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INTRODUCTION 

The c o n c e n t r a t i o n  o f  c h l o r o p h y l l  2 - more c o r r e c t l y ,  i t s  i n  v i v o  f l u o -  

rescence - i s  un ique among t h e  many b i o l o g i c a l  parameters c h a r a c t e r i z i n g  a 

p e l a g i c  ecosystem, because i t  i s  amenable t o  measurement by i n  s i t u  and 

remote sensors.  The c h l o r o p h y l l  5 c o n c e n t r a t i o n  i s  impor tan t  as an index o f  

t h e  phy top lank ton  abundance. Moreover, i t  may be a u s e f u l  i n d i c a t o r  o f  

hydrodynamic processes, as d iscussed i n  t h i s  paper. 

The spa t io - tempora l  dynamics o f  c h l o r o p h y l l  i s  much more compl ica ted  

t h a n  t h a t  o f  t h e  common hydrograph ic  v a r i a b l e s ,  e.g. s a l i n i t y ,  due t o  i t s  

i n t e n s e  v e r t i c a l  f i n e  s t r u c t u r e  and i t s  e s s e n t i a l l y  nonconserva t ive  na ture .  

The t i m e  sca les  o f  t h e  s p a t i a l l y  heterogeneous nonconserva t ive  processes, 

t h e  phy top lank ton  r e p r o d u c t i o n  and t h e  g r a z i n g  by zoop lank ton ,  a r e  o f  t h e  

o r d e r  o f  1 day. Hydrodynamics c o n t r o l s  t h e  c h l o r o p h y l l  f i e l d  by 1) advec- 

t i o n  and d i f f u s i o n ,  and 2) by  changing t h e  l o c a l  r a t e s ,  e .g . ,  o f  reproduc- 

t i o n  and g raz ing .  A d e l i c a t e  ba lance between these processes determines 

wh ich  one o f  them dominates on some p a r t i c u l a r  space and t i m e  sca les .  

Ske l lam (1951), K i e r s t e a d  and S lobodk in  (1953), and a number o f  t h e i r  

f o l l o w e r s  (Okubo, 1978) have examined t h e  ba lance between d i f f u s i o n  and 

rep roduc t i on .  T h e i r  a n a l y s i s  l eads  t o  a c r i t i c a l  pa tch  s i z e ,  below which a 

phy top lank ton  p a t c h  i s  e rased by d i f f u s i o n .  However, t h e  concept  i s  o n l y  o f  

l i m i t e d  c o g n i t i v e  va lue  t o  a f i e l d  e c o l o g i s t  because a l l  t h e  r e l e v a n t  p ro -  

cesses a r e  s p a t i a l l y  heterogeneous. 

The r e l a t i v e  impor tance of advec t ion  versus r e p r o d u c t i o n  may be 

assessed by t h e  nondimensional  number, S, i n t roduced  by  O ' B r i e n  and 

Wroblewski  (1973). Fo r  a geos t roph ic  f l o w ;  

u f %  s = - (  ) 
r %  

where U i s  t h e  c h a r a c t e r i s t i c  speed of t h e  organ ized f low,  r i s  t h e  maximum 

growth  r a t e  o f  t h e  p lank ton ,  f i s  t h e  C o r i o l i s  parameter,  and AH i s  t h e  eddy 

d i f f u s i v i t y  f o r  momentum. When S exceeds u n i t y ,  advec t i on  becomes dominant 
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over 

t i o n .  

S - 1 ;  

b i o l o g i c a l  turnover  i n  determining the ho r i zon ta l  ch lo rophy l l  d i s t r i b u -  

, 

AH = 10 cm s ) i t  appears t h a t  advect ion dominates i f  U > 2 cm s-’. 

Despite the  unce r ta in t y  i n  the  estimate o f  AH, the gross v a l i d i t y  o f  t h i s  

r e s u l t  w i l l  be demonstrated l a t e r .  

