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A B S T R A C T  

- During two cru ises  of FS "Meteor" i n  t he  At lan t ic  s ec to r  of t h e  Ant- 
a r c t i c ,  Nov. 1980 - Feb. 1981, a range of organic compounds was determined 
i n  seawater, pa r t i cu l a t e s  and deep-sea sediment pore waters and compared 
with b io log ica l  parameters descr ibing phytoplankton and microbiological ac- 
t i v i t i e s  . 

Amino acids  were determined by HPLC techniques with fluorescence detec- 
t i o n  of t h e  compounds at t h e i r  na tu ra l  l eve l s .  Combined amino acids both i n  
so lu t ion  and from p a r t i c u l a t e  matter as  wel l  as mono- and polysaccharides were 
determined over a wide s t a t i o n  gr id .  DOC, f luor imet r ic  chlorophyll  and urea 
rneasurements were rout ine ly  performed. A d i s tnc t ion  was made between water ex- 
t r a c t a b l e  reserve substances i n  t h e  p a r t i c u l a t e  matter  and s t r u c t u r a l  p ro te in  
and polysaccharide components.- 

The changes i n  t he  amino ac id  spectrum of c lose ly  spaced sediment sam- 
p l e s  toge ther  with the  var ia t ions  i n  t he  sugar : prote in  r a t i o s  from t h a t  of 
t h e  source mater ia l  (phytoplankton and sediment t r a p  samples) i s  e q l a i n e d  
i n  terms of secondary benthic  microorganism a c t i v i t y  . 

The spectrum of amino acids from water e x t r a c t s  of plankton samples was 
found t o  show marked differences from t h e  composition of f r ee  amino acids  i n  
seawater, with an abundance of acids  centered around f r ee  glutamine and re la -  
t e d  products . 

Inves t iga t ions  of samples of i c e  over a range of s a l i n i t i e s  r e f l e c t e d  
t h e  pa t t e rn  of amino acids  i n  plankton ce11 ex t r ac t s .  

R E S U M E  

-Au. cours de deux missions du N/O "Meteor1' dans l a  région Antarctique de 
l ~ A t l a n t i q u e ,  Novembre 1980-Février 1981, une s é r i e  de composés organiques ont 
é té  d6terminé;s dans l'eau de mer, dans l e  matér ie l  p a r t i c u l a i r e  e t  dans l'eau 
i n t e r s t i t i e l l e  du sédiment en mi l ieu  profond e t  comparés avec l e s  paramètres 
biologiques d e s c r i p t i f s  du phytoplankton e t  de l ' a c t i v i t é  microbiologique. 

87 

Production 8
ifremer EN

http://www.ifremer.fr/docelec/


Les acides aminés ont é t é  déterminés en HPLC avec une détect ion par  fluo- 
rescence des composés à l eu r s  concentrations na tu re l l e s .  Les acides aminés l i é s ,  
en so lu t ion  ou associés  à l a  matière p a r t i c u l a i r e  a i n s i  que l e s  mono e t  poly- 
saccharides ont é t é  déterminés s u r  un grand nombre de s t a t i o n s .  Le carbone or- 
ganique dissous (C .O .D. ), l a  chlorophylle (fluorornétrie ) e t  l 'urée, ont é t é  me- 
surées  en rout ine.  Une d i s t i nc t ion  a été f a i t e  e n t r e  l e s  substances de réserve 
solubles  dans l'eau de l a  matière p a r t i c u l a i r e  e t  l e s  protéines ou l e s  polysac- 
charides de s t ruc tu re .  - 

Les va r i a t i ons  conconmittantes du spec t re  des acides aminés d'échantil lons 
proches l e s  uns des au t r e s  avec l e  rapport sucres/protéines du matér ie l  consi- 
dere' (phytoplancton e t  échant i l lons  des t rappes  à sédiment) sont expliquées en  
terme d 'ac t iv i té  secondaire des microorganismes benthiques. 

Le spec t re  des acides amines, d ' ex t ra i t s  aqueux de plancton montre des 
différences marquées par  rapport à l a  composition en acides aminés l i b r e  dans 
l 'eau de mer, avec une quant i té  importante de l a  glutamine e t  de ses  dér ivés .  

Les analyses de glaces de diverses  s a l i n i t é s  r e f l è t e n t  le  spec t re  en acides 
aminés des e x t r a i t s  aqueux de phytoplancton. 

K E Y  W O R D S  

Amino ac ids ,  t o t a l  sugars,  water ex t r ac t s  of p a r t i c u l a t e  matter ,  sugar : prote in  
r a t i o s  

M O T S  - C L E S  

Acides aminés, carbohydrates t o t a u x  e x t r a i t s  a u e u x  de l a  matière p a r t i c u l a i r e ,  
rapports  sucres/protéines 

INTRODUCTION 

In a recent pubricat ion ( ~ 6 l t e . r  and Dawson, 1982) severa l  aspects  of t h e  
production and heterotrophic u t i l i s a t i o n  of dissolved organic compounds i n  t h e  
water columns of t h e  Bransfield S t r a i t  and t h e  Scot ia  Sea have been discussed. 
The same authors fu r the r  démrsnstrated t h a t  severa l  metabolites found i n  t he  dis-  
solved f r ac t ion  of seawater could have been derived from t h e  i n t e r c e l l u l a r  pools 
of phytoplankton and t h a t  these metabolites were ava i lab le  t o  heterotrophs whose 
a c t i v i t y ,  i n  s p i t e  of t he  near zero temperature, was comparable t o  other  marine 
a reas .  The excess of organic mater ia l ,  both p a r t i c u l a t e  and dissolved, p r o d ~ c e d  
during t h e  e a r l y  spring bloom which i s  dominated by a l imi ted  number of l a rge  
phytoplankters ( M .  Elbrachter ,  pers .  cornm. , 198 1 ) would be broken down re l a t ive -  
l y  slowly a t  t h e  i n  s i t u  r a t e s  measured. 

It i s  not t h e  in ten t ion  of t h e  present communication t o  quan t iw  these  
r a t e s  of production and decomposition but r a the r  t o  describe the  var ia t ions  i n  
t h e  biochemical composition of p a r t i c u l a t e  and dissolved matter i n  t he  water co- 



lumn during t h e  spring bloom and t o  estimate how these  changes e f f e c t  t h e  mate- 
r ia l  sedimenting out t o  t h e  sea  f loor  and subsequently determine the  composi- 
t i o n  of t h e  surface sediments and i n t e r s t i t i a l  waters.  

We have therefore  chosen the  approach of exanining t h e  changes i n  t h e  &no 
ac id  and carbohydrate f r ac t ions  s ince  t h e  monomeric and polymeric forms of these  
make up t h e  l a rges t  i d e n t i f i a b l e  port ion of p a r t i c u l a t e  and dissolved primary or- 
ganic matter.  

