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Area II: Sabah, Sarawak and Brunei Darussalam Waters
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A B S T R A C T

D e p t h  i n t e g r a t e d  b i o m a s s  o f  p h y t o p l a n k t o n  i n  t h e  s o u t h e r n  p a r t  o f  t h e  S o u t h  C h i n a  S e a  o f f  

S a r a w a k ,  B r u n e i  D a r u s s a l a m  a n d  S a b a h  i n  J u l y  1 9 9 6  a n d  M a y  1 9 9 7  w a s  r e p r e s e n t e d  b y  i n  s i t u  f l u o 

r e s c e n c e .  T h e  t o t a l  b i o m a s s  i n  t h e  s t u d y  a r e a  w a s  n o t  m u c h  d i f f e r e n t  b e t w e e n  t h e  2  s u r v e y s .  H o w 

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

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

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

o f  p h y t o p l a n k t o n  f o u n d  i n  t h e  v i c i n i t y  o f  S t a t i o n s  3 7  a n d  3 8  f o r  b o t h  s u r v e y  p e r i o d s  c o u l d  b e  p a r t i a l l y  

r e l a t e d  b y  u p w e l l i n g  n e a r b y .

I n t r o d u c t i o n

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

c a t o r  o f  b i o m a s s  o f  p h y t o p l a n k t o n  i n  t h e  o c e a n  a n d  f r e s h w a t e r  b o d i e s .  T h e  m a i n  r e a s o n  i s  t h a t  c h e m i 

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

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

T h e  t e c h n i q u e  o f  u s i n g  s u b m e r s i b l e  f l u o r o m e t e r  t o  m e a s u r e  p r o f i l e  o f  p h o t o s y n t h e t i c  p i g 

m e n t  i n  t h e  w a t e r  c o l u m n  w a s  f i r s t  i n t r o d u c e d  i n  t h i s  r e g i o n  b y  S E A F D E C  i n  1 9 9 5  ( S n i d v o n g s  1 9 9 8 ) .  

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

t o  t h e  s w a r m i n g  o f  p l a n k t o n ,  a n d  a b i l i t y  o f  s h o w  r e a l  t i m e  d a t a  w h i l e  m e a s u r i n g .  A l s o  s i n c e  1 9 9 5 ,  

s u b s u r f a c e  c h l o r o p h y l l  m a x i m a  w e r e  c l e a r l y  v e r i f i e d  a t  a b o u t  5 0 - 1 0 0  m  i n  m o s t  S o u t h e a s t  A s i a n  

W a t e r s  d e e p e r  t h a n  c a .  5 0  m .  F o r  m o s t  o f f s h o r e  w a t e r  i n  t h e  r e g i o n ,  d e s p i t e  t h e  v e r y  l o w  s u r f a c e  

c o n c e n t r a t i o n  o f  p i g m e n t  c o m p a r a b l e  t o  t h a t  i n  o l i g o t r o p h i c  o p e n  o c e a n ,  t h e  c o n c e n t r a t i o n  o f  p i g m e n t  

a t  t h e  s u b s u r f a c e  p i g m e n t  m a x i m a  c o u l d  b e  u p  t o  1 0  t i m e s  t h e  s u r f a c e  c o n c e n t r a t i o n .

I n  t h i s  p a p e r ,  d y n a m i c  o f  p h y t o p l a n k t o n  b i o m a s s  i n  t h e  S o u t h  C h i n a  S e a  A r e a  2 ,  S a b a h ,  

S a r a w a k  a n d  B r u n e i  D a r u s s a l a m ,  b e t w e e n  2  p e r i o d s ,  J u l y  1 9 9 6  ( C r u i s e  3 4 )  a n d  M a y  1 9 9 7  ( C r u i s e  

4 1 ) ,  w i l l  b e  a n a l y z e d  i n  r e l a t i o n  t o  m a j o r  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  r e g i o n ,  e . g .  v e r t i c a l  m i g r a t i o n  

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

c e s s e s .

