 ,  biomass (mg m - ' )  of the cladocerans ( L )  and rotifers 
( R )  in the upper 10-m layer. 
( 8 )  Surface (lm) concentrations of nitrate ( N ,  p M ) ,  chlorophyll g a s  
extracted from water samples ( C ) ,  and the mean chlorophyl-1 g concen- 

tration in the top 10-m layer a s  measured fluorometrically (+ ,  mg rn-3)  



285 

Fig. 10. Horizontal distributions o n  the 10 x 10 n. mile grid ( 
the position s e e  Fig. 7): near-surface ( 5  m) salinity ( ' d o )  and 
top 10-m chlorophyll concentration (mg m-'). 

the thermohaline structure. However, the biological and chemica 

distributions had undergone drastic changes between the surveys 

o r  
the 

As 

the dominant currents ought to be in the along-front directions, we 

suggest that the principal source o f  variations between the subse- 

quent surveys was the advection o f  various scale patches across the 

station grid. This could account for the lack o f  resemblance between 

the consequent surveys for the chlorophyll (Figs. 8 and 10) and nu- 

trient distributions. 

We have presented evidence that the synoptic scale eddies con- 

tribute significantly to the distributions o f  biological and chemi- 

cal variables in the Baltic (Kahru et al., 1981, 1982; Aitsam et al., 

1984). Eddies may develop from frontal boundaries (Pingree et al., 

1979) and can themselves produce smaller scale fronts by accentuat- 

ing the existing gradients. The synoptic scale eddies contribute 

probably extensively to the vertical flux o f  nutrients in the inte- 

r i o r  o f  the Baltic (Kahru, 1982). However, the effect of an eddy 

field o n  the nutrient flux i s  highly dependent on the vertical ther- 

mohaline and nutrient stratification as well a s  on the energy avail- 

able to overcome the buoyancy forces. Consequently, some eddies 

simply transport nutrient and chlorophyll anomalies over large dis- 

tances (Aitsam et al., 1984). Apart from ligting o r  lowering the 
pycnoclines (and, possibly, nutricline) in eddy centers, the eddies 
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i n f l u e n c e  t h e  m i x i n g  i n  t h e i r  p e r i p h e r y ,  p r o b a b l y  o w i n g  t o  t h e  i n -  

t e n s i f i e d  s h e a r  zones  a t  t h e  eddy  b o u n d a r i e s .  F i g .  11 i s  a r e s u l t  o f  

a j o i n t  s u r v e y  w i t h  t h e  I n s t i t u t  f u r  M e e r e s k u n d e ,  K i e l  ( D r .  H .P .  

Hansen)  s h o w i n g  c o h e r e n t  p a t c h - l i k e  a n o m a l i e s  i n  t h e  h y d r o c h e m i c a l  

R E L .  DYN. TOPOGR. 50-3 d h  

F i g .  11. H o r i z o n t a l  d i s t r i b u t i o n s  on  a 1 0  x 1 0  n .  m i l e s  a r e a  i n  t h e  
B o r n h o l m  b a s i n ,  21 -22  June  1 9 8 2 .  The p h o s p h a t e  and  s i l i c a l e  d a t a  
were  m e a s u r e d  b y  Dr. H.P .  Hansen ( I f M ,  K i e l ) .  

p a r a m e t e r s  and  c h l o r o p h y l l  d i s t r i b u t i o n .  The anoma ly  w i t h  maxima i n  

t h e  n u t r i e n t  c o n c e n t r a t i o n s  and  m i n i m a  i n  pH and  o x y g e n  was l o c a t e d  

i n  t h e  eddy  p e r i p h e r y  w i t h  m a x i m a l  g r a d i e n t s  i n  t h e  g e o s t r o p h i c  c u r -  

r e n t s .  The c h l o r o p h y l l  p a t c h  i n  t h e  u p p e r  30-m l a y e r  was l o c a t e d  

e x a c t l y  above  t h e  n u t r i e n t  p a t c h  a t  4 0 - 6 0  m d e p t h s .  Some o f  t h e  d i f -  

f e r e n c e s  b e t w e e n  t h e  c o r r e s p o n d i n g  c o n t o u r  maps a r e  n o t  due t o  d i f -  

f e r e n t  d i s t r i b u t i o n s  b u t  t o  d i f f e r e n t  s a m p l i n g  schemes.  Whereas t h e  



