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falsify alternative models.  A variety of biogeochemical syntheses are available with variable 
comprehensiveness in coverage. The most comprehensive and definitive for fidelity assessment 
include: NOAA/NODC World Ocean Atlas 2009 (T, S, NO3, PO4, SiO4, O2); DoE 
GLODAP/CDIAC DIC, Alk, Anth CO2, CFCs, 14C; NASA Satellite Ocean Color for chlorophyll 
POC and composition; NOAA Copepod Database 2007 for mesozooplankton ; and 
Takahashi/LDEO pCO2 database.  More sparse but globally extensive and powerful for validation 
include: Honjo et al (2008) deep sediment traps; Jahnke (1996) sediment respiration; Jahnke (1996) 
and Seiter (2002) and accumulation; Parekh/Moore dissolved iron databases; Dennis Hansell’s DOC 
database; and Jenkins/Schlosser 3H/3He database. 

Another way in which measurement strategies inform OBGCMs is through data assimilation.  In 
physical oceanography, global data assimilation is used for: sState estimation, short term forecasting 
(recently up to a year), and parameter estimation.  For the carbon cycle, data is commonly used for 
initialization, but data assimilation has mostly been restricted to regional state estimation and 
parameter tuning.  The central challenges are data sparseness and physical/biological attribution.  
This challenge of attribution is illustrated nicely through consideration of pCO2 biases in a data 
assimilation framework, and determining a single course of corrective action for the model to take 
when observations do not match the model without being able to distinguish whether the bias is 
because: the pressure history is different; there is a physical bias in T, S; there is a chemical bias in 
Alk, DIC, NO3; the wind speed parameterization is incorrect; or there is an underlying unresolved 
feature (eddy/front).  Some biogeochemical state estimations have been conducted that assume 
steady state by Ganachaud and Wunsch (2002), Schlitzer (2006) and Kwon and Primeau (2006), but 
time-varying assimilation is still far off. 

OBGCMs can provide valuable support for measurement strategies both in terms of providing 
hindsight with respect to filling measurement gaps and foresight in Observation System Simulation 
Experiments (OSSEs) to scope out the viability of a proposed measurement strategy in its ability to 
adequately detect and attribute the phenomenon of interest.  Such biogeochemical OSSE’s were 
conducted by Robbie Toggweiler in support of the JGOFS EqPac Process Study (Murray et al., 
1992) and McCreary et al. (1996) in support of the JGOFS Arabian Sea Process Study.  There are 
many global OBGCMs currently in use.  To critically inform these models will require measurement 
strategies to either:  be globally representative, reduce regional uncertainties with global 
significance, change how models are built (i.e. microbial loop, ballast).  Process level information 
should: fully resolve the phenomenon, including physical drivers, constrain a mechanism as it 
applies globally, reduce uncertainty/bias >0.1 PgC/yr.  Models can help optimize experimental 
design. 

The modeling questions to which a GBF-OOI may be particularly well-suited include: process level 
characterization of the twilight zone, characterization of variability in poorly sampled but 
biogeochemically critical regions like the Southern Ocean, Labrador and Nordic Seas, resolving fine 
scale biological response to physical perturbations like storms, entrainment, detrainment, resolving 
biological response to natural iron fertilization events and other biological perturbations, and serving 
as a testbed for instrument and method development. 
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Oceanic Biochemical Approaches: Proteomic Measurements of Enzymes – A 
New Biogeochemical Tool 
Mak Saito, WHOI 
 
Summary: 