M e t h o d s

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

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

i n s t r u m e n t  b a s e l i n e  ( t a k e n  a t  0 . 5  a n d  0 . 4  v o l t s  f o r  C r u i s e s  3 4  a n d  4 1 ,  r e s p e c t i v e l y )  w a s  i n t e g r a t e d  

f r o m  s e a  s u r f a c e  t o  2 0 0  m ,  o r  t o  t h e  b o t t o m  i f  d e p t h  w a s  l e s s  t h a n  2 0 0  m .  T h i s  d e p t h  i n t e g r a t e d  

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

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

T o  c a l i b r a t e  f l u o r e s c e n c e  d a t a  i n t o  p i g m e n t  m a s s  u n i t ,  w a t e r  s a m p l e s  f r o m  3 - 5  s e l e c t e d  d e p t h s  

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

G F / F  m e m b r a n e s  o n  b o a r d  i n  s h a d e d  e n v i r o n m e n t .  P i g m e n t  w a s  e x t r a c t e d  b y  a c e t o n e  i n  d a r k  g l a s s  o r  

p o l y p r o p y l e n e  c e n t r i f u g e  t u b e s  i n  a  f r e e z e r .  A f t e r  g r i n d i n g  a n d  c e n t r i f u g e ,  t h e  s u p e r n a t a n t  i n  a  5 0  

m m  p a t h - l e n g t h  c e l l  w a s  s c a n n e d  b y  a  s p e c t r o p h o t o m e t e r  f r o m  4 0 0  t o  7 5 0  n m .  B l a n k s  w e r e  a l s o
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c e n t r a t i o n  u s i n g  S C O R / U n e s c o  ( 1 9 6 6 )  e q u a t i o n s  ( S t r i c k l a n d  a n d  P a r s o n s ,  1 9 7 2 ) .  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  a ,  b  a n d  c  ( i n  m g  m - 3 )  w a s  l i n e a r l y  r e g r e s s e d  a g a i n s t  o b s e r v e d  u p c a s t  f l u o r e s c e n c e  a t  

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

b a s e l i n e ,  i . e .  s u b - p h o t i c  z o n e ,  t o  b e  z e r o .

R e s u l t s

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

( T a b l e  1 ) .  T h e  c o n c e n t r a t i o n  w a s  a l s o  w e l l  c o r r e l a t e d  l i n e a r l y  w i t h  i n  s i t u  f l u o r e s c e n c e  ( r 2  =  0 . 9 3 ;  

F i g u r e  1 ) .  T h e  c o n c e n t r a t i o n s  o f  t h e  o t h e r  t w o  c h l o r o p h y l l s  w e r e  l o w  a n d  p o o r l y  c o r r e l a t e d  w i t h  t h e  

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

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

e s p e c i a l l y  h i g h  i n  t h e  v i c i n i t y  o f  S t .  3 7  a n d  3 8  ( T a b l e  2 ) ,  f o r  b o t h  c r u i s e s .  H o w e v e r ,  t h e  p l u m e  o f  

p h y t o p l a n k t o n  s e e m e d  t o  b e  f r o m  t h e  n o r t h w e s t  d u r i n g  C r u i s e  3 4  ( F i g u r e  2 )  a n d  f r o m  t h e  w e s t  d u r i n g  

C r u i s e  4 1  ( F i g u r e  3 ) .  P h y t o p l a n k t o n  b i o m a s s  w a s  c o n c e n t r a t e d  m o r e  o n  t h e  n o r t h  s i d e  o f  t h e  s u r v e y  

a r e a  d u r i n g  C r u i s e  a n d  m o r e  t o  t h e  w e s t  d u r i n g  C r u i s e  4 1 .  H o w e v e r ,  d e s p i t e  t h i s  o b v i o u s  d i f f e r e n c e  

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

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

F i g u r e  1  w o u l d  b e  2 , 0 7 0  a n d  1 , 8 7 0  t o n s  f o r  t h e  t o t a l  s u r v e y  a r e a  o f  2 4 3 , 0 0 0  k m 2  f o r  C r u i s e s  3 4  a n d  

4 1 ,  r e s p e c t i v e l y .  T h e  d i f f e r e n c e  w a s  l e s s  t h a n  1 0 % ,  w h i c h  w a s  s u r p r i s i n g l y  s m a l l .