MATERIAL AND METHODS 

The inves t iga t ions  took place during two cru ises  of t h e  FS " ~ e t e o r "  i n  t h e  
Scot ia  Sea and t h e  Bransf ield S t r a i t .  The f i r s t  of t hese  c ru ises ,  November - De- 
cember 1980, dea l t  W t h  t h e  charac te r i sa t ion  of t h e  biochemical compounds i n  t h e  
water columnincomparison t o  t h e  b io logica l  a c t i v i t y ,  t h e  second l eg ,  January - 
February 1981, w a s  devoted t o  an inves t iga t ion  of  t h e  same region and t h e  cha- 
r a c t e r i s a t i o n  of t h e  sediment i n t e r s t i t i a l  waters.  Fig. 1 depicts  t h e  s t a t i o n  
g r i d  covered, 

Fig. 1 S ta t ions  covered i n  t h e  Bransfield S t r a i t  and Scot ia  Sea. HS = hydrosta- 
t i o n ,  ST = sediment t r a p ,  1 = i c e  sample, BC = box corer ,  PW = pore wa- 
t e r  sample. 

1. Dissolved compounds 
3 A l 1  seawater samples were d r a m  from 10 dm General Oceanics water sam- 

p l e r s  i n  hydrocasts dom t o  500 m. The sampling s t a t i o n s  were chosen on t h e  ba- 
sis of i n  s i t u  chlorophyll  r eg i s t r a t i ons  (Impuls Physic sensor ) .  An exemple of 
the  b io logica l  s t r a t i f i c a t i o n  is  presented i n  t h e  computer p lo t  from Hydrosta- 



t i o n  2 ("Meteor" s t a t i o n  73/Fig. 2 )  together with temperature and s a l i n i t y  pro- 
f i l e s .  

Fig. 2 Biological s t r a t i f i c a t i o n  a t  ~ y d r o s t a t i o n  2. Computer p lo t  of chloro- 
phyl l  ( l e  f i ) ,  temperature (middle) and s a l i n i t y  ( r i g h t  ) versus depth. 
Courtesy H. Haardt and R. MaaBen. 

Dissolved organic compounds were determined a f t e r  f i l t r a t  ion under hydro- 
s t a t i c  pressure through precombusted GF/C f i l t e r s .  A i l  samples were processed 
and analysed wikhin a few hours of col lect ion.  Samples awaiting analyysis were 
s tored a t  - 20 C a f t e r  f i l t r a t i o n .  

3 Dissolved f r ee  amino acids (DFAA) were determined on 1 cm of f i l t r a t e  
according t o  the  procedures of Lindroth and Mopper (1979) with modifications of 
Liebezeit and Dawson ( 1981 ) and Dawson and Liebezeit ( 1982). The amino acids 
were separated as  t h e i r  isoindole derivat ives by high performance l iqu id  chroma- 
tography with fluorescence detection, An i soc ra t i c  e lu t ion  systern used f o r  t h e  
majority of t h e  analyses détects  only a l imi ted  number of amino acids;  these ,  
however, have been shown t o  be the  dominant f r e e  amino acids i n  seawater samples 
(Dawson and Liebezeit ,  1981; Bolter and Dawson, 1982). 

Dissolved combined amino acids were determined a s  monomeric acids by HPLC 
a f t e r  hydrolysis of the  seawater sample (4M H C l ,  100 OC, 20 h). 

Dissolved f ree  monosaccharides (DMCHO) were determined on 1 cm3 of f i l -  
t r a t e  according t o  the  c l a s s  react ion method of Johnson and Sieburth (1977). 
Dissolved polysaccharides (DPCHO) were determined a f t e r  subtract ion of t h e  value 
f o r  DMCHO from the  t o t a l  sugar content (DTCHO) obtained a f t e r  hydrolysis of the  
seawater sample (O. 1M HC1,  100 OC,  20h, Burney and Sieburth, 1977). 



Dissolved organic carbon (DOC) was determined by the  method of Schreurs 
(1978) af'ter ac id i f ica t ion and s t e r i l i s a t i o n  of t h e  seawater samples upon re- 
turn t o  the  laboratory i n  Kiel. 

Urea determinations were performed on seawater and thawed-out i ce  samples 
by the  method described by Koroleff (1976). 

2, Part iculate samples 

Samples fo r  the  analysis of par t icula te  compounds were f i l t e r e d  immediate- 

ir ly af'ter r e t r i e v a i  of the  water samplers. The volume of the  water f i l t e r e d  
I through precombusted GF/C f i l t e r s  depended upon the  seston load and varied be- 

tween 250 cm3 and 2 dm3. The f i l t e r s  were stored deep-frozen pr ior  t o  the  ana- 

l 
l y s i s  on board. 

Five f i l t e r s  were collected a t  each depth sampàed for  the  determination 
of c h l o r o p h y l l ~ ,  seston and part iculate organic carbon and nitrogen, aqueous 
extractable sugars and amino acids, t o t a l  amino acids and carbohydrates. 

Aqueous ext rac ts  of the  par t icula te  matter recovered were prepftred by 
heating the  f i l t e r s  with 5 cm3 20% aqueous ethanol for  4 h a t  80 OC. The ex- 
t r a c t s  were analysed for  extractable f ree  amino acids (EFAA) and extractable 
mnosaccharides (EMCHO) by the  methods described above. 

F i l t e r s  f o r  t h e  determination of par t icula te  combined amino acids (PcAA) 
were hydrolysed fo r  20 h a t  100 OC with 6~ HC1. After neutral isat ion of the  
hydrolysates with 6~ NaOH the  constituent mino acids were separated and quanti- 
f i ed  by HPLC as  described for  DFAA. -.-- 

F i l t s r s  fo r  the  determination of the  t o t a l  polysaccharide content of par- 
t i c u l a t e  matter (PTCHO) were hydrolysed with 0.2M HC1 for  20 h a t  100 OC. The 
resui t ing  mnosaccharides were analysed by the  c lass  reaction of Johnson and 
Sieburth ( 1977) af ter  neutral isat ion with 0.2M NaOH. 

Chlorophyll 2 was determined on 90% acetone ext rac ts  of the f i l t e r s  by a 
fïuorimetric procedure (c. f .  Holm-Hansen e t  a l .  , 1965). The iden t i ty  of the  
individuaJ. plant pigments was confirmed by WLC according t o  Liebezeit (1980), 
a discussion of the  occurrence of chlorophyll & and thus the  overestimation of 
of ch1 a by spectrophotometric procedures has been given by Bolter and Dawson 
( 1982) 

k Samples for  the  estimation of seston weight , POC and PON were returned 
I frozen t o  Kiel for  analysis.  