For parameter values t y p i c a l  o f  the B a l t i c  (r = Z X ~ O - ~  s-I;  f = 
6 2 - 1 .  

METHODS 

The ch lo rophy l l  f i e l d  and i t s  i n t e r a c t i o n  w i t h  the hydrodynamic pro- 

cesses i n  the south-eastern Gotland Basin were s tud ied by means o f  recu r ren t  

quasi -synopti  c surveys a t  s t a t i o n s  cover i  ng var ious rectangular  g r i ds ,  w i t h  

a spacing o f  5 nau t i ca l  m i l es  (9.3 km) between g r i d  po in ts .  A t y p i c a l  g r i d  

area was 20x25 nau t i ca l  mi les.  A t  each g r i d  p o i n t ,  v e r t i c a l  p r o f i l e s  were 

obtained us ing a Variosens fi situ f luorometer, measuring ch lo rophy l l  5 
f luorescence, and a N e i l  Brown Mark 111 CTD probe. The f luorometer  c a l i b r a -  

t i o n  and other  d e t a i l s  may be found i n  Kahru (1981a) and Kahru & 
(1981). The d u r a t i o n  o f  a survey was about 1 day. As the ch lo rophy l l  

concentrat ions a t  f i x e d  depths are r e a d i l y  contaminated by i n t e r n a l  waves 

and the  va r iab le  v e r t i c a l  f i n e  s t r u c t u r e  (Kahru e t  a l . ,  1981), on ly  v e r t i c a l -  

l y  i n teg ra ted  concentrat ions are considered i n  t h i s  paper. The CTD data o f  
t he  same surveys are i n t e r p r e t e d  i n  d e t a i l  by Aitsam and Elken ( t h i s  vo l -  

ume). 

OBSERVATIONS AND DISCUSSION 

The ecology o f  t he  B a l t i c  Sea has been r e c e n t l y  reviewed by Jansson 

(1978). A c h a r a c t e r i s t i c  f ea tu re  o f  t he  B a l t i c  Sea hydrography i s  t h e  d i s -  

t i n c t  l a y e r i n g  o f  t he  water column i n t o  3 l aye rs  i n  summer: t he  upper 

l aye r ,  which co inc ides approximately w i t h  the pho t i c  l aye r ;  t he  in termediate 

layer ,  o r  t he  w i n t e r  convection layer ;  and the  deep, s a l i n e  l a y e r  (Fig. 1). 

The 2 peaks i n  the  Brunt-Vaisa la frequency, separat ing t h e  layers,  a re  

associated w i t h  the  seasonal thermocline (depth o f  15  t o  30 m) and the  

permanent h a l o c l i n e  (50-70 m). A f t e r  the sp r ing  phytoplankton bloom, l a s t -  

i n g  f o r  a few weeks, the upper 2 layers are almost depleted o f  inorganic  

n i t rogen,  and the  phytoplankton growth i s  l i m i t e d  by b i o l o g i c a l  d e s t r u c t i o n  

and by the r a t e  o f  upward m ix ing  o f  n i t r a t e s  from the  deep l a y e r  (where the 

n i t r a t e  concentrat ion remains about 100 t imes h igher  than i n  the  h igher  

layers) .  Consequently, the i n f l uence  o f  t he  hydrodynamics on the phytoplank- 

t o n  growth i s  manifested main ly  through the  t r a n s f e r  o f  n u t r i e n t s  i n t o  the 

upper layer .  A number o f  mix ing pa t te rns  i s  revealed by the  ch lo rophy l l  

surveys. 
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Fig. 1. Typical thermohaline layering of the Baltic Proper into 3 layers: 
upper (UL), intermediate (IL), and deep layer (DL), with plots of tempera- 
ture (T, "C), salinity (S, /oo), density (D, sigma-t), and the Brunt- 
Vaisala frequency (N, rad s-') ( f r o m  Kahru et al., 1981). 
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Fig. 2. Chlorophyll distribution (mg m-2, integrated between 2.5  and 32.5 
in) in relation to the bottom topography (m). July 15-16, 1979. The upper 
left patch was observed repeatedly and i s  ascribed to bottom mixing on the 
shallow bank. The upper right patch remains unexplained. 
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The bathymetry o f  the B a l t i c  i s  very  i r r e g u l a r  so t h a t  t he  currents  