D i s c u s s i o n  a n d  C o n c l u s i o n

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

w e l l i n g  h a d  b e e n  t e s t e d  u s i n g  t h e  m i x e d  l a y e r  d e p t h  a s  i n d i c a t e d  b y  t h e  B r u n t - V a i s a l a  S t a b i l i t y  F r e 

q u e n c y .  G e n e r a l l y ,  t h e  s u r f a c e  m i x e d  l a y e r  t h i c k n e s s  d u r i n g  C r u i s e  3 4  w a s  a n  a v e r a g e  o f  4 1  m  w h i l e  

d u r i n g  C r u i s e  4 1 ,  t h e  t h i c k n e s s  w a s  o n l y  2 8  m .  T h e  d i f f e r e n c e  o f  1 3  m  i n d i c a t e d  m o r e  i n t e n s e  u p w a r d  

m o v e m e n t  o f  t h e  p y c n o c l i n e  i n  M a y  1 9 9 7  t h a n  i n  J u l y  1 9 9 6 ,  e s p e c i a l l y  a t  S t a t i o n s  1 3 ,  2 0 ,  2 1 ,  2 5  a n d  

2 6  w h e r e  t h e  s u r f a c e  m i x e d  l a y e r  w a s  l e s s  t h a n  2 0  m  ( F i g u r e  3 ) .

S e a  s u r f a c e  t e m p e r a t u r e  t a k e n  f r o m  5  m  b e l o w  s u r f a c e  w a s  a l s o  u s e d  a s  a n o t h e r  i n d i c a t o r  o f  

u p w e l l i n g .  H o w e v e r ,  u n l i k e  s u r f a c e  m i x e d  l a y e r  d e p t h ,  s e a  s u r f a c e  t e m p e r a t u r e  w a s  l o w e s t  a t  S t a 

t i o n s  7 4  a n d  7 8  d u r i n g  C r u i s e  4 1 .  S e a  s u r f a c e  t e m p e r a t u r e  w a s  m u c h  m o r e  e v e n l y  d i s t r i b u t e d  i n  

C r u i s e  3 4  t h a n  i n  C r u i s e  4 1 .

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

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

t h i s  p h y s i c a l  o c e a n o g r a p h i c  f e a t u r e  ( F i g u r e  5 ) .  Y e t  t h i s  s t i l l  d o e s  n o t  c o m p l e t e l y  r u l e  o u t  a  l i n k a g e  

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

t a k e  a  w e e k  o r  s o ,  a n d  t h a t  c o u l d  b e  e a s i l y  m i s s e d  b y  t h e  2  s u r v e y ,  a b o u t  a  y e a r  a p a r t .  T h i s  i s  s u g 

g e s t e d  b y  a  w e a k  c o r r e l a t i o n  b e t w e e n  e l e v a t e d  c h l o r o p h y l l  b i o m a s s  a t  S t a t i o n s  2 6 ,  3 7  a n d  3 8  i n  

C r u i s e  4 1  w h i l e  w a s  n e a r  t o  t h e  s u s p e c t e d  u p w e l l i n g  a r e a ,  e v e n  t h o u g h  t h e y  d i d  n o t  p e r f e c t l y  c o i n 

c i d e d  g e o g r a p h i c a l l y .
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T a b l e  1    C o r r e c t e d  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  i n  w a t e r  s a m p l e s

S T D epth  

(m )

F L U R  

(V )

C h lo ro p h y ll a  

(m g  m - 3)

C h lo ro ph y ll b  

(m g  m-3)

C h lo ro p h y ll c  

(m g  m -3)