3. Sediment samples 

Sedinient samples were taken with a 30 x 30 cm box corer. The 40 cm deep 
cores retr ieved were subsampled with disposable syringes ( top  cut o f f )  with a 
core d i a m t e r  of 2.5 cm. Sediment samples a t  1 cm in tervals  were a i r  dried a t  
60 OC and ground i n  a peste1 and mortar. 100 mg portions were extracted with 
2 cm3 of d i s t i l l e 4  water fo r  4 h a t  80 OC and the  aqueous ext rac ts  centrifuged 
for  5 min at 5000 rpm and analysed fo r  free amino acids and monosaccharides as 
above. 

100 mg postions of the  sediments were hydrolysed with 0.2M HC1 and the  
hydroiysate analysed for  mnosaccharides. Further hydrolysis with 6M HC1 allow- 
ed the  determination of t o t a l  amino acids by HPLC a f t e r  neutral isat ion.  

Samples fo r  the  analysis of i n t e r s t i t i a l  waters of the  sediment layers 
were rerovered b-y f i l t r a t i o n  through 0.45/um membrane f i l t e r s  under pressure 



(ni trogens 10 bar ) .  The porewater smples  retr ieved were processed as described 
ab ove. 

FESULTS AND DISCUSSIONS 

Fig. 2 depicts the  chlorophyll a regime a t  Hydrostation 2 m d  shows a bio- 
lod ica l  s t r a t i f i e d  water mass with no pronounced hydrographical features and a 
primary production reaching down t o  100 m. Our s q l i n g  depths for  par t icula te  
and dissolved components were chosen to cover the  zone of production, Free drif- 
t i n g  sediment t r aps  were operated a t  a depth of 100 m (courtesy B. Zeitzschel 
and CO-workers) i . e .  chosen t o  operate d i rec t ly  below the  euphotic zone fo r  a 
collect ion period of 12 hours, 

UPPER LAVER 

DEEP LAVER 

Fig. 3 Mean re la t ive  molar composition of f r ee  and combined amino acids i n  the  
dissolved f rac t ion  and extractable amino acids from par t icula te  matter. 
ASP = aspar t ic  acid,  GLU = g l u t d c  acid,  SER = serine,  GLY = glycine, 
HIS - h i s t id ine ,  ALA = alanine, ARG = arginine,  ASN = asparagine, GLN = 
gïutamine, JI-ABA = p m i n o  butyric  acid,  i3-AIX = l3-alanine. 



1. Water column 

For s impl ic i ty  we d is t inguish  between severa l  pools of organic compounds 
i n  t h e  water column by considering t h e  following f r ac t ions :  t h e  dissolved mono- 
meric f r ac t ion  i .e. f r e e  amino acids  (DFAA) and t o t a l  dissolved monosaccharides 
(DNcHO) ; t h e  combined o r  polymeric dissolved f r ac t ion  i. e .  dissolved combined 
amino acids  (DcAA) and dissolved t o t a l  polysaccharides ( DPCHO) ; t h e  polymeric 
f rac t ion  of pa r t i cu l a t e  matter i . e .  t h a t  pa r t  re leased  a f t e r  ac id  hydrolysis 
including p a r t i c u l a t e  pro te ins  (PTAA) and p a r t i c u l a t e  polysaccharides (PTcHo) ; 
t h e  ' lextractable" f r ac t ion  of p a r t i c u l a t e  matter i . e ,  t h a t  pa r t  re leased by hot 
aqueous ex t rac t ion  including amino acids  (EFAA) and monosaccharides (EMCHO) . 
1.1 Amino ac id  spec t ra  

Fig. 3 depicts  examples of t h e  mol% d i s t r i bu t ion  of amino ac ids  i n  t h e  
dissolved monomeric and polymeric f r ac t ions  and t h e  water ex t rac t  of par t icu-  
l a t e  matter. 

The average f ree  amino acid spectrum of  t h e  water column i s  dominated by 
the  acids  a s p a r t i c  and glutamic acids ,  se r ine  and glycine with only t r a c e s  of  
o ther  ne tabol i tes .  The ex t rac tab le  acids  (EFAA) of t h e  upper water column a r e  
r i c h  i n  h i s t i d i n e ,  alanine, g lu t  amine and t h e  decarboxylat ion product s pamino 
butyr ic  ac id  and Q-alanine. - 

20. SEDIMENT TRAP 

0- 

moi% ASP 

Fig. 4 Average mol% composition of pa r t i cu l a t e  matter hydrolysate (PTAA), 
ex t rac tab le  amino acids  from sediment t r a p  mater ia l  (EFAA) and t o t a l  
amino acids  i n  sediment t r a p  mater ia l  (TM) ,  Abbreviations a s  i n  Fig.3. 
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I f  t hese  two pools of amino acids  were i n  exchange with each other  then  
t h e  spectrum of DFAA has been modified subsequent t o  re lease  of ce11 metabolites 
t o  t h e  seawater. The spectrum of  amino acids  i n  t h e  dissolved f r e e  form may be 
"dilutedl' with amino acids  released Oy other  processes e.g. tb slow hydrolysis  
o f  t h e  dissolved and p a r t i c u l a t e  polymeric f r ac t ions .  The sgectrum of amino 
acids  i n  t he  DCAA does not suggest t h a t  t h e  DFAA is  derived Wom t h i s  pool;  how- 
ever ,  t h e  pa r t i cu l a t e  proteins ,  o r  r a t h e r  t h e  t o t a l  hyàralysate  of p a r t i c u l a t e  
matter  (PTAA/Fig. 4)  show s i m i l a r i t i e s  i n  t h e  spectrum t o  t h a t  of t he  DFAA, 

The spectrum of t h e  amino acids  of  t h e  p a r t i c u l a t e  pro te ins  shows a pro- 
nownced change i n  concentration of ce r t a in  amino ac ids  with depth such t h a t  at 
HS 1 t h e  r e l a t i v e  content of a lanine decreases from C a .  20 t o  5 mol%, t h a t  of 
h i s t i d i n e  from 10 mol% i n  t h e  surface l aye r  t o  1.4 % at depth and t h a t  of  r- 
amino butyr ic  ac id  from 2.0 t o  only t r a c e  amounts. The deplet ion of  t hese  amino 
acids  i s  accompanied by a r e l a t i v e  increase i n  glycine, s e r ine ,  a spa r t i c  and 
glutamic acids.  

Pa r t i cu l a t e  matter from deep layers  i s  shown t o  be depleteà i n  ex t rac tab le  
amino acids  both from t h e  spectrum and i n  t h e  absolute  concentrations (mg g'l/ 
Table 1 ) .  This deplet ion of ce11 &no acids  follows t h e  reduetion i n  chlorophyll  
even though the  seston load remained r e l a t i v e l y  constant over t h e  depth sampled. 

