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Aquatic production: Some terminology

P – gross production (C-fixation or O2-formation) 
R – “respiration” (C-oxidation or O2-consumption)
P-R = N – net production 

CO2 + H2O                    CH2O + O2

P

R



Our goal is to estimate community net and gross production

In practice we run:
- Bottle incubations with: 14C, 15N and 18O 
- Field measurements of [O2], [Ar] and oxygen isotope ratios

Which bottle incubation method is better?

- The 14C method is relatively easy, but 
- Suffers from uncertainty due to recycling of the 14C spike

- The 15N method measures net nitrogen fixation 

- The 18O measures gross production and also net as a byproduct



Graphic presentation of the 14C method
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Graphic presentation of the 18O method
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How these (bottle) rates compare with true NCP? 
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Net production (N = P – R) 
[O2]diss – measured concentration of dissolved oxygen in 
[O2]eq – equilibrium oxygen concentration
K – gas transfer velocity

Atmospheric O2

Plankton

N = K([O2]diss – [O2]eq) 

R

P N = P – R > 0

[O2]diss > [O2]eq

N = K([O2]diss – [O2]eq )
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-0.020.0117-Apr-97

-0.19026 Sept 96

1.25011-Jul-96

bottlefieldDate We measure biological oxygen
saturation directly from O2/Ar
(as a byproduct of the isotopic 
measurements) and calculate

NCP – net community production

In L. Kinneret, bottle estimates of NCP
are un-realistically exaggerated because
much of the respiration in the lake is not
represented in the bottle measurements 

NCP – L. Kinneret
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Bottle measurements do not indicate true NCP

What about gross community production?

The answer is possible by using a natural spike to 
measure gross production

The spike is found in the 17O/16O and 18O/16O in air O2



ln(δδδδ18O +1)

ln
( δδ δδ

17
O

 +
1)

Respiration slope ~0.52

Seawater
Atmospheric O2
17∆∆∆∆ = 0

Bio steady
state O2
17∆∆∆∆max = 250

slo
pe

 >
> 

0.
52

0

0
25

0
Non-mass-dependent transfer of
isotopes from O2 to CO2 in the
stratosphere

Atmospheric O2 is different than O2 affected only by 
photosynthesis and respiration
The deviation – 17∆∆∆∆ – can be used to estimate gross production
just as δ18O is used in 18O spike experiments
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Atlantic Ocean station BATS 
(Bermuda Atlantic Time-series Study)



300

250

200

150

100

50

0
0 50 100 150 200

300

250

200

150

100

50

0
15 20 25 30

300

250

200

150

100

50

0
-200 -100 0

eq
ui

lib
riu

m

17∆Temp. (oC)

Atlantic Ocean, Bermuda

eq
ui

lib
riu

m

 

δO2/Ar



300

250

200

150

100

50

0
0 40 80 120 160

No O2 production
below this depth

Sep
Jul

MayMar

 
17∆ Mar-Sep 2000

Large scale “incubation experiment”



At steady state 17∆ flux balance is:

(17∆eq)F + (17∆max)P = (17∆diss)R + (17∆diss)(F + N)

P(17∆max – 17∆diss) = F(17∆diss -17∆eq);      F = KCo

P = (17∆diss – 17∆eq)/(17∆max – 17∆diss)KCo

Atmospheric O2

Plankton

(17∆eq)F (17∆diss)F

(17∆diss)R

(17∆max)P
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Conclusions

1. It is not clear what 14C incubations measure. 
(Gross production? Net production? In between?)

2. [O2] incubations measure net O2 production in the bottle but not 
true community production

3. H2
18O incubations measure gross O2 production in the bottle and 

also in the field as confirmed by the 17∆ method

4. The 17∆ method gives integrated estimates of gross community 
production and O2/Ar measurements give net community 
production and there is no need for bottle incubations