CTD and  c h l o r o p h y l l  p r o f i l e s  were  t a k e n  a t  t h e  g r i d  p o i n t s  w i t h  a 

2.5 n .  m i l e s  s t e p ,  t h e  h y d r o c h e m i c a l  d a t a  were  o b t a i n e d  b y  h o r i z o n -  

t a l  s c a n n i n g  a l o n g  t h e  p a r a l l e l  g r i d  l i n e s .  

O f f s h o r e  f r o n t s  a l s o  d e l i m i t  d i f f e r e n t  p l a n k t o n  c o m m u n i t i e s  o r  

s e a s o n a l  s u c c e s s i o n  s t a g e s .  T h i s  h a s  been  o b s e r v e d  w i t h  t h e  u s e  o f  

t h e  f l o w - t h r o u g h  measuremen t  s y s t e m .  As mos t  o f  t h e  d a t a  a r e  s t i l l  

u n d e r  s c r u t i n y ,  o n l y  one e x a m p l e  w i l l  b e  p r e s e n t e d .  A s h a r p  s a l i n i t y  

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

G u l f  o f  F i n l a n d .  T o g e t h e r  w i t h  t h e  d r o p  i n  s a l i n i t y  an  a b r u p t  change  

i n  t h e  p a r t i c l e  s i z e  s t r u c t u r e  was o b s e r v e d  ( F i g .  1 2 ) .  W h i l e  t h e  

c h a n n e l  7 v a l u e s  r e m a i n e d  on  t h e  same l e v e l ,  c h a n n e l s  8 and  9 as  

w e l l  a s  t h e  f l u o r e s c e n c e  showed a s h a r p  i n c r e a s e .  I t  was p r o v e d  l a t -  

er t h a t  t h e  c h a n g e s  were  due t o  t h e  i n c r e a s e d  mean s i z e  o f  t h e  d i a -  

t o m  A c h n a n t h e s  t a e n i a t a  " c h a i n s " .  The l o n g e r  c h a i n s  o f  A .  t a e n i a t a  

c o l o n i e s  were  a s s i g n e d  b y  t h e  c o u n t e r  i n t o  t h e  h i g h e r  s i z e  c l a s s e s .  

T o g e t h e r  w i t h  t h e  o t h e r  c h a n g e s  ( T a b l e  11, e . g .  t h e  i n c r e a s e d  c h l o -  

r o p h y l l ,  p h e o p i g m e n t  a n d  p r i m a r y  p r o d u c t i o n  l e v e l s ,  p h y t o p l a n k t o n  

abundance and  t h e  i n c r e a s e d  numbers  o f  t h e  d e c a y i n g  cells o f  t h e  

c o l d  w a t e r  s p e c i e s  M e l o s i r a  a r c t i c a  and  N i t z s c h i a  f r i q i d a  t h i s  i n -  

d i c a t e s  t h a t  t h e  f r o n t  m a r k e d  a b o u n d a r y  b e t w e e n  d i f f e r e n t  s u c c e s -  

s i o n a l  s t a g e s  o f  t h e  v e r n a l  b l o o m .  Whe the r  t h e r e  were  some s p e c i f i c  

b o u n d a r y  e f f e c t s ,  e . g .  e l e v a t e d  v a l u e s  compared  t o  t h e  b o t h  s i d e s ,  

i s  n o t  c l e a r  b u t  t h e  w a t e r s  o f  t h e  G u l f  o f  F i n l a n d  were  c e r t a i n l y  

i n  a more a d v a n c e d  s t a g e .  