The third talk by Mak Saito (WHOI)  focused on “ Oceanic Biochemical Approaches: Proteomic 
Measurements of Enzymes – A New Biogeochemical Tool” . Tracing the quantity of certain macro 
molecules, specifically enzymes, enables to identify what and where certain biochemical reactions 
are occurring and identifying their relevance in key BGC processes. With the insight of these 
enzymes turnover rates, controls on their activity, e.g. what is conducting and what is catalyzing, it 
can be derived how those trace elements influence primary productivity and BGC. With the help of 
modeling regions of limitation can be predicted, e.g. intermediate depth processes (e.g. 
denitrification, anammox, remineralization) or the expansion of Oxygen Minimum Zones. The 
potential of the application of proteomics to OOI-GBC and GEOTRACES was discussed. The 
advantages are direct measurement of the enzymes responsible for biogeochemical reactions which 
with calibration should enable to obtain estimates of reaction rates, the analysis of many targets 
simultaneously is possible (not primer-specific) and the systems are amenable to GEOTRACES and 
automated sample collection with later storage at ambient temp. Disadvantages are that large 
seawater volumes (10-200L) are necessary and that further identification/calibration of biomarkers 
and the development of high-throughput capabilities and optimized sampling platform is necessary. 
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Plenary 3: Abstracts 

The OOI and Prospects for a GBF Program  

Chair: C. Pilskaln 

 

OOI Elements and Technological Capabilities: Biogeochemical Cycles and 
Fluxes 
Kendra Daly, University of South Florida 

 
The Ocean Observatories Initiative (OOI) is a long-term, NSF-funded program to provide 25-30 
years of sustained ocean measurements to study climate variability, ocean circulation, ecosystem 
dynamics, air-sea exchange, seafloor processes, and plate-scale geodynamics. The OOI will enable 
powerful new scientific approaches for exploring the complexities of Earth-ocean-atmosphere 
interactions, thereby accelerating progress toward the goal of understanding and predicting our 
ocean environment. The OOI also will foster new discoveries that will, in turn, move research in 
unforeseen directions.  
 
The OOI will deploy three integrated facilities:  (1) global arrays at four high latitude sites in the 
north and south Pacific and the north and south Atlantic, (2) coastal observatories, which include the 
Pioneer array in the mid-Atlantic Bight and the Endurance Array off of Washington and Oregon, and 
(3) a high power (10 kv) and bandwidth (10 Gb/s) regional cabled component offshore of 
Washington and Oregon.   The cabled component integrates the Oregon line of the Endurance Array 
with a hydrate deposit site on the shelf slope, a site in the core of the California Current at the base 
of the shelf slope, and sites adjacent to and in Axial Seamount on the outer edge of the Juan de Fuca 
plate.  Final commissioning of the OOI will occur during 2014.   
 
This presentation will provide information on the core sensors (49 types measuring physical, 
chemical, biological, and geological parameters) and infrastructure provided by the NSF’s Major 
Equipment and Facilities Construction (MREFC) account at all of the OOI sites.  The variability of 
carbon parameters at all OOI sites will be presented to encourage science discussions.  In addition, 
some examples of climate driven variability in the north Pacific and biogeochemical questions that 
can be supported by the cabled array will be described.  In particular, the cabled component will be 
able to support many different types of complex ecosystem sensors that can be proposed as part of 
individual or community experiments.  The cabled component also will be able to support event 
detection and adaptive response science strategies through remote control of instrumentation and 
platforms.  
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In Situ Measurements of Surface Ocean Productivity 
Craig Taylor 

Woods Hole Oceanographic Institution 
ctaylor@whoi.edu 

Critical to advancing our understanding of the oceanic biological pump, will be the application 

of experimental approaches that greatly improve global estimates of marine primary production 

(PP) and more accurate estimates of the spatiotemporal links between PP, export production 

(EP) and the biogeochemical processes that impact particulate organic carbon (POC) flux. 

Our laboratory, in collaboration with 

McLane Research Laboratories have 

focused on the in situ tracer incubation 

as one tool for quantifying microbial 

rate processes in general, PP in particu-

lar.  Biological tracer incubation studies 

are advantageous in that they directly 

quantify physiological or metabolic re-

sponse of the resident microbial popula-

tion to their environment.  However, 

they also tend to be rather labor inten-

sive operations and typically require an 

on-shore or ship-based laboratory set-

ting for their execution.  Hence, the 

temporal resolution of such studies 

tends to be controlled as much by ex-

perimental or financial logistics as by 

the temporal dynamics of the physico-

chemical environmental variables im-

pacting the activities being measured.  

