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1	  

Primary	  produc.vity	  =	  
	  
light	  	  *	  phytoplankton	  *	  photosynthe.c	  

	  	   	  	  mass	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  coefficients	  



2	  

What	  is	  photosynthesis	  ?	  

How	  many	  ‘types’	  of	  produc.vity	  are	  in	  
	  aqua.c	  systems;	  how	  	  are	  these	  different	  
	  types	  of	  produc.vi.es	  measured?	  

What	  parameters	  are	  in	  the	  produc.vity	  
	  models?	  

Against	  what	  data	  do	  we	  test	  these	  models?	  

Primary	  produc.vity	  	  =	  
	  
light	  (λ)	  *	  	  phytoplankton	  mass	  	  	  	  	  	  *	  	  	  photosynthe.c	  coefficients	   	  

	   	  	  	  	  	  	  chl?	  cell?	  carbon?	  or	  ? 	   	  normalized	  to	  phytoplankton	  
	   	   	   	   	   	   	   	   	   	  and	  func.on	  of	  light,	  growth,	  etc.
	   	   	   	   	   	   	   	  	  



Light:  do we need  surface or depth ? 
  

Profile	  –	  typically	  one	  profile	  per	  loca.on	  
Mooring	  –	  several	  depths,	  	  

	  how	  is	  surface	  changing	  over	  .me?	  	  
	  is	  Kd	  constant?	  

Satellite	  	  –	  surface	  only;	  	  
	  derive	  Kd	  	  –	  is	  it	  constant	  vs.	  z?	  	  λ?	  

Autonomous	  –	  moving	  in	  x,	  y,	  z	  plane	  



http://www.iopan.gda.pl/rbdo/fizyka/mbo_lab/tab_gauss.htm 

Light:  do we need PAR or spectral? 
  

Photon	  absorp.on	  for	  photosynthesis	  requires	  a	  match	  between	  spectra	  of	  
photosynthe1c	  pigments	  (aphyt(λ)	  and	  spectra	  of	  underwater	  light	  field.	  



Note:  Photosynthetic coefficients must be normalized to same 
units of phytoplankton biomass (biomass units cancel)	  

Phytoplankton biomass:  do we need chlorophyll, absorption 
coefficient, cell number, cell volume, phytoplankton carbon, other?  
  

Primary	  produc.vity	  	  =	  
	  
light	  (λ)	  	  *	  phytoplankton	  mass	  	  	  	  	  	  	  *	  photosynthe.c	  parameter	   	  

	   	  	  	  	  	  	  chl?	  cell?	  carbon?	  or? 	   	  normalized	  to	  phytoplankton	  
	   	   	   	   	   	   	   	   	   	  and	  func.on	  of	  light,	  growth,	  etc.
	   	   	   	   	   	   	   	  	  



Amphidinimum	  carterae	  grown	  at	  (A)	  700	  and	  (D)	  5	  µmol	  photons	  m-‐2	  s-‐1	  

High	  light	   Low	  light	  

a_part(λ)	  

a_NAP(λ)	   a_phyt(λ)	  

a_photoprotec.ve	  (λ)	   a_photosynthe1c	  (λ)	  

if use absorption, 
need aPS (λ)	  
	  	  



Photosynthetic coefficients  
are normalized to phytoplankton biomass,  
are a function of light, and 
incorporate physiology (photo-adapatation, nutrient limitation, etc.) 

Ε  (light) 	
	

Pb

max (normalized 
rate – usually Chl); 
product is C or O2 

 

α  (slope)	

EK = Pmax / α 

β  (light inhibition) 
Eβ = Pmax / β	


P = Pmax(1 - e –(E/Ek)) e–(E/Eβ) 
	


	


β	


Pmax	


Note	  R	  =	  respira.on	  



E  =  irradiance in photons (not energy) 
     units of µmole photon m-2  s-1 

 
PB

max  = maximal, light-saturated photosynthetic rate 
     typically normalized to chlorophyll concentration 
     units of g C (g chl)-1 s-1  
    (normalization makes parameters ‘portable’) 
	  	  	  	  	  	  Upper	  measured	  limit:	  	  PBmax	  is	  <25	  	  g	  C/	  g	  Chl/	  h 

 
α   = slope of the P vs E cure  

      units of g C (g chl)-1 s-1 (µmole photon m-2  s-1)-1     [ugly !] 

Units of photosynthetic parameters  
 and photosynthesis vs. depth 



Photosynthetic quantum yield (Φps) 
 
Φps   =    moles product evolved     
               moles photons absorbed 
      
          Φ   is maximal at low irradiance,  

 and decreases as irradiance increases 
 (Ek term regulates decrease of  Φ) 

Alternative parameterization:    PS  = E(λ) * aps(λ)  * Φ	


upper	  limits	  Φ for C is 0.10 

PS 	
 	
 	
 	
 	
Φps 



	  
	  
	  
	  
	  
	  
	  

	  
	  
	   	   	  	  	  	  CO2	  	  +	  	  H2O	  	  	  	  è	  	  	  –(CH2O)–	  	  +	  	  O2	  

	
	

Respiration is reverse.	


What is photosynthesis? 
   
(in text books, all terms  shown times 6; reflects synthesis of simple sugar):	




Photosynthesis – process and products (Should	  you	  expect	  stoichiometry	  between	  C	  and	  O2	  ?) 

