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1. Nitrogen is (almost always) a limiting nutrient for 
primary production in the ocean and on land.
– Majority of nitrogen on the Earth is in the form of N2 gas
– This is not biologically available for most organisms
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1. Nitrogen is (almost always) a limiting nutrient for 
primary production in the ocean and on land.

2. Chemical transformations of inorganic nitrogen are  
key to nitrogen isotope fractionation

3. Nitrogen sources and sinks in the oceans are largely 
internal and biological.

4. Nitrogen occurs in various chemical forms: 
– N2, NO3

-, NO2
-, NH3, NH4

+

– All macroalgae and microalgae can use NH4
+ as a nitrogen 

source; most can also use NO3
- and NO2

-

– Only cyanobacteria/microbes can use N2 as a nitrogen source



Nitrogen Cycle
(isotope ecologist perspective)
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Nitrification: two step process performed by 
chemoautotrophic bacteria and archaea

Ammonia-Oxidizing Bacteria – AOB (e.g., Nitrosomonas)
Ammonia-Oxidizing Archaea – AOA (e.g., Nitrosopumilus)

Oxidation of NO2 to NO3 is bacteria-mediated (Nitrobacter)

2NO2 + O2 2NO3

2NH4 + 3O2 2NO2 + 2H2O + 4H

DNH4-NO3 = ~10 to 35‰

LIGHTER GOES FASTER



Denitrification: multistep process performed by 
bacteria in the absence of oxygen (anaerobic)

NO3           NO2 NO + N2O       N2

Occurs at intermediate depths, with resulting 15NO3 upwelled to surface.

Water Column DNO3-N2 > 20‰

Sediment DNO3-N2 = ~0‰

NO3 + 12H+ = N2 + 6H2O
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2 ]



Nitrogen Fixation: multistep process largely done 
by cyanobacteria in the open ocean.

DN2-NH4 = ~0 to -1‰

N2 + 12H2O + ENERGY NH4
+ + 4H+

Reduced
Coenzyme

Oxidized
Coenzyme





NO3
-: One of the most significant isotope effects in the 

open ocean since NO3 is more abundant than NH4

NH4
+: Less important isotope effect, given that the
uptake of ammonium is usually complete.

Assimilation: Biological uptake of nitrogenous compounds

The magnitude of D in both cases depends on the degree to which the 
nitrogenous compound is limiting, and the organisms involved.

D = ~5‰

D = ~5 to 20‰



Sigman, Karsh, and Casciotti 2011

Assimilation of NO3
- by primary producer strongly influences

the d15N value of the remaining dissolved NO3
-
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Nitrogen Fixation

Temperature and [CO2]

High Productivity
Producer Taxonomy

Upwelling of Denitrified
Subsurface Waters

(O2 minimum zones)