Table 1 Components of pa r t i cu l a t e  matter 

depth EMCHO PTCHO EFPLA SESTON CHL a, 

wei'i"t 
I 

am- 

sediment 
t r a p  100 m 

sediment 



It would therefore appear reasonable t h a t  i n  the  case of this 'Phaeocystis  
dominated bloom (M. Elbrachter, pers. comm,, 1981) the  dissolved f ree  amino acids 
found i n  the  seawater originated from the ce11 contents and hydroiysis products 
of the  s t ruc tu ra l  proteins and t h a t  these amino acids are subjected t o  hetero- 
trophic and abiot ic  mdif ica t ions .  If the  amino acids released by the c e l l s  
coula be "frozen" i n  the  water sample, with exclusion of bac te r i a l  ac t iv i ty ,  
then the  original  composition should be maintained (see 2.1 and Fig. 8 ) .  

From the  differences i n  the  spectra of Figs. 3 and 4 the d n o  acids 
alanine, h is t id ine ,  glutamine, asparagine, r a m i n o  butyric acid and B-alanine 
may be considered t o  be representative biochemicals from phytoplankton ce l l s .  A 
s imilar  conclusion was reached by Bolter and Dawson (1982). Lee and Cronin 
( 1981 ) remind us of the  role of amino acids i n  ce l lu la r  processes i .e .  deamina- 
t ion  cand decarboxylation reactions and thus the finding of such products as r- 
mino  butyric acid and &alanine i n  s w p l e s  of par t icula te  matter and dissolved 
smples  may not be too surprising, 

1.2 Sugars and the  su6r;ar:protein r a t i o  

The free monosaccharide s p e c t m  of natura l  waters has been shown t o  be 
based on re la t ive ly  few sugars and t o  comprise mainly of glucose and fructose 
(frdopper e t  a l .  , 1980, Liebezeit, 1981 1. The extractable sugar spectrum from 
phytoplankton has a l so  been shown t o  be dominated by one sugar namely glucose 
(Handa and Yanagi, 1969; Dawson and Liebezeit, unpublished resu l t s ) .  The struc- 
tu ra l  sugars found both i n  the  ce11 wall material of phytoplankton and dissolv- 
ed as  polymeric compounds i n  seawater on the other hand comprises of a spectrum 
of pentoses, hexoses and uronic acid residues, Most s tudies of bac te r i a l  u t i l i -  
sat ion of organic compounds are based on the  uptake of radioactive glucose, 
which i n  view of the  abundance of t h i s  sugar i n  the  marine environment and the  
preference of bacteria fo r  t h i s  substrate (Bolter,  1981) appears warranted. 

The methods adopted i n  t h i s  study do not d i f fe ren t i a te  between di f fer -  
ent  monosaccharides e i the r  before or a f t e r  hydrolysis but r e l y  on a c lass  reac- 
t ion  cal ibrated i n  terms of glucose. A d i f ferent ia t ion  is ,  however, made be- 
tween monosaccharides, t o t a l  sugars and the  sugars released from par t icula te  
matter upon hot aqueous extraction. From Table 1 it may be seen t h a t  the  abso- 
l u t e  concentrations of extractable monosaccharides i n  par t icula te  matter de- 
crease more rapidly than t h e  polysaccharide fract ion and tha t  t h i s  decrease i s  
t o  a l a ~ g e  extent independent of the  seston load. 

The extractable sugars are,  however, l o s t  l e s s  rapidly than the  ce l lu la r  
amino acids as seen from Table 1 and depicted i n  the  form of the  sugar:protein 
r a t i o  of the  ex-ractable components EMCH0:EFA.A i n  Fig. 5. Whereas the  particu- 
l a t e  m t t e r  i n  t h e  upper water column has a r a t i o  of 1 or l e s s ,  the  material a t  
o r  around 100 m hss a r a t i o  approaching 4. The s imi la r i ty  of the  sugar :protein 
curve with tha t  of the  r a t i o  of f ree  dissolved sugars and amino acids further  
suggests tha t  these two pools are indeed i n  exchange i . e .  the  ce11 metabolites 
contribute t o  the  monomeric fract ion of seawater, 

Fig. 6 depicts the  sugar:protein r a t i o  based on the  t o t a l  sugars and 
a d n o  acids of par t icula te  matter from HS 1 and shows r a t i o s  of l e s s  than 1 de- 
creasing down t h e  water column. This hydrostation was a l so  dominated by blooms 
of Fhaeocystis sp. with high chlorophyll contents i n  the  upper 100 m together 
with hi& DOC content of the  water. 

The r a t i o  of sugars t o  proteins of the  dissolved combined fract ion of 
seawater shows an e r r a t i c  pat tern but i s  i n  general posi t ive i .e.  an excess 
of pblysaccharides compared t o  proteins. The decrease of polysaccharides re la t ive  
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Fig. 5 Pro f i l e s  of t h e  concentrations of dissolved sugars and m i n o  ac ids  to-  
gether with the  sugar:protein r a t i o s  of t h e  seawater and the  ex t rac tab le  
compounds from p a r t i c u l a t e  matter ( DMCH0:DFAA and EMCHO :EFAA resp. ) a t  
HS 2. 

t o  pro te ins  i n  t h e  pa r t i cu l a t e  mater ia l  suggests t h a t  proteins  a r e  more s t a b l e  
s t r u c t u r a l  polymers than the  polysaccharides of plankton. In t h e  case of Phaeo- 
cys t i ç  sp. t h e  associated polysacharide mater ia l  may be i n  t he  form of  sugar- 
r i c h  slimes more suscept ible  t o  decomposition o r  i n  s i t u  hydrolysis.  

Although t h e  sugar:protein r a t i o  of t h e  f r e e  dissolved f r ac t ion  is  a pro- 
duct of t he  re lease  of both ce11 metabolites and decomposition of polymeric 
mater ia l ,  t h e  s i m i l a r i t i e s  of t h e  r a t i o s  with those of t h e  ex t rac tab le  ce11 con- 
t e n t s  suggest t h a t  t h i s  i s  cont ro l led  by heterotrophic a c t i v i t y  adapted t o  a 
supply of both components i n  t h e  given proportions.  This is  i n  m y  ways support- 
ed by the  a c t i v i t y  measurements of Bolter  and Dawson (1982) who showed a higher 
b a c t e r i a l  turn-over r a t e  f o r  t h e  preferred subs t r a t e ,  glucose, than f o r  amino 
ac id  mixtures. 

