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ABSTRACT 

Senior, W. and Chevolot, L., 1991. Studies of dissolved carbohydrates (or carbohydrate-like sub­
stances) in an estuarine environment. Mar. Chem., 32: 19-35. 

Variations in concentrations of dissolved sugars were studied along the salinity gradient of a small 
estuary (Elorn, Bay of Brest, France) from February 1985 to January 1986. Total dissolved carbo­
hydrate (TDCHO) and dissolved monosaccharides (MCHO) were measured by the methods of Bur­
ney and Sieburth and Johnson and Sieburth respectively. It must be noted that these methods cannot 
distinguish between carbohydrates and carbohydrate-like substances; consequently, these methods 
probably do not closely reflect biologically available pools of carbohydrates. In the river, TDCHO and 
MCHO values ranged from 230 to 970 /ig C 1"' and from 75 to 450 ngC\-^ respectively. In the 
estuary, TDCHO and MCHO were usually lower; they varied respectively from 20 to 570 /zg C 1~' 
and from 0 to 180/ig C1 '. In June, some TDCHO values were much higher, probably because some 
polysaccharide was produced at this time by phytoplankton excretion or lysis. 

The relationship between Cl%o and TDCHO was dependent on the seasons. TDCHO was conserv­
ative in autumn, winter and early spring. TDCHO and DOC concentrations were fairly well correlated 
during the same period. Similar results have been previously reported by various workers. MCHO 
and TDCHO concentrations were well correlated throughout this study except in June. From these 
results, it was concluded that most dissolved carbohydrates were linked to a conservative fraction of 
the organic matter in periods of low biological activity, whereas newly biosynthesised carbohydrates 
were responsible for non-conservative behaviour. 
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A l t h o u g h c a r b o h y d r a t e s a r e i m p o r t a n t c o n s t i t u e n t s o f D O M ( u s u a l l y 1 0 -
2 0 % ) , r e l a t i v e l y l i t t l e i s k n o w n a b o u t t h e m , e s p e c i a l l y i n e s t u a r i n e a n d c o a s t a l 
e c o s y s t e m s , m a i n l y b e c a u s e a n a l y t i c a l t e c h n i q u e s c a n n o t b e u s e d i n r o u t i n e 
w o r k . S o m e m e t h o d s h a v e b e e n u s e d t o d e t e r m i n e e i t h e r t h e t o t a l c a r b o h y ­
d r a t e c o n t e n t o r t h e m o n o m e r i c s u g a r c o m p o s i t i o n o f s e a w a t e r , b u t t h e s e 
m e t h o d s a r e d i f f i c u l t a n d t i m e c o n s u m i n g . ( F u r t h e r i n f o r m a t i o n i s g i v e n i n 
t h e f o l l o w i n g r e v i e w s : M o p p e r ( 1 9 8 0 ) , D a w s o n a n d L i e b e z e i t ( 1 9 8 1 a , b ) a n d 
L i e b e z e i t a n d D a w s o n ( 1 9 8 2 ) . ) 

S u g a r s , i n t h e t o t a l d i s s o l v e d c a r b o h y d r a t e ( T D C H O ) p o o l , a r e p r e s e n t as 
m o n o s a c c h a r i d e s ( M C H O ) o r p o l y s a c c h a r i d e s ( P C H O ) ; t h e l a t t e r s h o u l d b e 
d i v i d e d b e t w e e n b i o g e n i c p o l y s a c c h a r i d e s a n d c a r b o h y d r a t e s b o u n d t o h u m i c 
s u b s t a n c e s ( H S ) . H o w e v e r , i t i s n o t e a sy t o d i s t i n g u i s h b e t w e e n t h e s e l a s t 
f r a c t i o n s a n d t h e y a r e u s u a l l y m e a s u r e d t o g e t h e r as P C H O . 

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

( 1 ) T D C H O a n d M C H O c o n c e n t r a t i o n s v a r y , i n s e a w a t e r s a n d b r a c k i s h 
w a t e r s , f r o m 3 0 t o 1 3 0 0 / /g C 1 " ' a n d f r o m 2 t o 3 0 0 / i g C 1 " ' r e s p e c t i v e l y . A 
f e w h i g h e r v a l u e s h a v e a l s o b e e n r e p o r t e d ( S u m i t r a e t a l . , 1 9 7 2 ) . 

( 2 ) T h e M C H O f r a c t i o n u s u a l l y a c c o u n t s f o r a s i g n i f i c a n t p a r t o f T D C H O 
( B u r n e y a n d S i e b u r t h , 1 9 7 7 ; I t t e k k o t e t a l . , 1 9 8 1 ; S a k u g a w a a n d H a n d a , 
1 9 8 5 ) ; s o m e t i m e s f o r m o r e t h a n h a l f ( B u r n e y e t a l . , 1 9 7 9 ; H a r v e y , 1 9 8 3 ) . 

( 3 ) D i u r n a l fluctuations o f T D C H O m a y o c c u r i n p e r i o d s o f b i o l o g i c a l 
a c t i v i t y ( W a l s h , 1 9 6 5 ; B u r n e y e t a l . , 1 9 8 1 a , b ) ; H a r v e y , 1 9 8 3 ; E b e r l e i n e t a l . , 
1 9 8 3 ) , b u t t h e M C H O c o n c e n t r a t i o n s a r e f a i r l y c o n s t a n t o v e r a 2 4 - h p e r i o d 
( B u r n e y e t a l . , 1 9 8 1 a , b ; B u r n e y , 1 9 8 6 a ) . 

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

W e r e p o r t h e r e r e s u l t s o b t a i n e d f r o m a s t u d y p e r f o r m e d i n a s m a l l e s t u a r y 
l o c a t e d i n B r i t t a n y ( E l o m E s t u a r y , B a y o f B r e s t , F r a n c e ; see F i g . 1 . ) . S o m e 
p r e l i m i n a r y r e s u l t s h a v e b e e n p u b l i s h e d e l s e w h e r e ( S e n i o r e t a l . , 1 9 8 7 ) . T o 
o u r k n o w l e d g e , t h i s i s o n e o f t h e f e w s t u d i e s p e r f o r m e d o v e r s u c h a l o n g p e ­
r i o d o f t i m e i n t h e s a m e a r e a . S e a s o n a l v a r i a t i o n s a n d o r i g i n s a r e s t u d i e d ; t h e 
n a t u r e o f d i s s o l v e d c a r b o h y d r a t e s i s d i s c u s s e d i n t h e l i g h t o f p r e s e n t a n d p u b ­
l i s h e d d a t a . 