C ru is e  41

4 20 0 .803 0 .0 3 7 0 .0 33 0.196

4 60 3 .219 0 .5 4 3 0 .239 0 .7 69

8 30 2.001 0 .2 4 8 0 .087 0 .3 46

8 40 2 .1 48 0.251 -0 .0 4 6 0 .402

12 60 3 .896 0 .2 0 4 -0 .2 4 7 -0 .6 9 7

13 50 0 .746 0 .0 1 4 0 .069 0.297

13 90 1.427 0.12 0 .1 3 0 .434

14 30 0 .675 0 .0 6 4 0.091 0 .4 67

15 10 0 .623 -0.002 0 .0 14 0.258

16 30 1.173 0 .1 1 4 0.061 0.209

16 4 0 4 .6 77 0 .7 6 6 0 .122 0.501

16 50 4 .2 79 0 .6 9 7 0 .1 4 0.539

15 30 2 .5 48 0 .2 4 2 0 .014 0.202

15 50 3 .405 0 .4 9 3 0 .092 0.134

17 18 2 .1 18 0.321 0 .057 0.42

17 25 2 .453 0 .3 3 8 0 .066 0.55

21 50 1.303 0 .1 8 5 0 .1 4 0.571

22 71 1.986 0 .1 9 5 0.103 0.596

28 20 0 .526 -0 .018 -0 .0 0 4 0 .0 49

28 65 2 .8 45 0 .4 0 4 0 .074 0.139

33 10 0 .587 -0 .054 -0 .0 4 7 -0 .0 9 7

34 60 3.452 0 .5 0 8 0 .1 3 0 .3

35 80 2.242 0 .2 4 9 0 .063 0.16

36 80 1.056 0 .1 5 6 0 .232 0.585

42 70 2 .6 12 0 .3 3 6 0 .103 0.208

4 3 90 1.302 0.081 0 .0 77 0 .085
44 60 2.424 0 .3 4 7 0.066 0 .026

4 5 20 0.561 0 .0 8 8 0.044 0 .062

45 50 2 .0 93 0 .4 2 4 0.319 0 .652

4 6 10 1.274 0 .1 8 5 -0 .0 1 7 -0 .0 9

46 19 4 .4 33 0.81 0.061 0 .569
4 7 20 1.041 0 .1 1 6 -0 .0 0 7 -0 .0 1 9

48 4 0 1.821 0 .1 6 2 -0 .0 0 9 -0 .0 8 7

4 9 90 1.206 0 .0 6 2 0.043 0 .0 12

51 30 0.613 0 .0 3 5 -0 .0 2 -0 .0 0 3

60 4 0 1.013 0 .2 0 4 0 .069 0 .109
76 20 0.519 0 .0 2 7 -0 .0 0 3 0.026

77 7 0 1.084 0 .1 4 5 0.032 0 .0 49
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T a b l e  2 .  F l u o r e s c e n c e  p e a k  h e i g h t  ( V )  a n d  d e p t h  f r o m  s e a  s u r f a c e  a t  t i m e  o f  c a s t i n g ,  a n d  d e p t h  

i n t e g r a t e d  f l u o r e s c e n c e

Cruise 34

St.

Fluorescence 
Max (V)

Fluorescence 
Max Depth (m)

Depth 
Integrated 

Fluorescence
1 1.923 36.3 11.92
2 4.326 53.2 22.52
3 4.834 66.1 81.53
4 3.685 61.2 37.17
5 3.942 54.2 89.59
6 3.572 40.3 19.43
7 3.319 26.4 48.96
8 0.912 30.3 6.03
9 3.05 63.1 45.28
10 2.818 76.1 49.98
11 2.662 67.1 63.84
12 2.511 78.1 77.99
13 2.656 73.1 73.16
14 2.93 70.1 64.76
15 4.948 54.2 68.88
16 3.807 40.3 99.1
17 2.365 26.4 22.24
18 5.141 44.3 41.85
19 4.038 56.2 69.86
20 3.095 68.1 81.73
21 2.911 76.1 91.7
22 2.254 62.1 74.88
23 3.016 58.2 90.9
24 2.718 56.2 105.36
25 2.192 66.1 56.39
26 2.972 69.1 84.67
27 4.527 63.1 95.26
28 3.521 67.1 71.53
29 3.823 52.2 43.23
30 2.555 29.3 22.4
31 4.607 18.4 18.53
32 2.88 31.3 16.32
33 3.747 46.2 34.29
34 5.614 63.1 54.85
35 3.076 70.1 68.71
36 2.82 64.1 69.85
37 3.574 70.1 113.55
38 3.728 66.1 140.14
39 3.103 51.2 106.59
40 2.744 63.1 97.95
41 2.664 67.1 89.99
42 3.787 68.1 87.55
43 3.018 67.1 65.82
44 2.926 63.1 57.16
45 4.675 58.2 40.97
46 1.353 18.4 4.77
47 3.812 28.3 15.91
48 2.682 57.2 44.9
49 3.49 70.1 74.75
50 4.561 65.1 111.55
51 2.051 68.1 54.15
52 3.05 74.1 83.45
53 3.074 79 92.47
54 2.62 74.1 95.75
55 3.051 65.1 104.9
56 3.731 78 105.72
57 3.365 75.1 87.92
58 2.811 86 87.05
59 2.172 59.2 78.7
60 2.613 53.2 88.97
61 2.426 71.1 100.34
62
63 2.363 73.1 73.63
64 2.496 82.1 81.54
65 3.297 72.1 106.45
66 3.191 84.1 102.61
67 2.793 83.1 82.68
68 2.785 83.1 77.98
69 3.841 65.2 73.04
70 3.609 70.1 85.63
71 3.451 68.2 96.04
72 3.382 72.1 93.99
73 2.489 76.1 68.98
74 2.854 76.1 104.63
75 3.821 65.2 101.33
76 3.605 64.2 66.66
77 2.84 61.2 65.72
78 2.826 72.1 79.85
79 2.047 38.3 22.13

Cruise 41

St.

