
The motion picture



How do we go from satellite measurements of 
chlorophyll to estimates of production?

Temperature

Chlorophyll

Satellites measure irradiance upwelling from the Earth’s surface.  
Can be used to define chlorophyll, temperature, and irradiance. 

Need models that relate these things to primary production.



Satellites “measure” chlorophyll, 
temperature, and light

• ~1 km resolution

• Need models that relate photosynthesis to these 
remotely sensed variables.

• Nontrivial challenges with remote sensing: stability 
and accuracy of sensors, correction for atmospheric 
interferences, and conversion from ocean color to 
chlorophyll.

• Depth-dependent descriptions of phytoplankton 
productivity generally include the following terms: 
vertical light attenuation, biomass normalized 
productivity, photoperiod length, and incident light 
flux.



Photosynthesis-irradiance

To quantify photosynthesis as a function of irradiance (and determine biomass 
normalized photosynthetic rates), a device called a photosynthetron is often used. 

14C-bicarbonate is added to whole seawater samples, samples are placed in 
temperature and light controlled incubation. After short incubations (<2 hrs) rates of 

photosynthesis are derived.



Irradiance (µmol quanta m-2 s-1)
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α= ∆P/∆I = initial slope of the P vs. I relationship  
α varies based on physiological changes to the cellular photosynthetic machinery
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Some important things to remember 
about the ocean

• Light (the primary source of energy in the 
sea) declines exponentially with depth.  
The rate of exponential decay depends on 
material in the water that scatters or 
absorbs light (particles and dissolved 
material).

• “Typical” nutrient profile: 
– low in the upper ocean where light abounds, 

increasing concentrations with depth



The exponential decay of light with depth

IZ = I0e-kZ

IZ = light at depth Z (units of mol quanta m-2 s-1)
I0 = light at surface of ocean (incident irradiance; units of mol quanta m-2 s-1)
k = attenuation coefficient (units of m-1)
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The euphotic zone is typically defined by the depth to 
which 1% of the surface irradiance penetrates; thus,

IZ = I0e-kZ

IZ/I0 = 0.01 = e-KZ

-(ln 0.01/K) = Z

The larger K, the shallower the euphotic zone depth.
K for pure water = 0.038 m-1

K for turbid water = 0.4 m-1

K for the open ocean = 0.05 m-1

K is influenced by light scattering and light absorption.

Primary controls on light attenuation in the ocean are particles that 
scatter or absorb light and dissolved constituents that scatter or 
absorb light.





What about nutrients?

Typical ocean profiles of inorganic nutrients…
Low in the upper ocean, increasing concentrations 

with depth due to remineralization of sinking particles



Growth as a function of light by 
different isolates of 

Prochlorococcus.  These isolates 
tend to segregate vertically and 

utilize different  sources of nutrients.



Nutrients make things grow…



Redfield stoichiometry of production 
and remineralization

Organic matter production:

106 CO2 + 16 HNO3 + H3PO4 + 122 H2O ⇒ (CH2O)106 (NH3)16 (H3PO4)+138O2

Consumes nutrients Produces oxygenConsumes CO2

This equation describes photosynthetic nitrate assimilation

THE RATIO 106C: 16N : 1P
mole : mole : mole

Aerobic remineralization of organic matter:

(CH2O)106(NH3)16H3PO4 + 138O2 ⇒ 106CO2 + 122H2O +16HNO3 + H3PO4

Produces CO2 Produces nutrientsConsumes O2



Important pools of nutrients in 
the sea

• Nitrogen: protein, nucleic acids
– NO3

-, NO2
-, NH3, organic N,

N2 (but only by specific prokaryotes)
• Phosphorus: nucleic acids, lipids

– PO4
3-, organic P

• Carbon: nucleic acids, protein, lipids, 
carbohydrates, etc.
– CO2, organic C

• Sulfur: amino acids, protein, lipids
– SO4

2-, S, H2S, organic S



•NO3
- : concentrations range 

nanomolar to micromolar
•N2 : biologically inert (mostly); 
concentrations ~600 µmol L-1

•NH4
+ : rapidly consumed in the 

photic zone, concentrations 
typically nanomolar
•DON : concentrations typically 
4-6 µmol L-1 but mostly 
unavailable for plankton growth



Species Mean 
Euphotic 

zone 
(µmol L-1)

Mean 
aphotic

zone 
(µmol L-1)

Oceanic 
inventory

(Tg N)

Turnover rate 
(Tg N yr-1)

Turnover time 
(years)

Nitrate 
NO3

-

7 31 5.8 x 105 1570 370

Nitrite
NO2

-

0.1 0.006 160

Ammonium 
NH4

+

0.3 0.01 340 7000 0.05

Dissolved Organic 
Nitrogen 

DON

6 4 7.7 x 104 3400 20

Particulate 
Nitrogen

PN

0.4 0.01 400 8580 0.05

Nitrous Oxide
N2O

0.01 0.04 750 6 125

Dinitrogen gas
N2

450 575 1 x 107 200 54,000

Oceanic concentrations, inventories 
and turnover of nitrogen



Where do ocean nutrients come from?

1) Deep ocean (physics)
2) Recycling (biology)
3) River runoff (mostly physics)
4) Air (both physics and biology)

Rivers

Deep Sea

Recycling

Air



Physics and biology control nutrient 
availability and primary production

• Physics – upwelling, downwelling, and 
mixing all influence the vertical light and 
nutrient environment. 

• Biology – N2 fixation, nutrient uptake, 
remineralization
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DEEP MIXED LAYER

SHALLOW 
MIXED LAYER

Deep mixing provides nutrients but also reduces 
amount of light available for growth

Light (mol quanta m-2 d-1)
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