I f  we view the  primary mater ia l  ofphckosynthesis as t h e  o r ig ina l  source 
of both monomeric and polymeric sugars then t h e  proportion of water ex t rac tab le  
sugars expressed as  a percentage of t h e  t o t a l  should be a cha rac t e r i s t i c  of t h e  
source material .  k-om t h e  representat ion i n  Fig. 7 it can be seen t h a t  60 % of 
t h e  sugars of t h e  pa r t i cu l a t e  f r ac t ion  ( i n  t h e  upper water column, Phaeosystis 
sp. bloom) may be ex t rac ted  by a hot water treatment.  The proportion of mono- 
saccharides found dissolved i n  seawater represents ,  however, l e s s  than one h a l f  
of t h e  o r ig ina l  amount (ca.  25 a )  i n  t he  upper water column, suggesting a selec- 
t i v e  depletion v i a  b i o t i c  c r  ab io t i c  processes,  of t he  monomeric forms. I f  t he  
ce11 metabolites o f  phytoplankton were "frozen" upon r e l ease  then t h e  proportion 
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Fig. 7 Proportion of extractable monosaccharides as  percentage of t o t a l  sugars 
i n  d i f ferent  phases. 



of monomers would be s imi l a r  i n  t h e  seawater t o  t h a t  of t h e  source mater ial .  
This is  i n  f a c t  t h e  case f o r  t h e  plankton found i n  t h e  brash waters of d r i f t  
i c e  and i n  t h e  i c e  water upon ana lys is  ( see  2 ) .  

2. Ice  

It i s  unusual t o  include d r i f t  i c e  samples i n  any treatment of t h e  bio- 
chemical composition of marine waters. The i c e  samples analysed were o r ig ina l ly  
of  g l a c i a l  o r ig in  and t h e  s a l i n i t y  of t h e  samples depended on t h e  exposure of 
t h e  ice-f loe t o  brash waters and i n  one sample over t h e  range of 1 m var ied 
from 1.02 - 11.9 %o. Common t o  a l 1  ice-f loes  encountered. was t h e  s t a i n i n g  of  
t he  i c e  with colours r e f l e c t i n g  t h e  species  of  phytoplankton embedded i n  t h e  
ice .  The samples analysed during the  "Meteor" ANT 1 cru i se  consisted t o  over 
90 % of pennate diatoms (M. Elbrachter ,  pers.  comm., 1981) and although these 
forms were not found i n  any s ign i f i can t  numbers i n  t h e  water column samples, 
t h e  examples presented i . e .  t h e  composition of t h e  plankton c e l l s  i n  comparison 
with t h e i r  mil ieu (ice-water f i l t e r e d  through 0.45 um f i l t e r s )  lends some sup- 
por t  t o  t he  suppositions made e a r l i e r  i n  t h i s  papei. 

The high dissolved yhosphate content of t h e  i c e  (mean 46 umol dmy3), low 
n i t r a t e  (around 1 umol dm- ) high ammonia content (ca.  5 umol h t ~ - ~ )  and urea 1 values exceeding 40 umol dm'l poin ts  t o  t h e  f e r t i l i s a t i o n  of t h e  waters of such 
ice-floes by marinelmammals and seabirds ,  e i t h e r  p r i o r  t o  o r  subsequent t o  de- 
tachment from t h e  cont inental  g lac ie rs .  

2.1 AMno ac id  spec t ra  

The dissolved and combined amino acids  of t he  i c e  water were analysed 
a f t e r  allowing the  i c e  t o  thaw-out over a GF/C f i l t e r  thus ensuring t h a t  t h e  
water co l lec ted  was f i l t e r e d  a t  o r  around O OC under mild f i l t r a t i o n  conditions 
(no vacuum applied)  . The algae f i l t e r e d  was ex t rac ted  a s  given before. 

The histograms of Fig. 8 cannot be compared with t h e  dissolved o r  par- 
t i c u l a t e  f r ac t ions  of  t h e  water column owing t o  t h e  d i f f e r en t  nature of t h e  
sample and t h e  species  composition. It is ,  however, apparent t h a t  the  spectrum 
of amino acids  dissolved i n  t h e  i c e  and those found i n  t he  i n t r a c e l l u l a r  pools 
of  t h e  plankton (PFAA) a r e  remarkably s i m i l a r .  This suggests t h a t  t he  amino 
acids  have undergone no s ign i f i can t  a l t e r a t i o n  subsequent t o  re lease  . The abso- 
l u t e  amounts of DFAA were a l s o  astonishingly high (up t o  800 ug dm3) .  The 
dissolved combined amino ac id  l e v e l  was around 3.6 mg dm-3. d e  b a c t e r i a l  ac t i -  
v i t y  of  t h e  i c e  was measurable but low (M. Bolter ,  pers.  comm. , 1981 ) . 

Glutamine and r e l a t ed  metabolites dominate t h e  spectrum of amino acids  
and together  with alanine,  h i s t i d i n e  and asparagine a r e  e a s i l y  recognisable 
above a pro te in  amino ac id  dominated spectrum as  ce11 metabolites.  

2.2 Sugars and sugar:protein r a t i o  

The f rac t ion  of monosaccharides i n  comparison t o  t h e  t o t a l  sugars ( i . e .  
55 % / ~ i ~ .  7 )  r e f l e c t s  c lose ly  t h e  composition of phytoplankton c e l l s  ex t rac ted  
under t h e  ana ly t i ca l  conditions presented above. The ac tua l  l eve l s  of mono- and 
t o t a l  polysaccharides i n  t h e  i c e  samples were high with mean values of 1.36 and 
2.66 mg dm-3 respect ively.  It is  i n t e r e s t i n g  t o  note  t h a t  t h e  sugar:protein 
r a t i o  f o r  t h e  dissolved monomers was 2.5 (mean) and 0.74 f o r  t h e  polymeric 
fract ion. .These values l i e  i n  t h e  range reported f o r  t h e  monomeric and polymeric 
cons t i tuents  of seawater a t  Hydrostation 1 .  
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Fig. 8 Average mol% composition of t h e  dissolve6 f r e e  amino acids  (DFAA) i n  i c e  
and f r e e  amino acids  from ice-plankton water ex t r ac t  (PFAA). 

3. Sediment t r a p  mater ia l  

The sediment t r a p  deployed a t  100 m f o r  a period of 12 hours co l lec ted  
n a t e r i a l  which ressembled t h e  mater ia l  f i l t e r e d  i n  t h e  upper water column but 
norretheless contained components such a s  sand gra ins  and l s s g e r  f e c a l  mater ia l  
which went undetected on the  f i l t e r s .  Sediments t r a p s  have been shown t o  be effec-  
t i v e  i n  co l l ec t ing  f a s t  s inking p a r t i c l e s  and may therefore  be considered t o  be 



t h e  preferred method f o r  determining the  composition of  sedimenting p a r t i c l e s .  
The t ranspor t  o r  organic mater ia l  on l a rge  p a r t i c l e s  may be more rap id  than pre- 
viously thought (Lee and Cronin, 1981 1. These f a s t e r  s inking p a r t i c i e s  wouid in- 
clude i n t a c t  phytoplankton c e l l s  and secondary produced f eca l  matter  and thus  
t h e  composition of  t h e  mater ia l  may represent  a more in tegra ted  sample of  t h e  
mater ia l  leaving t h e  upper water column. 