METHODS AND M A T E R I A L 

Study area ,, 

F i g u r e 1 s h o w s t h e E l o m E s t u a r y ( B r i t t a n y , F r a n c e ) a n d t h e l o c a t i o n o f 
t h e s e v e n s a m p h n g s i t e s . S i t e s E i a n d E j a r e l o w - s a l i n i t y s i t e s , a n d t h e y a r e 

https://www.researchgate.net/publication/226056059_Diel_flux_of_dissolved_carbohydrate_in_a_salt_marsh_and_a_simulated_estuarine_ecosystem?el=1_x_8&enrichId=rgreq-2383152d-190c-4591-bd6a-54e535efee69&enrichSource=Y292ZXJQYWdlOzI3NzMwNDU5MDtBUzoyMzM4MjE3NDAyMDQwMzJAMTQzMjc1ODg1NTg5Mg==
https://www.researchgate.net/publication/248287473_Dissolved_carbohydrates_in_the_new_york_bight_and_the_variability_of_marine_organic_matter?el=1_x_8&enrichId=rgreq-2383152d-190c-4591-bd6a-54e535efee69&enrichSource=Y292ZXJQYWdlOzI3NzMwNDU5MDtBUzoyMzM4MjE3NDAyMDQwMzJAMTQzMjc1ODg1NTg5Mg==
https://www.researchgate.net/publication/237647513_Studies_on_dissolved_carbohydrate_in_Cape_Cod_waters_II_Diurnal_fluctuation_in_Oyster_Pond?el=1_x_8&enrichId=rgreq-2383152d-190c-4591-bd6a-54e535efee69&enrichSource=Y292ZXJQYWdlOzI3NzMwNDU5MDtBUzoyMzM4MjE3NDAyMDQwMzJAMTQzMjc1ODg1NTg5Mg==
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Fig. 1. Location of sampling sites in the Elorn Estuary. 

c o n s i d e r e d t o b e l o c a t e d i n t h e r i v e r . E l o m i s a 1 2 - k m - l o n g e s t u a r y . T h e d e p t h 
r a n g e s f r o m 3 .5 m a t L a n d e m e a u t o 1 2 . 5 m a t A l b e r t L o u p p e b r i d g e . 

D u r i n g t h i s s t u d y , t h e flow o f t h e r i v e r v a r i e d b e t w e e n 1.3 a n d 18 m ^ s " ' . 
A d e t a i l e d r e c o r d h a s b e e n p u b l i s h e d e a r l i e r ( N o u r e d d i n e t a l . , 1 9 8 7 ) , t o ­
g e t h e r w i t h t h e r a i n f a l l r e c o r d . T h i s e s t u a r y i s s t r o n g l y i n f l u e n c e d b y t i d e p a t -
t e m s ; t h e r e n e w a l t i m e o f t h e w a t e r i s b e t w e e n 2 a n d 4 d a y s ( L ' Y a v a n c , 1 9 8 4 ) . 
L a n d e r n e a u ( s ee F i g . 1 ) i s a m e d i u m - s i z e d c i t y o f 2 0 0 0 0 i n h a b i t a n t s . T w o 
s e w e r s d i s c h a r g e L a n d e r n e a u ' s w a s t e - w a t e r , a f t e r c l e a n i n g b y a s e w a g e - t r e a t ­
m e n t s y s t e m , s l i g h t l y d o w n s t r e a m f r o m s i t e E2 ( m e a n a c c u m u l a t e d flux: 5 0 0 0 
m ^ d a y " ' , m e a n D O C v a l u e 2 0 m g C 1 " ' ) . I n t h e s a m e a r e a ( b e t w e e n s i t e s E2 
a n d E 3 ) t h e r e i s a l s o a s e a w e e d - p r o c e s s i n g f a c t o r y w h i c h e x t r a c t s a l g i n a t e f r o m 
b r o w n s e a w e e d s ( 3 0 0 0 0 t y e a r " ' ) . W a s t e - w a t e r f r o m t h i s f a c t o r y i s d i s ­
c h a r g e d i n t o t h e e s t u a r y i n a n e r r a t i c m a n n e r . S i t e E3 i s a b o u t 3 k m d o w n ­
s t r e a m f r o m t h i s p l a n t . I n a d d i t i o n , u p s t r e a m f r o m s i t e E j , t h e r e i s a l s o a 
m i l k - p r o c e s s i n g f a c t o r y , b u t i t s w a s t e - w a t e r i s t r e a t e d . L a s t l y , a t d o w n s t r e a m 
s i t e s Eg a n d E7, s o m e o r g a n i c m a t t e r m a y c o m e f r o m t h e m a i n s e w e r t h a t 
c o l l e c t s B r e s t w a s t e - w a t e r w h i c h i s d i s c h a r g e d ( a f t e r t r e a t m e n t ) c l o s e t o 
M o u l i n B l a n c B a y ( s ee F i g . 1 ) . 

Sampling -' 

W a t e r s a m p l e s w e r e c o l l e c t e d f r o m F e b r u a r y 1 1 , 1 9 8 5 , t o J a n u a r y 8, 1 9 8 6 
( s ee T a b l e 1 ) . S a m p l e s w e r e c o l l e c t e d d u r i n g t h e 2 - 3 - h p e r i o d a r o u n d h i g h 
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w a t e r ; t i d e c o e f f i c i e n t s w e r e i n t h e r a n g e o f 7 0 - 8 0 e x c e p t o n M a r c h 11 ( 9 8 ) . 
I t w a s n o t p o s s i b l e , f o r e a c h c r u i s e , t o s a m p l e d u r i n g t h e s a m e p e r i o d o f t h e 
d a y . 

T h e s a m p l e s c a n a l s o b e g r o u p e d a c c o r d i n g t o t h e s e a s o n i n w h i c h t h e y w e r e 
c o l l e c t e d : s p r i n g ( M a r c h 1 1 - J u n e 7 ) o r e a r l y s p r i n g ( M a r c h 1 1 - A p r i l 2 4 ) , 
s u m m e r ( J u l y a n d S e p t e m b e r ) a n d a u t u m n - w i n t e r ( F e b r u a r y 1 9 8 5 a n d O c ­
t o b e r 1 1 - J a n u a r y 8 , 1 9 8 6 ) . 