Fluorescenc 
e Max (V)

Fluorescenc 
e Max Depth 

(m)

Depth 
Integrated 

Fluorescenc 
e

1
2
3 5.261 34.3 143.176
4 4.098 61.2 80.706
5 2.748 47.2 74.28
6 3.842 33.3 59.192
7 3.216 25.4 55.181
8 2.062 40.3 23.236
9 2.786 62.1 52.564
10 3.148 70.1 84.299
11 2.956 63.1 84.903
12 4.58 60.2 135.712
13 2.534 81 74.679
14 2.433 63.1 72.773
15 3.913 45.2 93.785
16 4.876 51.2 101.443
17 2.277 26.4 19.794
18 2.856 46.2 24.477
19 2.815 67.1 87.547
20 2.409 71.1 66.424
21 2.397 64.1 88.854
22 1.828 76.1 64.925
23 2.212 72.1 75.089
24 3.583 73.1 107.355
25 2.01 63.1 60.285
26 2.585 60.2 115.737
27 2.978 67.1 76.184
28 4.399 65.1 80.121
29 2.945 54.2 26.19
30 1.912 33.3 13.248
31 2.95 19.4 13.347
32 2.204 31.3 16.726
33 2.494 50.2 17.246
34 2.602 71.1 49.722
35 2.14 79 69.137
36 1.895 71.1 63.241
37 2.154 68.1 101.741
38 3.148 74.1 140.798
39 2.429 82 77.189
40 2.139 85 69.546
41 2.421 67.1 92.186
42 2.86 70.1 98.637
43 2.278 61.2 87.654
44 2.165 75.1 57.67
45 1.949 64.1 39.928
46 3.612 19.4 17.944
47 2.057 26.4 13.422
48 2.076 63.1 51.621
49 2.021 73.1 65.49
50 2.144 65.1 69.181
51 1.933 70.1 71.897
52 2.466 58.2 85.581
53 2.554 63.1 82.115
54 2.051 52.2 70.654
55 1.885 70.1 57.948
56 2.257 56.2 77.982
57 1.791 54.2 84.283
58 1.925 70.1 87.369
59 1.367 50.2 46.09
60 1.447 52.2 66.22
61 1.433 81 70.442
62 1.979 66.1 57.235
63 1.854 55.2 50.772
64 1.86 56.2 53.421
65 2.195 66.1 58.629
66 2.047 62.1 53.229
67 1.435 62.1 37.653
68 1.184 73.1 40.166
69 1.444 41.3 52.767
70 0.857 51.2 35.842
71 0.985 55.2 33.734
72 1.476 53.2 48.569
73 1.442 69.1 47.775
74 1.235 47.2 40.046
75 1.486 50.2 54.243
76 2.011 62.1 50.627
77 1.293 64.1 31.035
78 1.566 66.1 48.643
79 2.283 50.2 30.905

- 1 5 9 -



S2/PP1 <ANOND>

F i g .  1  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  a ,  b  a n d  c  i n  w a t e r  s a m p l e s  c o l l e c t e d  d u r i n g  t h e  C r u i s e  4 1  

( t o p ,  C e n t e r ,  a n d  b o t t o m  p a n e l s )

- 1 6 0 -



S2/PP1 <ANOND>
F i g .  2  D e p t h  i n t e g r a t e d  f l u o r e s c e n s e  b i o m a s s  ( V )

- 1 6 1 -



S2/PP1 <ANOND>

F i g .  3  S u r f a c e  m i x e d  l a y e r  d e p t h  ( m )  f o r  C r u i s e  3 4  a n d  4 1

- 1 6 2 -



S2/PP1 <ANOND>
F i g .  4  S e a  s u r f a c e  ( 5 m )  t e m p e r a t u r e  f o r  t h e  C r u i s e  3 4  a n d  4 1

- 1 6 3 -



S2/PP1 <ANOND>

F i g .  5  R e l a t i o n s h i p s  b e t w e e n  i n t e g r a t e d  f l u o r e s c e n s e  b i o m a s s  w i t h  s u r f a c e  m i x e d  l a y e r  d e p t h  ( u p 

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

- 1 6 4 -