1.   photon absorption by Light Harvesting chlorophyll & accessory pigments 
 

2.  exciton (energy) transfer from LH pigments to reaction center   
 

3.  PSII trans-membrane charge separation:  high energy electron is  
     transferred from P680 across membrane to plastoquinone (electron  
     acceptor) 
 

4.  Electron is transported to PSII; ATP is produced; electron transport    
     from PSII replaces electrons lost by PSI (P700+) 
 

5.  PSI trans-membrane charge separation:  high energy electron is  
    transferred from P700 across membrane to pre-ferrodoxin  (electron  
    acceptor); NADPH is produced 
 

6.   H2O split (PSII) 
 – replace electrons lost by PS II (P680+) during charge separation;  

  – produces O2 as waste product; 
 – produces H+; H+ gradient couples with electron transport from         

        PSII to PSI (leading to ATP production) 
 

7.  ATP & NADPH used	  to	  reduce	  CO2,	  NO3
-‐	  and	  drive	  biosysnthesis,	  etc.

	  	  



http://www.iopan.gda.pl/rbdo/fizyka/mbo_lab/tab_gauss.htm 

1. photon absorption by chlorophyll & LH accessory pigments 
  

X	  



http://www.cfn.uni-karlsruhe.de/?id=39 

International Journal of Photoenergy, Volume 2009, 
Article ID 434897, 21 pages 

http://www.nersc.gov/news/annual_reports/annrep04/
html/adv-comp-sci/01-follow-the-energy.html 

 

2.   exciton (energy) transfer from excited pigment to reaction center 

Energy transferred 
down gradient to 
reaction center 



 
http://www.uqtr.ca/labcarpentier/eng/research.htm 

3.  trans-membrane charge separation at PSII 
4.  electron transport from PSII to PS I (ATP is produced)  

5.  trans-membrane charge separation at PSI (NADPH is produced) 
 

hjp://www.life.illinois.edu/govindjee/ZSchemeG.html	  



hjp://
www.physorg.com/
news82034817.html	  

6.   H2O is split at PSII  
 – generate electrons to replace those lost by PS II (P680+)  
  during charge separation;  

  – produces O2 as waste product; 
 – H+ is produced; H+ gradient coupled with electron transport from      
    PSII to PSI leads to ATP production 
  



All these process happen on the thylakoid membrane, 
but where’s the carbon? 

hjp://chemwiki.ucdavis.edu/Biological_Chemistry/Photosynthesis/Photosynthesis_overview/The_Light_Reac.ons	  



hjp://highered.mcgraw-‐hill.com/sites/007352543x/student_view0/chapter7/
how_the_calvin_cycle_works.html	  

7.  ATP & NADPH used to reduce CO2, NO3
-, SO4

-2 and provide energy for 
biosynthesis of proteins, lipids, nucleic acids, etc., etc. 

Here’s the carbon	




Summary of “Light” reactions of PS: 
absorption of 8 photons produces 2 ATP, 2 NADPH, 1 O2  
 

 PS quantum yield: mol O2 produced/mol photon absorbed; 
 Φ max ~ 0.125 at low light; Φ lower at higher light  

 

Summary of “Dark” reactions: 
use products of photosynthesis (ATP and NADPH): 
1. Reduce CO2  to  –[CH2O]– (fixed C increases ‘biomass’,  
        used at night in respiration, excreted as DOC) 
2. Directly use as energy source in biosynthesis;  

 lipids, proteins, complex carbohydrates require  
 more energy –  ATP, NADPH.  

3.  Reduce NO3
-, SO4

-2, etc. 
 

absorption of 10 photons to reduce CO2 (3 ATP, 2 NADPH) 
 PS quantum yield: mol C produced/mol photon absorbed; 
 Φ max ~ 0.10; Φ lower at higher light;  
 lower if other uses for ATP and NADPH  

 

Photosynthetic quotient:  O2 evolved to C fixed is >1; 1.5 & higher. 
Leads to some uncertainty in mass balance calculations. 



There is more than one type of carbon productivity 
 
 

1.  GOP:   gross photosynthesis as oxygen evolution 
 

2.  NPP:   net primary productivity, rate of phytoplankton   
     fixation of carbon minus phytoplankton respiration (24 h)  

  

3.  NCP:  NPP minus local heterotrophic consumption:  
     (grazing by protoza and zooplankton; microbial respiration) 

  
 

 4. EP: export production, need to boundary conditions – sinking     
     of organics, zooplankton vertical transport, DOC subduction,    
    resource harvesting {aside: in 2005, humans consumed 25% terrestrial PP} 
  

5. SP: sequestration production, what gets through the twilight zone 
  

NB:    Time period for integrating makes a difference: 
     NPP and NCP will be different if PP is integrated per hour vs.  
     per day vs.  per year.  Or, at different seasons. 
  



There is more than one type of carbon productivity 
 
 

1.  GOP:   gross photosynthesis as oxygen evolution. Bottle 18O, in situ: triple O  
 

2.  NPP:   net primary productivity, rate of phytoplankton fixation of carbon minus    
      phytoplankton respiration (24 h). Bottle 14C; in situ: diel changes in biomass  

  

3.  NCP:  NPP minus local heterotrophic consumption: (grazing by protoza and       
      zooplankton; microbial respiration). In situ: mass balance O2, Ar/O, NO3  

  
 

 4. EP: export production, need to boundary conditions – sinking of organics, zooplankton    
     vertical transport, DOC subduction, resource harvesting. In situ: mass budgets,    
    traps, cameras, etc.  
  

5. SP: sequestration production, what gets through the twilight zone 
  

NB:    Time period for integrating makes a difference: 
     NPP and NCP will be different if PP is integrated per hour vs.  
     per day vs.  per year.  Or, at different seasons. 
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Figures from Geider,  1987,  New Phytologist,  106: 1-34 
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