A t s t a t i o n s E3-E7, w a t e r s a m p l i n g w a s c a r r i e d o u t u s i n g a n e l e c t r i c a l p u m p 
( L e n z e D i s c o v e r t e l l G e t r i e b e T y p e 1 1 6 0 2 , F . R . G . ) . T h i s p u m p i s a p e r i s t a l t i c 
p u m p w i t h a s y n t h e t i c p o l y m e r t u b e ; c o n s e q u e n t l y , t h e r e i s n o c o n t a c t b e ­
t w e e n m e c h a n i c a l p a r t s a n d w a t e r , a n d n o p o s s i b i l i t y o f c o n t a m i n a t i o n b y 
b i o g e n i c m o l e c u l e s ; D O C m e a s u r e m e n t s h a v e a l s o s h o w n t h a t t h e r e i s n o s i g ­
n i f i c a n t i n c r e a s e o f D O C . A t s t a t i o n s E i a n d E2, a c l e a n g lass b o t t l e w a s u s e d . 
A l l s a m p l e s w e r e t a k e n j u s t b e l o w t h e s u r f a c e a n d w e r e filtered i m m e d i a t e l y 
t h r o u g h a 1 0 0 - / i m s c r e e n . T h e y w e r e k e p t f o r s e v e r a l h o u r s a t 5°C b e f o r e 
b e i n g filtered t h r o u g h a G F / C p r e c o m b u s t e d (450°C, 4 h ) glass f i b e r fiher. 
F o r t h e f e w h o u r s ( 3 - 4 h ) b e t w e e n c o l l e c t i o n a n d p r o c e s s i n g , s o m e b a c t e r i a l 
d e g r a d a t i o n c o u l d n o t b e a v o i d e d , b u t f r o m t h e d a t a p u b l i s h e d b y B u r n e y 
( 1 9 8 6 a , b ) , w e c a n e s t i m a t e ( i n s u m m e r a n d i n d a r k ) t h a t t h e T D C H O deg ­
r a d a t i o n r a t e i s u s u a l l y less t h a n 10 / /g C 1 ~ ' h ~ ' . O c h i a i e t a l . ( 1 9 8 0 ) a n d 
O c h i a i a n d N a k a j i m a ( 1 9 8 5 ) g a v e s i m i l a r o r l o w e r d e c o m p o s i t i o n r a t e s i n 
f r e s h w a t e r . A t 5°C, t h e l o s s i s p r o b a b l y less . E r r o r i n t r o d u c e d b y k e e p i n g t h e 
w a t e r f o r a f e w h o u r s d i d e x i s t , b u t w a s o f t h e s a m e m a g n i t u d e as t h e e x p e r i ­
m e n t a l a n a l y t i c a l e r r o r ( s ee a n a l y t i c a l m e t h o d s ) . F o r M C H O , b a c t e r i a l u t i ­
l i z a t i o n ( f o r t h e s a m e p e r i o d ) w a s p r o b a b l y s i g n i f i c a n t . O n t h e o t h e r h a n d , 
filtering w i t h G F / C o n l y p a r t i a l l y r e m o v e d b a c t e r i a . C o n s e q u e n t l y , s o m e ca r ­
b o h y d r a t e s c o u n t e d as T D C H O w e r e i n d e e d b a c t e r i a l p a r t i c u l a t e c a r b o h y ­
d r a t e s , b u t p r o b a b l y o n l y t o a s l i g h t e x t e n t , b e c a u s e w e a l s o a n a l y s e d 3 6 s a m ­
p l e s b y H P L C a n d f o u n d b a c t e r i a l s u g a r s ( r h a m n o s e , f u c o s e , r i b o s e ) o n l y a t 
l o w p e r c e n t a g e s ( S e n i o r , 1 9 8 6 ) . F i l t r a t e s w e r e t h e n k e p t i n g lass b o t t l e s a f t e r 
a d d i t i o n o f 1 m l 1 ~ ' o f a s a t u r a t e d HgCl2 s o l u t i o n . A l l g l a s s w a r e u s e d t h r o u g h ­
o u t t h e a n a l y s i s w a s p r e c o m b u s t e d (450°C, o v e r n i g h t ) . 

Analytical methods 

A n a l y s e s o f D O C w e r e c a r r i e d o u t o n a D o h r m a n n D C 8 0 a n a l y s e r w h i c h 
p e r f o r m s p h o t o - o x i d a t i o n o f s a m p l e s i n t h e p r e s e n c e o f p e r s u l f a t e . R e s u l t s 
a r e e x p r e s s e d i n m g C 1 " C h l o r i n i t y w a s m e a s u r e d b y t h e K n u d s e n m e t h o d 
a c c o r d i n g t o t h e p r o c e d u r e d e s c r i b e d b y A m i n o t ( 1 9 8 3 ) . C h l o r o p h y l l a a n d 
p h a e o p h y t i n a w e r e d e t e r m i n e d fluorometrically u s i n g a T u r n e r I I I fluoro-
m e t e r , a c c o r d i n g t o L o r e n z e n ( 1 9 6 7 ) , a f t e r e x t r a c t i o n f r o m t h e filters b y a n 
a c e t o n e - w a t e r m i x t u r e ( 9 0 : 1 0 , v / v ) . H o w e v e r , w e s h o u l d p o i n t o u t t h a t r e -
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s u i t s o b t a i n e d b y t h i s m e t h o d m a y n o t b e a c c u r a t e f o r e s t u a r i n e e n v i r o n m e n t s 
( M a n t o u r a a n d L l e w e l l y n , 1 9 8 3 ) . 

F o r d i s s o l v e d m o n o s a c c h a r i d e s ( M C H O ) , t h e m e t h o d o f J o h n s o n a n d S i e ­
b u r t h ( 1 9 7 7 ) w a s u s e d , f o l l o w i n g t h e p r o c e d u r e g i v e n b y D a w s o n a n d L i e ­
b e z e i t ( 1 9 8 1 a , b ) . M a n n i t o l a n d g l u c o s e w e r e u s e d as s t a n d a r d s . M o l a r c o n ­
c e n t r a t i o n s w e r e c a l c u l a t e d f r o m t h e c o n t r o l c o r r e c t e d m e a n a b s o r b a n c e d a t a 
u s i n g t h e ( g l u c o s e - f - m a n n i t o l ) / 2 r e g r e s s i o n l i n e . R e s u l t s a r e e x p r e s s e d i n jug 
C 1 " ' o f g l u c o s e e q u i v a l e n t . I n o u r h a n d s , t h e p r e c i s i o n o f t h i s m e t h o d w a s 
n o t as h i g h as s t a t e d b y D a w s o n a n d L i e b e z e i t ( 1 9 8 1 b ) . M e a s u r e s w e r e m a d e 
i n t r i p l i c a t e ( t h r e e a l i q u o t s f r o m t h e s a m e s a m p l e b o t t l e ) ; s t a n d a r d d e v i a t i o n 
v a r i e d f r o m 10 t o 3 0 / i g C 1 " ' d e p e n d i n g o n t h e s a m p l e . O b v i o u s l y , t h i s m e t h o d 
c a n n o t d i s t i n g u i s h b e t w e e n t r u e m o n o s a c c h a r i d e s a n d a n y s u b s t a n c e s w h i c h 
possess a t e r m i n a l g l y c o l f u n c t i o n ( C H O H - C H j O H ) . S u c h a f u n c t i o n i s e x ­
p e c t e d t o b e p r e s e n t i n h u m i c s u b s t a n c e s ( H S ) , a n d c o n s e q u e n t l y , i n t e r f e r ­
e n c e w i t h t h e m c a n n o t b e a v o i d e d . 