Critical biological data can be aliased 

by seemingly random events that can 

have an impact on critical measures 

such as regional seasonal or annual 

depth integrated PP rates.  Illustrated in 

a study by our laboratory at stations 

~13 km (N10) and ~28 km (N04) off 

the coast of Massachusetts (Figure 1) 

Figure 1.  Effect of sample aliasing on critical rate process measurements.  Solid line, PP at the incident light on 

the day of the cruise; dashed line, PP at cloudless day incident light for that day of the year; fine solid line, daily 

PP calculated from measured incident light and between cruise averaged photosynthetic properties centered on 

the day of the cruise. 

Graphed PP calculated from chl specific P vs. I parameters, measured in samples collected at 5 depths, water 

column chla measurements, depth-dependent water column light attenuation, daily production obtained by inte-

gration of production calculated at each depth from incident light measured every 15 min on that day & those PP 

values integrated over depth. 
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the magnitude of the fall bloom was underestimated by ~36% & ~42% (N10, N04, respectively) 

when day of cruise integral production was compared with production estimated by temporal 

integration of the high resolution data; all because the cruise dates (planned long in advance) 

throughout the fall bloom happened to occur on cloudy days (compare bold solid lines, produc-

tion at day of cruise light intensities, the dashed line, production were that day sunny & the fine 

solid line, probable daily production given the light field of that day).  Annual depth integrated 

production would have been underestimated by non-trivial ~19% & 27% (N10, N04, respec-

tively) had the day of cruise data been the sole source of the PP data as is often the case in time 

series studies of this sort. 

To reduce the labor intensity of microbial tracer incubation studies and increase the temporal 

resolution of time series of the sort illustrated in Figure 1, we have developed robotic micro-

laboratories (Time Series-Submersible Incubation Device, TS-SID; Incubating Productivity 

System, IPS) that are able to conduct in situ biological tracer incubation experiments under con-

ditions that accurately simulate the environment and require no involvement of the investigator 

other than the analysis of sample at the end of a given deployment (Figure 2). 

The modular instruments consist of a 400-4000 mL gear-driven syringe like incubation cham-

ber, a Fluidic Distribution Valve (FDV) for directing incubated samples to one of 24 or 48 in 

line Fixation Filter Units (FFU), possesses mechanisms for the introduction of tracer (Tracer 

Injector, TS-SID), (FDV, IPS), possesses internal (acid cleaning) and external (mechanical) 

Figure 2.  The Time Series-Submersible Incubation Device (TS-SID) & Incubating Productivity System (IPS).  

The TS-SID can collect & preserve 48 incubated samples, the IPS a smaller footprint version capable of collect-

ing & preserving 24 incubated samples. 
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year long moored deployments affords a temporal resolution of ~8 days between incubations; 

while more frequent than ship-based studies there is still potential for sample aliasing.  Combin-

ing the unique capabilities of the FRRF (Z. Kolber) & SID-ISMS, however, may afford time 

series PP measurements that are more temporally resolved and accurate than either instrument 

is likely to provide independently.  The FRRF provides a window into phytoplankton physio-

logical state, changes in capacity/efficiency of Photosystem II (PSII) in response to changes in 

the environment and a measure of the passage of electrons from PSII to Photosystem I (PSI).  

Because these fluorescence measures can be transmitted to the laboratory via satellite, the infor-

mation can also be used to trigger adaptive sampling by other moored instrumentation such as 

the SID-ISMS, water samplers, etc. 

From the above active fluorescence measures an estimate of PP is possible, but the algorithms 

involved require external calibration from independent measurements of production, a parame-

ter that the SID-ISMS can provide at sufficient temporal resolution, particularly if adaptive 

sampling is implemented.  The instrument combo may permit, during GBF-OOI deployments, 

continuously calibrated year long time series measures of PP at daily or perhaps hourly inter-

vals. 
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