3.1 Amina ac id  spec t ra  

The ex t rac tab le  amino ac id  spec t ra  ( ~ i g .  4 )  shows few s i m i l a r i t i e s  t o  t h a t  
of  DFAA. The high amounts of a lanine,  asparagine and glutamine i n  t h e  sample 
deviate  from t h e  spectrum obtained upon ex t rac t ion  of  t h e  f i l t e r e d  pa r t i cu l a t e s  
a t  100 m. The presence of t r a c e s  of&--amino butyr ic  ac id  and B-alanine according 
t o  Lee and Cronin (1981) suggests t h a t  t he  mater ia l  has undergone b a c t e r i a l l y  
mediated decarboxylation e i t h e r  i n  t he  p a r t i c l e s  themselves o r  i n  t h e  gut of 
f i l t e r  feeders before discharge a s  f e c a l  mater ial .  Owing t o  t h e  composite nature 
of t h e  sediment t r a p  sample it is d i f f i c u l t  o t  pinpoint t h e  source of  t h e  ex- 
t r a c t a b l e  alanine and d ibas ic  amino acids .  In p a r t i c u l a r  from the  ana lys is  of 
t h e  surface sediments it appears t h a t  a source mater ia l  r i c h  i n  alanine is  in- 
deed reaching t h e  seaf loor  . 

It i s  i n t e r e s t i n g  t o  note t h a t  t h e  absolute  amount of EFAA i s  s i g n i f i -  
can t ly  reduced compared with t h e  p a r t i c u l a t e  matter  co l lec ted  by f i l t e r  a t  100 m 
 able 1 )  and lends support t o  t he  argument t h a t  t h e  mater ial  i n  t h e  sediment 
t r a p  i s  d i f f e r e n t ,  o lder  o r  s ign i f i can t ly  modified. 

3.2 Supars and s u ~ a r : p r o t e i n  r a t i o  

It can be seen t h a t  the  proportion of  ex t rac tab le  monosaccharides i s  s ig-  
n i f i c a n t l y  reduced i n  t h e  sediment t r a p  mater ial  compared with t h e  mater ial  i n  
t he  upper water column ( ~ i g .  7 )  o r  even t h e  mater ia l  co l lec ted  a t  100 m 
 able 1 ) .  This again poin ts  t o  a difference i n  composition of t h e  co l lec ted  ma- 
t e r i a l .  

The sugar:protein r a t i o  of t h e  ex t rac tab le  port ion i s  high  a able l ) ,  
around 12: 1 compared with t h e  f i l t e r  mater ial  a t  100 m (ca.  4: 1 ). 

4. Sedimentary environment 

Sedimentation r a t e s  of 100 cm per  1,000 years  have been determined i n  t h e  
Bransf ield S t r a i t  a t  2,000 m water depth (P. Müller, pers.  corn. , 1981 ) . The 
cores taken i n  t h i s  study originated from 957 m water depth near the  Hydrosta- 
t i o n s  and it i s  conceivable t h a t  sedimentation r a t e s  a r e  lower on the  f lanks of 
t h e  basin than i n  t he  middle. The minimum age of t h e  sedimented mater ial  would 
thus be 10 years cm-'. 

8 Bacter ia l  ce11 numbers i n  t he  sediment (ca. 10 - 20 x 10 c e l l s  g dry 
weight) a re  comparable with sediments from other  regions of t h e  world. The bac- 
t e r i a l  biomass appears t o  be s l i g h t l y  lower than f o r  instance i n  t h e  Ba l t i c  
(L.  -A. Meyer-Reil, pers.  comm. , 1981 ). Chi t ino ly t ic  b a c t e r i a l  s t a i n s  i so l a t ed  
were considerably l e s s  ac t ive  than those forms found i n  North Sea sediments (D.  
Thormann , pers.  comm. , 198 1 ) . 

A l 1  cores invest igated were oxic  with t h e  exception of  one anoxic shallow- 
water core with high organic input .  

4 .1  Porewaters 

The p r o f i l e s  of DOC and dissolved monomeric sugars f o r  t h e  porewater 
samples co l lec ted  show maximum values i n  t he  3 - 4 m layer ,  below which a marked 
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Fig. 10 Relative molar composition of t o t a l  amino acids i n  the  box core sample. 
Concentrations given re fe r  t o  a gram dry weight basis .  Abbreviations 
as i n  Fig. 3. 

The TAA content decreases from the  surface t o  the  0.5 - 1 cm layer and 
i s  followed by a marked increase i n  lower layers. The EFAA concentration remain 
constant over the  f i r s t  centimeter and shows a minimum i n  the  1 - 2 cm layer  
(Fig. 9). If the  percentage of EFAA is taken as a measure of hetemtophic ac t i -  
v i t y ,  a s  evidenced by the  presence of ce11 metabolites such as glutamine and 
asparagine i n  t h i s  fract ion,  then the  reduction i n  the  levels  of these compo- 
nents (5.8 % i n  the  1 - 3 cm layers  compared with a mean of 15 % EFAA above and 
below) r e f l e c t s  the  depletion of u t i l i s a b l e  proteins and suggests t h a t  the  re- 
mainder i s  l e s s  a t t r ac t ive  o r  more refractory. 

The spectrum of EFAA is  c lear ly  dominated by glutamine and alanine with 
mean values of 21.2 and 27.1 % respectively  able 2 )  whereas the  spectrum of 
amino acids i n  the  TAA pool shows a dominance of alanine only i n  the  uppermost 
layers  (Fig. 10). The spectrum of EFAA resembles t h a t  of  the  sediment t r a p  mate- 
rial collected a t  a s imilar  location, 

The ro le  of alanine i n  the  extractable pool i s  a t  present unclear but it 
may be concluded from the  re l a t ive  decrease i n  t h i s  amino acid below the  layer  
of higher microorganism a c t i v i t y  (i. e. below 1 cm) t h a t  t h i s  amino acid i s  in- 
volved i n  ce11 metabolism and may be extracted from the  in te rce l lu la r  pools. 
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decrease i s  discernable reaching more s t ab le  values below 8 cm (Fig. 9 ) .  Free 
monosaccharides make up 34.9 2 9.5 % of t h e  t o t a l  WC pool. 

O 0;5 1 ;O 1,5 O 3 
0- 

O P a 

8 Y. A 
TCHO : T M  

O <. EMCHO : EFAA 

4- cm 

Fig. 9 Concentrations of extractable amino acids (EFAA) and monosac-charides 
(EMCHO) and t o t a l  m i n o  acids (TM) a d  sugars (TCHO) i n  the  upper sedi- 
ment layers  (upper l e f t  ). Ratios of sugars t o  protein ( t o t a l :  TCHO:TAA, 
extractable : EMCHO:EFAA) (upper r igh t  ) . Prof i l e s  of dissolved mono- 
saccharides and dissolved organic carbon i n  the  i n t e r s t i t i a l  waters 
( lower ) . 
The maximum i n  DOC concentrations may be r e l a t ed  t o  heterotrophic ac t iv i -  

t y  and indeed (G.  Graf, pers. comm., 1981) t h e  highest heat production and ATP 
values below the  sediment surface i n  the  saJne layers .  