F o r t o t a l d i s s o l v e d c a r b o h y d r a t e s ( T D C H O ) , t h e m e t h o d o f B u r n e y a n d 
S i e b u r t h ( 1 9 7 7 ) w a s u s e d . H o w e v e r , t h e c o n d i t i o n s o f h y d r o l y s i s w e r e d i f f e r ­
e n t ( I t t e k k o t , 1 9 8 2 ) : 5 - m l s e a w a t e r s a m p l e s w i t h 1 m l o f H C l ( 3 0 % ) w e r e 
h y d r o l y s e d a t 100°C f o r 3 .5 h . A f t e r c o o l i n g , t h e a c i d w a s n e u t r a l i z e d w i t h 
c o n c e n t r a t e d N a O H ( ~ 1 m l ) . p H w a s c h e c k e d w i t h p H p a p e r s . C o n c e n t r a ­
t i o n s w e r e c o r r e c t e d f o r d i l u t i o n s . A s f o r M C H O , H S i n t e r f e r e n c e o c c u r s . 
H o w e v e r , a g o o d c o r r e l a t i o n ( r = 0 . 9 7 , « = 3 6 ; s l o p e = 1 . 1 ) w a s o b t a i n e d b e ­
t w e e n t h e s u m o f i n d i v i d u a l s u g a r s m e a s u r e d b y H P L C ( s e e a b o v e ; S e n i o r , 
1 9 8 6 ) a n d t h e r e s u l t g i v e n b y t h e M B T H m e t h o d . 

T h e c o n c e n t r a t i o n o f d i s s o l v e d p o l y s a c c h a r i d e s ( P C H O ) i s t h e d i f f e r e n c e 
b e t w e e n t h e c o n c e n t r a t i o n i n T D C H O a n d t h e c o n c e n t r a t i o n i n M C H O 
( B u r n e y a n d S i e b u r t h , 1 9 7 7 ) . 

R E S U L T S AND DISCUSSION 

T a b l e s 1 a n d 2 l i s t r e s p e c t i v e l y t h e T D C H O a n d M C H O c o n c e n t r a t i o n s a t 
e a c h s i t e d u r i n g t h e f ) e r i o d s t u d i e d . T h e T D C H O c o n c e n t r a t i o n s w e r e v a r i ­
able in the river a n d r a n g e d f r o m 2 3 0 t o 9 7 0 / i C 1 " ' . T h i s v a r i a b i l i t y c o u l d 
b e c a n s e d by some material b e i n g b r o u g h t b y t i d a l c u r r e n t s ( s a m p l i n g w a s 
f i f c a i J I f y ^ f c • 111 I ) from L a n d e r n e a u ' s s e w e r s o r f r o m t h e s e a w e e d f a c -
t o i v . l B p H l i c B f a r . 1 1 i c 9 7 0 / « C I ~ ' value (100/^C 1~' m o r e t h a n t h e s e c o n d -
b l ^ E H v a l a e l wm drmnmjittj h i g h , because t h e t i d e c o e f f i c i e n t ( 9 8 ) w a s 
s i g B f l i c a M l f h i g h e r O B Aisdqrtlian n s o a l . C o n s e q u e n t l y , t h i s v a l u e w a s n o t 
i n d n d e d im t k e akaiatkms. For the r e m a i n i n g o v e r a l l m e a s u r e m e n t s , t h e 
m e a n value was 5 6 0 « C l ~ ' . In autumn-\*inter. t h e a v e r a g e c o n c e n t r a t i o n 
i n t h e r i v e r was higher ( 6 7 5 , u g C l ~ ' ) t h a n i n e a r l y s p r i n g ( 4 2 0 / z g C 1 " ' ) . A t 
d o w n s t r e a m s t a t i o n s , t h e T D C H O c o n c e n t r a t i o n s w e r e u s u a l l y l o w e r ( 2 0 -
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TABLE 1 

TDCHO concentrations (//g C 1 '̂) in the Elorn Estuary 

Date (1985) Site 

E, E2 E 3 E 4 E 5 E6 Ev 

February 11 860 530 350 340 140 40 20 
March 11 970* 440 145 180 155 150 125 
April 3 320 430 310 265 220 240 290 
April 17 495 750 230 205 280 255 245 
April 24 265 265 210 105 165 145 140 
June 7 795 785 620 755 470 1080 395 
July 1 550 480 325 185 270 265 165 
September 20 305 230 395 385 320 195 205 
October 11 765 755 330 295 295 305 215 
November 25 545 835 120 115 145 90 100 
December 9 700 715 400 315 295 265 245 
January 8 (1986) 500 545 570 325 315 250 240 

*This abnormally high value has been discarded. 

TABLE 2 

MCHO concentrations (/̂ g C 1" ') in the Elom Estuary 

Date Site 

E, E 3 E 4 E 5 E6 E 7 

February 11 290 200 110 130 0 0 0 
March 11 390 180 70 60 55 90 40 
April 3 245 225 180 165 115 135 170 
April 17 450 400 95 80 80 105 75 
April 24 165 185 170 100 150 90 95 
June 7 105 165 90 75 75 430 130 
July 1 325 305 120 60 105 110 35 
September 20 105 75 145 100 115 80 90 
October 11 325 335 125 105 110 70 65 
November 25 260 385 45 30 35 35 10 
December 9 285 305 125 130 100 55 65 
January 8 185 230 130 95 75 55 40 

5 7 0 jUg C 1 ~ ' ) , w i t h s o m e n o t a b l e e x c e p t i o n s i n J u n e ( 1 0 8 0 / / g C 1 " ' a t s t a t i o n 
E g , f o r i n s t a n c e ) . T h e M C H O v a l u e s w e r e l o w e r ; t h e y r a n g e d f r o m 7 5 t o 4 5 0 
/ i g C 1 ~ ' i n t h e r i v e r a n d f r o m 0 t o 1 8 0 /zg C 1 " ' a t m o r e d o w n s t r e a m s t a t i o n s . 

Relationship between chlorinity and TDCHO 

T D C H O c o n c e n t r a t i o n s s h o w e d a r e l a t i v e l y p o o r b u t s i g n i f i c a n t r e l a t i o n ­
s h i p w i t h c h l o r i n i t y ( r = 0 . 5 8 ; « = 8 3 ; / ' < 0 . 0 0 1 ) f o r t h e o v e r a l l m e a s u r e -
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m e n t s . I f t h e v a l u e s m e a s u r e d i n J u n e , J u l y a n d S e p t e m b e r a r e n o t t a k e n i n t o 
a c c o u n t , a b e t t e r r e l a t i o n s h i p i s o b t a i n e d ( s ee F i g . 2 a ) . 