(Kielman e t  a l . ,  1973) and, hence, t he  i n t e n s i t y  o f  v e r t i c a l  mix ing are 

subject  t o  a s t rong topographical in f luence.  When a s t r a t i f i e d  f l u i d  f lows 

over a shal low submarine bank, and i f  the  f l ow  i s  s u b c r i t i c a l  w i t h  respect 

t o  the i n t e r n a l  Froude number, the isopycnals are compressed (Turner, 1973), 

and the bottom turbulence may cause an upward t ranspor t  o f  n u t r i e n t s .  This 

can be recognized on some o f  t he  ch lo rophy l l  maps (Fig. 2). Although l i t t l e  

i s  known about bottom mix ing i n  the  B a l t i c ,  t h i s  k ind  o f  boundary mix ing can 

be important f o r  t he  o v e r a l l  ecology due t o  the f requent  occurrence o f  

shal low banks. 

Geostrophic currents ,  s i g n i f i c a n t l y  guided by the  topography, are ,asso- 

c i a t e d  w i t h  the s lop ing  o f  isopycnals. The r e s u l t i n g  v e r t i c a l  displacement 

o f  t he  thermocline and/or o f  t he  ha loc l i ne  modi f ies the  thicknesses o f  the 

bas ic  layers.  We have establ ished s i g n i f i c a n t  r e l a t i o n s h i p s  between the  

water s t r a t i f i c a t i o n  and the ch lo rophy l l  l e v e l ,  suggesting i n t e n s i f i e d  

m ix ing  under c e r t a i n  condi t ions.  I n  p a r t i c u l a r ,  both the  r i s i n g  o f  t he  top  

o f  the deep l a y e r  (Fig. 3) and the  narrowing o f  t he  in termediate l a y e r  (F ig .  

4) are c l e a r l y  associated w i t h  an increase i n  ch lo rophy l l  concentrat ion i n  

several surveys. I suggest t h a t  the r i s i n g  o f  the h a l o c l i n e  and the com- 

press ion of 
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Fig. 3. 

h a l o c l i n e  depth. 

Dependence o f  ch lo rophy l l  2 i n  the  upper 10-m l a y e r  (mg m-’) on the  
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F i g .  4. Dependence o f  t h e  t o t a l  c h l o r o p h y l l  2 i n  t h e  upper 60 m l a y e r  on 

t h e  i n t e r m e d i a t e  l a y e r  th i ckness .  The c i r c l e d  p o i n t s ,  o r i g i n a t i n g  f rom a 

c y c l o n i c  eddy cen te r ,  suggest suppressed m i x i n g  i n  t h e  eddy cen te r .  They 

have been exc luded when f i t t i n g  t h e  cu rve  by  l e a s t  squares ( f rom Kahru e t  

a l . ,  1981). 

t h e  i n t e r m e d i a t e  l a y e r ,  b o t h  f a v o r a b l e  t o  t h e  development o f  v e r t i c a l  

shears,  can g i v e  r i s e  t o  i n s t a b i l i t i e s ,  e.g. i n t e r n a l  wave b reak ing ,  caus ing  

i n t e n s e  m i x i n g  and, hence, i nc reased  c h l o r o p h y l l  biomass. F i g u r e  5 p resen ts  

a t y p i c a l  s e c t i o n  across  a t o p o g r a p h i c a l l y  gu ided b a r o c l i n i c  j e t ,  showing 

t h e  bo t tom con tou r  and t h e  cor respond ing  i n t e g r a t e d  c h l o r o p h y l l  concentra- 

t i o n s .  Here, c o n t r a r y  t o  t h e  case o f  bo t tom mix ing ,  t h e  c h l o r o p h y l l  concen- 

t r a t i o n  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  depth:  t h e  sha l l owes t  a rea  w i t h  

t h e  t h i c k e s t  i n t e r m e d i a t e  l a y e r  suppor ts  t h e  l owes t  c h l o r o p h y l l  l e v e l  and 

v i c e  versa. 