T A B L E  1 

N e a r - s u r f a c e  ( 5  m) h y d r o g r a p h i c  d a t a  and  p h y t o p l a n k t o n  p a r a m e t e r s  

for s t a t i o n s  r e p r e s e n t a t i v e  o f  t h e  e i t h e r  s i d e  o f  t h e  f r o n t  and  

a d j a c e n t  t o  t h e  f r o n t  ( c f .  F i g .  1 2 ) .  

T5 

7 . 3 3  
0 . 4 2  

S a l i n i t y  ( o / o o )  

PO - P  (pM) 

Phaeop igmen t  ( -  ,, - )  1 . 2 5  
L i g h t - s a t u r a t e d  p r i m a r y  

T o t a l  p h y t o p l a n k t o n  abundance  
( s o l i t a r y  c e l l s  and  c o l o n i e s / r n l ) 4 9 0  

Achnan thes  t a e n i a t a  ( c o l o n i e s / m l )  225 
Mean e o u i v a l e n t  d i a m e t e r  o f  

C h f o r o p h y l l  a (mg m-3) 5.47 

21 .0  
- 3  -1 

p r o d u c t i o n  (mg C m h 

F 

6.77 
0.48 

14.28 
2 .16  

48 .1  

808 
388 

(A. t a e n i a t a  c o l o n i e s  (pm) 41.9 4 5 . 7  

T6 

6 .85  
0 .40  

12.68 
1.80 

48.5 

596 
339 

48.3 



F i g .  1 2 .  N e a r - s u r f a c e  ( 5  m )  h o r i z o n t a l  d i s t r i b u t i o n s  o f  c h l o r o p h y l l  f l u o r e s c e n c e  and  
P a r t i c l e  c o n c e n t r a t i o n s  i n  t h e  e q u i v a l e n t  d i a m e t e r  r a n g e s  2 8 - 4 2 ,  4 2 - 7 3  and  7 3 - 1 0 5  pm 
The i n t e r v a l  b e t w e e n  p o i n t s  T5 and  T6 i s  5 0  n .  m i l e s .  Wate r  s a m p l e s  were  t a k e n  f r o m  
p o i n t s  T 5 ,  F ,  T 6 .  The f u l l  s c a l e  i s  e q u i v a l e n t  t o  1 2 0  p a r t i c l e s / m l .  
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Boundary  e f f e c t s  i n  t h e  Moonsund a r e a  

A l t o g e t h e r  6 s u r v e y s  were  made i n  t h e  s t u d y  a r e a  ( F i g .  1 3 )  i n  

May, J u l y  and  O c t o b e r ,  1982  and  May, J u l y  a n d  November,  1983  (N6m- 

man, 1 9 8 5 ) .  I n  t h e  s p a c e  o f  t h e  f i r s t  t w o  p r i n c i p a l  componen ts  a 

b o u n d a r y  a r e a  b e t w e e n  t h e  w a t e r s  o f  t h e  M a t s a l u  Bay and  t h e  S o e l a  

S t r a i t  i s  d i s t i n g u i s h e d  ( F i g s .  1 3 ,  1 4 ) .  The b o u n d a r y  a r e a  i s  a s i t e  

o f  s t r o n g  v e r t i c a l  s t i r r i n g  due t o  a s t r o n g ,  f l u c t u a t i n g  c u r r e n t  

o v e r  s h a l l o w  a r e a s ,  and  o f  l a t e r a l  e x c h a n g e  b e t w e e n  d i f f e r e n t  w a t e r  

masses. The b o u n d a r y  d i s c u s s e d  h e r e  i s  n o t  a f r o n t  i n  i t s  u s u a l  

sense b u t  r a t h e r  an  a r e a  o f  c o n t a c t  b e t w e e n  d i f f e r e n t  c o m m u n i t i e s  