I f t h e d a t a a r e s p l i t i n t o e a r l y s p r i n g v a l u e s ( M a r c h 1 1 - A p r i l 2 4 ) a n d a u ­
t u m n - w i n t e r v a l u e s , t w o d i f f e r e n t r e g r e s s i o n l i n e s a r e o b t a i n e d ( s ee F i g . 2 ) . 
F o r t h i s l a s t p e r i o d , t h e y - i n t e r c e p t a n d s l o p e a r e h i g h e r , p r o b a b l y b e c a u s e t h e 
T D C H O i n p u t f r o m t h e r i v e r w a s m o r e i m p o r t a n t a t t h i s t i m e , w h e n t e r r e s ­
t r i a l p l a n t s w e r e d e c a y i n g a n d w h e n t h e l a n d w a s m o r e e f f i c i e n t l y d r a i n e d . I t 
i s w o r t h p o i n t i n g o u t t h a t , w i t h o u t t h e r i v e r m e a s u r e m e n t s , w e o b t a i n e d s i m ­
i l a r r e g r e s s i o n l i n e s i n e a r l y s p r i n g ( r = 0 . 7 9 ; « = 2 0 ; P<0.001; 
[ T D C H O ] = - 1 3 . 5 (±2 .5) [ C l % o ] + 3 9 0 ( ± 4 0 ) ) as w e l l as i n a u t u m n -

w i n t e r ( r = 0 . 5 9 ; « = 2 5 ; P<0.01; [ T D C H O ] = - 2 3 (±6.5) [ C l % o ] - I - 6 0 0 
( ± 1 0 0 ) ) . F o r b o t h p e r i o d s , y - i n t e r c e p t s ( 3 9 0 a n d 6 0 0 /zg C 1 " ' ) a r e accep t ­
a b l y c l o s e t o t h e T D C H O m e a n v a l u e s i n t h e r i v e r ( 4 2 0 a n d 6 7 5 /zg C 1 " s e e 
a b o v e ) . T h i s r e s u l t sugges ts t h a t t h e T D C H O c o n c e n t r a t i o n w a s w i d e l y v a r i ­
a b l e i n t h e r i v e r o n a s h o r t t i m e - s c a l e , b u t t h e T D C H O f l u x i n t r o d u c e d i n t o 
t h e e s t u a r y b y t h e r i v e r w a s m o r e s t a b l e . T h e s e d a t a a l s o suggest t h a t m o s t o f 
t h e T D C H O w a s c o m i n g f r o m t h e r i v e r a n d w a s c o n s e r v a t i v e i n a u t u m n -
w i n t e r a n d e a r l y s p r i n g i n t h i s e s t u a r y a n d f o r t h i s s t u d y . T o o u r k n o w l e d g e , 
t h i s i s t h e f i r s t t i m e t h a t s u c h b e h a v i o u r o f d i s s o l v e d c a r b o h y d r a t e s h a s b e e n 
e s t a b l i s h e d . T h i s r e s u l t i s r a t h e r s u r p r i s i n g , b e c a u s e a p r i o r i , c a r b o h y d r a t e s 
s h o u l d b e a d y n a m i c p a r t o f t h e D O M a n d s h o u l d n o t b e c o n s e r v a t i v e . 

D u r i n g t h e p e r i o d o f h i g h e r b i o l o g i c a l a c t i v i t y ( J u n e - S e p t e m b e r ) , t h e 
T D C H O v s . C l % o r e l a t i o n s h i p d i s a p p e a r e d , p r o b a b l y b e c a u s e o f s o m e i n s i t u 
p r o d u c t i o n , e s p e c i a l l y i n J u n e ( m o s t o f t h e p o i n t s a r e a b o v e t h e r e g r e s s i o n 
l i o e ; see F i g . 2 a ) . S u r p r i s i n g l y , d u r i n g t h e e a r l y s p r i n g ( M a r c h 1 1 - A p r i l 2 4 ) , 
t h e T D C H O v s . C l % o r e l a t i o n s h i p w a s f a i r l y s t r o n g ( r = 0 . 7 7 ; « = 2 7 ) , a l ­
t h o u g h t h e r e w a s s o m e e v i d e n c e o f b i o l o g i c a l a c t i v i t y i n t h e e s t u a r y ( h i g h 
c o n c e n t r a t i o n s i n c h l o r o p h y l l a n d p h a e o p h y t i n o n M a r c h 11 a n d A p r i l 3 , f o r 
i n s t a n c e ) . E i t h e r t h e p h y t o p l a n k t o n i c spec ies o f t h e s p r i n g b l o o m d i d n o t e x ­
c r e t e a n y c a r b o h y d r a t e s , o r t h e e x c r e t e d c a r b o h y d r a t e s w e r e v e r y q u i c k l y u s e d 
a n d d i d n o t b u i l d u p a n y s i g n i f i c a n t a m o u n t o f T D C H O . 

Relationship between TDCHO and phaeophytin 

Dwnngtbc period of b i o l o g i c a l a c t i v i t y ( J u n e - S e p t e m b e r ) , t h e r e w a s a s i g -
• i C f j i jffatinmdiip (r=0 .76. c a l c u l a t e d w i t h o u t t h e a b n o r m a l l y h i g h p h a e o -
p k v t i B v a l a e (10.3 /Jig \~ ) of J u l y 1 a t s t a t i o n E , ) b e t w e e n T D C H O a n d 
p h a c o p k v t i B (see Fig. 3). B u r n e y e t a l . ( 1 9 8 1 a ) a l s o n o t e d a c o r r e l a t i o n b e ­
tween TDCHO and phaeopigmem f l u c t u a t i o n s i n a s t u d y o f d i e l v a r i a t i o n s 
of TDCHO in a emulated e s t u a r i n e e c o s y s t e m . S i m i l a r l y , I t t e k k o t e t a l . 
(1981) m e a s u r e d m a x i m u m d i s s o l v e d c o m b i n e d c a r b o h y d r a t e c o n c e n t r a ­
t i o n s t o w a r d s t h e e n d o f a b l o o m i n t h e N o r t h Sea . A c c o r d i n g t o t h e s e w o r k ­
e r s , n u t r i e n t h m i t a t i o n l e a d s t o t h e r e l e a s e o f l a r g e a m o u n t s o f c a r b o h y d r a t e s . 
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Fig. 2. The inverse relationship of T D C H O to Cl%o. (a) For the overall measurements, the 
regression line was [TDCHO] = - 1 8 ( ± 3 ) [Cl%o]-l-560 ( ± 180) (/-=0.58; « = 83; P<0.001), 
but that shown here was calculated without the June-July-September values ( + ): 
[TDCHO] = - 2 2 ( ± 2 ) [Cl%o] + 560 ( ± 1 3 0 ) (r=0.77; « = 62;/'<0.001). (b) In spring, the 
regression line was [TDCHO] = - 1 5 ( ± 2 . 5 ) [Cl%o]+420 ( ± 9 0 ) (r=0.77; « = 27; P<0.001). 
(c) in autumn-winter, the regression line was [TDCHO] = - 2 7 ( ± 2 . 5 ) [Cl%o]+680 ( ± 1 1 5 ) 
(r=0.87:/7 = 35;P<0.00I). 