The c h l o r o p h y l l  f i e l d  shows s t r i k i n g  mesoscale ( Z  10 km) p a t t e r n s  even 

i f  t h e  c o n c e n t r a t i o n  i s  i n t e g r a t e d  v e r t i c a l l y  over  t h e  upper 60 m l a y e r .  

The c o r r e l a t i o n s  w i t h  t h e  s t r a t i f i c a t i o n  suggest t h a t  most o f  t h e  v a r i a b i l -  

i t y  i s  caused by uneven n u t r i e n t  f l u x e s  f rom t h e  deep l a y e r  r a t h e r  than by 

l a t e r a l  m i x i n g  o f  d i f f e r e n t  wa te r  masses. I t  i s  tempt ing  t o  t r y  t o  es t ima te  

t h e  v e r t i c a l  d i f f u s i v i t i e s  t h a t  m igh t  be respons ib le  f o r  t h e  genera t i on  of  
such h e t e r o g e n e i t i e s .  Us ing  a r a t i o  o f  n i t r o g e n / c h l o r o p h y l l  = 16, app rop r i -  
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Fig. 5. Sect ion across a b a r o c l i n i c  j e t  along the isobaths showing the  

bathymetry, t he  isopycnals i n  the  in termediate l aye r ,  and the  corresponding 

t o t a l  ch lo rophy l l  l e v e l s .  BOSEX area, J u l y  1-3 ,  1980. 

a te f o r  n i t r o g e n - d e f i c i e n t  phytoplankton (S t r i ck land ,  1965), the ch lo rophy l l  

concentrat ions may be crudely  expressed i n  terms o f  n i t rogen.  For the 

surveys shown i n  Figures 3 and 4, the d i f f e rences  between maximum and m in i -  

mum concentrat ions i n  the upper 60 m l a y e r  are 2220 and 875 mg N m-*, r e -  

spec t i ve l y .  These amounts correspond t o  about 18% and 8%, respec t i ve l y ,  o f  

t he  mean t o t a l  n i t rogen  above the  ha loc l i ne .  As a f i r s t  approximation, the 

n i t r a t e  f l u x  across the  h a l o c l i n e  may be estimated as 

a N O 3  
Q = - K ,  - az 
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aNO3 
where K, i s  t h e  v e r t i c a l  d i f f u s i v i t y  and az i s  t h e  v e r t i c a l  g r a d i e n t  o f  n i -  

t r a t e .  The l a t t e r  i s  app rox ima te l y  equal  t o  3 mg N ~ n - ~ / m  f o r  t h e  50-70 m 

l a y e r .  By means o f  dye d i f f u s i o n  exper iments,  Ku l l enberg  (1977) ob ta ined  a 

va lue  o f  KZ = 2 . 2 ~ 1 0 - ~  m2 s-' f o r  t h e  mean v e r t i c a l  d i f f u s i v i t y  i n  t h e  ha lo -  

c l i n e  o f  t h e  Bornholm Basin.  S u b s t i t u t i n g  these numer,jcal va lues  i n t o  equa- 

t i o n  (2), we o b t a i n  an  upward n i t r o g e n  f l u x  o f  0.57 mg N m-'/day. T h i s  f l u x  

i s  ex t reme ly  sma l l  i n  v iew o f  t h e  observed v a r i a b i l i t y .  Indeed, a t  t h i s  

r a t e ,  more than  1000 days would be needed t o  accumulate an amount o f  n i t r a t e  

s i m i l a r  t o  t h e  t y p i c a l  observed v a r i a t i o n s  (more than  500 mg N m-'). As t h e  

t i m e  s c a l e  o f  t h e  phy top lank ton  patches i s  p robab ly  o f  t h e  o rde r  o f  10  days, 