and w a t e r  masses,  and  h a s  a s c a l e  o f  a b o u t  1 0  km. W h i l e  some p a r a -  

m e t e r s  ( t h e  w a t e r  t r a n s p a r e n c y )  d e c r e a s e d  q r a d u a l l y  f r o m  t h e  w e s t  

t o  t h e  e a s t  ( F i g .  1 5 ) ,  s e v e r a l  o t h e r s  showed p r o n o u n c e d  maxima i n  

t h e  b o u n d a r y  zone ,  e .g .  t h e  n u t r i e n t s ,  a l g a l  a s s a y  v a l u e s ,  p h y t o -  

p l a n k t o n  b i o m a s s  and  s p e c i e s  r i c h n e s s .  The s p e c i e s - a b u n d a n c e  c u r v e s  

o f  t h e  s p r i n g  p h y t o p l a n k t o n  ( F i g .  1 6 )  show t h a t  w h i l e  t h e  e u t r o p h i c  

M a t s a l u  Bay c o m m u n i t y  i s  s t r o n g l y  d o m i n a t e d  b y  a s i n g l e  s p e c i e s  

( D i a t o m a  e l o n g a t u m  v .  t e n u i s ) ,  and  t h e  o l i g o t r o p h i c  c o m m u n i t y  h a s  

v e r y  l o n g  abundances  w i t h  a l o w  number o f  s p e c i e s ,  t h e  b o u n d a r y  

p h y t o p l a n k t o n  c o m m u n i t y  h a s  a r i c h  v a r i e t y  o f  r e l a t i v e l y  u n i f o r m l y  

d i s t r i b u t e d  s p e c i e s .  The r e s u l t s  o f  t h e  6 s u r v e y s  v a r i e d  t o  some 

e x t e n t  b u t  a t  l e a s t  some o f  t h e  b o u n d a r y  e f f e c t s  m e n t i o n e d  w e r e  

p r e s e n t  on a l l  t h e  s u r v e y s .  

D I S C U S S I O N  

U s i n g  r e s u l t s  f r o m  o u r  r e c e n t  s t u d i e s  we h a v e  p r e s e n t e d  e x a m p l e s  

o f  v a r i o u s  p h y s i c a l - b i o l o g i c a l  c o u p l i n g s  b e t w e e n  t h e  s y n o p t i c  s c a l e  

and t h e  s m a l l e r  s c a l e  d i s t r i b u t i o n s  o f  v a r i a b l e s  i n  t h e  B a l t i c  Sea. 

We mus t  a d m i t  t h a t  o u r  a b i l i t i e s  t o  i n t e r p r e t e  v a r i o u s  d e t a i l s  i n  

t h e s e  d i s t r i b u t i o n s  i n  t e r m s  o f  t h e  d y n a m i c s  ( i - e . ,  t h e i r  g e n e r a -  

t i o n ,  t r a n s p o r t  and  d e c a y )  a r e  l i m i t e d  and  a m b i q u o u s .  A l t h o u g h  t h e  

b o u n d a r y  zones  d e s c r i . b e d  h e r e i n  h a v e  o f t e n  been  c h a r a c t e r i s e d  by  

e l e v a t e d  v a l u e s  o f  p l a n k t o n  c o n c e n t r a t i o n s  a n d / o r  r a t e s  o f  r e l a t e d  

p r o c e s s e s  w i t h  r e s p e c t  t o  t h e  s u r r o u n d i n g  w a t e r s ,  t h i s  i s  b y  n o  

means a l w a y s  t h e  c a s e .  As r i g h t l y  n o t e d  b y  R i c h a r d s o n  e t  a l .  ( 1 9 8 5 ) ,  

t h e r e  i s  a n a t u r a l  t e n d e n c y  t o  p r e f e r e n t i a l l y  r e p o r t  t h o s e  o c c a -  