U s u a l l y , d u r i n g a p h y t o p l a n k t o n b l o o m , a c c u m u l a t i o n o f d i s s o l v e d c a r b o h y ­
drates is a t a m a x i m u m i n t h e s t a t i o n a r y p h a s e ( M y k l e s t a d t , 1 9 7 7 ; B r o c k -
mann e t a l . , 1 9 7 9 ) . I n d e e d , i n F i g . 2 a , i t i s o b v i o u s t h a t l a r g e e x c r e t i o n s o f 
c a r b o h y d r a t e s o c c u r r e d i n t h e b a y i n s u m m e r w h e n n u t r i e n t s w e r e d e p l e t e d . 
For i n s t a n c e , n i t r a t e f e l l f r o m 2 0 / z M 1 ~ ' i n A p r i l t o 4 1 " ' i n J u n e a n d 
0 ^ r ' i n J u l y a t s t a t i o n E 7 ( S e n i o r , 1 9 8 6 ) . C o n s e q u e n t l y , d u r i n g t h i s pe ­
riod, T E K T H O w e r e n o t o n l y f o r m e d b y r e f r a c t o r y c a r b o h y d r a t e s c o m i n g f r o m 
I k e river, but a l s o b y n e w l y b i o s y n t h e s i s e d s u g a r s r e l e a s e d b y s e n e s c e n t a l g a l 
o e f e o r produced b y z o o p l a n k t o n e x c r e t i o n ( B u r n e y e t a l . , 1 9 8 1 a ) . 

ti§mmiM}\ dissolved carbohydrates (TDCHO or MCHO) and DOC 

The TDCHO D O C r e l a t i o n s h i p c a l c u l a t e d f o r t h e o v e r a l l p o i n t s w a s 
«cak md I k e regression l i n e a b e r r a n t ( see F i g . 4 a ) . H o w e v e r , i f t h e J u n e -
J u K — S c p l c B b e r v a h i e s . t o g e t h e r w i t h t h r e e a d d i t i o n a l a b n o r m a l l y h i g h D O C 
values (statkm Ej of Febriiar> 1 1 . s t a t i o n s E2 o f D e c e m b e r 9 ; s t a t i o n E7 o f 
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Fig. 3. The direct relationship between T D C H O and phaeophytin in June-July-September. The 
value for July 1 at site E , ( • ) is not included in the calculation of the regression line: 
[TDCHO ] = 140 ( ± 3 0 ) [Phaeo]+90 ( ± 170) (/•=0.76; « = 20;/'<0.001). 

A p r i l 3 ) , a r e d i s c a r d e d , a m u c h b e t t e r r e l a t i o n s h i p i s o b t a i n e d ( s e e F i g . 4 a ) . 
V e r y s i m i l a r r e s u l t s h a v e b e e n f o u n d f o r M C H O . A m o d e r a t e l y g o o d c o r r e l a ­
t i o n b e t w e e n M C H O a n d D O C m a y b e c a l c u l a t e d f o r t h e o v e r a l l m e a s u r e ­
m e n t s ( r = 0 . 3 5 ; « = 8 4 ; P < 0 . 0 1 ) . T h e c o r r e l a t i o n c o e f f i c i e n t i s b e t t e r i f t h e 
s a m e v a l u e s as b e f o r e a r e d i s c a r d e d ( a - = 0 . 6 1 ; « = 6 0 ; P < 0 . 0 0 1 ) . T h e c o r r e ­
l a t i o n b e c o m e s e x c e l l e n t i n a u t u m n - w i n t e r , w i t h t h e e x c l u s i o n o f t h e c o r r e ­
s p o n d i n g a b n o r m a l l y h i g h D O C v a l u e s ( r = 0 . 8 9 ; « = 3 3 ; / ' < 0 . 0 0 1 , see F i g . 
4 b ) . C o n s e q u e n t l y , i n t h e p e r i o d o f l o w b i o l o g i c a l a c t i v i t y , d i s s o l v e d c a r b o ­
h y d r a t e s ( T D C H O o r M C H O ) a n d D O C w e r e c o r r e l a t e d , a n d c o n s e q u e n t l y 
h a d s i m i l a r o r i g i n s a n d e v o l u t i o n s . A s t h e b u l k o f t h e D O M i s k n o w n t o b e 

Fig. 4. The direct relationship between dissolved carbohydrates and DOC. (a) T D C H O vs. 
DOC relationship: the broken regression line ( [ T D C H O ] = 38.5 ( ± 12) [DOC] +230 ( ± 2 1 0 ) ; 
/•=0.33; « = 83; P<0.01) was calculated from overall points. The solid regression line 
( [ T D C H O ] = 126 ( ± 1 3 ) [ D O C ] - 1 0 ( ± 120); r=0.79; « = 59; i '< 0.001) was calculated 
without the June values ( + ) the July-September values ( O ) and three additional high DOC 
values ( A ) , (b) MCHO vs. DOC relationship: the regression line ( [ M C H O ] = 6 1 ( ± 6 ) 
[DOC] - 5 5 ( ± 5 0 ) ; r=0.89; « = 33; P<0.00\ was calculated from only the autumn-winter 
measurements ( • ) . • : Winter measurements not included in calculation of the regression; +: 
early spring measurements; A: June measurements; O- July-September measurements. 



D I S S O L V E D C A R B O H Y D R A T E S I N E S T U A R I N E E N V I R O N M E N T S 

D O C ( i n m g C / 1 ) 

a — = - ^ ^ 1 1 r " 1 i 1 1 
1 3 5 7 9 1 

DOC (in mgCA) 



refractory. this resuh imphes t h a t d i s s o l v e d carbohydrates should be r e f r a c -
tor\. However, we h a v e t o r e c o g n i z e t h a t s o m e usable dissolved c a r b o ­
h y d r a t e m a y be l o s t , e s p e c i a l l y f o r t h e p e r i o d p r e c e d i n g fixation ( see M e t h o d s 
a n d M a t e r i a l s e c t i o n ) . F o r T D C H O , t h e p r o b a b l e losses ( 1 5 - 3 0 / i g C 1 " ' ) 
w e r e l o w r e l a t i v e t o T D C H O c o n c e n t r a t i o n s ( o n l y t w o v a l u e s u n d e r 1 0 0 //g 
C I " ' ) , a n d c o n s e q u e n t l y d i d n o t i n v a l i d a t e o u r r e s u l t . F o r M C H O , c o n c e n ­
t r a t i o n s w e r e l o w e r a n d m o n o s a c c h a r i d e s w e r e u s e d m o r e r a p i d l y ( O c h i a i 
a n d N a k a j i m a ( 1 9 8 5 ) m e a s u r e d a g l u c o s e d e g r a d a t i o n r a t e o f 14 / /g C 1 " ' 
h ~ ' ) ) ; c o n s e q u e n t l y , t h e M C H O v s . D O C c o r r e l a t i o n i s b e t t e r t h a n i t s h o u l d 
be . I t i s s t i l l t r u e t h a t , i n a u t u m n - w i n t e r , a s i g n i f i c a n t p a r t o f t h e M C H O 
f r a c t i o n ( m e a s u r e d b y t h e M B T H m e t h o d ) w a s n o t m a d e u p o f u s a b l e 
m o n o s a c c h a r i d e s . 

W h e n t h e b i o l o g i c a l a c t i v i t y i s h i g h , t h i s c o r r e l a t i o n i s n o l o n g e r o b s e r v e d . 
F o r i n s t a n c e , i n J u l y a n d S e p t e m b e r , m o s t p o i n t s a r e u n d e r t h e r e g r e s s i o n 
l i n e s ( s ee F i g . 4 a , b ) , b e c a u s e a t t h i s t i m e , c o n c e n t r a t i o n s o f D O C w e r e v e r y 
h i g h , b u t t h o s e o f M C H O o r T D C H O w e r e n o t . O n t h e c o n t r a r y , i n J u n e , 
t h e r e w a s a l a r g e excess o f T D C H O ( see F i g . 4 a ) , m a i n l y c o m p o s e d o f P C H O . 