t h e  observed c h l o r o p h y l l  v a r i a b i  1 i ty can,not be exp la ined  w i t h  t h e  above 

va lue  o f  t h e  v e r t i c a l  d i f f u s i v i t y .  Consequent ly,  processes w i t h  d i f f u s i v i -  

t i e s  h i g h e r  by a t  l e a s t  2 o rde rs  o f  magnitude ( > m2 s-l)  shou ld  e x i s t  

a t  l e a s t  l o c a l l y  and t e m p o r a r i l y .  I n  t h e  B a l t i c  t he rmoc l i ne ,  v igo rous  

s h o r t - t e r m  m i x i n g  caused by  i n t e r n a l  wave b reak ing  i n  t h e  i n t e n s e  shear 

zones, c r e a t e d  by i n e r t i a l  waves, was shown by Krauss (1978). The p o s s i b i l -  

i t y  o f  n u t r i e n t  t r a n s f e r  across  t h e  the rmoc l i ne ,  e.g.  d u r i n g  storms, i s  

f u r t h e r  s u b s t a n t i a t e d  by t h e  v e r y  l ow  n i t r a t e  va lues  below t h e  thermo- and 

above t h e  h a l o c l i n e .  The i n t e r m i t t e n c y  and dramat ic  v a r i a b i l i t y  o f  t h e  

v e r t i c a l  m i x i n g  i n  s t r a t i f i e d  waters  has been s t ressed  by  Woods (1977). 

Hence, t h e  v e r t i c a l  d i f f u s i v i t i e s  > m2 s-', r e q u i r e d  t o  e x p l a i n  my 

observa t i ons ,  a r e  n o t  n e c e s s a r i l y  i n  c o n t r a d i c t i o n  w i th  t h e  2 o rde rs  o f  

magnitude lower  va lues  measured by Ku l l enberg  (1977) i n  q u i e t e r  cond i t i ons .  

However, t h e  ev idence p resen ted  he re  f a r  t h e  e x i s t e n c e  of i n tense  m i x i n g  

events  i n  t h e  h a l o c l i n e  o f  t h e  open B a l t i c  i s  i n d i r e c t  and no well-documen- 

t e d  obse rva t i ons  a r e  a v a i l a b l e .  

S a t e l l i t e  images ( U l b r i c h t  and Horstmann, 1979) as w e l l  as our  CTD 

surveys  (A i tsam and E lken,  t h i s  volume) show a f r e q u e n t  occurrence o f  meso- 

s c a l e  edd ies :  on eve ry  survey  e d d y l i k e  d i s tu rbances  o f  t h e  r e l a t i v e  dynamic 

topography  can be d iscerned.  The a n a l y s i s  o f  t h e  i n t e r a c t i o n  between ener-  

g e t i c  mesoscale edd ies  and t h e  c h l o r o p h y l l  f i e l d  i s  compl ica ted  by t h e  

a d v e c t i o n  and s t i r r i n g  a c t i o n  d u r i n g  t h e  phy top lank ton  growth  phase (1-3 

days): t a k i n g  i n t o  account  t h e  e f f e c t  o f  advec t ion ,  we have t o  r e l a t e  t h e  

c h l o r o p h y l l  biomass t o  m i x i n g  c o n d i t i o n s  seve ra l  days e a r l i e r .  Th i s  has 

h a r d l y  been f e a s i b l e  i n  p r a c t i c e ,  and t h e  apparent  e f f e c t  o f  advec t i on  i s  a 

r e d u c t i o n  i n  t h e  c o r r e l a t i o n  between t h e  s t r a t i f i c a t i o n  ( i . e .  m ix ing  cond i -  

t i o n s )  and t h e  c h l o r o p h y l l  l e v e l .  

