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from CE Zobell J. Bact. 46: 39-56 (1943)



from F Azam Science 280: 694 (1998)



1975 - bacterial direct counts
1980 - 3H-thymidine bacterial production 
1982 - low-level nitrate (chemiluminescence)
1982 - Fe ‘clean’ techniques
1982 - dilution method for microflagellate grazing
1983 - hydrolytic enzyme activity
1983 - phytoplankton pigments by HPLC
1988-1993 HTCO method for dissolved organic matter
1989 - RNA probes
1989 - dissolved DNA
1990 - FDM model
1990 - tangential flow filtration
1992 - bacterial direct counts by flow cytometry
1995 - individual proteins by electrophoresis
1996 - first complete genome sequence
2001 - capillary electrophoresis zymography
2002 - acylated homoserine lactones
2004 - metagenomics
2005 - proteomics
2009 - eukaryotic genomics

Timeline of 
significant 
methodological 
advances



1977 - free living bacteria
1979 - Synechococcus
1988 - Prochlorococcus
1990 - SAR 11
1989 - viruses
1992 - Archaea
1993 - IronEx !!!
2001 - proteorhodopsin

Timeline of introduction of some significant new 
‘players’



Division of DOM into 3 now ‘canonical’ fractions 
(Carlson and Ducklow 1995 DSR II 42: 639)



Karl 1994 Microb Ecol 28: 147

Inferences about net elemental budgets can often be 
made more reliably by looking at total pools than by 
extrapolating from microbiological rates  



Dissolved iron concentration has declined over time due to 
analytical advances but has been stable for over a decade
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Venter et al 2004 Science 304: 66

The genome ‘sequence’ of an entire microbial community 
can now be determined

“These data are estimated to derive 
from at least 1800 genomic species 
based on sequence relatedness, 
including 148 previously unknown 
bacterial phylotypes.”

“We have identified over 1.2 
million previously unknown 
genes”



Zehr and Ward 2002 AEM 68: 1015

Microbial nitrogen metabolism involves many 
biogeochemically important reactions catalyzed by 
enzymes for which gene sequences are known



Known gene sequences for specific metabolisms can be used to 
identify specific groups of microbiota that possess that metabolic 
ability (Moran and Armbrust, Oceanography Magazine, June 2007)

“Pure-culture genomics 
has indeed begun to 
fundamentally change 
our understanding of 
who is doing what in the 
ocean, and how they are 
doing it.”



• methodology drives perception, perception 
establishes paradigms, paradigms guide further 
research

• new and innovative methods can spread rapidly, 
sometimes more rapidly than the context for their 
interpretation evolves

• progress has been made in large part through the 
dissemination of standard methods, and through the 
unification of chemistry and biology 

Conclusions