s i o n s  w i t h  s i g n i f i c a n t  b o u n d a r y  e f f e c t s ,  and  t o  " f o r g e t "  t h e  c a s e s  

w i t h  no  a p p a r e n t  d i f f e r e n c e s .  We h a v e  d e m o n s t r a t e d  t h a t  t h e  e c o l o g -  

i c a l  s y s t e m  i n  t h e  B a l t i c  c a n  a c t i v e l y  res-pond t o  t h e  p h y s i c a l  

f o r c i n g s ,  s u c h  a s  t h e  s y n o p t i c  e d d i e s ,  f r o n t a l  d y n a m i c s ,  e t c .  We 

b e l i e v e  t h a t  much o f  t h e  v a r i a b i l i t y  i n  t h e  r e s p o n s e  s t e m s  f r o m  



290 
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-2 

F i g .  1 3 .  S t u d y  a r e a  and  h o r i z o n t a l  p a t t e r n  o f  bberesores o f  t h e  
f i r s t  p r i n c i p a l  componen t  i n  May, 1 9 8 3 .  

3 1 .  
0 

. 2  

A 
L o a d i n g s  

1 -  
2 -  
3 -  
4 -  
5 -  
6 -  
7 -  
8 -  
9 -  

4l-n 

i 

8 

i 2  

. 8 9  . 
1 

-2 0 2 1  
d e p t h  
t e m p e r a t u r e  
S e c c h i  d e p t h  
n i t r a t e  c o n c e n t r a t i o n  
t o t a l  p h o s p h o r u s  
t o t a l  number o f  p h y t o p l a n k t o n  
number o f  C y a n o p h y t a  1 0  - t o t a l  p h y t o p l a n k t o n  b i o m a s s  
number o f  D i a t o m e a  11 - b i o m a s s  o f  D i a t o m e a  
number o f  P y r r h o p h y t a  1 2  - number o f  s p e c i e s  

F i g .  1 4 .  ( A )  S t r u c t u r e  o f  t h e  f i r s t  t w o  p r i n c i p a l  componen ts  w i t h  
t h e  i n g r e d i e n t  v a r i a b l e s  l i s t e d  b e l o w ;  
( B )  O r d i n a t i o n  o f  s t a t i o n s  i n  t h e  s p a c e  o f  t h e  f i r s t  t w o  components 
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Fig. 15. H o r i z o n t a l  p r o f i l e s  o f  s o m e  b i o l o g i c a l ,  c h e m i c a l  a n d  p h y s i -  
c a l  v a r i a b l e s  a c r o s s  t h e  M o o n s u n d  b o u n d a r y  a r e a  i n  M a y ,  1983. 

N - n u v b p r  o f  i n d i v i d u a l s  0f-r s n r c i e s  

Fig. 16. S p e c i e s - a b u n d a n c e  c u r v e s  o f  t h r e e  p h y t o p l a n k t o n  c o m m u n i t i e s :  
A - S o e l a  S t r a i t ,  B - b o u n d a r y  a r e a ,  a n d  C - M a t s a l u  Bay. 
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t h e  i n t r i c a t e  h y d r o d y n a m i c s  o f  t h e  f o r c i n g s  t h e m s e l v e s .  I t  seems 

t h a t  i n  t h e  f a c e  o f  t h e  u b i q u i t o u s  o c c u r r e n c e  o f  f r o n t s  and  o t h e r  

b o u n d a r y  phenomena i n  t h e  B a l t i c  and  i n  t h e  f a c e  o f  t h e  r e s u l t s  f r o m  

t h i s  and  o t h e r  a r e a s ,  i t  i s  n o t  t h e  q u e s t i o n  any more w h e t h e r  t h e  

b o u n d a r i e s  h a v e  b i o l o g i c a l  e f f e c t s  b u t  wha t  i s  t h e  d e n s i t y  o f  o c c u r -  

r e n c e  i n  s p a c e  and  t i m e  o f  t h e  b o u n d a r i e s  w i t h  c e r t a i n  c h a r a c t e r i s -  

t i c s .  The n e x t  t a s k  t h e n  s h o u l d  b e  t h e  d e t e r m i n a t i o n  o f  t h e  o v e r a l l  