Two surveys made 10 days a p a r t  d u r i n g  compara t i ve l y  even phy top lank ton  

growth  showed t h a t  t h e  c h l o r o p h y l l  f i e l d  was d i s t o r t e d  by  a pass ing  eddy as 

a pass i ve  s c a l a r  f i e l d  (Kahru, 1981b). 
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Another survey  (F ig .  4) seems t o  i n d i c a t e  t h a t  t h e  m i x i n g  a c t i v i t y  i n  a 

c y c l o n i c  eddy i s  remarkab ly  suppressed. It seems t h a t  t h e  hypo thes i s  o f  a 

r e d u c t i o n  o f  m i x i n g  energy i n  t h e  eddy c e n t e r  i s  suppor ted  by obse rva t i ons  

suggest ing  a decrease i n  wave energy i n  t h e  c e n t e r  o f  oceanic edd ies  

(Frank ignou l ,  1974; Dykman e t  a l . ,  1981). 

Three surveys made d u r i n g  t h e  decaying phase o f  a p a r t i c u l a r l y  energet -  

i c  mesoscale eddy show u n u s u a l l y  weak c o r r e l a t i o n s  between t h e  s t r a t i f i c a -  

t i o n  and t h e  c h l o r o p h y l l  l e v e l .  T h i s  i s  p robab ly  t h e  r e s u l t  o f  t h e  v igo rous  

advec t i on ,  s t i r r i n g ,  and c u r r e n t  shears,  assoc ia ted  w i t h  t h e  eddy. The 

obse rva t i ona l  ev idence f o r  t h i s  conc lus ion  i s  as f o l l o w s .  The eddy has a 

t r a n s l a t i o n a l  v e l o c i t y  o f  about  2 cm s-' and t h e  r o t a t i o n a l  v e l o c i t i ? s  a r e  

es t ima ted  a t  20 cm s-I .  The i sopycna l  e l e v a t i o n s  i n  t h e  c e n t e r  a r e  22 m a t  

t h e  t o p  o f  t h e  deep l a y e r .  A l though 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  were n o t  

measured, a s i g n i f i c a n t  i nc rease  i n  t h e  near -su r face  s a l i n i t y  p r o v i d e s  e v i -  

dence o f  i n t e n s e  v e r t i c a l  m i x i n g  and n u t r i e n t  i n p u t .  T h i s  ev idence i s  based 

on a c l o s e  r e l a t i o n s h i p  between t h e  n u t r i e n t s  and s a l i n i t y  (Nehr ing ,  1979) 

as b o t h  a r e  mixed upwards f rom t h e  deep, s a l i n e  l a y e r .  The c o r r e l a t i o n  

between t h e  upper and deep l a y e r  s a l i n i t i e s  i s  maximal d u r i n g  t h e  most 

a c t i v e  phase o f  t h e  eddy ( F i g .  6A), a l s o  suggest ing  v e r t i c a l  m ix ing ,  and i t  

decreases l a t e r  t o  zero  as a r e s u l t  o f  s t r o n g  v e r t i c a l  shears.  A t  t h e  same 

t i m e  t h e  near -su r face  s a l i n i t y  reaches i t s  maximum. The occur rence o f  

v igo rous  s t i r r i n g  i s  a l s o  s u b s t a n t i a t e d  by a decrease i n  t h e  s p a t i a l  sca les  

o f  v a r i a b i l i t y  
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F i g .  6. Trends i n  seve ra l  parameters on 3 consecu t i ve  surveys  d u r i n g  t h e  

breakdown o f  an e n e r g e t i c  mesoscal e eddy: c o r r e l a t i o n s  between t h e  t o t a l  

c h l o r o p h y l l  and t h e  s a l i n i t y  a t  60 m, and between t h e  s a l i n i t i e s  a t  5 m and 