I t i s n o t e w o r t h y t h a t s i m i l a r c o r r e l a t i o n s b e t w e e n T D C H O a n d D O C h a v e 
b e e n p r e v i o u s l y o b s e r v e d i n v a r i o u s e n v i r o n m e n t s . B u r n e y e t a l . ( 1 9 7 9 ) r e ­
p o r t e d t h a t M C H O , P C H O a n d T D C H O s h o w e d s i g n i f i c a n t c o r r e l a t i o n s 
( P < 0 . 0 1 ) w i t h D O C i n a s t u d y p e r f o r m e d i n a l a r g e a r e a o n t h e c o n t i n e n t a l 
s h e l f o f N o r t h A m e r i c a a n d a c r o s s t h e N o r t h A t l a n t i c O c e a n , w i t h s a m p l i n g 
a t t h e s u r f a c e o r a t d e p t h . F o r i n s t a n c e , t h e T D C H O v s . D O C r e g r e s s i o n l i n e 
c a l c u l a t e d f r o m t h e i r d a t a ( r = 0 . 7 1 ; « = 8 4 ; / ' < 0 . 0 0 1 ; [ T D C H O ] = 1 7 0 
(±20 ) [ D O C ] - 2 5 ( ± 3 0 ) ) i s r e a s o n a b l y s i m i l a r t o t h a t o b t a i n e d i n o u r 
s t u d y . T h e s a m e g r o u p h a d p r e v i o u s l y p u b U s h e d ( B u r n e y a n d S i e b u r t h , 1 9 7 7 ) 
d a t a c o l l e c t e d i n N a r r a g a n s e t t B a y f r o m F e b r u a r y t o J u l y 1 9 7 5 . F r o m t h e s e 
d a t a , a g o o d l i n e a r c o r r e l a t i o n b e t w e e n T D C H O a n d D O C ( / • = 0 . 8 3 ; « = 2 0 ; 
P < 0 . 0 0 1 ; [ T D C H O ] = 1 1 5 ( ± 2 0 ) [ D O C ] - 7 0 (±120) ) o r b e t w e e n 
M C H O a n d D O C ( r = 0 . 8 7 ; n = 20; P < 0 . 0 0 1 ; [ M C H O ] = 4 8 ( ± 6 ) 
[ D O C ] — 6 2 ( ± 4 5 ) ) c a n be d e d u c e d . I n t h e S a r g a s s o S e a , t h e s e a u t h o r s 
( B u r n e y e t a l , 1 9 8 l b ) , o b s e r v e d s i m i l a r i t i e s b e t w e e n T D C H O a n d D O C p a t ­
t e r n s , b u t u n f o r t u n a t e l y t h e y d i d n o t g i v e a n y d e t a i l o r e x p l a n a t i o n . O n t h e 
o t h e r h a n d , t h e y d i d n o t find a n y c o r r e l a t i o n b e t w e e n T D C H O a n d D O C i n 
t h e C a r i b b e a n S e a ( B u r n e y e t a l . , 1 9 8 2 ) . I n f r e s h w a t e r . S w e e t a n d P e r d u e 
( 1 9 8 3 ) a l s o n o t i c e d " a m o d e r a t e l y g o o d c o r r e l a t i o n b e t w e e n " T D C H O a n d 
D O C i n t h e W i l l i a m s o n R i v e r . S a t o h e t a l . ( 1 9 8 6 ) f o u n d a s i m i l a r r e s u l t i n 
L a k e S u w a . 

S u c h c o r r e l a t i o n s b e t w e e n D O C a n d d i s s o l v e d c a r b o h y d r a t e s c a n n o t b e 
f o r t u i t o u s . I t w o u l d b e v e r y s u r p r i s i n g f o r D O C a n d b i o g e n i c a n d e v e n r e f r a c ­
t o r y T D C H O t o f o l l o w s i m i l a r e v o l u t i o n s i n s u c h a v a r i e t y o f e n v i r o n m e n t s . 
A b e t t e r e x p l a n a t i o n c o u l d b e t h a t a s i g n i f i c a n t p a r t o f T D C H O ( e s p e c i a l l y 
i n p e r i o d s o f l o w b i o l o g i c a l a c t i v i t y ) i s i n a r e f r a c t o r y f o r m a s s o c i a t e d w i t h 
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Fig. 5. The direct relationship of MCHO to TDCHO. (a) in autumn-winter: [MCHO] =0.44 
(*0.02) [ T D C H O ] - 3 5 ( ± 3 0 ) (r=0.96: « = 35: P<0.001). (b) For overall points except 
those for June ( + ): [MCHO]=0.44 ( ± 0 . 0 3 ) [ T D C H 0 ] - 5 ( ± 5 0 ) (r=0.87; « = 77; 
;'<0.001). 
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t h e b u l k o f t h e D O M . I t i s n o t e w o r t h y t h a t r e g r e s s i o n l i n e s f o u n d i n v a r i o u s 
e n v i r o n m e n t s a r e r e l a t i v e l y s i m i l a r , s u g g e s t i n g t h a t t h e n a t u r e o f t h e ' D O C -
T D C H O c o m p l e x ' i s r e l a t i v e l y u n v a r i a n t . T o t h i s r e f r a c t o r y f r a c t i o n , f r e s h l y 
e x c r e t e d p o l y s a c c h a r i d e s m a y b e a d d e d ; t h e y a r e r e s p o n s i b l e f o r t h e n o n - c o n ­
s e r v a t i v e b e h a v i o u r o b s e r v e d i n J u n e i n o u r s t u d y , a n d f o r t h e d i e l T D C H O 
v a r i a t i o n s o f t e n o b s e r v e d a n d r e p o r t e d ( see I n t r o d u c t i o n ) . L a c k o f c o r r e l a ­
t i o n m a y a l s o r e s u l t f r o m p r o d u c t i o n o f l a r g e q u a n t i t i e s o f d i s s o l v e d o r g a n i c 
s u b s t a n c e s w h i c h d i s r u p t t h e r e l a t i o n s h i p b e t w e e n T D C H O a n d D O C ( a s i n 
s u m m e r i n t h e p r e s e n t s t u d y ) . 