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

f i s h e r i e s ,  e t c .  A m a j o r  t a s k  f o r  t h e  c o m i n g  y e a r s  w o u l d  b e  t o  a c c u -  

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

and  o t h e r  b o u n d a r y  phenomena, and  t o  r e v e a l  t h e  mechan isms  w h i c h  

g o v e r n  t h e  b i o l o g i c a l  r e s p o n s e  t o  t h e  p h y s i c a l  f o r c i n g .  To accom- 

p l i s h  t h i s  t a s k ,  a m a j o r  i m p r o v e m e n t  i n  t h e  s a m p l i n g  s t r a t e g y  and  

t e c h n i q u e s  s h o u l d  t a k e  p l a c e .  F i r s t ,  more  e x t e n s i v e  u s e  o f  t h e  re- 

mote  s e n s i n g  ( s e e  C a m p e l l  and  E s a i a s ,  1 9 8 5 )  and  h i g h  r e s o l u t i o n  

i n  s i t u  m e t h o d s  s h o u l d  b e  made. The t e m p o r a l  d y n a m i c s  o f  t h e  phenom- 

ena  s h o u l d  b e  s t u d i e d  i n  t h e i r  f u l l  d y n a m i c s ,  i . e .  f r o m  t h e i r  g e n e r -  

a t i o n  t i l l  t h e i r  d e c a y .  I n  a s y s t e m  w h i c h  i s  n o t  a t  e q u i l i b r i u m ,  

t h e  t e m p o r a l  sequence  o f  e v e n t s  i s  c r u c i a l  ( H a r r i s ,  1 9 8 3 ) .  T h e r e f o r e  

t h e  c o r r e l a t i o n s  b e t w e e n  p l a n k t o n i c  and  e n v i r o n m e n t a l  v a r i a b l e s  as  

m e a s u r e d  a t  a s i n g l e  i n s t a n t  n e e d  n o t  y i e l d  much i n s i g h t .  I t  i s  a l s o  

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

s u c h  a s  b i o m a s s  o r  i n  v i v o  f l u o r e s c e n c e  o b s c u r e s  t h e  i n h e r e n t  v a r i -  

a b i l i t y  o f  a p l a n k t o n  c o m m u n i t y  a t  t h e  l e v e l  o f  p o p u l a t i o n s .  I t  i s  

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

t h e  s i g n i f i c a n t  i n t e r a c t i o n s  t a k e  p l a c e .  lde hope  t h a t  t h e  u s e  o f  t h e  

h i g h - r e s o l u t i o n ,  f l o w - t h r o u g h  p a r t i c l e  c o u n t i n g  s y s t e m  w i t h  t h e  a c -  

c o m p a n y i n g  measuremen ts  w i l l  p r o v i d e  u s e f u l  i n s i g h t s  i n  t h e  n e a r  

f u t u r e .  

A c k n o w l e d q e m e n t s .  Ide a r e  g r e a t l y  i n d e b t e d  t o  a number o f  p e r s o n s  

among whom J. E l k e n ,  I. K o t t a ,  L .  Kaarma.n, J. L i l l e s ,  J. L o k k ,  

M .  P u v i ,  T .  R a i d ,  A .  Randveer ,  H .  S a l a n d i  and  A .  S i h t  h a v e  been  most  

h e l p f u l .  The C Z C S  image  on  F i g .  1 was k i n d l y  s u p p l i e d  by  D r .  U .  

H o r s t m a n n  ( I n s t i t u t  f u r  Meereskunde ,  K i e l ) .  
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