60 m (A ) ;  s p a t i a l  a u t o c o r r e l a t i o n s  over  5 n a u t i c a l  m i l e s  o f  t h e  t o t a l  c h l o -  

r o p h y l l  and t h e  s a l i n i t y  a t  5 m (B) .  
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o f  the near-surface s a l i n i t y ,  i . e .  by a s h i f t  f r o m  a coarse-grained t o  a 

f ine-gra ined p a t t e r n  (Fig. 6B). The ch lo rophy l l  f i e l d  a l so  shows an un- 

usua l l y  f i ne -g ra ined  pa t te rn .  A1 though subs tan t i a l  amounts o f  n u t r i e n t s  

were probably mixed i n t o  the upper l aye r  by the cyc lon ic  eddy, t h i s  i s  no t  

apparent i n  the  c h l o r o p h y l l / s a l i n i t y  c o r r e l a t i o n  due,to the vigorous advec- 

t i o n ,  s t i r r i n g ,  and shears. The O'Brien-Wroblewski parameter, equation (l), 

ca lcu la ted  f o r  the r o t a t i o n a l  v e l o c i t y  o f  the eddy, su re l y  exceeds u n i t y ,  

which confirms the  dominance o f  advection over the  phytoplankton reproduc- 

t i o n .  I n  accordance w i t h  t h i s  concept, the weakening o f  t he  eddy coincides 

w i t h  a s l i g h t  increase i n  both the  ch lo rophy l l /  s a l i n i t y  c o r r e l a t i o n  and the 

s p a t i a l  scales o f  the ch lo rophy l l  f i e l d  ([,ig. 6). 

It should be s t ressed t h a t  our a b i l i t y  t o  i n t e r p r e t  the b i o l o g i c a l  

dynamics and i t s  ccinpl i c a t e d  i n t e r a c t i o n  w i t h  vigorous hydrodynamic pro- 

cesses i s  by no means unambiguous. More d e t a i l e d  synoptic surveys o f  sev- 

e r a l  rep resen ta t i ve  b i o l o g i c a l  and hydrographic parameters are needed. A 

r o u t i n e  use o f  b i o l o g i c a l  sensors mounted on a v e r t i c a l l y  undulat ing 

' B a t f i s h '  (Denman and Herman, 1978) would represent a subs tan t i a l  progress. 

CONCLUSIONS 

The ch lo rophy l l  f i e l d  i n  the  open B a l t i c  Sea i s  c l o s e l y  r e l a t e d  t o  

var ious hydrodynamic processes. The s p a t i a l  and temporal scales considered 

i n  t h i s  paper are the  so -ca l l ed  mesoscales (10-100 km and 1-10 days), where 

the  b i o l o g i c a l  turnover  r a t e  o f  t he  phytoplankton becomes comparable t o  the 

processes o f  advection and d i f f u s i o n .  An increase i n  ch lo rophy l l  biomass 

may be ascr ibed t o  the phytoplankton growth i n  response t o  a n u t r i e n t  i n p u t  

from t h e  deep l a y e r  as a r e s u l t  o f  v e r t i c a l  mixing. Several mix ing regimes 

are discerned from the  ch lo rophy l l  pat terns:  bottom mix ing on shallow 

banks, shear induced mix ing i n  a t h i n  in termediate l aye r ,  and a suppression 

o f  mix ing i n  the  center  o f  a cyc lon i c  eddy. High v e r t i c a l  d i f f u s i v i t i e s  i n  

t h e  h a l o c l i n e  ( > m2 s - l ) ,  a t  l e a s t  l o c a l l y  and temporar i ly ,  are needed 

t o  exp la in  t h e  observed ch lo rophy l l  v a r i a b i l i t y  by uneven n u t r i e n t  f luxes.  

This  eddy d i f f u s i v i t y  i s  2 orders o f  magnitude higher than t h a t  measured by 

dye experiments i n  "qu ie t "  condi t ions (Kul lenberg, 1977). I n  accordance 

w i t h  the  O'Brien-Wroblewski c r i t e r i o n ,  vigorous advection and s t i r r i n g  

dominate over the  b i o l o g i c a l  turnover  f o r  some periods. For these periods 

the  apparent c o r r e l a t i o n s  between the ch lo rophy l l  l e v e l s  and the hydrography 

are decreased. 
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