
Factors influencing the 

Chemical- biological pump in 

the oceans





Definitions

• Productivity of an ecological unit is its rate of biomass 
accumulation. Many units (individuals or communities) are 
heterotrophic hence they are secondary (or tertiary) 
producers.

•

• Primary production: the rate of production of organic matter by 
autotrophic organisms. i.e. organisms that using external 
energy can produce organic matter from inorganic 
compounds. Most primary producers are photosynthetic.

• Primary production in the ocean is abundant in the photic 
zone: rate of photosynthesis of planktonic or benthic primary 
producers (algae, microbes and plants).

• Primary production in chemosynthetic systems occurs usually 
on the ocean floor at the boundary of oxic and anoxic 
conditions



PHOTOSYNTHESIS

6CO2 +6H2O = C6H12O6 + 6O2

RESPIRATION

C6H12O6 + 6O2 = 6CO2 +6H2O 





Primary and secondary producers (Phytoplankton, Zooplankton 

and microbes)
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Blue-green Algae (Cyanobacteria)
•Common Genera

Aphanizomenon

Oscillatoria

MicrocystisChroococus

www.micrographia.com



Algal Microfossils

Dinoflagellates - Pyrrhophyta

living fossil



Diatoms



Diatoms



Coccolithophores



Zooplankton Copepods









The photic zone: 

rate of PS = respiration















Atlantic temperature section (0 – 6000 m)
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Mixing back up to surface waters is restricted by density 
contrast (stratification) and the depth to which wind-driven 

mixing can penetrate

Nutrient elements (e.g., P, N, Si) are depleted in surface 
waters by biological production, and returned to deep waters 

by decomposition/respiration of sinking material

Nutrient elements



1:16חנקן וזרחן בחומר אורגני מאוקיאנוסים שונים המראים יחס של 



The Modified Redfield 

Equation

PHOTOSYNTHESIS

106CO2 +122H2O + 16HNO3 +H3PO4 =

RESPIRATION

= (CH20)106(NH3)16 (H3PO4) + 138O2

C:N:P=106:16:1

Fe= 0.0075





Nutrients in the ocean

Temp. Sal.

NO3O2 SiO2 Ba

TIC Alk

Principle Drivers are Marine Organisms!!

Phytoplankton (and Zooplankton)





The biological pump







Broecker and Peng, 1982 38

As deep water flows 
from the North Atlantic 
to the Indian and Pacific 
Oceans, it continually 
receives a “rain” of 
particulate material from 
the overlying surface 
waters

Consumption of this 
material by bacteria, etc. 
adds nutrients and CO2, 
and depletes oxygen 
from deep waters, along 
the flow pathway

Spatial distributions of properties



Broecker scheme

Ratio  =





Upwelling regions in the ocean











Western Atlantic water masses
N S



SIO 210 47

Surface distribution of nitrate



Rutgers ICMS Ocean Primary 

Productivity Study
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Surface water productivity

1999







End of 2nd lecture


