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Hypotheses are tested by the accuracy of t h e i r  predict ions.  
T h e  gaia hypothesis s t a t e r  t h a t  the composition, oxidation-reduction 
s ta tez  and temperature of the  troposphere are a c t i v e l y  regulated by 
the b i o t a  f o r  the b i o t a  (Lovelock, 1979). One ot the ea r l y  
predic t ions o f  the  qaia hypothesis was t h a t  there should be a s u l f u r  
compound made by the  b i o t a  i n  the 0cean5. It would need t o  be s tab le  
enough against ox idat ion i n  nater t o  al low i t s  t rans fer  t o  the a i r .  
E i ther  the sulfur compound i t s e l f  or  i t s  atmospheric ox ida t ion  product 
would have to r e t u r n  su l fu r  from the  sea t c  the land surfaces. The 
n.dst l i k e l y  candidate f o r  t h i s  r o l e  was dimethyl su l f ide.  

This qaian pred ic t ion  has been handsomely con+irmed by 
d s e r v a t i o n s  of  M. Andreae. DMS w a s  found t o  be abundantly produced 
by a lga l  blooms, p a r t i c u l a r l y  those over the  cont inental  she l f  
regions. The production i s  so l a rge  tha t  DMS can be considered t o  be 
the p r i n c i p a l  sulfur c a r r i e r  of the natura l  environment. 

Mzny b i o l o g i s t s  who might otherwise favor the gaia hypothesis 
Sind i t  d i f f i c u l t  t o  comprehend the channel of  communication t h a t  
i n s t r u c t s  marine microorganisms to produce DMS f o r  the "benef i t "  of  
the land biota.  The scenario tha t  fo l lows i s  one possible explanation 
of the development of th is  l i n k .  

The synthesis of p rop io the t in  ( tha t  is. beta dimethyl 
sulfonioproprionate or D M S F ) ,  DMS, and DMSO probably began as a device 
for  the pro tec t ion  o f  marine microorganisms against s a l t  s t ress  (see 
Fig. 1-21. It may not be so wel l  known t h a t  DMSO i s  the  most 
e f f e c t i v e  neutra l  so lu te for pro tec t ion  against the  adverse e f f e c t s  uf 
dehydration or freezing. I proposed i t 5  use for t h i s  purpose i n  1957 
and i t  has been used since then. perhaps unwisely, t o  freeze human 
embryos i n  a v iab le  state. f r -op iothet in  and betaines are able t o  
protect  against s a l t  s t ress (they are osmolvtes) (see Fiq. 1-11. The 
pro tec t ive  ac t ion  o f  betaines and t h e i r  r e l a t i o n  to DMS has been noted 
iAndreae and Raemdonck, 1985). DMS i s  a byproduct and an end product 
of the metabolism of DMSO and of DMSP. 

Imagine some ear ly,  possibly Archean ecosy~item ex i s t i ng  on the 
t i d a l  reaches of  the shore o f  a land mass. When the t i d e  receded the 
organisms l e f t  behind would be subject t o  severe desiczat ion and s a l t  
stress. The production of  the DMSO fami ly  of compounds would be one 
answer to these immediate problems. A n  unintended consequence would 
be tho escape of  DMS to the  a i r  a5 a byproduct. On-shore breezes 
would de l i ve r  su l fu r  from the DMS t o  the land b i o t a  t h a t  previously 
had been depleted i n  sulfur. They would then f l o u r i s h  and i n  t ime 
t h i s  would lead to an increase i n  t h e  runof f  of  nu t r i en ts  such  as 
n i t r a t e s  and phosphates from the land. T h i s  would encourage the 
fu r ther  growth of  algae and sa on. T h i s  process ccmld e a s i l y  be 
modeled: there would be a spread of  land biota inwards as t h e  DMS 
penetrated fu r ther  in land and a spread of the DMS producers as the 
nu t r i en ts  spread i n t o  the ocean waters. These arguments apply  to 
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the production of v o l a t i l e  compounds of other essent ia l  elements 
(e-g., s c s l e n i u m  and iod ine)  . 

Do the phreophytar algae, Lawineria, t h a t  produce methyl 
i od ide  i n  s u r p r i s i n g l y  l a rgo  quant i t ies,  conta in  an iodonium betaine? 

Laminarians might be the  major source o f  tropospheric methyl 
iodide. 

Another sulfur compound of  i n t e r e s t  from a gaion viewpoint 
i s  CSn (carbon d i s u l f i d e ) .  If CSz i s  a b i o l o g i c a l  
product a r i s i n g  f r o m  anaerobic biosynthesis i n  the sediments, 
them i t s  production could provide an economic f o r m  o f  c l imate  
r@qulertion. CS, oxid izes t o  COS (carbonyl s u l f i d e )  i n  the  
atmosphere. The compound COS has a residence t ime of months, long 
enough t o  ensure i t s  t rans fer  t o  the stratosphere. Once i n  the 
stratosphere i t  ox id izes fu r the r  t o  form the  s u l f u r i c  ac id  
aerosol and the presence of  t h i s  aerosol a l t e r s  the  Earth's 
r a d i a t i o n  balance causing a cool ing of  the surface. 

Bob Garrels wonders i f  CS-r played a major r o l e  i n  
e a r l y  archean biogeochemistry a5 a surrogate f o r  COa i n  
the  metabolism of the photosynthetic sulfur bacteria. Can 
CS2 be used as a carbon source instead o f  COS i n  
anaerobic photosynthetic sulSur bac ter ia  or cyanobacteria? The 
biochemistry of CSz production might be rewarding t o  
study. 
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NOTE: Unfortunately Dr .  Lovelock was unable t o  at tend the 
PBME course. That h is enthusiasm f o r  it was unbounded is 
at tested to by th is voluntary con t r i bu t i on  which he 
submitted on Ju l y  15, 1984. For fu r the r  referenceso please 
see! the  l ec tu re  abstract  of M. Andreae! a t  the  beginning of  
t h i s  volume. 
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