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If we are interested in carbon available for 
export or consumption by higher trophic 
levels, NCP is the key term. 

If we want to know how much total energy 
was captured by photosynthesis, we need to 
know GPP. 

If we are interested in the net total carbon 
fixed by phytoplankton, NPP is the key term 
(GPP- autotrophic R).



The basic concepts of light and dark bottle incubations 
for productivity measurements

1. Light bottle O2 minus starting concentration over time 
is NCP. In the absence of a heterotrophic community 
this would be NPP. (Conversion from oxygen to carbon 
units requires application of the Photosynthetic 
Quotient (>1.1 O:C)).

2. Dark bottle O2 minus starting concentration over time 
is CR.

3. The sum of NCP and CR is GPP





Typical Light – Dark (GPP) values per mg chl.  (J.D.H. Strickland, 1960) 



• Precision ~±0.5 umol/L for Winkler

• Precision typically > ±1.0 umol/L  for optodes

• Error terms

– Bubble entrainment/ supersaturation

– Precision of O2 measurement

– Temperature effects

– Presence of heterotrophs

– Bottle effects

– Uncertainty in PQ 

Some considerations for incubation net-P estimates



Brief review of newer automated 
systems to study dissolved oxygen 
variability



Langdon Rig
from Langdon et al, 1995



Dark bottle data



NCP and CR determinations at Fort Point, NH

UNH data from automated incubation chambers
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VanDermeulen Rig 1



Vandermeulen Data
Oxygen GPP v. 14Carbon

In situ oxygen and light data were used to construct a photosynthesis versus
irradiance (P v. E) curve, by averaging the incident light and biological rates in five
minute intervals, and plotting them as a function of one another.
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Aanderaa 
optode

45/50 Opening 
BOD bottles

Hose 
connections 
(recirculator)

3” ID acrylic
jackets

Illustration Credit: Kirsten Carlson

Vandermeulen rig 2
Oxygen-based photosynthetron (under development)

Neutral density 
filters



That’s all,
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