The unusua1I.y high levels  of dissolved organic arbon i n  the  porewater 
suggest a high input of organic matter t o  these  sediments. The decrease i n  these 
l eve l s  with depth indicates  a r e l a t ive ly  constant r a t e  of removal of t h i s  mate- 
rial. 

4.2.1 Amipo acid spectra  

The r e s u l t s  of t o t a l  amino ac id  content (TAA) of the  sediments sampled i n  
t h i s  study (Fig. 10) fa l l  within the  range of mean values f o r  surface sediment 
samples from t h e  Atlant ic  (0.25 t o  17.03 mef g1 d.w. ; Degens and Mopper, 1976) 
and theEas t  China Sea (1.3 t o  2.8 mg g'l d.w.; Terashima and Tanaka, 1979). The 



Table 2 Relative molar composition of the  EFAA pool 

Nissenbaum et  ai. ( 1972) concluded from t h e i r  investigations i n  the  Dead 
Sea t h a t  acidic amino acids are degraded more rapidly re la t ive  t o  other res i -  
dues i n  oxidising environnients and m q  account fo r  t h e  re la t ive  depletion of 
aspkbstic and glutamic acids i n  the  upper layers. The re la t ive  changes i n  amino 
acid composition is  influenced by a number of b io t i c  and abiotic  factors.  Mono- 
meric amino acids may undergo condensation reactions subsequent t o  t h e i r  reA 
lease from pcarticulate proteins t o  reform as  high molecuïar weight aggregates 
( ~ r o u n  e t  a l . ,  19723 Nissenbaum and Kaplan, 1972) and thus be removed from the  
amino acid pool, Mopper and Degens (1972) reported alanine together with aspar- 
t i c  and g l u t d c  acids and glycine t o  be the  major amino acids of hmic  mate- 
rial fromnearshoresediments. 

The observed spectrum of amino acids w i l l  be a composite of both organic 
matter input (with s imi la r i t i e s  t o  the source material)  and degradation/conden- 
sat ion products formed i n  t h e  sediments. 

4.2.2 Sunsrs aria suaar:protein r a t i o  

The proportion of sugars released upon aqueous extraction a s  a percentage 
of the  t o t a l  saccharides for  the  upper sediment layers shows s imi la r i t i e s  with 
s e d i e n t  t r a p  merterial and par t icula te  matter f i l t e r e d  a t  depth (Fig. 7/Table 1) 

The r a t i o  TCH0:TAA a t  the sediment surface ( ~ i g .  9 )  is almost ident ica l  
t o  the  r a t i o  for  par t icula te  matter f i l t e r e d  below the  euphotic zone ( ~ i ~ ,  4 )  
culd thus suggests t h a t  the material reaching t h e  sediment loses polysaccharides 

The absolute amounts of alanine i n  the  EFAA fract ion has l i t t l e  ef fec t  i n  deter- 
mining the  composition of the  TAA o r  the  protein fract ion i n  par t icular ,  since 
only a small percent of amino acids are extracted by the  hot water technique 
(Fig, 9) .  It is  c lear  from Fig. 10 tha t  alanine must be a major component of 
s t ruc tu ra l  proteins. The organic matter of the  sediments i s  primarily diatoma- 
ceous i n  nature and the  s t ruc tu ra l  polymers should be similar i n  the  sediment 
and diatom cultures. Hecky e t  a l ,  (1973) report asparat ic  acid, serine,  glycine 
and alanine t o  be the  main constituents of the  ce11 walls of cultured diatoms, 
The uniform spectrum of amino acids i n  the  1 - 3 cm layers suggest tha t  diatom 
ce11 w a l l  material contributes a s ignif icant  amount of r e f r a c t ~ r y  proteins t o  
the  sediments . 
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m d  proteins  at an equal r a t e  during passage through t h e  water column. 

The increase of t h e  r a t i o  i n  t h e  0.5 - 1 cm l aye r  fu r the r  supports t he  
f inding t h a t  heterotrophic a c t i v i t y  i s  higher below t h e  surface than d i r e c t l y  
a t  t h e  surface of t h e  sediments and points  t o  a higher remineral isat ion o f  ni-  
trogen f o m  r a t h e r  than polysaccharides, 

The ex t rac tab le  sugar :protein r a t i o  ( ~ i g .  9 )  shows i t s  ~~linimum at t h e  
zone of highest metabolic a c t i v i t y  and suggests a p r e f e r e n t i a l  removal of sugars 
from t h e  f r e e  pool. The r a t i o  i s  s imi l a r  t o  t h a t  found f o r  pa r t i cu l a t e  matter 
i n  t h e  water column and increases  t o  higher values with depth i n  t h e  sediment i n  
a p a r a l l e l  fashion t o  t h e  transformation of c e l l u l a r  mater ia l  down t h e  water co- 
lnrrm. 

The organic f r ac t ion  of t h e  upper sediment l aye r s  is  augmented with ce11 
metabolites generated i n  t he  sediments themselves and t h e  process of  resynthesis  
"refreshes" t h e  o r ig ina l ly  degraded mater ial  with l a b i l e  metabolites.  

$. Summary 

To summarise t h e  f indings descr ibing the  pa r t i cu l a t e  matter leaving t h e  
euphotic zone based on f i l t e r e d  samples, t he  mater ia l  should have the  following 
q u a l i t i e s  i f  t h i s  were t h e  only organic matter reaching t h e  sediment: 

1. It has already been modified by secondary b i o t i c  and ab io t i c  processes 
(Fig. 3 ) .  

2. It has l o s t  f r e e  amino acids  r e l a t i v e  t o  sugars (Fig. 5/Pable 1 ). 
3. It has l o s t  polysaccharides r e l a t i v e  t o  s t r u c t u r a i  p ro te ins  ( ~ i g .  6 ) .  
4. It is depleted i n  water ex t rac tab le  sugars r e l a t i v e  t o  t he  t o t a l   a able 11 

Fig. 7 ) .  
5. It is depleted i n  ex t rac tab le  m i n o  acids   a able 1 ). 
6. It i s  depleted i n  ce11 metabolites such a s  alanine,  h i s t i d i n e ,  glutamine and 

decarboxylation products ( Fig. 3 ) . 
7. It takes on a more pro te in  l i k e  s t ruc tu re  f o r  t h e  ex t rac tab le  f r ac t ion  

(Fig. 3). 
8. It contains a lower proportion of  degradable organic matter e.g. pigments 

a r e  already degraded. 