Relationship between MCHO and TDCHO 

T h e r e w a s a n e x c e l l e n t l i n e a r r e l a t i o n s h i p b e t w e e n M C H O a n d T D C H O 
( see F i g . 5 a ) i n a u t u m n a n d w i n t e r . S u r p r i s i n g l y , m o s t o f t h e o t h e r p o i n t s a r e 
r e l a t i v e l y c l o s e t o t h i s r e g r e s s i o n l i n e e x c e p t t h o s e f o r J u n e . I f t h e J u n e p o i n t s 
a r e i g n o r e d , a s i m i l a r r e g r e s s i o n l i n e i s o b t a i n e d ( s ee F i g . 5 b ) . I t i s i n c o n c e i v ­
a b l e t h a t t r u l y f r e e m o n o s a c c h a r i d e s a n d p o l y m e r i c c a r b o h y d r a t e s f o l l o w s u c h 
s i m i l a r p a t t e r n s o f r e l e a s e a n d u p t a k e . I t a l s o s e e m s u n b e l i e v a b l e t h a t M C H O 
as w e l l as P C H O a r e n o t s i g n i f i c a n t l y u s e d d u r i n g t h e i r t r a n s p o r t t h r o u g h t h e 
e s t u a r y ( 2 - 4 d a y s ) a t r e l a t i v e l y h i g h c o n c e n t r a t i o n s s u c h as 1 0 0 - 2 0 0 /zg C 
1 " ' ) . I n d e e d , t h i s r e s u l t c o n f i r m s t h e p r e v i o u s l y a d v a n c e d h y p o t h e s i s , be ­
c a u s e , i f m o s t c a r b o h y d r a t e s a r e l i n k e d t o t h e b u l k o f t h e o r g a n i c m a t t e r , 
T D C H O v a l u e s a n d M C H O v a l u e s a r e s i m p l y t h e r e s u l t s o f u s i n g t w o d i f f e r ­
e n t m e t h o d s ( w i t h a n d w i t h o u t h y d r o l y s i s ) t o m e a s u r e t h e s a m e p a r a m e t e r : 
t h e c o n c e n t r a t i o n o f c a r b o h y d r a t e s ( a n d c a r b o h y d r a t e - l i k e s u b s t a n c e s ) p r e s ­
e n t i n t h e t r a n s f o r m e d o r g a n i c m a t t e r . 

I t i s n o t e w o r t h y t h a t a s i m i l a r c o r r e l a t i o n c o u l d h a v e b e e n o b t a i n e d f r o m 
t h e d a t a c o l l e c t e d b y B u r n e y a n d S i e b u r t h ( 1 9 7 7 ) i n w i n t e r a n d s p r i n g i n 
N a r r a g a n s e t t B a y ( r = 0 . 9 6 ; « = 2 0 ; P < 0 . 0 0 1 ; [ M C H O ] = 0 . 3 9 (±0.03) 
[ T D C H O ] - 2 0 ( ± 2 5 ) ) . H o w e v e r , t h e r e w a s n o c o r r e l a t i o n b e t w e e n M C H O 
a n d T D C H O e i t h e r i n t h e s t u d y o f H a r v e y ( 1 9 8 3 ) o r i n t h a t o f B u r n e y e t a l . 
( 1 9 7 9 ) , b o t h p e r f o r m e d i n s u m m e r . P r o b a b l y , i n t h i s s e a s o n , l a r g e q u a n t i t i e s 
o f n e w l y b i o s y n t h e s i z e d c a r b o h y d r a t e s d i s t u r b t h e M C H O v s . T D C H O 
r e l a t i o n s h i p . 

G E N E R A L DISCUSSION 

A s n o t e d i n t h e I n t r o d u c t i o n , o u r k n o w l e d g e o n d i s s o l v e d c a r b o h y d r a t e s i s 
l i m i t e d . F o r i n s t a n c e , M C H O c o n c e n t r a t i o n s a r e o f t e n r e p o r t e d w i t h i n t h e 
5 0 - 1 0 0 /zg C 1 " ' r a n g e , w h i c h i s r e l a t i v e l y h i g h f o r e a s i l y u s a b l e c o m p o u n d s . 
G l u c o s e , t h e m o s t d o m i n a n t m o n o s a c c h a r i d e c o n s t i t u e n t o f t h e M C H O f r a c ­
t i o n ( M o p p e r e t a l . , 1 9 8 0 ) , i s m e a s u r e d b y c h e m i c a l m e t h o d s a t m u c h h i g h e r 
c o n c e n t r a t i o n s t h a n t h o s e e x p e c t e d f r o m t h e K^ + S^ v a l u e s d e t e r m i n e d b y m i -
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c r o b i o l o g i c a l m e t h o d s ( G o c k e e t a l . , 1 9 8 1 ) . T h e s e l a s t w o r k e r s s u p p o s e d t h a t 
g l u c o s e m a y e x i s t e i t h e r i n a " t r u l y f r e e f o r m " u s a b l e b y h e t e r o t r o p h i c m i c r o ­
o r g a n i s m s o r i n a " r e v e r s i b l y b o u n d f o r m " t h a t i s u n u s a b l e . T h i s l a s t f o r m 
c o u l d b e a s s o c i a t e d , f o r i n s t a n c e , w i t h o r g a n i c c o m p o u n d s . I n d e e d , i t i s w e l l 
k n o w n t h a t c a r b o h y d r a t e s a r e a c o n s t i t u e n t o f h u m i c s u b s t a n c e s ( H S ) ( W e r -
s h a w e t a l . , 1 9 8 1 ; W i l s o n e t a l . , 1 9 8 3 ) . T h e m e l a n o i d i n t h e o r y e v e n sugges ts 
t h a t H S a r e m a i n l y f o r m e d f r o m c a r b o h y d r a t e s . T h i s t h e o r y h a s r e c e n t l y r e ­
c e i v e d f u r t h e r s u p p o r t ( B e n z i n g - P u r d i e a n d R i p m e e s t e r , 1 9 8 3 ; I k a n e t a l . , 
1 9 8 6 ) , b u t h t t l e i s k n o w n a b o u t t h e n a t u r e a n d t h e s t r e n g t h o f b o n d s w h i c h 
l i n k c a r b o h y d r a t e s t o H S . I n f u l v i c a c i d ( F A ) , D e H a a n a n d D e B o e r ( 1 9 7 8 ) 
f o u n d t h a t m o r e t h a n 5 0 % o f c a r b o h y d r a t e s w e r e n o t a s s o c i a t e d , o r w e r e 
l o o s e l y a s s o c i a t e d b y w e a k a c i d - l a b i l e b o n d s t o F A . S w e e t a n d P e r d u e ( 1 9 8 2 ) 
i d e n t i f i e d o n l y 2 . 8 % o f t h e a q u a t i c h u m u s c a r b o n as s u g a r c a r b o n . P r o b a b l y , 
t h e r e i s a c o n t i n u u m b e t w e e n s u g a r s l o o s e l y a s s o c i a t e d t o H S a n d c a r b o h y ­
d r a t e - l i k e e n t i t i e s c o m p l e t e l y i n c l u d e d i n H S . 

O u r r e s u l t s s u p p o r t t h e v i e w t h a t a s i g n i f i c a n t p a r t o f d i s s o l v e d c a r b o h y ­
d r a t e s i s a s s o c i a t e d w i t h t h e r e f r a c t o r y o r g a n i c m a t t e r . T o t h i s T D C H O b o u n d 
f r a c t i o n , n e w l y b i o s y n t h e s i z e d c a r b o h y d r a t e s m a y b e a d d e d , b u t t h e t u r n o v e r 
o f t h e n e w f r a c t i o n i s m u c h q u i c k e r . 
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