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The lecture focuses on applications of chemical sensors on 
autonomous platforms to measurement of rates of carbon, 
oxygen and nitrogen cycling.  

1) Carbon, oxygen and nitrogen based production observed in 
coastal waters. 

2) The balance of oxygen production and consumption in 
oligotrophic waters. 

3) Carbon export on the scale (almost) of an ocean basin. 
4) Coast again.

For a general chemical sensor review see:  Johnson, K. S.,  J. 
A. Needoba, S. C. Riser, and W. J. Showers.  2007.  
Chemical sensor networks for the aquatic environment.  
Chemical Reviews, 107, 623-640, doi 10.1021/cr050354e.







LOBO available now 
as commercial product 
from Satlantic. Easy to 
link LOBO data 
systems and observe 
coastal 
biogeochemistry on 
large scales.  



Systems in 
California, Nova 
Scotia, Florida 
and Oregon.  
Soon, a North 
American, 
INTEGRATED 
Coastal Ocean 
Observing 
System will 
exist.
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LOBO chemical sensor network:  www.mbari.org/lobo

Next 2 
slides at 
L01



Data goes directly to Internet and is in the public domain.  Real- 
time QC applied.  http://www.mbari.org/lobo
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Annual cycle of oxygen modeled near Kirby Park 
and observed on L02 mooring.  
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Full Mty. Bay tide range.  0/402 hrs < 100 µM O2
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2002

Annual cycle of respiration by sediment community (excludes 
plants) – clams, worms, meiofauna, bacteria......  Caffrey data 
roughly similar but does not capture wetland/intertidal processes.
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The take home message:  it’s now possible to instrument 
the world ocean with a reasonably low-cost chemical 

sensor network that would give us the spatial and temporal 
variability of net community production, carbon export, 

nutrient flux...



The CalCOFI time series.  Not very 
many ocean time series and most 
sparsely sampled in time.

Ken’s rule of thumb – highest 
achievable sampling frequency is 
where cost of ship time = cost of 
science.



Variation in Pri. Prod and Multi-variate 
ENSO Index.

Variation in Pri. Prod and surface 
density gradient of ocean.

Global satellite time series, but only measure 
ocean color and infer productivity. 



A fundamental question: what is the metabolic balance of the open 
ocean?  Net autotrophic (produces oxygen and organic carbon) or 

net heterotrophic (consumes oxygen  and organic carbon)?







The Light Bottle/Dark Bottle or Oxygen method of 
determining primary production:

6 CO2 + 12 H2 O (+ sunlight) --> C6 H12 O6 + 6 O2 + 6 H2 O 

About 1 mole of oxygen produced for each mole of 
carbon incorporated into organic compounds.  Oxygen 
traces primary production and respiration.



In summary, we ...... observe a deficit in oxygen (and thus organic carbon) production 
equivalent to about .... about 40% of measured production. We are inclined to the view 
that this deficit in part results from a limitation of the in vitro approach in that it fails to 
take adequate account of the intermittent nature of primary production.



Two questions:

Is the 
oligotrophic 
ocean 
autotrophic?

What supplies 
the nutrients if 
it is 
autotrophic?



Ocean metabolism observed with oxygen sensors on 
profiling floats in the Pacific

A collaboration with Steve Riser, UW

• >100 UW oxygen floats deployed in 
Pacific since 2002



5219 Argo profiles with O2 in the past year.
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Data available for (almost) all O2 floats at:
http://usgodae1.fnmoc.navy.mil/ftp/outgoing/argo/
ftp://ftp.ifremer.fr/pub/pub/ifremer/argo

http://usgodae1.fnmoc.navy.mil/ftp/outgoing/argo/
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Oxygen sensors on 
profiling floats have 
proven to be 
exceptionally stable.  
The floats park at 
1000 m and little 
fouling occurs.

Noisier at 200 m, but 
noise (1 standard 
deviation) is the same 
as in the HOT Winkler 
titration data – green 
lines.  That’s real 
variability.  Important 
point is there is NO 
DRIFT at 200 m, just 
below the euphotic 
zone.



An Aanderaa oxygen optode on a vertical profiling float in the North Atlantic is 
stable to 295.0±0.7 μmol/L over nearly two years at 1800 m depth (Kortzinger et 
al., 2006; Tengberg et al., 2006).  Much of the oxygen variability may be real!!!  
These sensors could be precise to 0.1%.  That’s fantastic!!!!



Trajectory over 
3 years for 
float 0894 
(WMO 
#4900093) 
near HOT, 

and float 1326 
(#5900420) in 
the South 
Pacific gyre 
near????



Pitcairn Island! 
Population of 45. 

The islanders are  
descendants of the 
Bounty mutineers and 
the Tahitians who 
accompanied them in 
1790.

HOT and POT – the 
Pitcairn Ocean Time- 
series.

3.5 km



2006 Average Ocean Chlorophyll (MODIS).  Not many people 
and not many phytoplankters, either.

http://oceancolor.gsfc.nasa.gov/SeaWiFS/IMAGES/chlor_colorbar.gif


3 years of O2 data near HOT



3 years of O2 at POT



Influential past work 

SOM & NCP

Different zones of 
annual oxygen cycle 
& Nodal depth

Modeling the annual 
oxygen cycle
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Oxygen Residual Value
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Oxygen residuals from least squares fit line at 78 m to 3/4 year of HOT data.  
A normal distribution with standard deviation = 1.5 µmol/kg.  

Random analytical error.  NO EVIDENCE FOR EPISODICITY IN MOST OF 
THE YEAR!

±1 SD = ±1.5 
µmol/kg
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Vertically integrated  
Net Community  
Production at HOT = 
1.6±0.2 mol C/m2/y.  

Keeling et al. (2004) 
summarized 11 other 
measurements that 
average 1.9±0.6 mol 
C/m2/y.

At 22 S, vertical integral 
of NCP = 0.9±0.4 mol 
C/m2/y.  About ½ the 
magnitude of NCP at 
HOT, as expected. 



Cycle of Dissolved Inorganic Carbon at surface looks 
very similar to O2 cycle below mixed layer.  DIC 
equilibrates with atmosphere 10x more slowly than O2 .

Solution to measuring annual cycles near the surface 
would be a good pH sensor on a float. 





pH sensors allow TCO2 and NCP to be estimated in 
mixed layer:  Ion Selective Field Effect Transistor - 

ISFET
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The ocean is autotrophic/has net positive oxygen and 
organic carbon production even in the regions with lowest 
concentration of plants.  The real question is where do the 

nutrients come from that support this plant growth?  
Production may have episodic events, but episodes not 

required to sustain positive oxygen production.

HOT POT



Sampling at higher 
frequency in 2008 (5 day 
cycle time versus 10 days in 
prior work), shows more 
episodic environment.  Is 
2008 an unusual year?

O2 at 75 m



Dec 2007 to April 2008 was a fairly extreme period for mesoscale events.

Sea 
surface 
height 
anomaly 
(cm)
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