The mater ia l  probably contains a high proportion of  s inking p a r t i c l e s  
which escape co l lec t ion  by f i l t r a t i o n  techniques. This mater ia l  may not be 
phytoplankton and i t s  composition may d i f f e r  s ign i f i can t ly  from the  p a r t i c l e s  
i n  suspension above c .  f. sediment t r a p  araterial .  

The mater ial  recovered i n  surface sediments shows many s i m i l a r i t i e s  with 
t h e  organic matter recovered i n  t h e  lower water column pa r t i cu l a t e s  e.g. t h e  
sugar:protein r a t i o  and t h e  amino ac id  spec t ra  of  t h e  polymeric f rac t ion .  Due 
t o  secondary processes i n  t h e  sediments a f t e r  deposi t ion,  t he  character  of t h e  
ex t rac tab le  matter changes t o  r e f l e c t  t h e  new producers of ce11 metabolites.  
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t he  contr ibut ion No. 379 of t h e  Sonderforschungsbereich 95. 



Expert technical assistance of Stefan Heiland, F r i t z  Bohde and Tony Yap 
is  here warmïy acknowledged. Norbert Mülhan and Hans Langmaack were instrumental 
i n  re t r ieving the  sediments samples. Discussions with our colleagues Manfred 
Bolter, Malte Elbrachter, Gerhard Graf, Lutz-Arend Meyer-Reil and Peter Müller 
were f r u i t f u l  i n  clarifying our concepts. 

BIBLIOGRAPHY 

BOLTER M. -1981- DOC-turnover and microbial biomass production. Kieler Meeres- 
forsch. g 5 : 304-310. 

BOLTER M. and DAWSON R. -1982- Heterotrophic u t i l i s a t i o n  of biochemical com- 
pounds i n  Antarctic waters. Neth. J. Sea Res. i n  press. 

BRoWm F,S. , BMDECKER M. J: , NISSENBAUM A. and KAPLAN I . R .  -1972- Early diageni- 
sis i n  a reducing f jord ,  Saanich I n l e t ,  Br i t i sh  Columbia. III. Chan- 
ges i n  organic constituents of sediments. Geochim. Cosmochim. Acta 
36: 1185-1203. 

BURNEY C.M. and SIEBURTH J.M.  -1977- Dissolved carbohydrates i n  seawater. II. 
A spectrophotometric procedure for t o t a l  carbohydrate analysis and 
polysaccharide estimation. Mar. Chem. 5: 15-28. 

DAWSON R. and LIEBEZEIT G. -1981- The analyt ica l  methods for  the  characterisa- 
t ion  of organics i n  seawater, In: Marine Organic Chemistm (E.K. 
Duursma and R. Dawson, Edts. ), Elsevier,  Amsterdam, Oceanography 
Series 31 : 445-496. 

DAWSON R. and LIEBEZEIT G. -1982- The determination of amino acids and carbohy- 
drates. In: Methods of Seawater Analvsis (K.  Grasshoff, Edt . ) , 
Verlag Chemie, Weinheim, 2nd Ed., i n  press. 

DEGENS E.T. and MOPPER K. -1976- Factors control l ing the  d is t r ibut ion and ear ly  
diagenisis of organic material i n  marine sediments, In: Chemical 
Oceanographx ( R .  Chester and J.P. Riley, Edts, ), Academic Press, 

London, 2nd Ed., 6: 59-113. 

HMDA N. and YANAGI K. -1969- Studies on the  water-extractable carbohydrates of 
the  par t icula te  matter from the northwest Pacif ic  Ocean. Mar. Biol. 
4: 197-207. 

HECKY R.E., MOPPER K. ,  KILHAM P. and DEGENS E.T. -1973- Amino acid composition 
of diatom c e l l w a l l s .  Mar. Biol. 19: 323-329. 

HOWHANSEH O., MRENZEIi C . J . ,  HOLMES R.W. and STRICKLAND J.D.H. -1965- Fluori- 
metric determination of chlorophyll. J. Conseil 30: 3-15. 

JOHMSOH K.M* and SIEBURTH J. McN, -1 977- Dissolved carbohydrates i n  sea water: 
1. A precise spectrophotometric analysis fo r  monosaccharides. Mar. 
Chem. 5: 1-13. 

KOROLEFF F. -1976- Determination of urea. In: Methods of Seawater Analysis (K. 
Grasshoff, Edt . ) , Verlag Chemie, Weinheim, 183-190. 



LEE C.L. and CRONIN C. -1981- The ve r t i ca l  f lux  of par t icula te  organic nitrogen 
i n  the  sea: Decomposition of amino acids i n  the  Peru upwelling area 
and equatorial Atlantic. J. Mar. Res., i n  press, 

L I E ~ Z E I T ,  G, -1 980- Chloroph~l l  E i n  marine phytopïankton: S p a r a t i o n  by MLC 
and speci f ic  fluorimetric detection. J. H i R b  Res. Chrom. and Chrom. 
Conmi. 3: 531-533. - 

LIEBEZEIT G. -1980- Aminosauren und Zucker i m  marinen Milieu - neuere analyti- 
sche Methoden und ihre  Anwendung. Ph.D. Thesis. Univ. of Kiel, 
Germany ( i n  ~erman)  pp 195. 

LIEBEZEIT G. and DAWSON R. -1981- Isoindole derivatives of amino acids for  HPLC 
separations - ef fec t  of reaction pH and time on fluorescence yield.  
J. Hiah Res. Chrom. and Chrom. Corn. 4: 354-356. 

LINDROTH P. and MOPPER K. -1979- High performance l iquid  chromtographic deter- 
mination of subpicomole amounts of amino acids by precolumn fluores- 
cence derivation with o-phthaldialdehyde . Anal. Chein. 5 : 1667- 7674. 

MOPPER K. and DEGENS E.T. -1972- Aspects of the  biogeochemistry of carbohydrates 
and proteins i n  aquatic environments. Woods Hole Oceanogr. Ins t .  
Techn. Rep. 72-68: 1-118. 

MOPPER K. , DAWSON R. , LIEBEZEIT G. and ITTEmT ,V. -1980- The monosaccharide 
spectra of naturaï  waters, M a r .  Chem. 10: 55-66. 

NISSENBAUM A. and KAPLAN I . R .  -1972- Chemical and isotapic evidence for  t h e  i n  
s i t u  origin of marine humic substances. Limnol, Oceanom. 17: 570- 
582, 

NISSENBAUM A., BAEDECKER M . J .  and KAPLAN I . R .  -1972- O~ganic geochemistry of 
Dead Sea sediments . Geochim. Cosmochim. Acta 36 : 709-728. 

SCHREURS W. -1978- An automated colorimetric method for  the  determination of 
dissolved organic carbon i n  seawater by UV destruction. H~drobiol .  
Bull. 12: 137-142. - 

TERASHIMA M. and TANAKA M. -1876- Amino acids i n  the  Cenozoic time Stone from 
Japan. Bull. Geol. Surv. Japan 27: 61 3-624. 


